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SOUHRN

Habilita¢ni prace je predkladana jako komentovany soubor publikovanych praci. VSechny
prace jsou vénovany problematice laboratorni diagnostiky roztrousené skler6zy. Roztrousena
skler6za jako onemocnéni s vysokou incidenci u mladych lidi je velmi intenzivné studovana.
Moznym prostredkem, ktery miize ptispét k v€asné diagnostice, sledovani pribeéhu onemocnéni
a zlepSeni jeji terapie, je vyzkum na urovni laboratornich biomarker. Soucasna laboratorni
diagnostika RS je zaloZena na detekci oligoklondlnich IgG past. Snahou bylo témito pracemi
ptispét k rozsifeni laboratorni diagnostiky RS. Vénovali jsme se problematice intrathekalni
protilatkové odpovédi u pacientii s RS pomoci kvantitativnich vypoctovych vztahii pro
intrathekalni tvorbu IgG, IgM, IgA a FLC a detekci oligoklonalnich IgG, IgM a FLC pasu.
SoucCasné¢ jsme se zabyvali studiem biomarkeri neurodegenerativniho, resp. tkanového
poskozeni CNS. Celkovy tau protein je posuzovan jako marker neurondlniho poskozeni.
V ramci monitorovani axondlniho poskozeni rizné etiologie byly studovany metody stanoveni
lehkych fetézcii neurofilament v CSF a fosforylovanych tézkych fetézch neurofilament v CSF
a séru, pficemz monitorovani sérovych koncentraci povazujeme za perspektivni ukazatel
progrese choroby. Z dalSich biomarkert byl studovan chemokin CXCLI13, ktery se jevi jako
dilezity marker zanétlivé aktivity u pacientd s roztrousenou skler6zou. V neposledni fad¢€ byla
pozornost zaméfena na protein YKL-40, oznacovany také jako chitinase 3 — like 1, ktery je
spojovan s reaktivni gliozou v riznych neuropatologickych stavech, zejména téch, které
souviseji s neurozanétem. Bylo prokazano, ze CHI3L1 v CSF je slibnym prognostickym, i kdyz
etiologicky nespecifickym, biomarker RS. Do habilita¢ni prace byly okrajové zahrnuty i prace
tykajici se detekce monoklonalnich imunoglobulinti, nebot’ v ramci likvorové diagnostiky se

s jejich nalezem pomérné Casto setkavame.



SUMMARY

The habilitation thesis is presented as an annotated collection of published works. All works
have been devoted to the issue of laboratory diagnosis of multiple sclerosis. Multiple sclerosis,
as a disease with a high incidence in young people is being studied very intensively. Research
at the level of laboratory biomarkers is a possible tool that can contribute to early diagnosis,
monitoring of the progress of the disease and improvement of its therapy. Current laboratory
diagnosis of MS is based on the detection of oligoclonal IgG bands. The purpose of these works
was to contribute to the expansion of laboratory diagnostics of MS. We addressed the issue
of intrathecal antibody response in MS patients using quantitative computational relationships
for intrathecal IgG, IgM, IgA and FLC production and detection of oligoclonal IgG, IgM and
FLC bands. At the same time, we have also studied biomarkers of neurodegenerative and tissue
damage of the CNS, respectively. Total tau protein is considered as a marker of neuronal
damage. Methods for the determination of light chains of neurofilaments in the CSF and
phosphorylated heavy chains of neurofilaments in the CSF and in the serum have been studied
in the monitoring of axonal damage of various etiologies, in which case monitoring of serum
concentrations is considered as a promising indicator of disease progression. Among other
biomarkers, the chemokine CXCL13 which appears to be an important marker of inflammatory
activity in patients with multiple sclerosis, has also been studied. Last but not least, attention
has been focused on the YKL-40 protein, also referred to as chitinase 3-like-1, which is
associated with reactive gliosis in various neuropathological conditions, especially those
associated with neuroinflammation. CHI3L1 in CSF has been shown to be a promising
prognostic, albeit etiologically non-specific, biomarker of MS. The habilitation work
marginally includes work related to the detection of monoclonal immunoglobulins, as their

finding is relatively common in cerebrospinal fluid diagnostics.



UvVoD

RoztrouSena skler6za (RS; multiple sclerosis) je chronické zanétlivé a demyelinizacni
onemocnéni  centrdlni  nervové  soustavy  (CNS)  spodilem  autoimunitnich
i neurodegenerativnich déji v patogenezi. [1]. Postihuje vice jak 2 miliony lidi na celém svété
a je v soucasné dob¢ nevylécitelnd [2]. Na vzniku RS se podileji faktory exogenni,
environmentalni a genetické [3]. V prvnich letech onemocnéni je patrnd vysokd zanétliva
aktivita, v pozd¢jSich stadiich mira zanétu klesa a klinicky stav je dan mirou axonalni ztraty
v disledku destrukce tkané [4]. Pivodné byly rozliSovany 4 formy RS, relaps-remitujici
roztrousenou skler6zu (RRRS), sekundérni progresivni roztrousenou sklerozu (SPRS),
primarni progresivni roztrousenou skleréozu (PPRS) a progresivni-relapsujici roztrousenou
sklerozu (RPRS). RRRS byla charakterizovdna epizodami neurologické dysfunkce stfidané
riazné dlouhymi obdobimi stability; SPRS, s progresivnim neurologickym postiZzenim pozdé&ji
v pribéhu onemocnéni, naopak PPRS, s progresivnim neurologickym postizenim od samého
pocatku; a RPRS s postupnym nértstem neurologického deficitu vedoucim béhem nekolika let
k tézké invalidizaci pacienta. Od roku 2013 se pfistupuje k dé€leni RS pouze na dvé zakladni
skupiny, a to relabujici-remitujici a progresivni formu RS. Dalsi d¢€leni je podle aktivity a
progrese onemocnéni, coz daleko 1épe odpovidd soucasnym predstavdm o patofyziologii RS
[5]. Axonalni ztrata je hlavnim determinantem akumulace nevratného (progresivniho) postizeni
v dasledku zanétu béhem relaps-remitujici a progresivni faze roztrousené skler6zy, nicméné

1 neurodegenerace se na ni podili velkou mérou [3].

Diagnodza RS je zaloZena na revidovanych McDonaldovych diagnostickych kritériich [6], ktera
spojuji klinické projevy s charakteristickymi 1ézemi prokazanymi magnetickou rezonanci
(MRI) a analyzou mozkomisniho moku (CSF). Mezi laboratorni metody pouzivané
v diagnostice RS je fazena detekce oligoklondlnich IgG pastt metodou izoelektrické fokusace a

vypocet intrathekalni syntézy imunoglobulini IgG, IgA, IgM podle Reibera [7].

Ptes obrovsky pokrok tykajici se diagnostiky RS a rovnéz vzhledem k stéle vétsi dostupnosti
diagnostickych metod je nutno podotknout, Ze toto onemocnéni stale predstavuje velikou

diagnostickou vyzvu ptedevsim z diivodt rtiznorodého klinického pribéhu.



CiLE PRACE

Cilem tohoto védecko-vyzkumného usili bylo podrobné&ji popsat intrathekalni protilatkovou
odpoveéd’ u pacientl s RS pomoci kvantitativnich vypoc¢tovych vztaht pro intrathekalni tvorbu
IgG, IgM, IgA a volnych lehkych fetézcti (FLC) a detekei oligoklonalniho IgG, IgM a FLC,
a korelovat jeji typ a intenzitu s klinickymi daty.

Soucasné z fady potencidlnich biomarkerit RS vybrat takové biomarkery, jejichz stanoveni by
mohlo byt v rutinni praxi s pfihlédnutim k omezenému mnozstvi vzorku, které je k dispozici,
realizovatelné a zaroven piinosné pro predikci pribehu RS a/nebo reakci na 1écbu. Posoudit
korelaci téchto biomarkerti s typem a intenzitou intrathekdlni protilatkové odpovédi a
s klinickymi daty ziskanymi retrospektivné (ataka/remise, délka trvani onemocnéni od
1. ptiznakii do provedeni lumbalni punkce, pohlavi, vék, predchozi 1écba, vstupni tize postizeni,
MRI nélez) i prospektivné (doba od odbéru vzorku do nasledujici ataky, pocet atak za 1 a 2

roky po odbéru vzorku a jejich tize, progrese MRI nélezu).



1 EPIDEMIOLOGIE RS

Prevalence RS se li§i v zavislosti na geografii a rase. Je nejvyssi u kavkazské rasy. V Evropé¢ a
Severni Americe je prevalence jedna na 800 osob s ro¢ni incidenci 2 az 10 na 100 000 obyvatel,
v Ceské republice 100 aZz 150 na 100 000 obyvatel, coZ z roztrougené sklerézy ¢ini nejéastéjsi
pricinu neurologického postizeni u mladych dospélych, Obrazek 1-3. VEk nastupu je Siroky a
vrcholi mezi 20. a 40. rokem véku Zivota s primérem okolo 31,7 let. V 10 % ptipadl je vSak
toto onemocnéni diagnostikovano jesté pred 20. rokem zivota a pfiblizné v 5 % piipadl po

50. roce zivota [8]. Castg&jsi vyskyt této nemoci byl pozorovan u Zen, a to v poméru 2:1 [9].

Pfi¢ina roztrousené sklerozy zUstdva nejasnd. Byly prokazany rtzné genetické a
environmentalni rizikové faktory, jako je napft. infekce virem Epstein-Barrové (EBV). Antigeny
EBV jsou v mozkomi$nim moku a séru n€kterych pacientll s RS exprimovany ve vyznamné
vysSich hladinach ve srovnéani s kontrolami. [10] Nicméné, absence intrathekalni syntézy
protilatek anti-EBV u témét 93 % pacientil s RS se stavi proti této hypotéze [11]. Proto je tfeba
urcit jeji roli v patogenezi. Dalsi virové latky, jako je varicella zoster a zardénky, jsou

povazovany za dal§i mozné rizikové faktory, nikoli v§ak ptivodce RS [12], [13].

Také nedostatek vitaminu D je spojovan s vy$$im rizikem rozvoje RS, piedevsim relabujicich
forem nemoci. Vitamin D hraje roli v regulaci imunitni odpovédi, je na néj pohlizeno jako na
protektivni faktor [14], [15]. Rada studii se zabyvala vztahem mezi intenzitou UVB zéfeni,
které indukuje tvorbu vitaminu D v kiizi a prevalenci RS. V oblastech s vysokou intenzitou

UVB zafeni je pozorovan nizsi vyskyt RS [1].
Dalsim rizikovym faktorem pfispivajicim k rozvoji RS je také kouieni cigaret.

Z genetickych faktorti byla popsana zvySend vnimavost k rozvoji RS u alely HLA systémt,
varianty HLA-DRB1*1501 [16], [17], genl pro receptor T-bunck (TCR), nekterych slozek

komplementu, gent pro pfislusné komponenty myelinu nebo tumor nekrotizujiciho faktoru [1].



Number of people with MS.
Prevalence per 100,000 people

. Unknown
0-25
26-50
51-100
101-200
= 200

\
There are 2.8 million people living with MS worldwide.

Obrazek 1: Prevalence RS na 100 000 obyvatel, vysledky Svétové zdravotnické organizace
(WHO), Multiple sclerosis International Federation [on-line; 2021-03-24]. Atlas roztrousené

sklerdzy, dostupné z: http://www.atlasofms.org/
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It is estimated that a minimum of 300 people are diagnosed with MS across the globe sach day.

Obrazek 2: Pocet noveé diagnostikovanych pacienti s RS kazdy rok, incidence na 100 000
obyvatel/rok, vysledky Svétové zdravotnické organizace (WHO), Multiple sclerosis

International Federation [on-line; 2021-03-24]. Atlas roztrouSené skler6zy, dostupné z:

http://www.atlasofms.org/
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There are at least 30,000 children living with MS globally (47 reporting countries).

Obrazek 3: Pocet déti s RS (do 18 let), prevalence na 100 000 déti, vysledky Svétové
zdravotnické organizace (WHO), Multiple sclerosis International Federation [on-line; 2021-03-

24]. Atlas roztrousené sklerozy, dostupné z: http://www.atlasofms.org/



2 PATOLOGIE RS

Diagnostickym znakem RS je pfitomnost velkych splyvajicich demyelinizovanych 1ézi v bil¢é a
Sedé¢ hmoté¢ CNS [18]. Nejdulezitéjsi vlastnosti je selektivni a primarni povaha demyelinizace
s poskozenim a apoptdzou oligodendrocytti [19], [20]. Ackoli miize byt myelin zcela znicen,
axony jsou do zna¢né miry zachovdny a mira axonalni destrukce je u riiznych pacientt
variabilni, dokonce i mezi riznymi lézemi u stejného pacienta [21], [22], [23]. Léze se vyskytuji
na pozadi zanétu, na kterém se podili T-lymfocyty, B-lymfocyty a plazmatické bunky.
Zanétliva reakce je zahajena kolem postkapilarnich zilek a zil [18]. V pocatecnich stadiich 1ézi
je tedy patrna perivendzni demyelinizace s naslednou fuzi jednotlivych 1ézi na splyvajici
demyelinizované plaky, které na svém okraji expanduji do okolni normélné vypadajici bilé
hmoty. To vede k typickému periven6znimu rozsifeni vzniklych 1€zi, tzv. Dawsonovym prstim
[24], které v obraze MRI koresponduji s ovoidnim tvarem plak. Demyeliniza¢ni proces je
spojen s aktivaci astrocytil béhem stavu aktivniho poSkozeni tkané a tvorbou gliotickych jizev
v neaktivnich 1ézich. Léze RS mohou byt ¢astecné remyelinizovany v disledku ndboru a

diferenciace progenitorovych bun¢k oligodendrocyta [25].

Podobné perivenozni a splyvajici demyelinizované 1éze se tvofi také v Sedé hmot¢, véetné
mozkové a mozeckové kiiry, jaddrech mozkového kmene a v Sedé¢ hmoté michy. Kromé toho je
v mozkové klfe pfitomna rozSifend subpidlni kortikdlni demyelinizace, zejména
v progresivnim stadiu onemocnéni, a aktivni subpidlni demyelinizace je orientovana na
zanétlivé infiltraty v leptomeningach [26], [27]. Zanét v okoli 1€zi RS je patrny ve vSech stadiich
onemocnéni, a je tedy pfitomen nejen v mozku pacienttl, ktefi zemteli na ¢asnou (relapsujici)
RS, ale také u primarni nebo sekundérni progresivni RS. Nejvyraznéji se projevuje v aktivné
demyeliniza¢nich 1¢zi, ale je také pozorovan v neaktivnich nebo remyelinizovanych placich,

stejné jako v normaln¢ se objevujici bilé hmoté [28].



3 PATOGENEZE RS

Poskozeni tkané u RS je vysledkem slozit¢ a dynamické souhry mezi imunitnim systémem,
gliemi (oligodendrocyty vytvarejici myelin a jejich prekurzory, mikrogliemi a astrocyty) a

neurony.

Naruseni vlastniho imunitniho systému u pacientii s RS (napft. virovou infekei) vede k rozvoji
autoimunitni imunopatologické reakce. V popiedi stoji autoreaktivni T-lymfocyty s receptory
pro antigeny CNS aktivujici hematoencefalickou bariéru fizené¢ propustnou pro buiky
imunitniho systému, pfes kterou pronikaji do mozkového parenchymu. Prinik je umoznén
pomoci proteolytickych enzymi produkovanych samotnymi lymfocyty. Na jejich pohybu se
podili cytokiny produkované bunkami imunitniho systému. Dtlezitou ulohu v tomto procesu
mayji také makrofagy a dendritické buiiky. Autoreaktivni T-lymfocyty reaguji na cilovy antigen,
aktivuji mikroglie a spousti prozanétlivou reakci vedouci k poskozeni myelinovych obald, smrti

oligodendrocytl, axonalni ztraté, glidoze a neurodegeneraci.

Hlavni slozkou myelinu je myelinovy bazicky protein (MBP) majici shodnou sekvenci
aminokyselin se sekvenci viru EBV, s polymerazou viru hepatitidy B, proteini viru spalnicek,
herpes simplex viru, lidskym herpes virem 6, virem chfipky i adenovirem. Dal§imi vlastnimi
autoantigeny neurond nebo oligodendrocytl, podilejicimi se na patogenezi RS, jsou myelinovy
oligodendrocytarni glykoprotein, glykoprotein asociovany s myelinem, proteolipidovy protein
a dalsi. Na zaklad¢ téchto zjiSténi se predpoklada, ze T-lymfocyty rozpoznavaji virovou ¢astici

a ¢ast myelinu jako ,,identickou strukturu [4], [8].

V aktivnich 1ézich RS dominuji cytotoxické CD8+ T-lymfocyty, pomocné induktorové CD4+
T-lymfocyty, monocyty a B-lymfocyty, v centrech 1éze se vyskytuji i makrofagy [29],
[30]. CD4+ se nachazeji ptevazné perivaskularn€, jsou zodpovédné za spousténi imunitni
kaskady vedouci k zanétlivé reakci v CNS, kdezto CD8+ hojné zastoupené v parenchymu se
ucastni destruktivnich zmén, fidi imunitni reakci a podileji se na vytvareni tolerance k vlastnim

tkanim.

V pribéhu zéanétlivé reakce jsou pievladajicim subtypem lymfocytd v CNS Thl a Thl7
lymfocyty. Subtyp Thl lymfocyta produkuje cytokin interferon gama, tumor necrosis factor 3
a interleukin 2. Je odpovédny za cytotoxickou reakci chranici ptfed virovymi agens c¢i
intracelularné parazitickymi bakteriemi za soucasné spoluprace s makrofagy. Vedle toho subtyp
Th2 lymfocyti produkujici interleukiny 4 a 5 je odpovédny za regulaci B-lymfocyti a

naslednou produkci protilatek. Buitky Th1l a Th2 jsou antagonistické, navzajem se potlacuji,



resp. slabost jedné skupiny rezultuje v posileni skupiny druhé. DalSim subtypem lymfocyti
majici vyznam v imunopatogenezi RS jsou Thl7 vyzadujici k vyzravani pfitomnost napf.
interleukinu 6, TGF-B (z angl. transforming growth factor p) a interleukinu-21. Byly nalezeny
spolecné s CD8+ cytotoxickymi T-lymfocyty v aktivnich l1ézich pacienta s RS.

Krom¢ toho ptitomnost B-lymfocyta a specifickych protildtek v mozkomisnim moku pacienta
s RS ukazuje na jejich GcCast na imunopatogenezi onemocnéni [31]. B-lymfocyty jsou
syntetizovany v kostni dieni, po kontaktu s antigenem dozravaji v sekundéarnich lymfatickych
organech, nasledné diferencuji v plazmatické buiiky produkujici imunoglobuliny a pamétové
buniky. Exprimuji CD20. B-lymfocyty a plazmatické buiky jsou detekovany v lézich RS,
v mozkomiS$nim moku, popf. i v periferni krvi. Prikaz oligoklondlnich imunoglobulinii je

diikkazem intrathekalni syntézy specifickych protilatek [8].

Obzvlasté dalezitou ulohu v patogenezi RS maji bunky vrozené¢ho imunitniho systému [32].
NK buiiky jsou studovany v periferni krvi 1 mozkové tkani pacientli s RS. Experimentalné
ziskana data poskytuji Casto protichidné informace. Jejich interpretace je nutnd v kontextu

s klinickym vyvojem nemoci [4].

Makrofagy vytvofené z monocyta v kostni dfeni a nasledné prenasené krvi infiltruji aktivni 1éze
RS a odstranuji zbytky myelinu a vedlejsi produkty zanétu; u téchto 1¢ézi byly popsany klasicky
a alternativné aktivované makrofagy, stejné jako smiSené¢ populace. Mikroglie, primarni
endogenni fagocyty CNS, jsou hojné v RS 1ézich, ale jejich role, at’ uz patogenni, ochranna ¢i

oboji, zlstava nejista [33].

Porucha hematoencefalické bariéry je dalezitym krokem ve vyvoji 1ézi bilé hmoty, dikazy
o tom poskytuje extravazace gadolinia u MRI na pocatku jejich vyvoje. Abnormalni vaskulérni
permeabilita pfedchazi zanétlivé demyelinizaci u RS [34]. U casnych 1ézi RS se cévy pobliz
centra 1ézi stavaji propustnymi pro gadolinium, které pak pasivné difunduje do zvétSenych
intersticialnich prostor; o nékolik dni pozdéji se za¢ne naruSovat hematoencefalicka bariéra,
malé kapilary na okraji 1ézi se stanou propustnymi, mozna jako soucast procesu ran¢ho hojeni

ran [35]. Leptomeningeélni zanét mize také ptispivat k vaskularni permeabilité.
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4 DIAGNOSTICKA KRITERIA RS

Historicky byla pro diagnostiku RS vyuzivdna Schumacherova kritéria z roku 1965, ktera byla
v roce 1983 revidovana a v platnost vesla nova, Poserova kritéria. V roce 2001 byla ptijata
McDonaldova kritéria, ktera jiz prosla nékolikrat revizi, prvni v roce 2005, poté 2010, nasledné
vroce 2017 [6]. Tato kritéria plati primarné pro pacienty s vyskytem prvnich klinickych
priznaki, které by mohly odpovidat RS, definuji, co je nutné k naplnéni diseminace 1ézi v CNS

v Case a prostoru.

Byly provedeny tyto zmény. U pacientll s vyskytem prvnich klinickych ptiznakt, které by
mohly odpovidat RS a klinickou nebo MRI demonstraci diseminace v prostoru, umoziiuje
pritomnost specifickych oligoklonéalnich pastt v CSF potvrdit diagnézu roztrousené sklerézy;
symptomatické 1éze lze pouzit k prokdzani diseminace v prostoru nebo €ase u pacientli se
supratentoridlnim, infratentoridlnim nebo miSnim syndromem; a kortikélni 1éze mohou byt

pouzity k prokdzani diseminace v prostoru. Piehled v tabulce 1.

Tabulka 1. Revidovand McDonaldova diagnosticka kritéria z roku 2017 [6].

Klinicka Objektivni léze DalSi potiebné udaje pro stanoveni
kritéria definitivni diagnozy RS

(pocet atak)

2 nebo vice Objektivni klinicky prikaz Zadné

> 2 1ézi nebo objektivni
klinicky prikaz 1 1éze

s pfijatelnym anamnestickym
prikkazem ptedchozi ataky

z odlisné anatomické lokalizace

2 nebo vice Objektivni klinicky prikaz Diseminace v prostoru zptiisobena dalsi
1 Iéze klinickou atakou
NEBO

pomoci MRI
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1 Objektivni klinicky prukaz Diseminace v ¢ase zptisobend druhou
> 2 1ézi klinickou atakou nebo pomoci MRI
NEBO
prukazem specifickych oligoklonalnich
past v CSF
1 Objektivni klinicky prikaz 1 Diseminace v prostoru zptisobena dalsi

1éze

klinickou atakou z jin¢ lokalizace CNS

nebo pomoci MRI
a zaroven

Diseminace v ¢ase zpusobena dalsi

atakou nebo pomoci MRI
NEBO

prikazem specifickych oligoklonalnich

past v CSF

0 (progrese
choroby od
pocatku,
primarné
progresivni

RS)

1 rok progrese choroby (retrospektivné
nebo prospektivné nezéavisle na
klinickych relapsech) a nejméné 2 dalsi
kritéria:

e > ] hyperintenzivni léze v jedné
nebo vice charakteristickych
lokalitach pro RS;
periventrikularné, kortikaln€ nebo
juxtakortikalné nebo,
infratentorialné

e >2 hyperintenzivni léze v miSe

e pfitomnost oligoklonalnich pasa

v CSF
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S MARKERY RS

5.1 Zobrazovaci metody

vvvvvv

onemocnéni, je fazena magneticka rezonance (MRI), pomoci niz jsou zanétliva demyelinizace,
stejné¢ jako zmény hematoencefalické bariéry, které doprovazeji jeji rany vyvoj, snadno
pozorovatelné. MRI je klicovym paraklinickym diagnostickym testem. Soucasné je zasadnim
nastrojem monitorace priabéhu onemocnéni pti vyvoji novych 1€kt modifikujicich onemocnéni,

protoze nové 1éze jsou fadove Castejsi nez klinické relapsy [36].

Neurodegenerace u RS je nejlépe zachycena na MRI méfenim volumometrickych parametra
mozku nebo michy. Abnormalné nizka ,,frakce parenchymu mozku*, mira objemu mozku ve
vztahu k intrakranidlni kapacité, miize byt povazovana za nahradni dikaz mozkové atrofie

souvisejici s timto onemocnénim.

Jelikoz konvencéni biomarkery MRI nedosahly silné korelace s klinickym stavem na populacni
urovni, pravdépodobné kviili heterogenni prezentaci a prubéhu RS a soucasné inherentni
variabilité klinickych opatfeni, existuje trend smérem k vyuziti téchto technologii k vySetfovani
patologie a patogeneze RS, vCetné perivaskularniho zanétu, vyvoje kortikalnich a misnich 1ézi,
ztraty a regeneraci myelinu, vrozené imunitni aktivace, leptomeningedlniho zanétu a sitovych
funkci [37]. Takovy vyzkum byl usnadnén ptichodem zatfizeni MRI se silou magnetického pole
7 Tesla a vmen$i mife molekularnimi indikatory detekovatelnymi pozitronovou emisni
tomografii. Nov¢ se zaCala pouzivat i1 optickd koherentni tomografie k rychlému hodnoceni
sitnice pii rozliSeni na mikronové uUrovni. Ztrata axonli gangliovych bunék sitnice ma za
nasledek ztenceni sitnice, které odpovidd axondlni ztraté¢ v oblasti optického nervu a spolecné

se zménami MRI v mozku mtize predvidat vyvoj postizeni na trovni kohorty [38], [39].

5.2 Laboratorni biomarkery RS

5.2.1 Odbér a skladovani likvoru

V klinické praxi je mozné laboratorni biomarkery vyuzit ke stanoveni diagnézy, k urceni ¢i

upfesnéni progndzy onemocnéni a souc¢asné k monitorovani 1écebné odpoveédi.
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Nejveérnéji nam patologické pochody v CNS odrazi vysetieni mozkomiSniho moku (CSF), ktery

je v bezprostiedni souvislosti s kompartmentem CNS.

Odbér likvoru provadime nejcastéji lumbalni punkci u leziciho ¢i sediciho pacienta mezi trny
dolnich bedernich obratlti (v meziobratlovém prostoru L3/4, L4/5 nebo L5/S1) a to do Cistych
sklenénych nebo plastovych polypropylenovych zkumavek bez obsahu protisrazlivych ¢inidel
[40]. Transport do laboratofe je nutné provést bezprostiedné po odbéru, zvlasté pokud jsou
pozadovéana Casové citlivd vySetfeni jako je spektrofotometrické vySetfeni pii podezieni na
krvéaceni do likvorovych cest, popt. analyza bunéného slozeni pii podezieni na infekéni a
zanétliva onemocnéni CNS. Soucasné s odbérem CSF je v fadé pripadi doporuc¢eno odebrat
ivzorek krve, nebot koncentraci fady analytd v CSF je nutno posuzovat vzhledem

ke koncentraci v séru.

Vzhledem k vzéacnosti této biologické tekutiny je idealni, pokud se alespon ¢ast odebrané porce
CSF rozdéli na jednotlivé dily a zamrazi pro piipadné dalsi vySetfeni ¢1 védecko-vyzkumné
aktivity. Za timto ucelem musi odbér CSF spliiovat etické nalezitosti, piredevSim podpis
informovaného souhlasu pacienta s uskladnénim biologického materidlu a mozném vyuziti pro
studijni ¢i védecko-vyzkumné tcely. Tento proces, biobankovnictvi, byl popsan v roce 2009
[41]. Autofi popsali zasady odbéru, zpracovani a uchovani mozkomisniho moku a séra/plazmy
pro vyzkumné ucely. Z divodi budoucich studii je také vhodné rozdéleni vzorki CSF,
séra/plazmy do jednotlivych diagnostickych kategorii, napt. dle autorti Teunissen C et al. [42].
Jde o kategorie zdravé kontroly, pacienty podstupujici spinalni anestezii bez organického
neurologického onemocnéni a s normalnim neurologickym nélezem, zanétlivd onemocnéni
CNS, zanétlivd onemocnéni periferniho nervového systému, nezdnétlivd onemocnéni CNS a

symptomatické kontroly.

5.2.2 Moznosti hodnoceni klinickych parametra

Soucasné s dorucenim likvoru do laboratofe je nutné znat zakladni klinické charakteristiky
pacienta, typ RS v dobé odbéru, datum prvnich ptiznakd, datum diagnézy podle
McDonaldovych kritérii, datum prvni a druhé ataky, hodnotu Kurtzkeho Skaly Expanded
Disability Status Scale (EDSS) v dobé odbéru, ktera hodnoti vizus, mozkovy kmen,
pyramidovy, mozeckovy a senzitivni systém, sfinktery a mentalni stav pacienta, popi. hodnotu
Skaly Multiple Sclerosis Functional Composite (MSFC) v dobé odbéru, kterou tvofi tii testy.
Prvnim testem je Paced Auditory Serial Addition Test (PASAT), coz je orientacni test paméti
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a koncentrace, dale 9-Hole Peg Test (9-HPT) hodnotici jemnou motoriku hornich koncetin a
test rychlosti chlize na 25 stop (7,6 m). Pomoci téchto $kal Ize usuzovat na komplexni obraz
klinického stavu pacienta s RS a na jeho skutecné schopnosti. Déle je vhodné mit informaci
o0 poctu a datech relapsti 2 roky pied odbérem; o dobé mezi pocatkem posledni ataky a odbérem:;
o atace v dobé odbéru podle Schumacherovych kritérii (vzestup EDSS o>1 stupen
trvajici > 24 hodin); pocCtu a popft. datu relapsit béhem kazdého roku sledovani, 1€€b¢ pti odbéru
a rok pfed odbérem (napft. glukokortikoidy aj.). VSechny tyto udélosti vyuzivané k hodnoceni
prabéhu RS jsou pro nemocného negativni. NEDA koncept (no evidence of disease activity) je
novym zpusobem hodnoceni stavu pacientd s RS. Vyuziva principu tzv. ,freedom of the
disease‘. Hodnoti se obdobi, béhem kterého nebyla u pacienta prokdzana zadna aktivita nemoci,
tedy pacient nebyl zatéZovan relapsy, nedoslo u néj ke zhorSeni neurologického nalezu nebo

aktivité¢ na MRI [43].

V soucasné dobé¢ se vyuziva principu NEDA-4, ktery zahrnuje pro posouzeni stability RS ¢tyfi
parametry, absenci relapsu choroby, progresi EDSS, zmény na magnetické rezonanci (nové
1éze, aktivni 1éze) a miru atrofie mozku. Pravé mozkova atrofie probihajici u pacientii s RS
nepfimefené rychle je disledkem neurodegenerace probihajici soucasné se zanétem. Tento
koncept nam tedy umoziiuje adekvatni posouzeni jak fokalni, tak i difuzni patologie. Jeho
nedosazeni mize byt divodem piipadné zmény terapie. Ptijeti tohoto konceptu mtize piispét

k personalizované 1é¢b¢ pacientii [43].

5.2.3 Prehled zakladnich a speciilnich vySetieni

Za zakladnich vySetfeni likvoru je pro diagnostiku RS dulezité kvalitativni a kvantitativni
cytologické vySetfeni, vypocet albuminového kvocientu (Q-ALB) jako biomarkeru funkce
hematolikvorové bariéry a detekce intrathekdlni protilatkové odpovédi. Z MRI charakteristik
pak MRI mozku a michy, jeho datum, pocet a objem MRI 1ézi, objemy T1 a T2 1ézi, informaci
o atrofii mozku/michy, popt. follow-up MRI.

Zminované biochemické markery mtizeme rozd¢€lit na biomarkery zanétu, kam tadime pocet
bun¢k v likvoru, Q-ALB, intrathekalni syntézu imunoglobulinii a volnych lehkych fetézct
(vypoclty a/nebo detekci oligoklonality) v¢. specifickych protilatek (protilatek proti measles,
rubella, varicela zoster, tzv. MRZ reakce; a herpes simplex aj.), cytokinli a chemokinii. Mezi
biomarkery neurodegenerace, resp. tkanového poskozeni tadime specifické proteiny CNS jako

je neuron specifickd enoldaza (NSE) poukazujici na poSkozeni neuronti, glidlni fibrilarni
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acidicky protein (GFAP) a protein S100B prokazujici poSkozeni mozku, bilkoviny
neurofilament naznacujici poSkozeni axont a celkovy tau protein. Hyperfosforylovand forma
tau proteinu a amyloid Pi-42 svéd¢i pro neurodegenerativni poskozeni. V ptipad€ biomarkerii
barierové poruchy jsou vyuzivany matrixové metaloproteinazy (MMP), ninjurin-1, solubilni
intercelularni adhesivni molekula-1 (sICAM-1), endothelin-1 a dalsi; jako biomarkery
oxidacniho stresu molekula oxidu dusnatého (NO) a reaktivni kyslikové radikaly (ROS). Jako
biomarker demyelinizace lze pouzit myelinovy bazicky protein (MBP) a jako biomarkery
remyelinizace ¢i reparace lze stanovovat neurotrofni faktory, neurotroficky faktor odvozeny od
glidlnich bunék (GDNF), neurotropni nervovy rastovy faktor (NGF) a neurotroficky faktor
odvozeny od mozku (BDNF), popt. dalsi [40].

5.2.3.1 Kvalitativni cytologické vysetieni

Cilem kvalitativniho cytologického vySetteni je posouzeni relativniho zastoupeni jednotlivych
bunéénych elementi v CSF. Vzhledem k pomérné nizkému poctu bunék je doporucovano
zakoncentrovani vzorkl cytocentrifugaci. Takto pfipravené preparaty jsou nasledné obarveny.
Klasickym postupem je barveni podle May-Griinwald a Giemsy, které byva v rutinnim provoze
nahrazovano rychlej$im postupem, napi. pomoci soupravy Diff Quik ¢i Hemacolor. V ptipadé
podezieni na ptitomnost bakterii, hemosiderinu, latek tukové povahy ¢i nadorovych bunék se

vyuziva dalSich specidlnich barvicich postupti [40].

Pti hodnoceni cytologického nalezu rozliSujeme mezi fyziologickym a patologickym nélezem,
pificemz za fyziologicky nélez povazujeme likvoru s obsahem do 4 elementd / 1 pl.
Z bunéénych typt se zde miizeme setkat s malymi lymfocyty, monocyty, ojedinéle s buitkami
choroidalniho plexu, ependymdlnimi buniky, buiikami arachnoidey a pidlnimi buitkami [44],
[40]. Za patologickych podminek nachazime v likvoru aktivované lymfocyty, plazmatické
bunky, aktivované monocyty, makrofagy, granulocyty neutrofilni, eozinofilni ¢i bazofilni,

popf. i nadorové bunky.

Pro RS je typicky cytologicky obraz lymfocytarni oligocytézy nebo lymfocytarni pleocytdzy
zpravidla nizs§iho stupné. Lze pozorovat i aktivované lymfocytarni formy a ojedinéle bunky
plazmatické, Obrazek 4. Pii remisi onemocnéni zastoupeni aktivovanych lymfocyt klesa,
mohou vymizet i buniky plazmatické a cytologicky obraz se normalizuje. Naopak pfi atace
choroby lze pozorovat vyssi pocet aktivovanych elementli. Soucasné lze u RS pozorovat také

granulocyty, castéji eosinofilni svédcici pro chronicky probihajici patologicky proces,
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Obrazek 5. Neutrofilni granulocyty se mohou vyskytovat v dob¢ akutni ataky, stejné tak jako
aktivované monocytarni ¢i makrofagické formy, znich nejcastéji pozorujeme lymfofagy,
vzacnéji leukofagy fagocytujici neutrofilni a eosinofilni granulocyty, méné casto i lipofagy

fagocytujici demyelinizovanou bilou hmotu mozku, viz Obrazek 6 [45].

Obriazek 4. Cytologicky obraz pacienta s RS v dobé ataky. A — dva klidové lymfocyty a

aktivovany lymfocyt; B - klidovy lymfocyt a plazmatické burika; C — klidovy lymfocyt a zraléd
plazmaticka bunka, D — aktivovany monocyt a klidovy lymfocyt.
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Obrizek 5. Cytologicky obraz pacienta s RS svéd¢ici pro chronicky probihajici patologicky

proces. A —neutrofilni granulocyt a dva erytrocyty; B — eosinofilni granulocyt a dva erytrocyty.

Obrazek 6. Cytologicky obraz pacienta s RS v dobé akutni ataky. A - aktivovany monocyt a
erytrocyt, B - lymfofag, C — lipofag (barven olejovou Cerveni).
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5.2.3.2 Stanoveni albuminu a imunoglobulinii

Zeman D, Kusnierova P, Gottwaldova J, Kloudova A, Lochman I, Zenkova J, Svagera Z, Bartos
V, Vsiansky F. Uskali kvantifikace IgM v likvoru, Klin. Biochem. Metab., 20 (41), 2011, 136—
144. Priloha 1.

Koncentrace albuminu v CSF a séru pro vypocet kvocientu albuminu za G¢elem posouzeni
funkce hematolikvorové bariéry by méla byt stanovovana imunoturbidimetricky ¢i
imunonefelometricky reakci se specifickou protilatkou. Doporu¢ovana je stejna analyticka
metoda pro oba typy biologického materidlu, v ptfipad¢ pouziti riiznych metod hrozi klinicky
zavazna odchylka pfi vypoctu albuminového kvocientu. Podobné je tomu i v piipad¢ stanoveni
imunoglobulinti v likvoru a séru. V ptipad¢ IgG je vyuzivana jedna reagencie pro stanoveni
v CSF 1 séru se stejnym kalibracnim rozsahem ale rozdilnym fedicim schématem pro konkrétni
biologicky materidl, v ptipad¢ IgM a IgA je vzhledem k vyrazné niz§im koncentracim v CSF
doporuceno na rozdil od stanoveni v séru pouziti imunonefelometrie s vyuzitim vazby
protilatek na latexové castice. Soucasné v minulosti némeckd likvorologovd Skola
doporucovala provedeni stanoveni konkrétnich biomarkertt v CSF a séru za tcelem vypoctu
jejich kvocientl na stejné kalibra¢ni kiivce, likvorové, coz ale vzhledem k fadové rozdilnym
koncentracim v CSF a sérubylo ekonomicky nevyhodné (v séru musel byt vzorek
nckolikastupnové fedén, nez bylo dosazeno definitivniho vysledku) a postupné se od toho

upustilo [40].

V ramci rutinniho stanoveni koncentrace imunoglobulini byly na naSem pracovisti vyuzivany
rizné analytické systémy pro jejich stanoveni v CSF a séru. Prvnim z nich byl imunonefelometr
Immage firmy Beckman Coulter. Tento analyzéator vyuzival misto preferované 6-bodové
kalibrace adjustaci na jeden roztok o znamé koncentraci, coz pro imunochemické stanoveni
neni zcela idealni. V ptipad¢ IgM v CSF to mohl byt jeden z divodii vedouci k odliSnym
vysledkiim ve srovnani s hodnotami ziskanymi pomoci systému firmy Siemens (BN ProSpec).
Na toto téma byla na naSem oddéleni provedena studie srovnévajici rizné metody stanoveni
IgM v likvoru a séru, Priloha 1. Bylo do ni zatazeno 75 ndhodn¢ vybranych parovych vzorca
likvort a sér. Na pracovisti FN Ostrava byly koncentrace IgM stejné jako ve FN Plzen a FN
Brno-Bohunice stanoveny na analyzatoru Immage, resp. Immage 800 metodou pomérové
kinetické nefelometrie. Ve FNO a FN Plzni byla pro analyzu sér vyuzita sérova kalibra¢ni
ktivka, pracovisté v Brné€ stanovilo IgM v parovych vzorcich likvort a sér za pouziti likvorové

kalibra¢ni kiivky. Soucasn¢ bylo provedeno stanoveni IgM na nefelometrech firmy Siemens,
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na BN ProSpec ve FNO a na BN II na ZU Ostrava metodou end-point nefelometrie. Kromé
toho byla pouzita ke stanoveni IgM ve FNO ,home-made* sendvicovda ELISA metoda

s pouzitim kozich protilatek proti lidskému IgM.

Hodnoty sérovych koncentraci IgM ziskané nefelometricky na raznych pfistrojich vykazovaly
minimalni rozdily, zatimco sérové koncentrace IgM stanovené metodou ELISA byly oproti
nefelometrickému stanoveni o 10— 15 % vyssi. Vedle toho likvorové koncentrace IgM se
ptekvapivé vyrazné liSily v zavislosti na pouzité metod¢ stanoveni, pfiCemz hodnoty pro
analyzator Immage byly v oblasti fyziologickych nebo jen hrani¢né zvysenych likvorovych
koncentraci az nckolikandsobné vyssi ve srovnani s hodnotami ziskanymi stanovenim na
analyzatorech fady BN nebo metodou ELISA. To vedlo k diskrepantnim vysledkiim
intrathekalni syntézy IgM ziskanym méfenim na analyzatorech Immage ve srovnani s vysledky

ostatnich metod.

5.2.3.3 Detekce intrathekalni protilatkové odpovedi

Stanoveni ¢i prukaz intrathekalni protilatkové odpovédi 1ze na zaklad¢ znalosti koncentrace
albuminu a imunoglobulini G, A a M (IgG, IgA, IgM) v likvoru a paraleln¢ odebraném séru,
soucasné detekci oligoklonalnich past v tfidé IgG. Detekce oligoklonalnich IgM, IgA a FLC
Jiz patfi mezi vysoce specializované vySetieni stejn¢ tak jako detekce intrathekalni syntézy

specifickych protilatek reagujicich s prislusSnym antigenem [40].

Vypocdet intrathekalni syntézy imunoglobulint

Pro vypocet intrathekdlni syntézy imunoglobulinli se nejcastéji vyuzivd Reiberova
hyperbolickd funkce [46], kterd popisuje zavislost kvocientu imunoglobulinu na kvocientu
albuminu, pficemz jednotlivé koeficienty jsou tabelovany pro imunoglobuliny IgG, IgA a IgM
a to jak pro primérny kvocient imunoglobulind (Qmean), tak 1 jeho limitni hodnotu

(Qtim = Qmean + 3 SD) ¢i dolni limitni hodnotu (Qiower lim = Qmean - 3 SD), Tabulka 2:

Q=1 \/ Qan?+ b)) -c
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Tabulka 2. Parametry Reiberovy rovnice pro IgG, IgA a IgM [46].

Parametr a/b b? c
Qiim IgG 0,93 0,000006 0,0017
IgA 0,77 0,000023 0,0031
IgM 0,67 0,000120 0,0071
Qmean IgG 0,65 0,000008 0,0014
IgA 0,47 0,000027 0,0021
IgM 0,33 0,000306 0,0057
Qirower lim IgG 0,33 0,000002 0,0003
IgA 0,17 0,000074 0,0013
IgM 0,04 0,000442 0,00082

Vypocet intrathekalni syntézy imunoglobulinu a jeho vypovédni hodnota je vSak do znacné
miry zavisla na fad¢ faktorti. Pfedevsim se piedpoklada, ze se vzorkem CSF byl paralelné
odebran vzorek séra (piedpoklad wustdlené rovnovdhy mezi krevnim a likvorovym
kompartmentem), vzorek CSF nebyl kontaminovan krevni pfimési, pacient nemél infuzi
albuminu ¢i intravendznich imunoglobulinu, a nepodrobil se plazmafaréze. Za fyziologickych

okolnosti by m¢lo platit, ze:

QaLB > Qi > Qiga > Qigm

V pfipadé, Ze jedna z téchto nerovnosti je obracend, ndlez svédci pro intrathekdlni syntézu

ptislusného imunoglobulinu.

Detekce intrathekalni syntézy imunoglobulinu IeG

Zeman D, Kugnierova P, Hradilek P, Cabal M, Zapletalova O. Oligoklonalni IgG a volné lehké
fetézce — srovnani izoelektrické fokusace v agar6zovém a polyakrylamidovém gelu. Cesk Slov

Neurol N 2019; 82/115(1): 1-8. Priloha 2

Senzitivnéj$i metodou pro prikaz intrathekalni syntézy imunoglobulinti je izoelektricka
fokusace (IEF). Nalez 2 a vice oligoklondlnich IgG past (olgG) v likvoru a zaroven

nepiitomnych v séru je zdkladnim McDonaldovym kritériem pro diagnostiku RS. Pro tyto ti¢ely
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je mozné v laboratorni mediciné vyuzit 2 metody, izoelektrickou fokusaci s naslednou
imunofixaci (IMF), anebo izoelektrickou fokusaci s ndslednym afinitnim imunoblotingem
(AIB), kterd je mnohem citlivéjsi. Soucasné je mozné pouzit 2 typy gell, agarézovy c¢i

polyakrylamidovy gel.

V rutinni laboratorni praxi fady laboratofi je za timto ucelem vyzivéana izoelektricka fokusace
bilkovin na agarézovém gelu provadénd na poloautomatickém systému Hydrasys 25CAN
Focusing, néasledovana immunofixaci s anti-IgG antisérem znacenym peroxidazou. Citlivost
metody dovoluje analyzu CSF bez piedchoziho zahustovani vzorkd, nicméné vyzaduje

nafedéni vzorka séra na likvorovou koncentraci.

Pfi vizualnim hodnoceni ndlezli posuzujeme pfitomnost oligoklonélnich IgG past v likvoru a
séru téhoz pacienta, pticemz IEF nalez klasifikujeme podle doporuceni mezinarodnich expert

do jednoho z 5 typt [47], [48], viz Obrazek 7.

Typ 1: normalni nalez; v likvoru ani v séru se nevyskytuji olgG pasy, barvi se pouze

polyklonalni IgG;

Typ 2: v likvoru se vyskytuji alesponl 2 0lgG pasy, které chybéji v séru, ndlez nasvédcuje lokalni
syntéze IgG typické pro roztrousenou sklerdzu, ale mize se vyskytovat i u jinych chronickych

zanétlivych onemocnéni CNS (neuroborrelioza, paraneoplastické neurologické syndromy aj.);

Typ 3: v likvoru se vyskytuji olgG pasy, z nichZ nejméné 2 nemaji korelat v séru a naopak
alespont 2 maji své ekvivalenty v séru; tento typ se vyskytuje u pacientll s roztrousenou
skler6zou a pacientti s infekci CNS, se zanéty CNS spojenymi se systémovymi onemocnénimi,

napt. sarkoiddzou, neuroborrelidzou, u systémovych infekei apod.

(Poznamka: neexistuje ostry prechod mezi typy 2 a 3, velmi zalezi na citlivosti detekéni metody

pro olgG);

Typ 4: v likvoru 1 séru se vykytuji alesponi 2 spole¢né olgG pasy, nalez typicky u systémovych
zanétl, napt. borrelidzy, vaskularnich onemocnéni na autoimunitnim podklade, ale

1 u syndromu Guillaina-Barrého, perifernich neuropatii a degenerativnich onemocnéni.

Typ 5: nahusténé intenzivni pasy s klesajici intenzitou vybarveni smérem od katody k anodg¢,
charakteristicky obraz monoklonalniho imunoglobulinu tfidy IgG, nachidzime zejména
u paraproteinovych neuropatii; IEF prokazuje monoklonalni IgG jiz v dobé, kdy je pod
detek¢nim limitem klasické elektroforézy; IEF umoziuje stanoveni heterogenity — proto je pasi

vice, 1 kdyz jde o produkt 1 klonu B-lymfocytt.
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Obrazek 7. Jednotlivé typy olgG past ziskané metodou izoelektrické fokusace s naslednou

imunofixaci. 2, 2, olgG pasy neptitomny; 3, 3', 4, 4°, 7, 7', olgG pasy pfitomny v likvoru,
nepfitomny v séru, typ 2; 5, 57, 6, 6", olgG pésy nepfitomny v likvoru i séru, typ 1; 8, 8, olgG
pasy pfitomny v likvoru i séru, zrcadlovy obraz, typ 4; 9,9, obraz monoklondlniho IgG

v likvoru i séru, typ 5.

Dalsi metodou, kterou lze pro tyto ucely pouzit, je izoelektricka fokusace s naslednym
imunoblotingen. Vzhledem k publikovanym udajim o mnohem vyssi citlivosti této metody [49]
jsme se rozhodli obé metody porovnat, Priloha 2. Pro detekci olgG po separaci izoelektrickou
fokusaci v agar6zovém gelu s naslednou imunofixaci byl pouzit komer¢ni kit Hydragel 9 CSF
Isofocusing Kit firmy Sebia na pfistroji Hydrasys téze firmy. Pro izoelektrickou fokusaci
v polyakrylamidovém gelu (PAG) byly pouzity komerc¢né¢ dostupné gely s pH gradientem
v rozmezi 6-11 firmy EDC na pfistroji EDC Flatbed Professional. K imunodetekci byla pouzita
senzitivni metoda s vyuzitim alkalickou fosfatdzou znacené anti-IgG protilatky. Srovnani bylo
provedeno ve 106 konsekutivnich vzorcich. Pouze tfi vzorky (2,8 %) byly klasifikovany
neshodné. Jediny intrathekalné syntezovany IgG pas byl nalezen v 7/106 (6,6 %) vzorcich pfi
pouziti IEF na agar6zovém gelu s naslednou imunofixaci. Na PAG IEF/IB nebyl ve ¢tyfech
z téchto ptipadl nalezen zadny pas, ve dvou ptipadech byl nalezen rovnéz jeden pas a v jednom

piipadé byly nalezeny Ctyfi pasy. Na PAG IEF/IB byl jediny intrathekalné syntezovany IgG pés
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nalezen v 10 ptipadech (9,4 %). Na IEF/IMF nebyl v Sesti z téchto ptipadii nalezen Zadny pas,
ve dvou pripadech byl nalezen rovnéz jediny pés a v dalSich dvou ptipadech byly nalezeny dva,
resp. tii pasy. Porovnali jsme také vysledky podrobné;jsi klasifikace nalezu do typt 1-5 podle
dvou konsenzudlnich doporuceni [47], [48]. Shody bylo dosazeno v 75 vzorcich (70,8 %),
podle Cohenova kappa koeficientu (0,503) se jedné o pramérnou shodu. Typ 1 pii pouziti jedné
z obou metod byl hodnocen jako typ 4 pifi pouziti alternativni metody v 19 piipadech;
analogické neshodné hodnoceni typti 2 a 3 pfispelo dal§imi osmi neshodné klasifikovanymi
vysledky. Pocet intrathekalné syntezovanych IgG pasii byl porovnan pomoci Spearmanova
korela¢niho koeficientu (rs=0,861; P <0,0001) a vdzené¢ hodnoty kappy (0,795). Vysledky
indikuji dobrou shodu mezi metodami. Wilcoxonovym testem nebyl zjistén zadny systematicky
rozdil mezi metodami v poctu intrathekalné syntezovanych IgG past (P = 0,8442). Pti korelaci
vysledki olgG s klinickymi daty (vedlejsi vystup studie) byla u vSech pacientt s diagnézou RS
(n = 12) prokazana pozitivita olgG pii agard6zové IEF/IMF; jeden z nich byl negativni na PAG
IEF/IB (jediny intrathekalné syntezovany IgG pas). VSichni pacienti s diagndézou CIS (n = 3)
m¢éli pozitivni olgG obéma metodami. U vSech 27 pacienti s jinymi diagnézami byl olgG test
negativni. Pfi srovnani vypoctovych metod intrathekalni syntézy IgG s IEF v agar6zovém gelu
s imunofixaci nebyly zjiStény zadné falesné pozitivni vysledky vypoctu podle Reibera [7],
Auera et al. [50] ani Ohmana et al. [51]; jeden fale$n& pozitivni vysledek byl pozorovin
v piipadé¢ IgG indexu (pfi pouziti konvencniho kritéria > 0,7). Senzitivita vSech vypoctla vSak
byla nizka (43,5 % pro IgG index a vztahy Reibera a Auera et al. a 52,2 % pro vztah Ohmana
et al.).

Studie potvrdila, Ze mezi IEF na agar6zovém gelu a polyakrylamidu bylo dosazeno velmi dobré
shody. Ob¢é metody povazujeme za vhodné pro rutinni praxi. Soucasné bylo zjisténo, ze
vypoctové metody jsou pro prikkaz intrathekalni syntézy IgG méné senzitivni nez detekce

oligoklonalniho IgG.

Jak jiz bylo uvedeno vyse, metodou izoelektrické fokusace je mozné v CSF a séru odhalit také
pfitomnost monoklonalnich imunoglobulinid. S touto situaci se lze bézné setkat v rutinnim
provozu. Pacient pfichazi do neurologické ambulance s dlouhotrvajicimi bolestmi zad nejasné
etiologie. Lékat mu indikuje odbér mozkomisniho moku a vysledkem IEF je nalez typu 5
sveédcici pro pritomnost paraproteinu charakteristického pro monoklonalni gamapatie. Tento
vysledek je déle konfirmovéan elektroforetickym vySetfenim séra. V piipadé potvrzeni a
kvantifikace pfitomného monoklondlniho imunoglobulinu je doporuceno vySetieni

specializovanym hematologem.
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Poznamka:

Elektroforetické a imunofixacni vySetfeni séra a moci spole¢né s kvantitativnim stanovenim koncentrace volnych
lehkych fetézct (FLC) v séru patfi mezi zakladni metody v diagnostice mnohocetného myelomu a fady dalSich
lymfoproliferativnich onemocnéni. Nadstavbovou metodou je pak stanoveni poméru tézkych/lehkych fetézct
imunoglobulint, Hevylite (HLC). V ramci této problematiky byly publikovany prace v tuzemskych i zahrani¢nich
Casopisech. Vzhledem k Caste¢né souvislosti s laboratornimi metodami vyuzivajicimi i v této problematice bude

jejich prehled zatazen do seznamu ptiloh. Priloha 3-5

Vypocet a detekce intrathekalni syntézy imunoglobulinu IeM

Zeman D., Kusnierova P. Detekce oligoklonalnich IgM past v likvoru. Klin. Biochem. Metab.,

24 (45), 2016, No. 3, p. 141-146. Priloha 6

Zeman, D., Kus$nierova, P., VSiansky, F., Reguliovd, K., Skutova, M., Woznicova, 1.,
Zapletalova, O., Hradilek, P., Cerebrospinal fluid oligoclonal IgM test in routine practice:
Comparison with quantitative assessment of intrathecal IgM synthesis. Clin. Chim. Acta 508

(2020), 137-145. Priloha 7

Detekce oligoklonélniho IgM (oIgM) byla popséana pied vice nez 20 lety [52], [53], [54], do
poptedi zajmu neuroimunologii se vSak dostala az po zjisténi, Ze intrathekalni syntéza olgM
muze predikovat agresivni pribéh RS [55]. Preferovanou metodou je izoelektrickd fokusace
s naslednym afinitnim imunoblottingem (IEF/AIB). Upravena metoda detekce oligoklonéalnich
IgM past v likvoru a séru byla publikovéana také naSim pracovistém v roce 2016, Priloha 6. Za
timto ucelem bylo vySetfeno 35 parovych vzorka likvori a sér. ZlepSeni separace IgM bylo
dosazeno pfi pouziti pH gradientu (4-8), prefokusaci a katodickou aplikaci vzorku. Separace
nativniho IgM se nepodafila, pro dosazeni piijatelnych vysledkd byl vzorek pied separaci
podroben piisobeni redukéniho Cinidla, v nasem piipadé dithiothreitolu. Intrathekalni syntéza
oligoklonalniho IgM byla prokazana u 11 z 35 vySetfenych vzorkll pacientd. U 9 vzorka
pacientl s diagndzou nezanétlivého onemocnéni nervového systému a u 30 symptomatickych
kontrol (n=3) byly vysledky negativni. Priikaz olgM statisticky vyznamné koreloval
s vypoctem intrathekdlni syntézy IgM podle Reibera (P =0,007) i podle Auera et al.
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(P =0,026). Nami upravena metoda IEF/AIB umoziuje citlivou a reprodukovatelnou detekci

olgM, Obrazek 8.

V nésledujicich letech se naSe prace ubirala smérem k posouzeni vztahu mezi vypoctem
intrathekdlni syntézy IgM a detekci olgM, Priloha 7. Do studie bylo zafazeno celkem
432 vzork CSF a séra, u nichz byla provedena detekce olgM a olgG soucasné s vypoctem
intrathekalni syntézy podle Reibera, Auera a Ohmana. V piipadé pouziti béznych cut-off
hodnot (=2 oligoklonalni pasy v CSF nepfitomné v séru) byl nelinedrni vztah pro vypocet
intrathekalni syntézy specificky (> 94 %), ale malo senzitivni (< 40 % i pfi cut-off hodnot¢ > 4
oligoklonalni pasy v CSF nepfitomné v séru) ve srovnani s olgM. Soucasné nebyl pozorovan
zadny statisticky vyznamny rozdil mezi jednotlivymi algoritmy pouzitymi pro vypocet
intrathekalni syntézy IgM. Pfi cut-off hodnoté > 4 pasy v CSF nepiitomné v séru, byla u 61 %
pacientll prokdzéana pozitivni intrathekalni syntéza olgM. Lze tedy konstatovat, Ze nelinedrni
vztahy pro vypocet intrathekalni syntézy IgM jsou sice specifické, ale s nizkou senzitivitou
vzhledem k oIgM. Z diivodli zabranéni faleSné pozitivnim vysledkiim olgM jsme navrhli
hodnotit pfitomnost 2 nebo 3 oligoklonalnich pasi v CSF nepfitomnych v séru jako hrani¢ni
vysledek, pouze u vzorkl s > 4 olgM pésy v CSF nepiitomnymi v séru hodnotit vysledek jako

jednoznacné pozitivni.

olgM

Ili!t

L1 51 L2 S2 L3 S3 14 54

i) m wm

Obrazek 8. Oligoklonalni IgM pasy ziskané metodou izoelektrické fokusace s naslednym
afinitnim imunoblotingem. L, likvor; S, sérum; L1, S1, L2, S2, vzorky pacientt s RS, prukaz

olgM v likvoru, nepfitomny v séru, L3, S3, L4, S4, negativni nalez.
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Stanoveni volnych lehkych fetézcu, vypocet a odhad intrathekalni syntézy

Zeman D, Kusnierova P, Barto§ V, Hradilek P, Kurkova B, Zapletalova O. Quantitation of free
light chains reliably predicts their intrathecal synthesis. Ann Clin Biochem 2016; 53: 174-6. doi:
10.1177/0004563215579110. Priloha 8

Zeman D, KuS$nierova P, Svagera Z, Vsiansky F, Byrtusovda M, Hradilek P, Kurkova B,
Zapletalova O, Barto$ V., Assessment of Intrathecal Free Light Chain Synthesis: Comparison
of Different Quantitative Methods with the Detection of Oligoclonal Free Light Chains by
Isoelectric Focusing and Affinity-Mediated Immunoblotting. PLoS One. 2016 Nov 15: doi:
10.1371/journal.pone.0166556. Priloha 9

Reiber H, Zeman D, Kusnierova P, Mundwiler E, Bernasconi L. The hyperbolic reference range
for reliable data interpretation in quotient diagrams. Clin Chim Acta, 2019.

https://doi.org/10.1016/1.cca.2019.07.027. Priloha 10

Zeman D, Hradilek P, Kusnierova P, Piza R, Reguliova K, Woznicova I, Zapletalova O.
Oligoclonal free light chains in cerebrospinal fluid as markers of intrathecal inflammation.
Comparison with oligoclonal IgG. Biomedical papers. 2015, vol. 159, no. 1, p. 104-113. ISSN
1213-8118. Priloha 11

Dalsi z metod doporuc¢ovanych pro diagnostiku RS je stanoveni volnych lehkych fetézct (FLC)
v likvoru, pficemz uptednostiiovany jsou volné lehké fetézce kappa. Byly publikovany prace,
které hodnoti FLC kappa jako cenny marker intrathekalni syntézy majici prediktivni hodnotu

srovnatelnou s oligoklonalnim IgG [56], [57], [58], [59].

Pro ucely kvantitativni stanoveni je mozno vyuzivat diagnostické soupravy firmy The Binding
Site, Siemens, SEBIA a dalsi. Bohuzel vysledky ziskané riznymi diagnostickymi soupravami
jsou casto nesrovnatelné, coz vyplyva i1 znaSich vysledkd, Priloha 4 a vysledkl
mezilaboratorniho porovnani (www.sekk.cz). Zasadnim problémem pii jejich stanoveni je
absence primarniho standardu. Zdrojem vétSiny komeréné dostupnych purifikovanych FLC
jsou séra anebo moce pacienti s paraproteinémii nebo Bence-Jonesovou paraproteinurii.

V ptipadé¢ diagnostické soupravy firmy The Binding Site jsou jako primarni standardy pouzité
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lehké fetézce purifikované z intaktnich imunoglobulinti redukci a acetylaci. V dusledku pouziti
raznych diagnostickych souprav jsou samoziejmé rizné normalni hodnoty v séru i CSF, proto
je nutné pfi sledovani napt. progresi choroby zasilat vzorky pacientti stale do stejné laboratote.
Dalsim pietrvavajicim problém pfti stanoveni FLC je kiizova reaktivita protilatek s navazanymi
lehkymi fetézci, coz vede k vyraznému nadhodnoceni FLC v biologickém materialu. Soucasné
nékteré protilatky pouzité v testech FLC detekuji 1épe FLC dimery nezZ monomery, zatimco
stupenn FLC dimerizace se miize ménit za riznych patologickych podminek. Dale je nutno
podotknout, Ze vSechny testy FLC byly primarné vyvinuty s cilem pomoci pii diagnostice a
monitorovani dyskrazie plazmatickych bunék, zatimco jejich stanoveni v jinych indikacich
nebylo dostate¢né validovano. Soucasné vzhledem k Casto velmi nizkym koncentracim FLC
v normalnim CSF nelze stanovit pfesnou koncentraci, ktera je nezbytna pro nasledujici vypocet

kvocientu FLC a posouzeni intrathekalni syntézy FLC.

Vedle metody kvantitativniho stanoveni FLC v likvoru byly cetné publikace vénovany
posouzeni intrathekalni syntézy FLC metodou izoelektrické fokusace s naslednym afinitnim
imunoblotingem. Z tohoto diivodu jsme se i my rozhodli zabyvat srovnanim kvantitativniho

stanoveni FLC s olgG a oFLC kappa a oFLC lambda, Priloha 8.

Do studie bylo zatazeno 75 parovych vzorkti CSF a séra. Ke stanoveni koncentrace FLC byly
pouzity diagnostické soupravy Freelite™ (The Binding Site) uréené pro stanoveni v CSF
(REF LKO16.L.S a LKO18.L.S). Oligoklonalni FLC byly stanoveny metodou IEF/AIB jak je
popsano v Priloze 11, Obrazek 9. Ve studovaném souboru nebyly pozorovany zadné statisticky
vyznamné rozdily mezi koncentraci FLC v CSF, kvocientem FLC (CSF-FLC/S-FLC) a
indexem FLC (Q-FLC/Q-ALB) pro predikci intrathekdlni syntézy volnych lehkych fetézct.
Kazdy parametr byl schopen predikovat vyskyt oligoklondlnich FLC past v CSF
(AUC 0,932-0,999). Zaznamenali jsme vSak zvySenou koncentraci volnych lehkych fetézcu
v CSF u vzorkl s nepfitomnymi oFLC u dvou pacienti s velmi vysokymi hodnotami FLC
v séru. Bylo potvrzeno, Ze kvantifikace FLC v CSF spolehlivé ptedpovida jejich intrathekalni

syntézu. Presto v ptipad¢ vysokych koncentraci FLC v séru je upfednostiiovan kvocient FLC.
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Obrazek 9. Oligoklonalni FLC kappa a lambda ziskané metodou izoelektrické fokusace
s naslednym afinitnim imunoblotingem. L, likvor; S, sérum; L1, S1, prikaz oFLC kappa i
lambda v likvoru, neptfitomny v séru; L2, S2, prikaz oFLC kappa v likvoru, v séru nepfitomny,
oFLC lambda neptitomny v likvoru 1 séru; L3, S3, L4, S4, neptitomny oFLC kappa i oFLC
lambda v likvoru i séru; LS, S5, ptitomny oFLC kappa i oFLC lambda v likvoru i séru; L6, S6,

monoklonélni FLC kappa ptitomny v likvoru i séru, oFLC lambda nepfitomny.

Soucasné¢ v dalsi rozsitujici studii (Priloha 9) byl posuzovan vztah mezi koncentracemi
FLC kappa a FLC lambda v CSF a séru u riznych diagnostickych skupin. Celkem bylo
analyzovano 166 parovych vzorkii CSF a séra metodami Freelite™ (The Binding Site), N Latex
FLC (Siemens) a dvéma ELISA metodami. Vysledky byly porovnany s oFLC detekovanymi
metodou IEF/AIB. I pfesto, ze pouzité¢ metody kvantifikace FLC spolu korelovaly, byly mezi
jednotlivymi metodami pozorovany proporcionalni i systematické rozdily. Nicméné, zadné
zasadni rozdily nebyly pozorovany v predikci pozitivity oFLC. Piekvapivé pomér
FLC kappa/FLC lambda v CSF byl niz8i nez v séru ptiblizné u 75 % vzorkt s negativnim oFLC
testem. U poloviny pacienti s RS a CIS byly v CSF nalezeny vyrazné¢ zvysené poméry
FLC kappa/FLC lambda. Vysledky této studie ukazuji, Ze s pouzitim vhodnych meznich hodnot
specifickych pro danou metodu stanoveni lze pro predikci intrathekdlni syntézy pouzit rizné
metody kvantifikace FLC v CSF. Dtiivod neo¢ekavané nizkych pomért FLC kappa/FLC lambda
v CSF v normdlnich CSF zlstal neobjasnény. Zatimco u vétSiny pacienti s RS a CIS byly

hodnoty FLC kappa zvysené, hodnoty FLC lambda v CSF vykazovaly velkou interindividualni
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variabilitu a mély by byt dale zkoumény z hlediska imunopatologického a prognostického

vyznamu.

Soucasné, jak je patrno z vysSe uvedeného, kvantitativni stanoveni FLC kappa v CSF je Casto
srovnavano s detekci olgG, kterd je povazovana v laboratorni diagnostice RS za zlaty standard.
Nicméné chybéjici konsenzus pii interpretaci udaji kvantitativniho stanoveni FLC v CSF brani
spolehlivym zavérim. Tento problém by mohl pomoci vyfeSit teoreticky odvozeny
hyperbolicky vztah pro vypocet intrathekalni syntézy FLC podle Reibera, Priloha 10. Za timto
ucelem byly na zaklad¢ nize uvedené hyperbolické funkce vypocteny kvocienty FLC kappa

a albuminu u 433 zdravych biochemicky definovanych kontrol.

QFLC kappa(mean) =a/b* (QAlb2 +b2)0.5 ¢

S vyuzitim kvocientu FLC kappa (QFLc kappa), Variacniho koeficientu (22,5 %) a referenéniho
intervalu, ktery byl odvozen jako QrLc kappa £ 3 CV, byla odvozena diskriminacni funkce pro

limitni kvocient FLC kappa:

QFLC Kappa(lim) = (327(QAlb2+33)05 - 82) X10_3.

Na zaklad¢ téchto vztahi byla intrathekalni syntéza FLC kappa vypoctena v 8 % piipada
zdravych kontrol bez pfitomnych olgG pasti (n=388). Soucasné pii pouziti tohoto vztahu
nebyla prokazéana intrathekalni syntéza FLC kappa u 7 % pacientii s RS (n = 95). U pacient
s RS byla vypoctena priimérnd intrathekalni syntéza 3x vétsi pro FLC kappa (95 %) ve srovnani

s celkovym IgG (36 %).

Tato odvozend hyperbolické funkce pro posouzeni intrathekalni syntézy FLC kappa je lepsi nez
linedrni index FLC kappa (10 az 15 % faleSnych negativit) ¢i exponencidlni funkce (30 %
faleSnych pozitivit u kontrolnich vzorki) v analytickém rozsahu dat ziskanych od pacienti
s RS, s excelentnimi vysledky az pro desetinasobn¢ vysSi hodnoty kvocientu albuminu.
Dynamika této malé molekuly (FLC kappa) ptispiva k pochopeni bariérovych funkci zavislych

na velikosti molekul.

30



Poznamka:

Dlouhy O., Kusnierova P., Kurasova 1., Cisarikova M., ZemanD. Chemiluminescent detection of oligoclonal
immunoglobulins after isoelectric focusing and affinity-mediated immunoblotting. Biomed Pap Med Fac Univ

Palacky Olomouc Czech Repub. 2018 Jun;162(2):107-115. doi: 10.5507/bp.2018.003. Priloha 12

Pti vyuziti izoelektrické fokusace s naslednym afinitnim imunoblotingem, jak pro detekci olgG, olgM, tak oFLC
kappa, je z divodu dostupnégj$iho vybaveni vyuzivana chromogenni detekce. Nasim cilem, v rdmci studentské
grantové soutéze, bylo zjistit, zda by vyuziti chemiluminiscencni detekce nevedlo k moznému zcitlivéni této

metody. Priloha 12

Byl proveden soubor experimentti za uc¢elem detekce olgG s vyuzitim BCIP/NBT substratu (BCIP: 5-bromo-4-
chloro-3-indolyl phosphate; NBT: p-nitroblue tetrazolium chloride) znacené¢ho alkalickou fosfatazou pro
chromogenni detekci a s peroxidazou pro chromogenni detekci. Na zakladé vizualniho hodnoceni signalu bylo
zjisténo, ze chemiluminiscencni detekce vyzaduje pfiblizné 4x niz$i mnozstvi aplikovaného proteinu nez velmi
citlivd chromogenni detekce. Mezi testovanymi metodami detekce olgG byla nalezena velmi dobra korelace.
V ptipad¢ prukazi antigen specifickych olgG lze pouzit obé metody, avSak profil olgG byl jasnéjsi metodou
chemiluminiscence. U jednoho pacienta byly chemiluminiscencni detekci prokazany oligoklonalni IgD pasy, které
metodou chromogenni detekce byly jen stézi viditelné. Lze tedy konstatovat, ze chemiluminiscencni detekce je

proveditelnou volbou pro detekci olgG a lze ji vyuzit v ptipadech, kdy je nutno zvysit citlivost detekce.

5.2.3.4 Biomarkery zanétu

Kusnierové, P., Zeman, D., Hradilek, P., Zapletalovd, O., Stejskal, D. Determination of
chitinase 3-like 1 in cerebrospinal fluid in multiple sclerosis and other neurological diseases.

PLoS One. 2020 May 21: https://doi.org/10.1371/journal.pone.0233519. Priloha 13

Pro posouzeni miry zanétlivého procesu lze vyuzit kvantitativni stanoveni bézn¢ dostupnych
zanétlivych biomarkerti, jako napt. interleukinu 6 (IL6), tumor nekrotického faktoru (TNF)
a dalsich. U zdravych jedinci, stejné tak velmi Casto 1 u pacientt s RS, jsou vSak hladiny IL6
pod mezi stanovitelnosti vétSiny dostupnych metod. Fyziologické koncentrace, a hladiny
jednotlivych cytokinti u zanétlivych onemocnéni CNS popsal Maier et al. [60]. Z tohoto diivodu

je stanoveni tohoto biomarkeru velmi diskutabilni.

Nicméné v poslednich letech se pozornost upird smérem k homeostatickému chemokinu,
CXCLI13, ktery je silnym chemoatraktantem B-bun¢k. V mozkomiSnim moku je exprimovan
monocyty a zejména makrofagy v perivaskularnich zanétlivych 1ézich a rozptylenych

parenchymalnich buiikéch [61]. Byly publikovany prace, které hodnotily tento chemokin jako
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velmi dilezity marker zanétlivé aktivity u pacientli s roztrousenou sklerozou [62]. Autofi
prokézali statisticky vyznamnou korelaci zvySenych hladin CXCLI13 s konverzi CIS
do klinicky definované RS. Soucasné popsali korelaci s poctem bunék, poctem plazmocytu,
B i T lymfocytl a slabéji 1 monocytl, kvocientem IgG [61] a pritomnosti olgG i1 olgM [63].
Hodnoty CXCL13 v CSF > 15,4 ng.L"! vykazovaly dobrou pozitivni prediktivni hodnotu
a specificitu pro diagnostiku RS a pro klinicky relaps do jednoho roku od nastupu ve srovnani
s diagnostikou neuroborreliézy s cut-off hodnotami > 100 nebo > 250 ng.L™! [63]. CXCL13 je
také jednim z prediktort dobré lécebné odpovédi na 1écbu rituximabem [64]. Tato zjisténi
potvrzuji 1 nase pozorovani, Priloha 13. Byly prokazany statisticky vyznamné rozdily mezi

koncentraci CXCL13 a pfitomnosti, resp. neptitomnosti olgG, oFLC kappa a oFLC lambda.

Dal$im potencidlnim biomarkerem zéanétlivé odpovédi by mohl byt protein YKL-40,
oznacovany také jako chitinase 3 — like 1 (CHI3L1). Tento protein patii do rodiny chitinovych
glykosylhydrolaz, ale na rozdil od chitindz postradd enzymatickou aktivitu. Jedna se
o glykoprotein, ktery je produkovan Sirokou skalou bunék, jako jsou makrofagy, chondrocyty,
synovialni buiiky, osteoblasty, neutrofily a astrocyty [65] , [66], [67]. CHI3L1 je exprimovan
v astrocytech v mozkové tkani pacienti s RS a je spojovan s reaktivni gliézou v rtiznych
neuropatologickych stavech, zejména téch, které souviseji s neurozanétem. CHI3LI je
uvoliiovan in vitro z makrofaga, ale vlastni protein CHI3L1 je pfitomen in vivo v okoli
mikroglidlnich uzlin v ur¢itych astrocytech. mRNA CHI3L1 je exprimovéana reaktivnimi
astrocyty obklopujicimi mikroglidlni uzliny, coz naznacuje, Ze makrofagy uvoliuji zanétlivé
mediatory, které mohou indukovat expresi CHI3L1 v okolnich astrocytech, ale ne v neuronech.
Transkripce CHI3L1 makrofagy je pravdépodobné inhibovana az po vstupu do mozku, coz

muze byt pfi¢inou rozdilnych pozorovani u jinych tkanovych patologii. [68], [69]

V obecném uvodu této prace popisujeme RS jako demyelinizacni onemocnéni spojené s riiznou
mirou zanétlivé aktivity, gliozou a variabilni ztratou axonl.. Ocekavame tedy, ze i tento
biomarker, CHI3L1 se bude vyskytovat u pacientii s RS ve zvySené koncentraci. Cilem naSeho
badani bylo ovérit fyziologické koncentrace CHI3L1 v CSF a porovnat hladiny tohoto markeru
v ruznych diagnostickych skupinéch, véetné RS, i s dalsimi biomarkery axonalniho poskozeni
nebo neurozanétu.

Do studie bylo zatazeno celkem 132 vzorkli neurologickych pacientd, ktefi byli rozdéleni
do jednotlivych diagnostickych skupin, RS (n=42), CIS (n=14), jind nezanétliva
neurologickd onemocnéni (OIND; n=11), nezanétlivd neurologicka onemocnéni (NIND;

n =46), zanétliva onemocnéni periferniho nervového systému (IDPNS; n=4) a kontrolni
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skupina (n=15). Pacienti sdiagné6zou RS byli dale rozdéleni dle revidovanych
McDonaldovych kriterii z roku 2017, pfi¢emz 26 pacientil bylo diagnostikovano jako RR-RS,
14 pacientii jako PP-RS; u zbyvajicich dvou pacienti nebylo mozné prib¢h RS vyhodnotit,
protoze nebyla k dispozici z4dné nasledna dokumentace. Zadny z pacientii ze skupin s RS a CIS
nebyl v dob¢ odbéru vzorku 1écen Iéky modifikujicimi prabeéh onemocnéni (DMD). V ramci
studie byly odhadnuty referencni meze pro CHI3L1 v CSF pohybujici se mezi koncentracemi
28,6 — 182,5 pg.L'. Byly prokazany statisticky vyznamné rozdily v koncentracich CHI3L1
v CSF mezi jednotlivymi diagnostickymi skupinami. Soucasné byla nalezena statisticky
vyznamna korelace mezi hladinami CHI3L1 a lehkymi fetézci neurofilament (NFL) ve skupiné
RS (1rs=0,460; P =0,002) a mezi CHI3L1 a fosforylovanymi tézkymi fetézci neurofilament
(pNFH) ve skupiné RS (rs = 0,691; P <0,001). Statisticky vyznamny rozdil nebyl nalezen pfi
kategorickém porovnani CHI3L1 pomoci Fisherova exaktniho testu ve skupiné RS a dalSimi
diagnostickymi skupinami. Stejné tak nebyl nalezen statisticky vyznamny rozdil pfi pouziti
Mann-Whitneyho U testu mezi CHI3L1 a dal§imi parametry a pfitomnymi ¢i nepfitomnymi
oligoklonalnimi pasy. Lze uzavitit, ze koncentrace CHI3L1 v CSF se liSila v zavislosti na
diagnoze a vyznamné korelovala s koncentracemi biomarkerti axonalniho poskozeni (NFL
1 pNFH), ani nikoliv s biomarkerem zanétlivé reakce CXCL13. CHI3L1 v CSF se tedy jevi jako
slibny prognosticky, i kdyz etiologicky nespecificky, biomarker RS.

5.2.3.5 Biomarkery tkanového poskozeni

Kusnierova P., Zeman D., Slepanova H., VSiansky F., Michnova O., Bartova P., Stejskal D.
Porovnani dvou analytickych metod stanoveni neurodegenerativnich markerti f-amyloidu 1-42,
celkového tau-proteinu a fosforylovaného tau-proteinu 181. Labor Aktuell 2020, 24 (2), 21-26.
Priloha 14

Neurodegenerativni poSkozeni CNS je u pacientl s RS pfitomno od nejranéjSich fazi této
nemoci. V ramci likvorové diagnostiky tkanového poskozeni CNS je v poslednich letech
pozornost zaméiena na amyloid 3 (Ab). Tato molekula vznikéd z amyloidového prekurzorového
proteinu, ktery je fyziologickou soucésti bunééné membrany. V klinické praxi se vyuziva
pievazné stanoveni izoformy Aba> koncici alaninem na rozdil od krat$i izoformy Abaso koncici
valinem, kterd za fyziologickych okolnosti pfevazuje, je solubilni a télem vylucovana. Rychle

agregujici izoforma Ab4; je tak dominujici formou amyloidu f uloZeného v placich. Jeho
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snizena koncentrace u pacientli s Alzheimerovou chorobou (AD) je tak vysvétlovana prave jeho
zvySenou adherenci v perineuronalnich neuritickych placich [70]. Podobné i u pacientd s RS
byly pozorovany snizené koncentrace amyloidu B [71], [72], [73]. Pietroboni et al. studovali 40
nov¢ diagnostikovanych pacienti s RR-RS, pfi¢emz pacienty rozdélili do dvou skupin, na
pacienty s hladinou Ab;.42 < 813 ng.L™! (Abiow) @ Abi42 > 813 ng.L! (Abnigh). Soucasné u viech
subjektl bylo provedeno vstupné neurologické a MRI vysetieni. U 29 z nich poté opakované
MRI vysetieni po 1 roce. Pfi porovnani cerebelarni parenchymalni frakce (GM + WM / celkovy
objem mozecku %) byl nalezen statisticky vyznamny rozdil mezi skupinami Abnign and
Abiow pti vstupu (P <0,0001) a pfi nasledujicim vySetfeni (P =0,02). Obdobné i porovnani
cerebelarni GM frakce (GMF) ukdzalo vyznamné rozdily mezi skupinami Abnigh and Abiow pii
vstupu (P= 0,002) a rok poté (P=0,04). Vicenasobnd regresni analyza prokézala, ze
koncentrace Ab je nejlepSim prediktorem GMF. Autofi se tedy domnivaji, ze Casna cerebelarni
atrofie se jevi jako zasadni pro predikci §patné prognozy u RS mnohem vice nez globalni atrofie

mozku, kterd se objevuje v relativné pozd&jsi fazi [74].

Zaucelem stanoveni koncentrace tohoto biomarkeru je mozné pouzit ELISA soupravy riiznych
firmem (Fujirebio Europe, IBL, Analytica Jena a FEuroimmun) a soucasn¢ plné
automatizovanou metodu firmy Roche, ktera vSak sebou pfinaSi mnoho uskali, pfedevSim
spojenych s mnozstvim odebraného CSF a dalS§imi preanalytickymi podminkami. Z tohoto
ditvodu jsme se rozhodli vybrané diagnostické soupravy porovnat, Priloha 14. Do studie bylo
zafazeno 42 vzorkl pacientll s podezienim na neurodegenerativni onemocnéni. Pii porovnani
studovanych diagnostickych souprav (Euroimmun vs. Roche) byly prokazany statisticky
vyznamné rozdily mezi jednotlivymi metodami stanoveni. Diagnostické soupravy firmy Roche
a Euroimmun nejsou navzjem zastupitelné. Nicméné uspokojiva shoda z hlediska klinické
interpretace byla prokazana mezi vSemi testovanymi diagnostickymi soupravami. Pro rutinni
analyzu lze tedy doporucit obé metody stanoveni, nicméné je nutné mit stale na pameéti
sledovani hladiny piislusnych biomarkerii ve stejné laboratofi pouzivajici stale stejnou metodu
stanoveni a hladinu konkrétniho biomarkeru interpretovat vzhledem k referenénim mezim

konkrétni laboratofre.
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5.2.3.6 Biomarkery poskozeni neuronii/axonii

Kusnierova P., Zeman D., Hradilek P., Cabal M., Zapletalova O. Neurofilament levels in
patients with neurological diseases: A comparison of neurofilament light and heavy chain

levels. J Clin Lab Anal. 2019 Jun 14:€22948. doi: 10.1002/jcla.22948. Priloha 15

Mezi markery poSkozeni neuronti a axonu lze fadit tau protein, neuron specifickou enolazu

(NSE), bilkoviny neurofilament a ptipadné dal$i molekuly.

Tau protein jako nizkomolekuldrni neurocytoskeletdlni protein se muze vyskytovat az
v 6 riiznych izoformach, které se lisi délkou polypeptidového fetdzce [75]. Ugastni se vystavby
mikrotubuld, kterd je fizena fosforylaci a defosforylaci. Defosforylovany tau protein pfispiva
k polymerizaci a stabilizaci mikrotubulii, kdezto fosforylovany tau protein se z jejich vazby
uvoliiuje a tim vede k jejich rozpadu. Za fyziologickych okolnosti je mezi témito dvémi
pochody wudrzovana rovnovaha zajiStujici potiebnou stabilitu mikrotubula [76].
Za patologickych podminek se fosforylované formy tau proteinu uvoliiuji za tvorby parovych
helikalnich filament agregujicich za vzniku neurofibrildrnich klubicek [77]. Ptitomnost téchto
obtizn€ odbouratelnych intracelularnich depozit tau proteinu je typické pro neurodegenerativni
onemocnéni oznacované jako tauopatie, jejiz hlavnim predstavitelem je AD. Nasledkem mtize
byt rozpad buiiky se sou¢asnym uvolnénim tau proteinu do extracelularniho prostoru. Zvysena
koncentrace celkového tau proteinu spolecné s fosforylovanym tau proteinem v CSF tak patii

k ukazatelim AD.

Soucasné vzhledem k prokdzané pritomnosti tau proteinti v mikrotululech axoni, byl studovan
tau protein u RS, ktera je vysledkem demyelinizace a nasledné axonélni 1éze vedouci ke ztraté
motorickych a senzorickych funkci. Terzi et al. ve studii zahrnujici 45 pacientt s RS prokazali
statisticky vyznamné zvySené hladiny tau proteinu ve srovnani s kontrolni skupinou a povazuji
tento biomarker za casny ukazatel poskozeni axont [78]. Vedle toho Jaworski et al. prokazali
vyznamné zvySenou hladinu tau proteinu v CSF u pacientli s PP-RS ve srovndni s SP-RS,
soucasné frakce parenchymu (BPF) byla vyznamné sniZena u skupiny pacient s SP-RS. BPF
v celé populaci nepiimo korelovalo s EDSS a MSSS skorem. Tau protein v CSF v celé populaci
inverzn¢ koreloval s EDSS. Vysledky této studie naznacily, ze tau protein v CSF u RS klesa
vpribéhu onemocnéni a odrazi stupenn ztraty mozkového parenchymu [79].
Mirzaii-Dizgah et al. studovali hladinu tau proteinu v séru a slinach pacient s RS, pficemz

prokézali sniZzenou expresi tau proteinu v séru pacientil s RS ve srovnani s kontrolni skupinou.

35


https://www.ncbi.nlm.nih.gov/pubmed/31199010

Hladina tau proteinu negativné korelovala s EDSS. Tau protein ve slinach nekoreluje
s tau proteinem v séru ani EDSS skérem. Zda se tedy, Ze na rozdil od tau proteinu ve slinach,

je tau protein v séru potencialni biomarker RS [80].

Podobné jak bylo prezentovéano vyse, i tento laboratorni marker je mozné stanovovat riznymi

diagnostickymi soupravami. Dvé nejvhodnéjsi soupravy byly testovany, viz. Priloha 14.

Dalsi z intenzitn¢ studovanych biomarkert jsou neurofilamenta (NF). Jedna se o hlavni
strukturalni proteiny neuronil patfici mezi intermediarni filamenta IV. tfidy, ktera jsou
selektivné exprimovany v nervovém systému a nejvice jsou zastoupena v dlouhych projekénich
axonech. Skladaji se ze 4 podjednotek s riznou molekulovou hmotnosti; lehké fetézce
neurofilament (NFL), stfedni fetézce neurofilamet (NFM), t€Zké fetézce neurofilament (NFH)
a nestabilni a-internexiny. Tyto podjednotky maji riznou molekulovou hmotnost a funkéni
vlastnosti. Gen pro NFL se nachézi na chromozomu 8p21, jeho protein ma molekulovou
hmotnost 61,5 kDa a sklad4d se z 543 aminokyselin. Gen pro NFM se nachézi také na
chromozomu 8p21; skldda se z 916 aminokyselin a je dilezity pro radidlni axondlni rtst. Gen
pro NFH je na chromozomu 22q12.2, jeho protein md molekulovou hmotnost 111,5 kDa a
sklada se z 1020 aminokyselin. NFH jsou dilezité pro interakci protein-protein, které jsou
lokalné regulovany v axonu fosforylaci [81], [82]. Alfa-internexinovy protein ma molekulovou
hmotnost 66 kDa a mize tvofit homopolymery; kvili nestabilité je vSak tato podjednotka
v laboratorni praxi obtizné¢ detekovatelnd. Jeho gen se nachézi na chromozomu 10q24.33.
Ke stanoveni koncentraci NF Ize pouzit ELISA metody (z ang. z angl. enzyme-linked
immunosorbent assay) nebo citlivéjsi technologie jako je elektrochemiluminiscen¢ni imunotest

SIMOA [83].

NF se uvolnuji do extracelularniho prostoru v zavislosti na axondlnim poskozeni. Jejich
koncentrace v mozkomisnim moku, popt. séru odrazi stupenn axonalniho poSkozeni [84].
Zvysené hladiny lehkych i1 tézkych fetézcl neurofilament (NFL i NFH) byly pozorovany
u pacienti s RS, coZz muze odrazet poSkozeni neuroaxont v aktivnich placich, které je
zprostiedkovano zanétem a neurodegeneraci [85]. U pacienti s CIS koreluji hladiny NFL
s radiologickymi zndmkami aktivity onemocnéni (Gd-enhancujici 1éze) a predpovidaji konverzi
na klinicky definovanou RS s horsi prognézou [86], [87], [88]. Béhem progrese RS, hladiny
NFH koreluji s fyzickym postizenim a zmé€nami objemu mozku, ale ne s poctem 1ézi nebo
objemem. Koncentrace NFH miize indikovat pokracujici neurodegeneraci [85], [87], [89].
Pacienti 1éCeni natalizumabem vykazuji trojndsobné snizeni NFL, coz naznacuje, ze tato lécba

ma nejen imunomodulaéni ucinek, ale miize také snizit poskozeni axonti [90]. Tyto ucinky jsou
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také pozorovany u pacientd s RS, ktefi byli léeni rituximabem, mitoxantronem nebo
fingolimodem. Studie vSak pfesvéd¢ivé neprokdzaly, Ze pokles axonalniho poskozeni neni
sekundarni a ze hladiny anti-NF protilatek nekoreluji s klinickymi variantami RS [91], [92].
Diky zkuSenosti téchto autort jsme se rozhodli posoudit vztah mezi koncentracemi lehkych
a tézkych fetézcl neurofilament v likvoru a séru u raznych diagnostickych skupinach vcetné
RS, Priloha 15. Do studie bylo zatazeno celkem 172 pacientii moravskoslezského regionu
zaslanych do nasi laboratote k vySetfeni likvoru. Na zékladé ziskanych klinickych informaci
byli pacienti (n=101) dale rozdéleni do piislusnych diagnostickych skupin, RS (n=19),
CIS (n=11), OIND (n=10), IDPNS (n=15), NIND (n = 38) and kontrolni skupina (n = 33).
Pro diagnostiku RS byla pouzita revidovana McDonaldova kritéria z roku 2017. Pfi hodnoceni
vzajemného vztahu mezi NFL a pNFH (fosforylované tézké fetézce neurofilament) byla
prokdzéana statisticky vyznamna korelace (rs=0,748; n = 89; P <0,001). Soucasn¢ pomoci
Passing-Bablokovy regrese byl nalezen statisticky vyznamny bias mezi koncentracemi NFL a
pNFH v CSF. Pro koncentrace okolo 300 ng.L™! byl bias 28,1 %, pro koncentrace okolo
5000 ng.L"! byl bias vice nez 50 %. To naznacuje, Ze pii vysokych koncentraci NFL v CSF
nabyvala koncentrace pNFH v CSF pfiblizn€ polovicnich hodnot NFL v CSF, z ¢ehoz plyne,
ze metody jsou vzajemné nezameénitelné. Dale byla prokazana pouze nizkd korelace mezi
likvorovou a sérovou koncentraci pNFH, pravdépodobné z diivodii rozdilného biologického
materidlu. Pomoci kappa statistiky byla posuzovéana klinickd shoda testovanych parametri.

Hodnota vazené kappy se pohybovala okolo 0,556, coz svéd¢i pro dobrou shodu.

Byla posuzovana také korelace NF s klinickymi daty. Koncentrace NFL v CSF ve skupinach
RS ¢i CIS byla vyznamné vyssi v podskupiné pacientil, kteti meli EDSS skore 2,5 nebo vyssi
(median NFL 1208,5 ng.L!) 6 mésict po lumbalni punkci ve srovnani s podskupinou s EDSS
skorem 0 az 2 (median NFL 488 ng.L''; P =0,0269). NFL se tak jevi jako slibny marker
predikce zavaznosti postiZzeni. Soucasné ob¢ testované diagnostické soupravy NFL a pNFH
poskytuji konzistentni vysledky, nicméné¢ metoda NFL vzhledem k nizsi citlivosti je vhodna
pro méteni v CSF, kdezto metoda pNFH pro CSF i sérum. Vysledky soucasné potvrdily, ze NF,
at’ uz NFL nebo pNFH, ptedstavuji nespecificky indikator poskozeni tkani.
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6 DISKUZE

Za ucelem doplnéni palety vySetfeni umoziujici zpfesnéni diagnostiky roztrousené sklerozy,
stanoveni prognozy onemocnéni a souc¢asné¢ k monitorovani 1écebné odpovéedi byly do rutinni
laboratorni praxe zavedeny vyse uvedené metody. Vlastni diskuze k jednotlivym biomarkertim
a studovanym souborim jsou soucasti jednotlivych publikaci, které byly prezentovany
v odbornych c¢eskych i zahrani¢nich Casopisech. Presto k jednotlivym metodam piikladam

nekolik dalSich komentara.

K prikazu intrathekalni syntézy volnych lehkych fetézcti kappa a lambda a IgM byly zavedeny
metody izoelektrické fokusace s naslednym afinitnim imunoblotingem. Soucasné spektrum
laboratornich metod bylo doplnéno o metody kvantitativniho stanoveni volnych lehkych
fetézcli kappa a lambda v CSF soucasné s vypoctem kvocientu a indexu volnych lehkych
fetézcl kappa a lambda. Tato vySetfeni maji vyznam ptfedevSim v pfipadech negativniho ¢i
nejednoznacného vysledku detekce oligoklonadlnich IgG péast jako zlatého standardu
v hodnoceni intratekélni syntézy imunoglobulinti u pacientti s roztrousenou skler6zou. Nutno
vSak podotknout, ze pozitivni vysledek neni specificky pro roztrouSenou sklerdzu; intrathekalni
syntéza volnych lehkych fetézct, podobné jako IgG, miize provazet i jind zanétliva onemocnéni
nervového systému. Timto tématem se zabyvali také autofi Crespi L. et. al [93]. Studovali index
volnych lehkych fetézct kappa (index FLC-K) jako alternativni biomarker RS. Dosli k zavéru,
ze obé metody, IEF olgG pasi 1 index FLC-K vykazuji podobnou piesnost a diky vysoké
citlivosti a specificité spojené s niz§imi néklady na stanoveni FLC-K v CSF a vypoctem indexu
FLC-K navrhli pouZiti tohoto testu jako testu ¢islo jedna a IEF jako potvrzujici metodu. V roce
2020 se autofi Ferraro D. et al. [94] pokusili retrospektivné odhadnout hodnoty indexu kappa a
lambda (CSF FLC / sérové FLC) / (CSF albumin / sérovy albumin) k predikci diagnézy RS
u skupiny pacientii s negativnim nalezem olgG past a suspektnim podezienim na RS. Zjistili,
ze u 61 % pacientli se hladiny FLC-K v likvoru pohybovali pod detekénim limitem dané
diagnostické soupravy (0,27 mg.L"!, The Binding Site Group, Bimingham, UK). Soucasné
stanovili mezni hodnotu indexu FLC-K pro predikci RS na 5,8 a dospéli k zadvéru, ze index
FLC-K by mohl ptispét k identifikaci olgG negativnich pacientl, u nichz je diagn6za RS vysoce
pravdépodobna. Nase data publikovédna v roce 2019 (Priloha 2) vyuzivajici cut-off hodnot 6,07
pro FLC-K index a 6,27 pro FLC-L index prokazala 100 % shodu mezi kvalitativnimi (prikaz
oFLC metodou IEF/AIB) a kvantitativnimi vysledky pro FLC-K, 90 % pro FLC-L a 80 % pro
FLC-L index. Nicmén¢ i pfesto navrhujeme, ze testy FLC by mély byt spiSe pouzivany jako

doplitkové metody neZz jako nahrada za analyzu olgG.
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Dalsi metodou pouzivanou v ramci diagnostiky a stanoveni prognozy u pacientt s RS je metoda
detekce oligoklonalnich IgM past. Tato metoda je intenzivné studovana i zahrani¢nimi
skupinami. Capuano Rocco et. al. [95] posuzovali tento biomarker s ohledem na dlouhodobé
sledovani pacientii s RS v kontextu s uzivanim Iékti modifikujicich onemocnéni (DMD).
Prokazali, Ze ptitomnost oIgM byla spojena s 33 % zvySenim anualizované miry relapsu, vyssi
pravdépodobnosti pro pouziti vysoce u¢innych DMD a vyss§i hodnotou EDSS. Dosli k zavéru,

ze ptitomnost oIgM je spojena s neptiznivymi dlouhodobymi vysledky.

Dalsi ze studovanych biomarkerit zavedenych do rutinni biochemické praxe byli chemokin
CXCLI13 a neurofilamenta, tézké a lehké tetézce. Kromé vyuziti CXCL13 jako slibného
markeru neuroborreliozy reflektujici aktivitu nemoci, byla prokazéna jeho dobra pozitivni
prediktivni hodnota a specificita pro diagnostiku RS a pro klinicky relaps do jednoho roku od
nastupu nemoci. Autoii DiSano KD. et al. [96] posuzovali prediktivni hodnotu indexu CXCL13
(pomér CSF/S koncentrace CXCL13) ve srovnani s pfitomnymi olgG pasy a koncentraci NFL
v CSF, pfiCemz zkoumali schopnost kazdého biomarkeru ptedvidat budouci aktivitu
onemocnéni u klinicky a radiologicky izolovanych syndromi, recidivujicich - remitujici RS a
progresivni RS. Prokazali, ze index CXCLI3 je nejlepsim prediktorem budouci aktivity
onemocnéni u pacientll s RS a jako jediny prediktor piekonal v citlivosti, specificité a pozitivni
1 negativni prediktivni hodnoté pro budouci aktivitu onemocnéni u pacienti s RS olgG a NFL
v CSF. Soucasn¢ kombinace obou biomarkert, indexu CXCL13 a NFL v CSF, zlepsila citlivost
a prediktivni hodnotu aktivity onemocnéni u pacienti s RS. Index CXCL13 lze tedy povazovat

za vynikajici prognosticky biomarker aktivity RS.

Neurofilamenta, at’ uz lehké (NFL) ¢i tézké tetézce (pNFH), v mozkomi$nim moku, resp. séru
odrazi stupenn axonalniho posSkozeni zprostfedkovaného zanétem a neurodegeneraci. Tyto
biomarkery je mozné vyuzivat pii podezieni na diagné6zu amyotrofické lateralni sklerozy, pti
zdvazném podezieni na diagnoézu roztrousené sklerdzy, popt. pro sledovani priabehu
onemocnéni RS a odpovédi na 1é€bu DMD. Kapoor R. et al. [97] prokdzali, Ze koncentrace
NFL v séru u skupiny s relabujici a progresivni formou RS koreluji se zobrazovacimi metodami

a disabilitou a mohou piedpovidat budouci pribéh onemocnéni a predikovat reakci na 1écbu.
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Delcoigne B. et al. [98] se snazili stanovit faktory (vCetné role DMD, alemtuzumabu, dimethyl
fumaratu, fingolimodu, natalizumabu, rituximabu a teriflunomidu) spojené¢ s vychozi
koncentraci NFL, 1écbou a zménou (od zahajeni 1é€by po hodnoceni 1é¢by) koncentrace NFL
v plazmé u skupiny pacienti s RR-MS. Vychozi koncentrace NFL v plazmé pozitivné
korelovala s mirou relapsu, skorem EDSS, zavaznosti RS souvisejici s vékem a stupnici dopadu
RS (MSIS-29) a negativné s SDMT (Symbol Digit Modalities Test) a poctem diive pouzitych
DMD. Autofi zduraziuji rozdily ve sniZzeni koncentrace NFL v plazmé od vychozi koncentrace
pii 1éCbe v zavislosti na typu DMD. Pacienti zaCinajici 1écbu alemtuzumabem vykazovali
nejvyssi snizeni koncentrace NFL a nejnizsi koncentrace NFL pii 1écbe€, zatimco ti, kteti
zacinali s teriflunomidem, méli nejmensi pokles a nejvyssi hladiny NFL pii 1écbé, ale také
zacinali od niz$ich hodnot. Jak NFL b¢hem lécby, tak pokles koncentraci NFL zavisi na
vychozich koncentracich NFL, z toho plyne, ze volba DMD u RR-RS pacientli je vyznamné

spojena se stupném redukce NFL, coz podporuje roli NFL jako markeru odpovédi na 1écbu.

Bohuzel, v souc¢asné¢ dobé nemame k dispozici diagnostickou soupravu, kterou bychom mohli
rutinné pouzit pro stanoveni NFL v séru, jedinou mozZnosti, obtizné dostupnou v CR je
stanoveni NFL v séru metodou SIMOA. Z tohoto divodu se naSe pozornost zameéfila na
stanoveni pNFH v séru, kde jsou jiz diagnostické soupravy pro stanoveni v séru dostupné a dle
naSich vysledkd vhodné pro rutinni testovani. V soucasné dobé probihd na nasem pracovisti
dal$i vyzkum, zabyvajici se studiem informaci o dynamice potencidlnich prognostickych
sérovych biomarkert, tedy i pNFH, u pacientii s RS v ¢ase a nasim cilem je korelovat tato data

s klinickymi i MRI parametry signalizujicimi ispeéSnost ¢i neuspésnost 1écby.

Stanoveni celkového tau proteinu, fosforylovaného tau proteinu 181 a amyloidu Pi.42
v mozkomi$nim moku je indikovano ptfedevSim v diferencidlni diagnostice kognitivnich
poruch v jejich casném stadiu. Snizena koncentrace amyloidu B v likvoru je ¢asnym markerem
Alzheimerovy nemoci. Kombinace tohoto vySetfeni se stanovenim celkového tau proteinu,
fosforylovaného tau proteinu vyznamné zvysuje diagnostickou pifesnost. Zvyseni celkového
tau proteinu je nespecifickou zndmkou neuronalniho poSkozeni. Extrémné vysoké koncentrace
celkového tau proteinu nachdzime u Creutzfeld-Jakobovy nemoci, ale 1 jinych tézkych postizeni

CNS, napt. rozséhlych iktt ¢i t€Zkych mozkovych traumat.

Vedle kvantitativniho stanoveni vySe uvedenych biomarker je fada praci vénovana
zobrazovacim markeriim neurodegenerativnich onemocnéni. Na toto téma byla u pacientii s RS
publikovéna studie autori Zeydan B. et al. [99]. Zkoumali depozice amyloidu 3 a tau proteinu

pomoci Pittburghské slouc¢enina B (PiB) pozitronovou emisni tomografii (PET) a AV1451 tau
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PET zobrazenim u starnoucich pacienti s RS, pficemz PiB PET je biomarker B-amyloidni
naplné v placich a AV1451 tau PET je biomarker posttranslacné modifikované akumulace
tau proteinu spojené s AD. Autofi prokazali, ze ackoli jsou amyloid B i tau protein biomarkery
kognitivniho starnuti a AD, kortikalni depozice amyloidu B byly u pacientii s RS nizsi nez
u vékoveé odpovidajici kontrolni skupiny, coz naznacuje, ze néktery aspekt patofyziologie RS
zpomaluje akumulaci amyloidu f, ale nikoli akumulaci tau proteinu. Kromé této prace
zabyvajici se vyuzivanim tzv. ,stopovact amyloidu®“ u RS publikovali prikopnickou préci
autofi Stankoff et al. [100]. Tyto indikatory (,,stopovace amyloidu*) mohou byt uzitecné pro
hodnoceni demyelinizace a remyelinizace, které patiti mezi nejdilezitéjsi udalosti
v patofyziologii RS a nejsou vhodné zachyceny standardni MRI. Snizené vychytavani
,,stopovaci amyloidu“ v poskozené bilé a Sedé¢ hmoté bylo prokdzano experimenty na zvifeci a
lidské mozkové tkani. Dle ndzort Jordi et al. [101] zavéry publikované ve vySe uvedené praci
nastoluji velmi zajimavou otazku ohledné specificity PiB a derivath fluorovaného stilbenu pro
depozici amyloidl a poSkozeni myelinu. Protoze depozice amyloidu je s pfibyvajicim vékem
Cast€j$i, mize byt interpretace absorpce amyloidu PET v Sedé hmot¢ limitujici u pacientii s RS
ve vyS§im veéku. Navic se zda, ze protein amyloidového prekurzoru a jeho kaskada také hraji

roli v procesech demyelinizace a remyelinizace.

Cilem na$i dal$i vé€decko-vyzkumné aktivity je studium biomarker roztrousené sklerdzy
a neurodegererativnich onemocnéni a jejich korelace s vysledky MRI. Jak bylo uvedeno vyse,
kortikélni 1éze RS mohou pfispét ke snizeni absorpce PiB v kortikalni oblasti u pacienta s RS,
a pravé MRI muze Iépe detekovat kortikalni RS 1éze. Celkové lze fici, ze dlouhodoba studie
s vétsi velikosti vzorku se Sirokym vékovym rozpétim, s MRI s vysokym polem miize
poskytnout vice informaci o zékladnich mechanismech patofyziologie RS a jejich vztahu

k pribéhu klinického onemocnéni.

Poslednim z intenzivné studovanych biomarkeri je chitinase 3 -like 1 exprimovana
v astrocytech v mozkové tkani pacientd s RS, spojovana s reaktivni gliézou a neurozanétem
u riznych neuropatologickych stavii. NaSe data naznacuji, ze hladiny CHI3L1 v CSF jsou
v raznych diagnostickych skupinach odlisné a statisticky vyznamné koreluji s koncentracemi
biomarkert axondlniho poskozeni (NFL i pNFH), nikoliv v§ak s biomarkerem zanétlivé reakce
CXCLI13. Ztoho lze usuzovat na jeho mozné vyuziti jako etiologicky nespecifického

biomarkeru RS. Nicméné¢ dalsi uplatnéni tohoto biomarkeru je otdzkou §ir§iho studia.

Také Pérez-Miralles F. et al [ 102] posuzovali roli CHI3L1 a CHI3L2 v predikci pribéhu PP-RS.

Prokazali korelaci zvysujicich se hladin CHI3L1 s vyssim EDSS skorem na pocatku a ve
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12. mésici a tendenci spojenou s vysSim rizikem progrese postizeni podle EDSS. ZvySujici se
hladiny CHI3L2 také mély tendenci korelovat s niz§imi vychozimi hodnotami EDSS. Jejich
vysledky tedy podporuji souvislost mezi hladinami CHI3L1 v CSF a neurologickym postizenim
podle EDSS u pacienti s PP-MS.

Vsechny ze zminovanych biomarkert jsou v ramci diagnostiky RS na nasem pracovisti
pravidelné stanovovany a doufame, ze v priabchu dalSich let se ndm podaii ziskat podrobnéjsi
informace o jejich dynamice v Case a korelaci s klinickymi a MRI parametry signalizujicimi

uspésnost, popi. neuspesnost 1éCby.
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ZAVER

RoztrouSena skler6za (RS) je chronické zanétlivé onemocnéni centralniho nervového systému
autoimunitni povahy, vedouci k demyelinizaci a ireverzibilnimu axonéalnimu poSkozeni.
Je nejcastejsi pricinou neurologického postizeni u mladych dospélych. V poslednich letech se
objevuji prvni praktické vystupy naznacujici moznost individualizované 1é¢by s vyuzitim
laboratornich markert predikujicich pribéh onemocnéni roztrouSenou skler6zou. Mozkomisni
mok jako tekutina bezprostiedné souvisejici s tkainémi CNS poskytuje nejvérohodnéjsi zdroj
laboratornich informaci o typu zanétlivé odpovédi, aktivité zanétlivého procesu i mife

tkanového poskozeni.

Habilitacni prace (piedkladana jako komentovany soubor praci) se vénuje problematice
vybranych laboratornich biomarkerii RS. Prace se snazila pfispét k rozSifeni poznatkl
o laboratornich metodach vyuzivanych v diagnostice RS, kur€eni ¢i upfesnéni prognodzy
onemocnéni a soucasné k monitorovani 1é¢ebné odpovédi. V jednotlivych kapitolach jsou
popsany vysledky naSich studii vénovanych intrathekalni protilatkové odpovédi u pacientt
s RS pomoci kvantitativnich vypoctovych vztaht pro intrathekalni tvorbu IgG, IgM, IgA a FLC
a detekci oligoklonalnich IgG, IgM a FLC past. Tato vysetieni ndm slouzi k ziskani informaci
o procesech probihajicich na Urovni mozkového kompartmentu nejen u pacientit s RS.
V ptipad¢ prikazii intrathékalni syntézy IgG 1 FLC je nutno mit na paméti, Ze pozitivni
vysledek muze provazet i1 jind zanétlivd onemocnéni nervového systému. V dalsi Casti se
vénujeme biomarkerim neurodegenerativniho, resp. tkanového poSkozeni CNS. Lehké a tézké
fetézce neurofilamet piedstavuji biomarker poskozeni axonti CNS rizné etiologie, celkovy
tau protein je posuzovan jako marker neuronalniho poSkozeni a CHI3L1 jako slibny, ale

etiologicky nespecificky marker RS.

Do habilitacni prace byly okrajové zahrnuty i prace tykajici se detekce monoklonalnich
imunoglobulinti, nebot’ i v ramci likvorové diagnostiky se s jejich ndlezem pomérné cCasto
setkavame.

Vysledky vyse uvedenych praci nds povzbuzuji v dalsi studii, z niz bychom chtéli ziskat
informace o dynamice potencialnich prognostickych sérovych biomarker u pacientii s RS

v Case a korelaci s klinickymi i MRI parametry o uspé$nosti ¢i neuspé$nosti 1écby.
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AIB

ALB

BCIP

BDNF

BPF

CIS

CNS

CSF

DMD

EBV

EDSS

ELISA

FLC

FLC-K

FLC-L

FN

Gd

GDNF

GFAP

9-HPT

CHI31

IDPNS

amyloid

Alzheimerova choroba

afinitni imunobloting

albumin

z angl. 5-bromo-4-chloro-3-indolyl phosphate
neurotroficky faktor odvozeny od mozku
frakce parenchymu

klinicky izolovany syndrom

centralni nervova soustava

mozkomisni mok, z angl. cerebrospinal fluid
1éky modifikujici pribeh onemocnéni, z angl. disease modifying drugs
Epstein-Barrové virus

z angl. Disability Status Scale

z angl. Enzyme-Linked ImmunoSorbent Assay
volné lehké fetézce

volné lehké fetézce kappa

volné lehké fetézce lambda

Fakultni nemocnice

gadolinium

neurotroficky faktor odvozeny od glidlnich bun¢k
glialni fibrilarni acidicky protein

z angl. 9-Hole Peg Test

z angl. chitinase 3-like 1

zanétliva onemocnéni periferniho nervového systému
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IEF
IgA
IgG
IgM
IL6
IMF
MBP
MMP
MRI
mRNA
MRZ
MSFC
NO
NBT
NFL
NFM
NIND
NSE
oFLC
olgG
olgM
OIND
PAG
PASAT
pNFH

PPRS

izoelektrické fokusace

imunoglobulin A

imunoglobulin G

imunoglobulin M

interleukin 6

imunofixace

myelinovy bazicky protein

matrixové metaloproteinazy

zobrazeni magnetickou rezonanci (magnetic resonance imaging)
messengerova ribonukleova kyselina
measles, rubella, varicela zoster

z angl. Multiple Sclerosis Functional Composite
oxid dusny

z angl. p-nitroblue tetrazolium chloride
lehké fetézce neurofilament

sttedni fetézce neurofilament

nezanétliva neurologicka onemocnéni
neuron specificka enolaza

oligoklonalni volné lehké fetézce
oligoklonalni IgG

oligoklonalni IgM

jina nezéanétliva neurologickd onemocnéni
polyakrylamidovy gel

z angl. Paced Auditory Serial Addition Test
fosforylované tézké fetézce neurofilament

primarni progresivni roztrousenou sklerézu
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Q
ROS

RRRS
sICAM-1
SIMOA
SPRS
RPRS
RS

TCR
UVB

ZU

kvocient

reaktivni kyslikové radikaly

relaps-remitujici roztrousenou sklerézu
solubilni intercelularni adhesivni molekula-1
elektrochemiluminiscen¢ni imunotest
sekundarni progresivni roztrousenou sklerozu
progresivni-relapsujici roztrousenou sklerozu
roztrousena skleroza

receptor T-bun¢k

ultrafialové zareni

Zdravotni Gistav
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Uskali kvantifikace IgM v likvoru

Zeman D.', Kusnierova P., Gottwaldova J.2, Kloudova A.3, Lochman 1.3, Zenkova J.4,
Svagera Z.', Barto$ V.!, VSiansky F."

'Oddéleni klinické biochemie, Ustav laboratorni diagnostiky, Fakultni nemocnice Ostrava
20Oddéleni klinické biochemie, Fakultni nemocnice Brno-Bohunice

30Oddéleni imunologie a alergologie, Zdravotni ustav se sidlem v Ostravé

“Ustav klinické biochemie a hematologie, Fakultni nemocnice Plzer

SOUHRN

Cil studiie: Méreni koncentraci albuminu a imunoglobulind v likvoru a v séru slouzi v likvorové diagnostice k vypoctu intra-
thékalni syntézy imunoglobulinll. Predpokladé se, Ze hodnotu kvocientu, tj. poméru koncentraci daného proteinu v likvoru
a v séru, lze povazovat za nezavislou na pouzité metode, pokud je parovy vzorek likvoru a séra analyzovan soucasné
na jedné (likvorove) kalibracni kfivce. Pozorované diskrepance mezi likvorovymi (ale nikoliv sérovymi) koncentracemi IgM
stanovenymi nefelometricky na analyzatoru Immage a home-made sendvicovou ELISA metodou nas vedly k provedeni
rozsahlejsi studie srovnavajici rizné metody stanoveni IgM v likvoru a séru.

Typ studlie: Porovnani vysledkd réiznych metod pouzivanych pro kvantifikaci IgM v likvoru.

Material a metody: Byly srovnany vysledky stanoveni koncentraci IgM ziskané na nefelometrech Immage, Immage 800, BN I,
BN ProSpec a metodou ELISA. Vedle likvorovych a sérovych koncentraci byly srovnany i kvocienty likvor/sérum a vysledek
vypoctu intrathékalni syntézy podle Reiberova vztahu. Vysledky byly vyhodnoceny metodami Passing-Bablokovy regrese
a grafu dle Blanda a Altmana s vyuzitim statistického programu MedCalc.

Viysledky: Zjistili jsme vyrazné rozdily v likvorovych koncentracich IgM stanovenych nefelometricky na analyzatorech Immage
oproti nefelometrickému stanoveni na analyzatorech rady BN a ,home-made” sendvicove ELISA metode, které poskytly vy-
znamneé nizsi hodnoty. Hodnoty ziskané ELISA metodou byly v dobré shodé s hodnotami ziskanymi na analyzatorech rady
BN. Sérové koncentrace IgM byly ponékud vyssi pfi pouziti ELISA metody. Nebyl zjistén vyznamny rozdil mezi hodnotami
sérovych koncentraci a kvocientl likvor/sérum ziskanymi analyzou séra na likvorové versus sérové kalibraéni kiivce. Hod-
noty kvocientu likvor/sérum byly vyznamné vySSi v pripadé stanoveni na analyzatorech Immage oproti hodnotam ziskanym
analyzou na nefelometrech fady BN i ELISA metodou. V dsledku toho byla z dat ziskanych na analyzatorech Immage vy-
poctena intrathékalni syntéza IgM u 13 ze 71 vzorkd, u kterych nebyla zjisténa z dat ziskanych na analyzatoru BN ProSpec
ani ELISA metodou; u 8 z nich bylo mozno povazovat vypoctenou intrathékalni syntézu za klinicky vyznamnou (intrathékalni
frakce >10 %).

Zavér: Kvocient likvor/sérum je pro IgM jednoznacné zavisly na pouzité metodé stanoveni a v nékterych pripadech miize
dojit i k rozdilnému hodnoceni pritomnosti intrathékalni syntézy IgM. Dokud se nepodafi pficinu tak vyrazné odlisSnych vy-
sledkd koncentrace IgM v likvoru objasnit a odstranit, je Zadouci pii méfeni na analyzatoru Immage hodnotit vypoctenou
intrathékalni syntézu IgM velmi opatrné a v kontextu celého likvorového nalezu. ELISA metoda je finanéné nenakladna,
vyzaduje minimalni mnozstvi vzorku a jevi se jako jedina schopna kvantifikovat IgM prakticky v kazdém vzorku. Jeji pouziti
v rutinni praxi je vSak limitovano vySSimi naroky na manualni zpracovani, jevi se vSak jako vyhodna metoda minimalné pro
experimentalni studie, napf. sledovani rozlozeni likvorovych koncentraci IgM v populaci.

Kilicova slova: mozkomidni mok, IgM, intrathékalni syntéza, nefelometrie, ELISA

SUMMARY

Zeman D., Kusnierova P., Gottwaldova J., Kloudova A., Lochman ., Zenkova J., Svagera Z., Barto$ V., VSiansky
F.: Difficulties of IgM quantitation in cerebrospinal fluid

Objective: Quantitation of albumin and immunoglobulins in CSF and serum serves the purpose of calculation of intrathe-
cal immunoglobulin synthesis. Quotient, i.e., concentration ratio of particular protein in CSF and serum, is assumed to be
method-independent value, provided that paired CSF and serum sample is analyzed in parallel using one (CSF) calibration
curve. We have observed that CSF (but not serum) IgM concentrations determined by nephelometry on Immage analyzer
and by home-made sandwich ELISA were largely discrepant. This has lead us to perform a larger study comparing various
methods of IgM determination in CSF and serum.

Design: Comparison of various methods used for IgM quantitation in cerebrospinal fluid.

Materials and Methods: Results of IgM determination on nephelometers Immage, Immage 800, BN Il, and BN ProSpec,
as well as by ELISA method, have been compared. Beside CSF and serum values, CSF/serum quotients and results of
calculated intrathecal IgM synthesis according to Reiber’s formula have been compared. Results have been evaluated by
means of Passing-Bablok regression and Bland and Altman plots, using MedCalc software.

Results: We have found significant differences between CSF IgM concentrations determined by rate nephelometry on
Immage analyzers and end-point nephelometry on BN analyzers or ELISA, the latter two giving significantly lower values.
CSF IgM concentrations determined by ELISA were in good agreement with those determined on BN analyzers. Serum
IgM concentrations were slightly higher using ELISA than using either nephelometric system. We have found no significant
difference in either serum IgM or CSF/serum IgM quotient between serum analysis on CSF versus serum calibration curve.
IgM quotient values were significantly higher using Immage analyzers than using either BN analyzers or ELISA method. As
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a consequence, intrathecal IgM synthesis, based on the Immage data, was calculated in 13 of 71 samples considered ne-
gative if data of BN analyzer or ELISA were used; in 8 of these samples, intrathecal IgM synthesis could be considered as

clinically significant (intrathecal fraction > 10 %).

Conclusions: CSF/serum IgM quotient is far from to be method-independent; in some cases, discrepant conclusion regar-
ding the presence of intrathecal IgM synthesis can be obtained. Until the cause of this discrepancy is found and removed,
the presence of intrathecal IgM synthesis should be judged very carefully and in the context of other CSF findings when
using the Immage analyzer for measurement. ELISA method is inexpensive, requires very low amount of the sample, and is
the only method able to quantify IgM in almost every CSF sample. Its use in routine practice is, however, limited by higher
requirements for manual work. Nevertheless, it should be used at least in experimental studies, i.e. for the purpose of the
determination of distribution of CSF IgM concentration within a population.

Keywords: cerebrospinal fluid, IgM, intrathecal synthesis, nephelometry, ELISA

Uvod

Stanoveni albuminu a imunoglobulind v likvoru
a Vv séru Ize povazovat, spolu s detekci oligoklondlnich
IgG pasU, za zékladni imunochemicky panel likvorové
diagnostiky. Kvantifikace albuminu a IgG je i v likvoru
snadno realizovatelnd na vétsiné béznych biochemic-
kych analyzator(; pro kvantifikaci IgA a zejména IgM
v likvoru je nutné nefelometrické stanoveni s vyuzitim
zesileni signalu vazbou protilatek na latexové Castice;
alternativné Ize pouzit metodu ELISA, ktera ovSem neni
komer&né dostupna. Z koncentraci albuminu a imuno-
globulinG v likvoru a v séru Ize usuzovat na pritomnost
intrathékalni syntézy imunoglobulind. Rdzné likvorové
Skoly preferuji réizné vztahy; ve stfedni Evropé je vSak
nejvice rozSireny vypodet intrathékalni syntézy pod-
le Reiberovych rovnic [1]. Pri jejich pouziti se vychazi
z pfedpokladu, Ze kvocient —tj. pomér likvorové a séro-
vé koncentrace — je nezavisly na metodé stanoveni, ale-
spon za predpokladu, ze je analyt stanoven paralelné
v likvoru i v séru na jedné (a to pochopitelné likvoroveé)
kalibraCni kfivce [2-5]. Toto doporuceni je v naSich la-
boratofich vétsinou ignorovano, jisté i proto, ze analyza
LHikvorovou® metodou je nakladngjsi.

V likvorové laboratofi oddéleni klinické biochemie
Fakultni nemocnice v Ostrave jsme pro vyzkumné uce-
ly zavedli ELISA metodu pro stanoveni koncentraci IgM
v likvoru. Zaujaly nas vyznamné nizsi hodnoty ziskané
ELISA metodou oproti hodnotam ziskanym analyzou
na nefelometru Immage. Z tohoto ddvodu jsme se roz-
hodli koncipovat rozsahlejsi studii srovnavajici rdzné
metody kvantifikace IgM v likvoru a v séru.

Material a metodika

V 75 ndhodné vybranych pérovych vzorcich likvor(

a sér zaslanych k vySetfeni na oddéleni klinické bio-

chemie Fakultni nemocnice v Ostrave, byly srovnany

nejmén& dvé metody stanoveni IgM. Slo o nasledujic
metody:

1. Stanoveni na analyzatoru Immage (FN Ostrava,
FN Pizen), resp. Immage 800 (FN Brno-Bohunice)
metodou pomeérové kinetické nefelometrie. Praco-
visté v Ostravé a v Plzni pouzivaji pro analyzu sér sé-
rovou kalibraCni kfivku, pracovisté v Brné stanovuje
IgM v pdrovych vzorcich likvor( a sér paralelné na
stejné, a to likvorové, kalibracni kfivce. Mez stano-
vitelnosti metodou IGMLC v séru je 64,8 mg/l, v li-

kvoru 0,30 mg/l, CV je 6,0 % (udaje firmy Beckman

Coulter Ceska republika s.r.o.).

2. Stanoveni na analyzatoru BN ProSpec (FN Os-
trava), resp. BN Il (ZU Ostrava) metodou end-point
nefelometrie. Pracovisté ve FN Ostrava stanovilo
sérovou koncentraci IgM jak paralelné s likvoro-
vou koncentraci na likvorové kalibracni kfivce, tak
za pouziti b&Zného stanoveni v séru. Pracovisté ZU
stanovuje koncentraci IgM v séru na sérové kalib-
racni kiivce. Mez detekce metodou N Latex IgM je
0,13 mg/l, CV je 5,3 % (Udaje firmy Siemens s.r.0.).

3. ,Home-made“ sendvicova ELISA metoda (FN
Ostrava) s pouzitim kozich protilatek proti lidskému
IgM (AbD Serotec, kat. €. STAR 145 a STAR 145P).
Potah desticky, promyti a blokovani volnych vazeb-
nych mist i fedéni vzorkd bylo provedeno manualné,
dalsi kroky analyzy probihaly automaticky na pristroji
DSX (Dynex). Ke kalibraci byl pouzit material Human
Serum Protein Calibrator (DAKO, kat. ¢. X0908) re-
dény na koncentrace od 1,25 do 40 ug/l. Likvory
byly analyzovany v fedéni 1/20 a 1/200, séra v fe-
déni 1/100000. Jako chromogen byl pouzit tetra-
methylbenzidin (TMB one-step substrate system,
DAKO, kat. ¢. $1599). Mez stanovitelnosti byla 1,25
ug/l, detekeéni limit 0,625 pg/l. Inter-assay variacni
koeficient stanoveny analyzou kontrolnich materia-
I& Liquichek Spinal Fluid Level 1, Liguichek Spinal
Fluid Level 2 (BioRad, kat. &. 751 a 752) a Human
Serum Protein Low Control (DAKO, kat. ¢. X0939)
se pohyboval mezi 7,8 a 8,4 %; CV pro kvocient
CSF/sérum ¢&inil 7,2 %.

Vysledky méreni byly vyhodnoceny regresi dle Pas-
sing-Babloka a rozdilovym grafem dle Blanda a Altma-
na s vyuzitim statistického programu MedCalc. Rozdily
mezi metodami byly povazovany za vyznamné, pokud
95% interval spolehlivosti pro smérnici necbsahoval
jednicku a/nebo 95% interval spolehlivosti pro Usek ne-
obsahoval nulu.

Vysledky a diskuse

Hodnoty sérovych koncentraci IgM ziskané nefe-
lometricky na rliznych pfistrojich vykazovaly minimal-
ni rozdily, zatimco sérové koncentrace IgM stanovené
metodou ELISA byly oproti nefelometrickému stanove-
ni o 10 — 15% vysSi. Zato likvorové koncentrace IgM
se prekvapive vyrazné lisi v zavislosti na pouzité meto-
dé stanoveni, pfi¢emz hodnoty pro analyzator Immage
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jsou v oblasti fyziologickych nebo jen hranicné zvyse-
nych likvorovych koncentraci az nékolikanasobné vySsi
ve srovnani s hodnotami ziskanymi stanovenim na ana-
lyzatorech fady BN nebo metodou ELISA (Tabulka 1,
Tabulka 2). Likvorové koncentrace ziskané ELISA me-
todou jsou podobné hodnotam ziskanym na analyza-
torech rfady BN, pfijatelna shoda mezi témito metodami
je i u kvocientu likvor/sérum (ELISA metodou vychazi

nepatrmé nizsi vzhledem k ponékud vySSim sérovym
hodnotam namérenym ELISA metodou).

Zajimava zjisténi nasi studie jsou prehledné shrnuta
v Tabulce 1a - 1f, Tabulce 2 a na obr. 1a - 1f. Z hledis-
pem provedenych méreni vypocet intrathékalni syntézy
IgM. Proto jsme se na vysledky zaméfili i z tohoto Uhlu
pohledu (Tabulka 3).

Table 1: Comparison of different methods using Passing-Bablok regression

a) BN ProSpec (x)? vs. Immage (y)°

CSF-IgM Serum-igM Q (CSF/Serum) . 10
n 55 72 55
Regression equation y=0.4741 + 1.2865 . X y=-0.0214 + 1.0625 . x y=0.1500 + 1.8569 . x
95% Cl for intercept 0.3502 to 0.5724 -0.0799 to 0.0397 0.0116 t0 0.3200
95% ClI for slope 1.1550 t0 1.5972 1.0077 to 1.1192 1.4150 to 2.2801
Range: x: 0.15-8.77 mg/I x: 0.17-2.96 g/l x: 0.076-9.977
y: 0.48-11.60 mg/l y: 0.17-3.95 g/l y: 0.161-12.889
b) Immage (x)° vs. Immage 800 (y)?
CSF-igM Serum-IigM Q (CSF/Serum) . 10°
n 18 20 18
Regression equation y=-0.0069 + 0.9363 . x y=0.0996 + 0,9473 . x y=-0.0035 + 0.9563 . x
95% ClI for intercept -0.1018 t0 0.1268 0.0575t0 0.1445 -0.1231 t0 0.1127
95% Cl for slope 0.8131 to 1.0379 0.8967 to 1.0068 0.8372 to 1.0858
Range: x: 0.46-2.27 mg/| x:0.17-2.18 g/l x: 0.242-2.204
y: 0.44-1.96 mg/I y: 0.26-2.26 g/I y: 0.259-2.159
c) BN ProSpec (x)? vs. BN I (y)°
CSF-igM Serum-IigM Q (CSF/Serum) . 10®
n 14 19 14
Regression equation y=-0.0111 + 1.0484 . x y=-0.0406 + 1.0843 . x y=0.0014 + 1.0524 . x
95% Cl for intercept -0.0865 to 0.0694 -0.1581 to 0.0392 -0.0419 to 0.0498
95% Cl for slope 0.9063 to 1.3740 0.9828 to 1.1665 0.9111t0 1.1846
Range: x: 0.15-3.20 mg/I x: 0.39-2.96 g/l x: 0.076-4.618
y: 0.15-3.04 mg/I y: 0.39-3.23 g/l y: 0.115-5.429
d) BN ProSpec (x)2 vs. ELISA (y)?
CSF-igM Serum-IigM Q (CSF/Serum) . 10°
n 55 72 55
Regression equation y=-0.0024 + 1.0203 . x y=-0.0693 + 1.1785 . x y=-0.0144 + 0.9352 . x
95% Cl for intercept -0.0381 to 0.0232 -0.1332 to0 0.0162 -0.0458 to 0.0045
95% Cl for slope 0.9531 to 1.0861 1.1077 to 1.2396 0.8805 to 1.0280
Range: x: 0.15-8.77 mg/| x: 0.17-2.96 g/| x: 0.076-9.977
y: 0.15-9.48 mg/I y: 0.16-3.38 g/l y: 0.068-10.689
e) ELISA (x)? vs. Immage (y)°
CSF-IgM Serum-igM Q (CSF/Serum) . 10°
n 73 75 73
Regression equation y=0.4445 + 1.3399 . x y=0.0310 + 0.9110 . x y=0.2380 + 1.9086 . x
95% Cl for intercept 0.3068 to 0.4827 -0.0100 to 0.0799 0.0765 t0 0.2914
95% Cl for slope 1.1752 t0 1.5929 0.8704 t0 0.9490 1.6119t0 2.5234
Range: x: 0.03-9.48 mg/I x: 0.16-3.38 g/l x: 0.035-10.689
y: 0.33-11.00 mg/l y: 0.17-3.95 g/l y: 0.146-12.889
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f) BN ProSpec CSF (x) vs. serum (y) assay for serum IgM and Q (CSF/serum)

Serum-IigM Q (CSF/Serum) . 10°
n 38 25
Regression equation y=0.0004 + 1.0556 . x y=-0.0010 + 0.9498 . x
95% ClI for intercept -0.0642 to 0.0737 -0.0398 to 0.0155
95% ClI for slope 0.9866 to 1.1155 0.8945 to 1.0557
Range: x: 0.20-2.96 g/ x: 0.076-4.618
y: 0.20-3.16 g/l y: 0.072-5.442

aCSF and serum analyzed together using CSF calibration curve

bCSF and serum analyzed separately using different calibration curves

Table 2: Results of eight CSF samples analyzed on 3 different Immage analyzers, BN ProSpec analyzer, and by ELISA

(concentrations in mg/l)

Sample Immage Immage?2 Immage 800 BN ProSpec ELISA
(FN Ostrava) (FN Plzen)

1 0.412 <0.300 <0.300 <0.144 <0.025

2 <0.300 0.323 0.330 <0.144 0.041

3 1.29 0.900 1.20 0.802 0.698

4 0.613 0.520 0.443 <0.144 0.120

5 0.583 0.480 0.523 <0.144 0.294

6 1.58 1.50 1.09 0.716 0.812

7 1.16 1.038 0.695 0.152 0.173

8 0.756 0.740 0.803 0.426 0.362

Table 3: Cases with intrathecal IgM synthesis according to Reiber’s formula
Intrathecal IgM fraction (IgM,) [%]

Sample Immage® Immage 800° | BN ProSpec? | BN ProSpec® BN II° ELISA2
1 6.49 n.d. negative n.d. n.d. negative
2 2.26 n.d. negative n.d. n.d. negative
3 5.37 n.d. negative n.d. n.d. negative
4 27.22 n.d. negative n.d. n.d. negative
5 64.49 n.d. 55.27 n.d. n.d. 50.35
6 58.53 n.d. 46.43 n.d. n.d. 50.00
7 58.01 n.d. 60.29 n.d. n.d. 45.89
8 66.91 n.d. 52.27 n.d. n.d. 55.80
9 46.18 32.45 negative negative n.d. negative
10 74.79 negative negative negative n.d. negative
11 negative 68.13 negative negative n.d. negative
12 9.49 23.39 negative negative n.d. negative
13 41.24 41.20 negative negative n.d. negative
14 5.20 negative negative negative n.d. negative
15 35.35 n.d. negative negative negative negative
16 1.08 n.d. negative negative negative negative
17 37.41 n.d. negative negative negative negative

aCSF and serum analyzed together using CSF calibration curve

>CSF and serum analyzed separately using different calibration curves

Ve 4 vzorcich byla detekovana intrathékalni synté-
za IgM v3emi pouzitymi metodami. Ve tfech pfipadech
byla detekovana pfi stanoveni na analyzatorech Immage
a Immage 800, ale nikoliv pfi stanoveni na pfistroji BN
ProSpec (bez ohledu na to, zda byla sérova koncentra-
ce stanovena na sérové nebo likvorové kalibracni kffivee)

nebo ELISA metodou. V dalSich tfech pfipadech byla
intrathékalni syntéza IgM detekovana pfi analyze na jed-
nom ze dvou analyzator Immage a nikoliv na druhém;
ani v jednom z téchto pfipadd nebyla prokazana dalsi-
mi metodami (ELISA, BN ProSpec). Konec¢né v dalSich
7(!) pfipadech byla intrathékalni syntéza IgM detekovana
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pouze pii stanoveni na analyzatoru Immage a nikoliv pfi
pouZiti ostatnich metod (ve 3 z téchto pripadd byl parovy
vzorek analyzovan i na analyzatoru BN ).

U Casti pripadd s diskrepantnimi vysledky byla vy-
poctena intrathékalni frakce <10 %, coz byva povazo-
vano za nesignifikantni vysledek. Presto z(stava 8 piipa-
dd, v nichz byla pfi stanoveni na nékterém z analyzator(
Immage Zzjisténa intrathékalni syntéza IgM v rozporu
s vysledky ostatnich metod.

CSF IgM: BN ProSpec (BN) vs. Immage (Im)
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20 =
i o
0
& B +1.96 SD
L=
20}= -11.5
£ 20 © o © 4
z - o
< aob 8
E | 9%
= o <
= -B0f=
E) i o &
B 80 ] Mean
Q BRCER 81,2
[<]
Z -0k ‘%
= L
2 gz °
5 L g’
2 a0 B
0 et -1.96 SD
=]
-150,
160 . 1 ; 1 ) 1 . 1 ) 80
0 2 4 (] 8 10 12
Average of C5F igM BN and CSF IgM Im
a)
CSFiserum IgM quotient (*10%3) Q IgM: BN ProSpec (BN) vs. Immage (Im)
Biand and Altman plot
20 b=
i =]
S o ~+1.96 SD
& I o 74
o 20 © ¥
g | o L] o
£ L e ]
Z -40 i % o
E 60 o
= - L= Mean
=] '
& 80 = &60 -76.8
v 2 =
g =100 = C%' 4
= L
2 120} o0 2
= F 9%
140 = al -1.96 5D
F o 1462
g1 o T (R (SN | SIS DT (SO R AT
a 2 4 3} ] 10 12 14
Average of Q IgM BN and Q igM im
©)
Serum IgM: BN ProSpec (BN} vs. ELISA (E)
Bland and Altman plot
30 =
L o
o
5 b +1.96 SD
& 1o °© o o i
5 F o o0 © o
= 3 ] (=]
0 =] - gﬁ% a S
s 0| 'J‘:‘)’o”c 2= Mean
= | & ggo—2h - 10,5
0 o
' % 2 o
20 o 0 o fae]
g8 | @ 9 o
(o« o
Eaf o °F® o
w | o -1.96 SD
-40 = -36.2
| o
S0p 1 1 1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0

Average of 5 IgM BN and S IgME

e)

Za pozornost a kritické zamysleni stoji i podil vysledkd
nizSich nez dolni mez stanovitelnosti: analyzator Immage
vydal vysledek <0,300 mg/l ve 2 z 75 vzorkl, zatimco
analyzator BN ProSpec <0,144 mg/lv 17 z 72 vzork{ ().
ELISA metoda v zakladnim fedéni 1/20 ,selhala” v jedi-
ném pripadé (<0,025 mg/l v 1 ze 75 vzorkd).

Hypotézu, Ze zjisténé diskrepance zavisi na pouzi-
tém analytickém systému a nikoliv na jinych faktorech,
jsme overili srovnanim stanoveni na rdznych analyzéato-
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Fig. 1. Bland and Altman plots for comparison between results of CSF IgM, Serum IgM, and Q (CSF/Serum) IgM

using different methods
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rech Immage (n=20 pro srovnani Immage vs. Immage
800, n=8 vzork{ likvoru pro srovnani na dvou analyza-
torech Immage a analyzatoru Immage 800, Tabulka 2)
a srovnanim stanoveni na nefelometru BN ProSpec se
stanovenim na nefelometru BN Il (v principu stejny sys-
tém) na omezeném podtu vzorkld (n=19, Tabulka 1c),
kde byl k dispozici dostatek likvoru pro takové srov-
nani. Pri pouZiti parovych t-testd byly zjiStény statistic-
ky vyznamné rozdily mezi vysledky stanoveni na ana-
lyzatorech Immage (resp. Immage 800), ale hodnoty
kvocientu likvor/sérum se statisticky vyznamné nelisily,
prestoze byla séra mérfena v jednom pfipadé na likvo-
rové, ve druhém pripadé na sérové kalibradni kfivce.
Mezi vysledky ziskanymi na analyzatorech BN nebyly
zjiStény statisticky vyznamné rozdily.

Zbyva pokusit se zodpovedét, pro¢ nebyly disku-
tované diskrepance zjistény v rdmci kontrolnich cykld
SEKK. Dlvod vidime v zasilani vzork( s mnohem vyssi
koncentraci IgM v likvoru nez je v naprosté vetsiné re-
alnych vzorkl; zde se rozdily mezi jednotlivymi stano-
venimi jiz do znacné miry stiraji, coz naznaluji i nase
vysledky (obr. 1a).

ELISA metody pro stanoveni IgM v likvoru byly po-
psany jiz koncem 70. a po&atkem 80. let minulého
stoleti [6, 7]. Stoji za zminku, ze v plvodni Reiberové
praci [1], jejimz vysledkem byla formulace vztah( pro
vypocet intrathékalni syntézy, bylo pro stanoveni kon-
centraci IgM pouzito enzymoimunoanalytického sta-
noveni. V nasi modifikaci ELISA metody jsme volbou
optimalni koncentrace protilatky k potahu (0,5 mg/l)
a pouzitim tetramethylbenzidinu jako substratu dosahli
meze stanovitelnosti 1,25 pg/l a meze detekce 0,625
ug/l; na rozdil od nefelometrie tedy nasSe ELISA me-
toda umozniuje stanoveni koncentrace IgM v prakticky
kazdém likvorovém vzorku. Dalsi udavanou prednosti
ELISA metody je moznost jejiho pouziti pro zamrazené
vzorky, kde miZe byt nefelometrické stanoveni proble-
matické [5].

NaSe studie je bezesporu vyznamné limitovana niz-
kym poctem likvorovych vzorkl s vyrazné zvySenymi
koncentracemi IgM, jakoz i nizkym poc¢tem vzorkd pou-
zitych pro srovnani mezi jednotlivymi pracovisti na stej-
ném typu analyzatoru. To je dano limitovanym mnoz-
stvim materidlu pro vySetfeni. Naproti tomu nahodny
vybér vzork( dobre odrézi zastoupeni koncentraci IgM
v redlné praxi a tedy podle naSeho nazoru vérohodné
reflektuje problém, s nimz je tfeba pfi analyze IgM v li-
kvorové diagnostice poditat.

Zaver

Vysledky nasi studie odporuji pfedpokladu, ze kvo-
cient likvor/sérum je nezavisly na pouzité metodg, a to
i tehdy, jsou-li parové vzorky likvor( a sér analyzova-
ny paralelné na stejné kalibracni kfivce. Naopak do-
poruceni analyzovat sérum pro vypocet kvocientu na
likvorové a nikoliv sérové kalibracni kfivce, jakkoliv je
intuitivné dobre pochopitelné, vysledky nasi prace ne-
podporuiji. To ma svij prakticky dopad, protoZe analy-
za séra na séroveé kalibracni kfivce je u obou pouzitych

nefelometrickych systémU levngjsi. ELISA metoda ma
oproti nefelometrickému stanoveni vyhodu moznosti
méfeni podstatné nizsich koncentraci, a tedy stanoveni
koncentrace IgM v témérF vSech vzorcich likvoru. Proto
zaslouzi pfednost v experimentalnich pracich, napf. pfi
zkoumani rozlozeni hodnot likvorovych koncentraci IgM
v populaci. Pfes ¢asteCnou automatizaci vSak z(stava
mnohem pracnéjsi nez nefelometrické stanoveni a m.
i v souvislosti s procesem de facto povinné akreditace
a velmi obtizné splnitelnych podminek nastavenych pro
validaci ,home-made” metod nelze redlné olekavat
jeji pouzivani v rutinnim provozu. Pokud se nepodafi
problém rozdilnych koncentraci IgM mezi obéma na
trhu dominujicimi systémy stanoveni uspokojivé vyresit
a predejit tak ,falesné” pozitivnim vysledkdm vypoctu
intrathékalni syntézy, prichazela by teoreticky v uva-
hu moZnost zpracovani rozsahlého souboru pacient(
s predpokladanou nepfitomnosti intrathékalni syntézy
IgM s naslednou empirickou Upravou parametrl a/b,
b? a ¢ Reiberovy hyperbolické funkce pro limitni kvo-
cient v pfipadé analyzy na systémech Immage. V kaz-
dém pripadé povazujeme pfi pouziti tohoto systému
v pfipadé nizkych koncentraci IgM v likvoru (<1,5 mg/l)
za zadouci hodnotit vypodet intrathékalni syntézy vel-
mi zdrzenlivé, popfipadé nahradit komentarem ,nelze
spolehlivé stanovit”. Je také mozné, ze v blizké bu-
doucnosti dozna rozsiteni detekce oligoklonalnich IgM
pasU [8], doporucena v recentnim prehledném clanku
i naSimi autory [9]. Metoda vSak zdaleka neni pfijimana
bez vyhrad [10-12] a pro optimalni provedeni teoreticky
vyzaduje predbéznou kvantifikaci IgM, aby mohlo byt
aplikovano adekvatni a v likvorovém i sérovém vzorku
srovnatelné mnozstvi IgM pro separaci v gelu.
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Priloha ¢. 2

ORIGINAL PAPER

PUVODNI PRACE

doi: 10.14735/amcsnn20181

Oligoklonalni IgG a volné lehké fetézce — srovnani
izoelektrické fokusace v agardzovém

a polyakrylamidovém gelu

Oligoclonal IgG and free light chains — comparison between agarose

and polyacrylamide isoelectric focusing

Souhrn

Cil: Porovnani izoelektrické fokusace v agarosovém a polyakrylamidovém gelu pro detekci
oligoklonélnich pasd imunoglobulinu G (o-1gG) a oligoklonélnich volnych lehkych fetézcl
(oligoclonal free light chains; o-fLC). Soubor a metody: Detekce oligoklonalnich past byla provedena
v sérii 106 (0-1gG), resp. 48 (0-fLC) konsekutivnich parovych vzork likvort a sér. Pro srovnani obou
metod a shody mezi hodnoticimi byla pouZita statistika kappa. Vysledky: Pfi rozdéleni nalez( na
negativni a pozitivni byly rozdilné hodnoceny jen tfi vzorky (2,8 %) pro o-IgG, tfi vzorky (6,2 %)
pro o-fLC kappa a jediny vzorek (2,1 %) pro o-fLC lambda. V téchto diskrepantnich pfipadech byl
pozorovan rozdil nejvyse tif past. Shoda mezi hodnoticimi pro o-fLC byla velmi dobré (k = 0,906—
1,000). Zdvéry: Prestoze polyakrylamidovy gel mlze byt teoreticky vyhodnéjsi vzhledem k mensi
velikosti porl a lepsimu rozliseni, nase vysledky byly jak pro o-IgG, tak pro o-fLC velmi podobné
jako pfi separaci v agarézovém gelu. Obé metody hodnotime jako dobfe pouZzitelné a rozdily mezi
nimi byly omezeny na hrani¢né pozitivni pfipady.

Abstract

Aim: To compare agarose and polyacrylamide isoelectric focusing for oligoclonal imunoglobulin
G (0-1gG) and oligoclonal free light chains (o-fLC) detection. Patients and methods: Oligoclonal
bands were detected in 106 (0-IgG) and 48 (o-fLC), resp. consecutive paired cerebrospinal fluid and
serum samples. Kappa statistics was used for method comparison and inter-observer agreement.
Results: When results were expressed as negative or positive, only three samples (2.8%) for o-IgG,
three (6.2%) for o-fLC kappa and one (2.1%) for o-fLC lambda were evaluated differently. Maximum
difference between methods was 3 bands in these discrepant cases. Inter-observer agreement
for o-fLC was very good (k = 0.906-1.000). Conclusions: Although polyacrylamide gel might be
advantageous due to smaller pore size and hence better resolution, results for both o-IgG and
o-fLC were very similar to agarose isoelectric focusing in our series. Both methods performed
equally well and discrepances were restricted to borderline positive cases only.
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OLIGOKLONALNIIGG A VOLNE LEHKE RETEZCE

Uvod

Detekce oligoklonalnich past imunoglobu-
linu G (o-1g@G) je hlavnim testem pouzivanym
k prikazu intratékalni protildtkové odpo-
vedi u chronickych zanétlivych onemocnéni
CNS, zejména u RS [1]. Pfestoze v recentnich
pracich bylo doporu¢eno nahradit detekci
0-1gG snadnéjsi kvantifikaci volnych lehkych
fetézcl (free light chains; fLC) typu kappa
(free kappa light chains; fKLC) [2,3], nabyla
detekce o-IgG formalniho vyznamu pro dia-
gndzu RS v recentni revizi McDonaldovych
diagnostickych kritérii [4]. Bude tedy prav-
dépodobné nadéle provadéna vzdy, kdy je
pro podporu diagnézy RS pozadovano vy-
Setfeni likvoru.

Kromé zvyseni koncentrace fKLC v likvoru
mohou byt senzitivnim markerem intratékal-
niho zanétu také oligoklondini fKLC (o-fKLC).
Tento test se ukazal jako nepatrné senzitiv-
néjsi nez o-IgG [5-7].V soucasnosti vsak nenf
dostupné zadné srovnani metod pro de-
tekci oligoklonélnich fLC (o-fLC). Tento test
je pouzivan vzacné vzhledem ke své veétsi
pracnosti, zejména ve srovnani s novymi au-
tomatizovanymi kvantitativnimi metodami.
U RS byla popséna také intratékalni syntéza
fLC typu lambda (free lambda light chains;
fLLC) a pfestoze je nachdzena vzacnéji nez
intratékalni syntéza IgG a fKLC [5,7,8], re-
centni studie ukazuji, Ze soucasnd ana-
lyza fKLC a fLLC mUze mit prognosticky
vyznam [9-11].

Detekce o-fLC ziskala mezi klinickymi |é-
kafi zasilajicimi vzorky do nasi laboratore
znac¢nou popularitu, kterou neztraci ani po
zavedeni kvantitativni analyzy fLC. Po obdr-
zeni informace o ukonceni vyroby elektrofo-
retického pfistroje Multiphor Il (GE Health-
care Life Sciences, Buckinghamshire, Velka
Britdnie) jsme proto hledali adekvatni na-
hradu a zvolili jsme pfistroj EDC Flatbed Pro-
fessional (Electrophoresis Development and

Consulting, Tubingen, Némecko). Nasledné
jsme se rozhodli vyzkouset pouZziti vyrob-
cem dodavanych polyakrylamidovych gell
(PAG) pro separaci 0-1gG a o-fLC. Zamé-
fili jsme se také na vyhodnoceni shody vy-
sledk( o-fLC mezi dvéma hodnoticimi.

Soubor a metodika

Vzorky

V konsekutivnich parovych vzorcich likvord
a sér byly detekovény o-1gG (n = 106) a o-fLC
(n = 48) podle pozadavkd klinického Iékare.
U pacientl zaslanych k vysetfeni z jinych
nemocnic nebyla k dispozici zadna klinicka
data. Pacienti sledovani na nasem pracovi-
sti s dostupnymi klinickymi daty (n = 42) byli
diagnostikovani jako RS (n = 12, Sest z nich
po klinicky izolovaném syndromu [CIS]
podle posledni revize McDonaldovych dia-
gnostickych kritérii), CIS (n = 3, nesplnujici
diagnosticka kritéria RS), jind zanétlivd one-
mocnéni CNS (po jednom pfipadu herpe-
tické encefalitidy, meningoencefalitidy zpU-
sobené virem varicella zoster a neuromyelitis
optica), zanétlivd onemocnéni periferniho
nervového systému (po jednom pfipadu
akutni zénétlivé demyeliniza¢ni polyneu-
ropatie, multifokdlni motorické neuropatie
a paraproteinemické neuropatie), nezanét-
livd onemocnéni nervového systému (de-
mence, n = 4; vertigo, n = 2; migréna, n = 2;
kryptogenni polyneuropatie, n = 2; a po jed-
nom pfipadu psychoézy, CMP, Parkinsonovy
nemoci, stendzy patefniho kandlu, cervikalni
myelopatie a steroidni myopatie) nebo jako
symptomatické kontroly (n =5).

Detekce oligoklonalnich pasi IgG

a volnych lehkych fetézcu

Pro detekci 0-IgG po separaci izoelektrickou
fokusaci (IEF) v agarézovém gelu s nésled-
nou imunofixaci (IF) byl pouzit komer¢ni kit
Hydragel 9 CSF Isofocusing Kit (Sebia, Evry

K= 09154, 95% (1 0,8211-1,0000.

Tab. 1. Srovnani mezi agar6zovou IEF/IF a PAG IEF/IB. Chi-kvadrat 88,052; p < 0,0001;

0-lgG PAG (EDC) IEF/IB

0-1gG - oligoklonalnf imunoglobulin G

negativni pozitivnit celkem
0-lgG agaréza (Sebia Nhegativni 82 1 83 (78,3 %)
Hydrasys) IEF/IF pozitivni 2 21 23 (21,7 %)
celkem 84 (79,2 %) 22 (20,8 %) 106

IB—imunoblotting; IEF — izoelektrickd fokusace; IF — imunofixace; PAG - polyakrylamidovy gel;

T alespon dva intratékalné syntezované o-1gG pésy

Cedex, Francie) na pfistroji Hydrasys (Sebia,
Evry Cedex, Francie) podle instrukci vyrobce.
IEF v PAG byla provedena v komer¢né do-
stupnych gelech pH 6-11 40S (EDC, Tabin-
gen, Némecko) na pfistroji EDC Flatbed Pro-
fessional (EDC, Tubingen, Némecko) (krok 1:
500V, 25 mA, 10 W, 20 min; krok 2: 1350 V,
25 mA, 22 W, 90 min; krok 3: 1750 V, 20 mA,
26 W, 20 min). Vzorky likvor( a sér byly nare-
dény na 10mg/I IgG 0,1% NaCl a do jamek
v gelu bylo aplikovédno po 10 pl. K imuno-
detekci byla pouzita senzitivni metoda al-
kalickou fosfatdzou znacené anti-IlgG pro-
tildtky, jez byla popséna v praci Sddabou
et al [12]. Po kapildrnim blottingu (50 min)
byla membrana 45 min blokovéna 3% ho-
veézim sérovym albuminem (Serva Electro-
phoresis, Heidelberg, Némecko) a poté in-
kubovéna s alkalickou fosfatdzou znac¢enou
kozi protildtkou proti Fc ¢asti lidského IgG
(Bio-Rad, Praha, Ceska republika) po dobu
75 min. K barevné reakci byl pouzit substrat
BCIP/NBT (Vector Laboratories, Burlingame,
USA).

Izoelektricka fokusace v agarézovém gelu
pro prikaz o-fLC byla provedena na pfistroji
Multiphor II (GE Healthcare Life Sciences,
Helsinky, Finsko) dfive popsanym postu-
pem [7,8]. IEF v PAG byla provedena v gelech
pH 3-10 na pfistroji Flatbed Professional za
podminek doporucenych vyrobcem (krok 1:
500V, 12 mA, 10 W, 30 min; krok 2: 1 700V,
12 mA, 18 W, 90 min; krok 3: 2 000 V, 8 mA,
20 W, 30 min). Pro oba typy separace byly
vzorky sér fedény 1/80 0,7% NaCl a na gel
bylo aplikovano 7 pl likvord a fedénych sér.
Nasledna blotovaci a imunodetekéni proce-
dura byla identicka jako v pfipadé IEF v aga-
rézovém gelu.

Hodnocenf o-IgG bylo provedeno jed-
nim z autord, zatimco o-fLC byly hodno-
ceny nezdvisle dvéma autory za Ucelem
posouzen{ shody. IgG pésy v likvoru bez
protéjsku v séru nebo jasné vyraznéjsi v li-
kvoru nezZ v séru byly povazovény za intra-
tékalné syntezované; pasy vyrazné slabsi
v séru oproti likvoru nebyly brany v potaz
pri klasifikaci nadlezl do typ( 1-5. Pasy fLC
byly povazovany za intratékalné syntezo-
vané pouze v pfipadé, Ze nemély zadny sé-
rovy protéjsek, nebot v tomto testu nejsou
v parovych vzorcich likvord a sér aplikovana
stejnd mnozstvi fLC. Byly hodnoceny pocty
a procenta diskrepantné klasifikovanych na-
lezl; pro posouzeni shody mezi metodami
a mezi hodnoticimi byly pouzity chi-kvadrat
test a statistika kappa. Pro porovnani poctu
intratékdlné syntezovanych past byly pou-
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Zity Spearmanuv korela¢ni koeficient, va-
Zend kappa a Wilcoxonlv test. Ke statistic-
kym analyzam byl vyuZit statisticky program
MedCalc, verze 18.5 (MedCalc Software
bvba, Ostend, Belgie).

Stanoveni albuminu, IgG

a volnych lehkych fetézc

Albumin a IgG v likvoru a séru byly méfeny
na nefelometru BN ProSpec (Siemens Heal-
thcare, Praha, Ceska republika). fLC byly kvan-
tifikovény turbidimetricky na analyzatoru
SPAPLUS kity certifikovanymi pro méfeni v li-
kvoru a séru (LKO16.L.S and LKO18.L.S) (The
Binding Site, Birmingham, Velka Britanie).

Souhlas etické komise

Vsichni pacienti sledovani v nasi nemocnici
podepsali informovany souhlas. Studie byla
schvélena etickou komisi nemocnice jako
soucast projektu Likvorové biomarkery roz-
trousené sklerdzy (C. j. 400/2017).

Vysledky

Oligoklonalni lgG

Srovnéni bylo provedeno ve 106 konseku-
tivnich vzorcich. Vysledky jsou uvedeny
v tab. 1 a reprezentativni pfiklad na obr. 1.
Celkem tfi vzorky (2,8 %) byly klasifikovany
neshodné. Pocty intratékalné syntezovanych
IgG pésh v téchto pifpadech uvadi tab. 2.

Jediny intratékdlné syntezovany IgG pas
byl nalezen v 7/106 (6,6 %) vzorcich pfi pou-
Ziti IEF v agardze s néaslednou imunofixaci.
Na PAG IEF/imunoblotting (IEF/IB) nebyl ve
Ctyfech z téchto pfipadl nalezen Zadny pas,
ve dvou pfipadech byl identifikovan rovnéz
jeden pas a v jednom pfipadé byly zjistény
Ctyfi pasy.

Na PAG IEF/IB byl jediny intratékalné syn-
tezovany IgG pds nalezen v 10 pfipadech
(9/4 %). Na IEF/IF nebyl v Sesti z téchto pfipadd
nalezen zadny pas, ve dvou pfipadech byl na-
lezen rovnéz jediny pas a v dalsich dvou pfi-
padech byly nalezeny dva, resp. tfi pasy.

Porovnali jsme také vysledky podrobnéjsi
klasifikace nalezu do typl 1-5 podle dvou
konsenzualnich doporuceni [13,14]. Shody
bylo dosazeno u 75 vzorkd (70,8 %). Hodnota
K ¢inila 0,503, coZ znamenad jen primérnou
shodu. Typ 1 pfi pouziti jedné z obou metod
byl hodnocen jako typ 4 pfi pouziti alterna-
tivni metody v 19 pfipadech; analogické ne-
shodné hodnoceni typ(i 2 a 3 prispélo dalsimi
osmi neshodné klasifikovanymi vysledky.

Pocet intratékdlné syntezovanych IgG
pasd byl porovnan pomoci Spearmanova
korela¢niho koeficientu (p = 0,861; 95% in-
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Obr. 1. Oligoklonalni IgG -

IEF v agardze s imunofixaci (nahore) a PAG IEF s imunoblottin-

gem (dole). Anoda je nahote. Ve zobrazenych vzorcich nebyly pozorovany zadné kvalita-
tivni diskrepance (negativni versus pozitivni) mezi metodami.

C1-8 — parové vzorky likvord; Co+ — pozitivni kontrola (CSF Control, Sebia, Evry Cedex, Fran-
cie); Co— - negativni kontrola (intravendzni IgG preparat Flebogamma®, Instituto Grifols, Bar-

celona, Spanélsko); IEF -
dovy gel; S1-8 — parové vzorky sér

izoelektricka fokusace; IgG —

imunoglobulin G; PAG - polyakrylami-

Fig. 1. Oligoclonal IgG on agarose IEF/immunofixation (top) and PAG IEF/immunoblotting
(bottom). Anode is at the top. No qualitative discrepances (negative versus positive) be-
tween the two methods were noted in these samples.

C1-8 — paired cerebrospinal fluid samples; Co+ — positive control (CSF Control, Sebia, Evry Ce-
dex, France); Co— — negative control (intravenous IgG remedy Flebogamma®, Instituto Grifols,

Barcelona, Spain); IEF —
gel; S1-8 — paired serum samples

terval spolehlivosti [confidence interval; Cl]
0,802-0,903; p < 0,0001) a vazené k (0,795;
95% Cl0,7432-0,8473). Vysledky indikuji dob-
rou shodu mezi metodami. Wilcoxonovym

isoelectric focusing; 1gG -

immunoglobulin G; PAG - polyacrylamide

testem nebyl zjistén zadny systematicky roz-
dil mezi metodami v poctu intratékainé syn-
tezovanych IgG past (16 kladnych a 17 za-
pornych diferenci; p = 0,8442).
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Oligoklonalni fLC

Detekce o-fLC byla provedena ve 48 vzor-
cich. Vysledky uvadi tab. 3 a 4 a reprezenta-
tivni pfiklad je na obr. 2. Bylo dosazeno vy-
borné shody jak mezi metodami, tak mezi
hodnoticimi (k = 0,9064 a 0,9091 pro o-fKLC
v agardze a PAG; 0,9286 a 1,000 pro o-fLLC
v agaroze a PAQG).

Neshodné klasifikovény byly tfi vzorky
(6,2%) v ptipadé o-fKLC a jeden vzorek (2,1 %;
hodnotici A) resp. dva vzorky (4,2 %; hodno-
tici B) v pfipadé fLLC. Pocet nalezenych in-
tratékalné syntezovanych past fKLC v téchto
diskrepantnich pfipadech je uveden v tab. 2.
V piipadé fLLC jediny diskrepantné hodno-
ceny nalez nevykazoval zddné pdsy fLLC
v agarézovém gelu a dva pésy v PAG.

Pocet intratékadlné syntezovanych pasU
byl porovnan pomoci Spearmanova ko-
relacniho koeficientu (p 0,847-0,978;
p < 0,0001 pro vsechna srovnani) a va-
7ené k (0,804-0912). Zjisténé hodnoty indi-
kuji velmi dobrou shodu. Je pozoruhodné,
Ze jsme pozorovali vyssi pocet intratékalné
syntezovanych fKLC past pfi pouziti PAG
ve srovnani s agarézou (Wilcoxondv test,
p =0,0063 a p = 0,0023 pro hodnoticiho A,
resp. B) a tendenci k vyssimu poctu intraté-
kélné syntezovanych fLLC past (Wilcoxon(v
test signifikantni pouze v pripadé hodnoti-
ciho B, p =0,0137).

Srovnani s vypocty intratékalni
syntézy IgG a fLC

P¥i srovnani vypoctovych metod intratékalnf
syntézy IgG s IEF v agaréze a imunofixaci ne-
byly zjistény zadné falesné pozitivni vysledky
vypoctu podle Reibera [15], Auera et al [16]
ani Ohmana et al [17]. Jeden fale3né pozitivni
vysledek byl pozorovéan v pfipadé IgG indexu
(pfi pouziti konvencniho kritéria > 0,7). Senzi-
tivita vSech vypoctd vsak byla nizka (43,5 %
pro IgG index a vztahy Reibera a Auera et al
a 52,2 % pro vztah Ohmana et al).

Prestoze kvantifikace fLC byla pozadovana
jen u 10 z téchto vzorkd, domnivame se, ze
vysledky jsou dostatecné pozoruhodné,
aby byly prezentovany (tab. 5). Pfi pouziti
cut-off hodnot pro pfitomnost intratékalni
syntézy fLC dfive urc¢enych v nasf labora-
tofi (CSF fKLC 0,54 mg/I; CSF fLLC 0,30 mg/I;
fKLC index 6,07; fLLC index 6,27) jsme nalezli
100% shodu mezi kvalitativnimi a kvantita-
tivnimi vysledky pro fKLC, 90% pro CSF fLLC
a 80% pro fLLC index. Jeden pacient s nor-
malni koncentraci CSF fLLC, ale zvysenym
fLLC indexem nemél zddné intratékalné syn-
tezované fLLC pasy, zatimco jeden pacient

oligoklonalni lgG

Tab. 2. Oligoklondlni IgG a fKLC — neshodné hodnocené vzorky.

pocet intratékalné syntezova-
nych past (hodnotici A)

pfipad agaréza PAG
1 1 4
2 2 1
3 3 1

pocet intratékalné syntezovanych fKLC past

oligoklonalni fKLC

hodnotici A (hodnotici B)

hodnotici B (hodnotici A)

pripadt agardza PAG agaroza PAG
1 (M 312 (M 23
2 2(1) 1(0) 1) 212
3 4 (4) 1) 10 3(0)

1 Pouze v pfipadé 1 byla identicka diskrepance pozorovédna mezi agarézou a PAG IEF/AIB
obéma hodnoticimi. Jako pfipad 2 a 3 jsou ocislovany rlizné vzorky pro hodnoticiho A, resp. B.
AIB - afinitni imunoblotting; IEF — izoelektricka fokusace; fKLC — volné lehké fetézce typu
kappa; IgG - imunoglobulin G; PAG - polyakrylamidovy gel

s normdalni koncentraci CSF fLLC a normal-
nim fLLC indexem mél dva intratékdlné syn-
tezované fLLC pdsy v PAG a jeden (hodno-
tici B) resp. dva (hodnotici A) slabé pasy pfi
separaci v agardze. Stoji za zminku, Ze oba
nelinedrni vypoctové vztahy pro intraté-
kalni syntézu fKLC [18,19] byly 100% shodné
s kvalitativnim testem, zatimco recentné na-
vrzend cut-off hodnota 4,2 pro index fLLC
nebo vztah pro vypocet intratékalni syntézy
fLLC [19] ved| ke tfem, resp. dvéma falesné
pozitivnim vysledkdm.

Korelace s klinickymi daty

PfestoZe tato studie nebyla primarné za-
mérena na korelaci vysledkd o-1gG a o-fLC
s klinickymi daty, analyzovali jsme vysledky
u pacientl s dostupnymi klinickymi dia-
gndzami (n =42 pro o-IgG; n =22 pro o-fLC)
jako dalsi test plauzibility nasich laborator-
nich nalezd. Vsech 12 pacientl s diagnézou
RS mélo pozitivni 0-IgG pfi agarézové IEF/IF;
jeden z nich byl negativni na PAG IEF/IB (je-
diny intratékalné syntezovany 1gG pas).
Tento pacient vykazoval tfi intratékdiné syn-
tezované o-lgG pasy pfi agarézové IEF/IF, ale
mél negativni o-fKLC i o-fLLC. Vsichni tfi pa-
cienti s diagndzou CIS méli pozitivni o-IgG
obéma metodami. U viech 27 pacientd s ji-
nymi diagnézami byl o-1gG test negativni.
Z Sesti pacientl s RS, u kterych byla prove-
dena detekce o-fLC, byly o-fKLC pozitivni
v péti a negativni v jednom pfipadé. Tfi
z téchto pacientd méli také pozitivni o-fLLC.

Oba pacienti s CIS, u nichZ byla provedena
detekce o-fLC, méli pozitivni o-fKLC i o-fLLC
(u jednoho byly o-fLLC patrné jen v PAG;
jinak zde bylo dosazeno UplIné shody mezi
metodami i hodnoticimi). Ze 14 pacient( s ji-
nymi diagnézami mélo 3-5 pozitivni o-fKLC
(max. 5 past v PAG a 7 past v agardze u pa-
cienta s multifokdlni motorickou neuropati;
pfi pouZiti PAG resp. agardzy byli jeden, resp.
dva pacienti klasifikovani rozdilné obéma
hodnoticimi), ale jen jediny pacient (s dia-
gndzou kryptogenni polyneuropatie) mél
pozitivni o-fLLC. Je zajimavé, Ze pfi pouZiti
vys$si cut-off hodnoty > 6 intratékdlné syn-
tezovanych past o-fKLC, kterd byla v litera-
tufe navrzena [7], by pfi separaci v agaréze
byl jako pozitivni nalez klasifikovan jen jeden
pacient s jinou diagnézou nezZ RS nebo CIS,
ale také jen tfi pacienti s RS. Naopak stejna
cut-off hodnota aplikovana na PAG IEF/AIB
zachovala pozitivitu o-fKLC u viech péti pa-
cientl s RS, zatimco vsech 14 pacientl s ji-
nymi diagnézami nez RS nebo CIS by zlstalo
negativnich. Shoda mezi hodnoticimi byla
u téchto vzorkd 100%.

Diskuze

Srovnani rlznych metod separace a speci-
fické detekce o-IgG, které jsou v soucasnosti
pouzivany, bylo publikovano v nékolika stu-
diich [12,20-23], ale pouzitf IEF v agaréze vs.
v polyakrylamidu nebylo v tomto kontextu
systematicky studovéno. Pro analyzu o-fLC
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Obr. 2. Oligoklonalni volné lehké retézce.

A) Shodné vysledky v agaréze a PAG IEF/AIB. V C1, C2 a C3 jsou jasné pozitivni oligoklonalni fKLC, ale jen v C2 jsou jasné pozitivni oligo-
klonalni fLLC. Ve vzorku C1 byly nalezeny dva slabé fLLC pasy pfi PAG IEF/AIB, zatimco hodnoceni pfi agarézové IEF/IF bylo neshodné
(dva pasy — hodnotici A, jeden pas — hodnotici B). Vzorek C4 je negativni.

AIB - afinitnf imunoblotting; C1-4 — parové vzorky nativnich likvord; C1d - likvor 1 fedény 1/10 (jen pro fKLC); Co+ — pozitivni kontrola (mo-
noklonalni volné lehké fetézce [Bio-Rad — AbD Serotec, Praha, CR] fed&né na 0,25 a 0,10 mg/I pro fKLC a 1,0; 0,5; 0,25 a 0,10 mg/!I pro fLLQ);
Co- - negativni kontrola (preparét intravendzniho imunoglobulinu G fedény na koncentraci 250 mg/I 1gG); fKLC — volné lehké fetézce typu
kappa; fLLC — volné lehkeé fetézce typu lambda; IEF — izoelektrickd fokusace; IF — imunofixace; PAG - polyakrylamidovy gel; S1-4 — parové vzorky
nativnich sér fedénych 1/80 (kromé S1 vedle nativniho C1, ktery byl pro analyzu fKLC fedén 1/20)

B) Priklad diskrepantniho vysledku oligoklondlni fLLC mezi agarézou a PAG IEF/AIB. V C1 jsou cetné fKLC pasy, zatimco slabé fLLC pasy
jsou tu patrné pouze na PAG IEF/AIB (dva pasy — hodnotici A, tfi pasy — hodnotici B). Co+ je zde nafedéna na 0,25 a 0,10 mg/I pro fKLC
a1,0a0,25 mg/l pro fLLC.

AIB — afinitni imunoblotting; fKLC - volné lehké fetézce typu kappa; fLLC - volné lehké fetézce typu lambda; IEF — izoelektrickd fokusace; PAG
— polyakrylamidovy gel

Fig. 2. Oligoclonal free light chains.

A) Concordant results between agarose and PAG IEF/AIB. C1, C2 and C3 are clearly positive for oligoclonal fKLC while only C2 is clearly
positive for oligoclonal fLLC. In C1 sample, two faint cerebrospinal fluid-restricted fLLC bands were found on the membrane after PAG
IEF/AIB, while the evaluation was discrepant for agarose IEF/IF (two bands by observer A, one band by observer B). Sample C4 is negative.
AIB — affinity immunoblotting; C1-4 — paired undiluted cerebrospinal fluid samples; C1d — cerebrospinal fluid 1 diluted 1/10 (for fKLC only);
Co+ — positive control (monoclonal free light chains [Bio-Rad — AbD Serotec, Prague, Czech Republic] diluted to 0.25 and 0.10 mg/I for fKLC
and 1.0, 0.5, 0.25 and 0.10 mg/I for fLLC); Co— — negative control (intravenous immunoglobulin G remedy at a concentration of 250 mg/I
IgG); fKLC — free kappa light chains; fLLC — free lambda light chains; IEF — isoelectric focusing; IF — immunofixation; PAG — polyacrylamide gel;
S1-4 — paired serum samples diluted 1/80 (except for ST next to neat C1 that was diluted 1/20 for fKLC analysis)

(B) Example of a discordant result of f{LLC between agarose and PAG IEF/AIB. There are numerous fKLC bands in sample C1, whereas faint
fLLC bands were only found on PAG IEF/AIB (two bands by observer A, three bands by observer B). Co+ is diluted to 0.25 and 0.10 mg/L
for fKLC and 1.0 and 0.25 mg/L for fLLC.

AIB — affinity immunoblotting; fKLC — free kappa light chains; fLLC — free lambda light chains; IEF — isoelectric focusing; PAG — polyacrylamide gel

jsme nenalezli ani jednu takovou srovnavaci
studii.

Zaméfili jsme se na porovnani dvou ko-
meréné dostupnych metod pro o-IgG a na
porovnani separace o-fLC v agarézovém vs.
PAG pfi pouzitf identické detekeni procedury
zavedené pro o-fLC [7,8]. Pfinos nasi studie
spatfujeme ve zpracovani konsekutivni série
vzork( zaslanych k analyze o-IgG a o-fLC, coz
zamezuje moznému bias a umozZnuje také

do urcité miry odhadnout ocekavany podil
pozitivnich vzorkd. Nedostatkem studie je
absence klinickych informaci u vice nez 50 %
vysetfenych vzork(. Nicéné korelace mezi
rlznymi testy detekujicimi intratékalni syn-
tézu imunoglobulind byla velmi dobrd a vy-
sledky v podskupiné pacientl se znamymi
diagndzami jsou konzistentnf s dfivejsimi pu-
blikacemi. Proto povazujeme nasde vysledky
za spolehlivé. Pfesto musi byt klinicko-la-

boratorni korelace pozorované v nasi stu-
dii interpretovany s opatrnosti, nebot vy-
sledky 0-1gG a o-fLC byly klinickym lékardm
dostupné, a mohly tak ovlivnit jejich dia-
gnostické rozhodovani. A¢ je nutné pama-
tovat na to, Ze intratékalni syntéza imuno-
globulin nenf nédlezem specifickym pro
konkrétnf diagnozu, ale mdze se vyskytovat
u mnoha zanétlivych onemocnéni CNS, zda
se, ze v neselektované populaci pacientd in-
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Tab. 3. Oligoklondlni fKLC. Hodnotici A: Chi-kvadrat 34,960, p < 0,0001; k = 0,8615, 95% CI 0,7101-1,0000. Hodnotici B: Chi-kvadrat
35,656, p < 0,0001; k = 0,8621, 95% Cl 0,7124-1,0000.

hodnotici A hodnotici B
o-fKLC PAG IEF/AIB o-fKLC PAG IEF/AIB
— — celkem — — celkem
negativni pozitivnit negativni pozitivnit
o-fKLC agaréza negativni 30 1 31 (66,7 %) 30 3 33 (68,8 %)
IEF/AIB pozitivnit 2 15 17 (33,3 %) 0 15 15 (31,2 %)
celkem 32 (689 %) 16 (31,1 %) 48 30 (62,5 %) 18 (37,5 %) 48

t alespon dva intratékalné syntezované o-fKLC pasy
AIB - afinitni imunoblotting; o-fKLC — oligoklonaini volné lehké fetézce typu lambda; IEF - izoelektricka fokusace; PAG — polyakrylamidovy gel

Tab. 4. Oligoklonalni fLLC. Hodnotici A: Chi-kvadrat 41,215, p < 0,0001; k = 0,9344, 95% Cl 0,8075-1,0000. Hodnotici B: Chi-kvadrat 37,520,
p < 0,0001; k =0,8636, 95% Cl 0,6803-1,0000.

hodnotici A hodnotici B
o-fLLC PAG IEF/AIB o-fLLC PAG IEF/AIB
— — celkem — — celkem
negativni pozitivnit negativni pozitivnit
o-fLLC agarc’)za negativm’ 38 1 39 (81,20 %) 38 2 40 (83,30 %)
IEF/AIB pozitivnit 0 9 9 (18,80 %) 0 8 8 (16,70 %)
celkem 38 (79,20 %) 10 (20,80 %) 48 38 (79,20 %) 10 (20,80 %) 48

t alespon dva intratékdIné syntezované o-fKLC pésy
AIB - afinitni imunoblotting; o-fLLC — oligoklondlni volné lehké fetézce typu lambda; IEF — izoelektrickd fokusace; PAG — polyakrylamidovy gel

Tab. 5. Porovnani likvorovych koncentraci a indext volnych lehkych fetézcl a poctu intratékadlné syntezovanych o-fLC pasa.

Eislo CSFfKLC CSFALLC  fKLC  fKLCIF  fLLC  fLLCIF f;g'}gfo'zt: o-fKLC ith§ o-fLLCiths
pfipadu (mg/1) (mg/l) index (%)t index (%)t PAG) ' agaroza PAG agaroza PAG
i 6,08 099 4947  90;83 1218 66 14 19,20 2522 1210 %0
2 0,099 0,14 2,54 0:0 457 0 0:1 0.0 0:0 0:0 0.0
3 022 022 543 0,0 845 e 10 0.0 0,0 0,0 0,0
4 032 029 1,50 0.0 261 0 0,0 0.0 00 0,0 0.0
5 0,099 016 104 0.0 493 10 0.0 0.0 0:0 0:0 0.0
6 3,84 807 2877 8573 10332 % 1312 1516 2019 2322 19,22
7 539 023 9788 9591 5,58 24 21 1823 2424 21 22
8 0,099 017 1,88 0,0 3,66 0 0,0 0.0 0.0 01 0.0
9 24,34 102 24134 9897 1725 76 1914 2112 3023 1410 1513
10 051 024 275 0,0 1,83 0 0,0 01 0.3 0,0 0,0

9 nedetekovatelné (<0,10 mg/l); pro vypocet fKLC indexu byla pouZita arbitrarni hodnota 0,09 mg/I; V rutinni praxi vsak indexy v pfipadech s lik-
vorovou koncentraci fLC pod detekénim limitem nepocitame, nebot ve vzacnych piipadech kombinace nizké koncentrace fLC v séru a nizké hod-
noty albuminového kvocientu mohou poskytnout falesné pozitivni hodnoty (vlastni nepublikované pozorovani)

CSF - likvor; fKLC — volné lehké fetézce typu kappa; fLLC — volné lehké fetézce typu lambda; IFt — intratékalni frakce vypoctend podle Presslauera
et al [18] nebo Hegena et al [19]; IFf — intratékaIni frakce vypoctend podle Hegena et al [19]; ith§ — intratékdIni frakce: hodnotici A, hodnotici B;
o-fKLC - oligoklonalni volné lehké fetézce typu kappa; o-fLLC - oligoklondlni volné lehké fetézce typu lambda; PAG — polyakrylamidovy gel
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dikovanych k detekci o-IgG je pozitivita to-
hoto testu nejen vysoce senzitivnim, avsak
také pomeérné specifickym nalezem pro RS.

K odhaleni malych, ale vyznamnych rozdil{
mezi porovnavanymi testy by byl zapotrebi
mnohem rozsahlejsi soubor. Hodnoceni po-
moci statistiky k ndm vsak umoznuje vyslo-
vit zavér, ze bylo dosazeno velmi dobré shody
(k> 0,80) ve viech srovnanich vyjma srovnani
klasifikace 0-1gG nalezl do typl 1-5. Navic
ojedinélad neshodna hodnocenf pozitivity/ne-
gativity ndlezu o-IgG i o-fLC byla pozorovéna
pouze v hrani¢nich pfipadech.

Shoda v klasifikaci typu o-IgG nélezu byla
vyjadfena méné, ve shodé s predchozimi stu-
diemi [20,22,23]. Vyznam této detailngjsi kla-
sifikace je diskutovan kontroverzné [1,24,25].
Domnivame se, ze pouze prdmérna shoda
v klasifikaci do téchto péti typl (na rozdil od
velmi dobré shody pfi jednoduchém hod-
noceni negativni/pozitivni) mze byt hlav-
nim ddvodem omezujicim klinickou uzitec-
nost této podrobnéjsi klasifikace.

Je dilezité zminit se o vyznamu hra-
ni¢nich nalezd. Jsou-li laboratofi vydany,
mohou pfispét k nejistoté a stresu pacienta.
Jediny intratékdlné syntezovany pas mulze
predstavovat ,vrchol ledovce” u monoklo-
nalnf i oligoklonalni odpovédi [25]. V bézné
praxi je takovy ndlez povazovan bud za ne-
gativni, nebo za hrani¢ni. Tento vysledek
jsme u 0-1gG pozorovali v 7, resp. 9 % vzorkd,
co?Z je incidence vyssi nez uvadénd v pred-
chozich studiich [26-29]. PfestoZe takovy
nélez, na rozdil od jinych autord [1], hodno-
time jako negativni, ve shodé s vysledky re-
centni multicentrické studie [29] nalez jedi-
ného pdsu na vysledkovém listu uvadime.
Je-li v téchto pfipadech podezieni na RS,
doporucuje se peclivé sledovani, nebot se
ukazalo, Ze ¢ast téchto pacientl ¢asem vy-
vine oligoklondlni profil [26,27,29]. Jako po-
zitivni je pro o-1gG i o-fLC hodnocen nélez
alespori dvou past. V nékolika publika-
cich viak byl navrzen vy3si cut-off tif [30,31]
nebo Ctyf [3,7,28,32] intratékdlné syntezova-
nych 1gG past nebo Sesti past fKLC [7]. Dalsi
studie srovnavajici soucasné separacni/de-
tekeni metody pro 0-1gG a o-fLC by mély za-
hrnovat srovnani s kvantifikaci fLC a zamérit
se vice na kritické vzorky” s ndlezem jed-
noho nebo nékolika malo intratékalné syn-
tezovanych pasu.

Studie potvrdila, Ze vypoctové metody
jsou pro prikaz intratékalni syntézy IgG
méné senzitivni nez o-lgG. Ohledné kvan-
tifikace fLC nem0zeme vyslovit urcitéjsi za-
véry vzhledem k malému poctu analyzo-

vanych vzorkd. Nase vysledky nicméné
naznacuji moznost falesné negativnich i fa-
lesné pozitivnich vysledkd kvantitativniho
testu. Kvantifikace fLC pomoci rozdilnych
reagencii/pfistrojd nemusi poskytovat srov-
natelné hodnoty umoznujici univerzalni
pouziti jediné cut-off hodnoty pro vypo-
et intratékalni syntézy fLC. Diskrepantni vy-
sledky mezi kvantitativnimi a kvalitativnimi
testy pro fKLC byly publikovény v recentni
studii [33]. Prestoze se ukazalo, ze detekce
o-fLC mUze byt nepatrné senzitivnéjsim tes-
tem nez o-1gG pro prikaz intratékdlniho za-
nétu, mize byt také méné specifickd pro RS
nez o-1gG [5-8]. Proto souhlasime s Bayar-
tem et al [33], Ze testy fLC by mély byt pouzi-
vany spise jako doplnék nez jako ndhrada za
analyzu o-1gG, jejiz klicové postaveni je za-
kotveno i v doporucenich ¢eskych odbor-
nych spolec¢nosti [34,35].

Izoelektrickd fokusace v polyakrylamidu
muze byt zvldst vyhodnd pro mensi mo-
lekuly fLC vzhledem k mensi velikosti por
gelu. Skute¢né jsme pozorovali vyssi pocet
intratékalné syntezovanych past fLC oproti
IEF v agardze. Navic jsme pozorovali, ze
v PAG byly pésy fLC rovnéjsi a celkovy o-fLC
obraz ostrejsi nez v agaréze, kde jsou pasy
¢asto nerovné. Nutno ovsem pfipustit, ze
tyto rozdily nemusi byt zplsobeny jen sepa-
rac¢nim médiem, ale také rdznymi programy
pouzitymi pro IEF. Tak ¢i onak se tyto malé
rozdily nejevi jako kritické pro kone¢né kvali-
tativni zhodnoceni vysledkd o-fLC.

Uzavirdme tedy s tim, ze mezi IEF v aga-
roze a polyakrylamidu bylo dosazeno velmi
dobré shody. Obé metody povazujeme za
vhodné pro rutinni praxi. Shoda vysledkd
o-fLC mezi dvéma hodnoticimi byla stejné
dobrd, jako bylo dfive prokézéno u o-gG.
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Priloha ¢. 3

PUVODNI PRACE

Nemoc tézkych retézcu imunoglobulinu gama

Gamma-heavy chain disease

Kusnierova P.'?, Zeman D.'?, Jelinek T.3, Hajek R.3

' Ustav laboratorni diagnostiky, Oddéleni klinické biochemie, FN Ostrava
2Katedra biomedicinskych obord, LF OU, Ostrava
*Hematoonkologicka klinika, FN a LF OU, Ostrava

Souhrn

Uvod: Nemoc tézkych Fetézc gama je vzacné onemocnéni dosud popsané ptiblizné u 150 pfi-
padd. Cilem prace byla laboratorni diagnostika nemoci tézkych retézc imunoglobulinu. Materidl
a metody: Do FN Ostrava byl referovan 60lety pacient pro suspektni lymfom marginalni zény z bio-
psie zaludku. U pacienta byla doplnéna stagingova vysetieni véetné trepanobiopsie kostni diené
a PET/CT. Ze speciélnich vysetieni byla pozadovana elektroforéza sérovych protein(, imunofixacni
elektroforéza, stanoveni polyklonélnich imunoglobulin(, volnych lehkych fetézcli a par( téz-
kych/lehkych retézcliimunoglobulind. Z dlivodu nejasného nélezu byla doplnéna izoelektricka fo-
kusace v agarézovém gelu s naslednym afinitnim imunoblottingem a SDS elektroforéza. Vysledky:
V kostni dieni bylo nalezeno 0,1 % plazmatickych bunék, z toho 87 % klonalnich (patologickych)
plazmocytd, s nasledujicim imunofenotypem: cyt LAMBDA+ CD38+ CD138+ CD45+ CD19+ CD56-
CD27+ CD81- CD117-. V séru pacienta byly nalezeny monoklonalni tézké retézce gama. V moci
monoklonalini tézké ani lehké fetézce imunoglobulinu detekovény nebyly. PET/CT vysetieni pro-
kazalo generalizovanou lymfadenopatii, splenomegalii a nehomogenni akumulaci FDG v axilarnim
i apendikularnim skeletu, nicméné bez pfitomnosti typickych osteolytickych lozZisek. Zdvér: Mono-
klonalni tézké fetézce imunoglobulint jsou vzacnym onemocnénim. Pro jejich potvrzeni je nutné
pouzit na rozdil od prikazu kompletni molekuly paraproteinu dalsi pomocné metody. Nélez mo-
noklonalniho tézkého fetézce gama v séru studovaného pacienta souvisi s pfitomnosti lymfomu
marginalni zény, ktery byl prokazan z biopsie zaludku.

Klicova slova
nemoc tézkych fetézcd imunoglobulinu - elektroforéza — imunofixacni elektroforéza — izoelek-
tricka fokusace — SDS elektroforéza

Summary

Background: Gamma-heavy chain disease is a rare disease, described so far in approximately
150 cases. The aim of this work was laboratory diagnostics of immunoglobulin heavy chain disease.
Materials and methods: A 60-year-old patient was referred to the University Hospital in Ostrava for
suspected marginal zone lymphoma from gastric biopsy. Staging examinations including bone
marrow trepanobiopsy and PET/CT were added; special examinations required serum protein
electrophoresis, immunofixation electrophoresis, determination of polyclonal immunoglobulins,
free light chains, and immunoglobulin heavy/light chain pairs. Isoelectric focusing in agarose gel
followed by affinity immunoblotting and SDS electrophoresis was added due to unclear findings.
Results: 0.1 % of plasma cells were found in the bone marrow, of which 87 % were clonal (patholo-
gical) plasma cells, followed by the cyt cytotype LAMBDA + CD38 + CD138 + CD45 + CD19 + CD56-
CD27 + CD81-CD117-. Monoclonal heavy chains were found in the patient’s serum. No monoclonal
immunoglobulin heavy or light chains were detected in urine. The PET/CT examination showed ge-
neralized lymphadenopathy, splenomegaly and inhomogeneous accumulation of FDG in axillary
and appendicular skeleton, but without the presence of typical osteolytic lesions. Conclusion:
Monoclonal heavy chains of immunoglobulins are a rare disease. In contrast to the detection of
a complete paraprotein molecule, additional methods must be used to confirm them. The finding
of monoclonal heavy chain gamma in the serum of the study patient is related to the presence of
marginal zone lymphoma, which was proven from a gastric biopsy.

Key words
heavy chain disease - electrophoresis —immunofixation electrophoresis — isoelectric focusing -
SDS electrophoresis
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NEMOC TEZKYCH RETEZCU IMUNOGLOBULINU GAMA

Uvod

Nemoc tézkych fetézcli imunoglobu-
linu (heavy chain disease - HCD) patii
mezi vzacné B-bunécné lymfoprolifera-
tivni poruchy charakterizované produkci
strukturalné abnormaélniho monoklonal-
niho imunoglobulinového tézkého fe-
tézce postradajiciho vazebnd mista leh-
kého tetézce, v disledku ¢ehoz dochazi
k vytvofeni nedplné molekuly imuno-
globulinu bez odpovidajiciho lehkého
fetézce [1,2]. Toto onemocnéni bylo po-
prvé popsano Franklinem et al. v roce
1964 u pacienta s pfitomnosti mono-
klondlnich tézkych fetézcl gama v séru
a v modi [3]. Od té doby bylo popsano
pfiblizné u 150 pfipadd nemocnych. Kli-
nické pfiznaky gama-HCD jsou hetero-
genni, pfipominajici lymfom marginalni
z6ny, plazmocytom, lymfoplazmocy-
tarni lymfom a chronickou lymfocytarni
leukemii a vétsina pacientl s touto po-
ruchou mé generalizované a progre-
sivni onemocnéni [4-6]. Néktefi pa-
cienti s gama-HCD maji autoimunitni
onemocnéni, nej¢astéji revmatoidni ar-
tritidu nebo systémovy lupus erythema-
todes. Onemocnéni je jako samostatné
nebo indolentni velmi vyjimecné [6-8].
V nasem souboru 470 hematoonkolo-

gickych pacientd s prokdzanou mono-
klonalni gamapatii se jednalo o prvni
pfipad podezieni na nemoc tézkych fe-
tézcl imunoglobulinu. Cilem prace bylo
u studovaného pacienta prokazat tézky
fetézec imunoglobulinu vhodnou labo-
ratorni metodou.

Metodika

Muz, 60 let, byl odeslan z hematologické
ambulance okresni nemocnice k doset-
feni na Hematoonkologickou kliniku
FN Ostrava (FNO) pro suspektni lymfom
marginalni zény / extramedularni plaz-
mocytom z biopsie Zaludku. Pacient byl
primarné vysetien v okresni nemocnici
v bfeznu 2019 pro mikrocytarni anémii
s hodnotami hemoglobinu 94 g/l a n&-
sledné zalécen pfipravky Zeleza. Sou-
Casné bylo zahdajeno sledovani pro mo-
noklondlni gamapatii nejistého vyznamu
(MGUS) z davodu prokazaného parapro-
teinu 1gG kappa o koncentraci 7 g/l, ale
bez prokdzanych osteolytickych loZisek.
V kvétnu 2019 mu byla provedena bio-
psie zaludku a stfev s podezienim na ex-
tramedularni plazmocytom, popf. B-lym-
fom z marginalni zény (vysledky biopsie
sliznice stfeva: plazmatické buriky CD31+
CD56-, lymfocyty B CD20+ a T CD3+).

Od cervna 2019 byl v péci Hematoonko-
logické kliniky FNO, kde soucasné pode-
psal informovany souhlas schvéleny etic-
kou komisi FNO. Bylo doplnéno vysetteni
kostni dfené a PET/CT vy3etteni. Z dalsich
laboratornich testl byly sledovany para-
metry krevniho obrazu na automatickém
analyzatoru Sysmex XN-9000 (Sysmex
Co., Kobe, Japan), biochemické a imuno-
logické parametry na analyzatorech AU
5800 a UniCel DxI 8006 (Beckman Coulter,
Inc,, Brea, CA, USA), SPA Plus (The Binding
Site s.r.o., England), Advia Centaur XPT,
Immulite 2000Xpi a BN ProSpec (Siemens
Healthcare, s.r.o., Ceska republika). K prd-
kazu monoklonalniho imunoglobulinu
byla pouzita standardni elektroforéza sé-
rovych proteinl (Hydragel 30 Protein 31-
32, kat. ¢. S-4141, Hydrasys 2SCAN Focu-
sing, SEBIA) a imunofixacni elektroforéza
(Hydragel 4 IF , kat. ¢. S-4804, Hydrasys
2SCAN Focusing, SEBIA), doplnéné o sta-
novenipolyklonalnichimunoglobulint (N
Antisera to Human Immnoglobulins IgG,
IgA and IgM, kat. ¢. OSAS, OSAR, OSAT,
BN ProSpec, Siemens), stanoveni volnych
lehkych fetézcl (Freelite Kappa SPA PLUS
kit, kat. ¢. LKO16.L.S; Freelite Lambda
SPA PLUS kit, kat. ¢. LKO18.L.S, The Bin-
ding Site Ltd.) a par0 tézkych/lehkych re-

Tab. 1. Laboratorni vysledky. Hodnoty krevniho obrazu byly ziskdny na analyzatoru Sysmex XN-90001, dalsi biochemické a imu-
nologické parametry na analyzatorech AU 58002, SPA Plus3, Advia Centaur XPT4, Immulite 2000Xpi5, UniCel DxI 8006 a BN Pro-

Spec7 v ¢ervnu 2019.

Hematologické parametry

Metoda Vysledek Metoda Vysledek
bilé krvinky' 7,47 x 107/ urea? 7,0 mmol/I
cervené krvnky' 4,0x 10"/ krea? 124 pmol/I
hemoglobin’ 105 g/l eGFR 0,92 ml/s
objem cervenych krvinek' 83fl Ca? 2,39 mmol/I
mnozstvi hemoglobinu v burnce’ 27 pg feritin® 85,0 ug/I
trombocyty' 184 x 10%/1 vitamin B12¢ 99 pmol/I
segmenty’ 78,3 % folat® 17,5 nmol/I
lymfocyty! 10,4 % CB? 66,7 g/l
monocyty' 39% albumin? 45 g/l
eozinofily’' 71 % B2-m3 10,56 mg/I
bazofily' 0,3 % IgA’ 0,56 g/l

Biochemické parametry

Metoda Vysledek
IgG’ 18,50 g/l
IgW? 0,359/l
NT-proBNP* 404,0 ng/I
monoklon. IgG 6,14 g/l
FLC kappa®
FLC lambda3 46 mg/I
FLC kappa® 158,64 mg/I
FLC pomér 0,30
HLC IgG kappa® 1,329/
HLC IgG lambda? 0,42 g/l
HLC IgG pomér 3,14 g/l

32-M - B2-mikroglobulin, CB - celkova bilkovina, FLC — volné lehké fetézce, HLC — tézké/lehké fetézce, NT-proBNP — N-terminalni

prohormon natriuretického peptidu B
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tézcl imunoglobulinl (Hevylite Human
IgG Kappa Kit, REF NK621.S, Hevylite
Human IgG Lambda Kit, REF NK622.S, He-
vylite Human IgA Kappa Kit, REF NK623.S,
Hevylite Human IgA Lambda Kit, REF
NK624.S, Hevylite Human IgM Kappa Kit,
REF NK625.S and Hevylite Human IgM
Lambda Kit, REF NK626.S). Z divodu na-
lezu anomalniho gradientu pouze v z6né
tézkych retézcll gama bez koreldtu v zéné
lehkych fetézcd byla doplnéna izoelekt-
ricka fokusace v agar6zovém gelu s na-
slednym afinitnim imunoblottingem
s protilatkami proti tézkym retézclim
gama, lehkym fetézcim kappa a lambda
(IEF/AIB, modifikovana in-house metoda
C. J. Sindica) [9]. Pro dalsi potvrzeni byla
pouzita SDS elektroforéza za pouziti gelG
ElphoGel SDS Kit 12,5 %, 25S, EQ-type
(REF edc-4202, Electrophoresis Develop-
ment & Consulting, Germany) na pfistroji
Flatbed Professsional (Electrophoresis
Development & Consulting).

Vysledky

Pti vysetfeni kostni diené bylo nale-
zeno 0,1 % plazmatickych bunék, z toho
87 % klonalnich (patologickych) plazmo-
cytl s nasledujicim imunofenotypem:
cyt LAMBDA+ CD38+ CD138+ CD45+
CD19+ CD56- CD27+ CD81- CD117-,
bez prikazu klondlnich B-lymfocytd.
V srpnu 2019 bylo provedeno PET/CT
vysetieni s ndlezem povsechné lymfa-
denopatie (nékteré lymfatické uzliny
(LU) s akumulaci fluorodeoxyglukézy
(FDG) nad uroven parenchymu jater),
nehomogenné zvysené akumulace FDG
v kostni dfeni axialniho a apendikuldr-
niho skeletu s nékolika fokusy hyperaku-
mulace FDG, nélez byl velmi suspektni
z maligni infiltrace. Pfipad byl uzavien
jako nemoc tézkych fetézcl gama do-
provazejici lymfom marginalni zény dia-
gnostikovany z biopsie zaludku. Vzhle-
dem kindolenci nemoci nebyla zahajena
Ié¢ba, pouze ,watch and wait” strategie.
Laboratorni vysledky, hodnoty krev-
niho obrazu a daldich biochemickych
a imunologickych parametrl jsou uve-
deny v tab. 1. Elektroforéza sérovych
proteinl prokazala anomalni gradient
v gama-migrac¢ni zéné o koncentraci
6,14 g/l, nasledna imunofixacni elektro-
foréza potvrdila ndlez anomalniho gra-
dientu tvofeného pouze tézkymi fetézci

gama, ¢imz ndlez z okresni nemocnice,
prikaz kompletni molekuly monoklo-
nalniho imunoglobulinu IgG kappa, vy-
vratila (obr. 1). Po kontaktovani prislusné
laboratore bylo zjisténo, Ze i jejich ndlez
na elektroforéze a imunofixa¢ni elektro-
foréze, s prikazem vyrazného anomal-
niho gradientu v zéné tézkych fetézcu
gama a slabého gradientu v zéné leh-
kych fetézcli kappa, spise odpovida mo-
noklonalnim tézkym fetézclim gama, ale
z dlivodu pochybnosti byl vysledek in-
terpretovan jako nalez monoklonalniho
imunoglobulinu 1gG kappa. Po tomto
upfesnéni byla provedena izoelektrickd
fokusace s naslednym afinitnim imuno-
globulinem s protilatkami proti tézkému
fetézci gama, lehkym fetézcim kappa
a lambda (obr. 2). Na obrazku Ize pozo-
rovat nalez monoklonalnich prouzk(
pouze na membrané s protilatkami anti-
-gama, reakce s protilatkami proti vol-
nym lehkym fetézcim kappa a lambda
byly negativni. Vysledky tedy nasvéd¢o-
valy pfitomnosti pouze tézkych fetézcl
gama. Pro dalsi potvrzeni byla pouzita
SDS elektroforéza, ktera umoznuje roz-
lisit molekuly dle molekulové hmot-
nosti (obr. 3). Vystupem byl nélez fetézce
gama, resp. zfejmé jen jeho casti: pozo-
rovany prouzek migroval o néco poma-
leji nez dimer volnych lehkych fetézcd,
ale nepatrné rychleji nez transferin. Jeho
molekulovou hmotnost proto odhadu-
jeme na 50-70 kDa. Vysledek SDS elek-
troforézy ukazal jesté jednu zajimavou
skutec¢nost. Ve vzorku redukovaném di-
thiotreitolem (DTT) byl patrny prouzek
migrujici jen nepatrné pomaleji nez mo-
nomer volnych lehkych fetézcd. Domni-
vame se proto, Ze paraprotein je nejspise
tvofen dvéma fragmenty gama fetézce
(H2, zkraceny - truncated), a to jeho Fc
Casti (proti niz je namifena pouzita pro-
tilatka), alternativné by to mohl byt
s mensi pravdépodobnosti jediny gama
fetézec (H1). Soucasné, na membrané
inkubované s protilatkou proti volnym
i vazanym lehkym fetézcim kappa je
slaby, ale jasny (na scanu neviditelny)
prouzek v zéné odpovidajici monomeru
lehkych retézcl kappa; domnivame se,
Ze jde o minoritni free kappa kompo-
nentu pfindlezejici k stopovému mono-
klonalnimu IgM kappa, ktery byl u pa-
cienta na imunofixaci také prokazan.

A. ELP/IFE
ELP G A M K L

Obr. 1. Vysledek imunofixa¢ni elektro-
forézy s prikazem monoklonalniho téz-
kého fetézce gama a stopového mono-
klonalniho imunoglobulinu IgM kappa.

Diskuze

Nemoc tézkych fetézcl imunoglobu-
linu gama je velmi vzacné B-lymfopro-
liferativni generalizované onemocnéni
zahrnujici lymfatické uzliny, WaldeyerGv
okruh, gastrointestinalni trakt, kostni
dren, jatra, slezinu a periferni krev a je
¢asto spojovano s autoimunitnim one-
mocnénim. K prikazu monoklondl-
nich tézkych fetézcl imunoglobulind se
standardné pouziva elektroforéza séro-
vych proteint doplnéna o imunofixa¢ni
vysetieni. Nalez gradientu v zéné téz-
kych fetézcl bez protéjsku v zonach leh-
kych fetézcl je vhodné vzdy opakovat
k vylouceni technické chyby. Jako dopl-
nujici vysetieni maze slouzit stanoveni
polyklonalnich imunoglobulind turbi-
dimetricky ¢i nefelometricky, stejné tak
jako stanoveni volnych lehkych fetézct
a parud tézkych/lehkych fetézcl imuno-
globulinu, Hevylite (HLC). Tyto testy jsou
cileny na junkéni epitopy, které pokry-
vaji imunoglobulinové tézké a lehké fe-
tézce; z toho plyne, Ze v pfipadé mono-
klonélniho proteinu tvofeného pouze
tézkymi fetézci neni tato molekula HLC
testy rozpoznana. V nasem pfipadé byla
celkova koncentrace polyklonélniho
IgG rovna 18,59/l, koncentrace Hevy-
lite IgG kappa 1,32 g/l a koncentrace He-
vylite 1gG lambda 0,42 g/l. Z toho vy-
plyvd, Zze koncentrace IgG stanoveného
testy Hevylite pfedstavovala 9,4 % celko-
vého IgG stanoveného nefelometricky.
To ukazuje, Zze 90,6 % IgG nemd asocio-
vany lehky fetézec. Odecteni koncen-
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Obr. 2. Vysledky detekce tézkych fetézcti imunoglobulinu gama (G), lehkych fetézct imunoglobulinu kappa (K) a lambda (L) pomoci
izoelektrické fokusace s naslednym afinitnim imunoblottingem.

F — intravendzni preparat IgG (Flebogamma, Instituto Griffols, Barcelona, Spanélsko), ST — na$ pacient, S2 a S4 — vzorky séra s monoklo-
nalnim IgG lambda, S3 - vzorek séra s monoklonalnim IgG kappa.

V S1 Ize nalézt pouze monoklondlni pasy tézkého fetézce gama, lehké fetézce kappa a lambda jsou negativni. Vysledky naznacuji pouze
pfitomnost tézkého fetézce gama. Pro dalsi potvrzeni jsme pouzili SDS elektroforézu (umoznuje rozlisit molekuly podle molekulové
hmotnosti).

( )
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Obr. 3. Vysledky SDS elektroforézy nasledované blotovanim na nitrocelul6zovou membranu a imunodetekci tézkych fetézcti imu-
noglobulinu gama (G), lehkych fetézca kappa (K) a lambda (L). Anoda je nahofe. Kromé pruhu v S1r (vzorek redukovany dithiotreito-
lem) byly pouZity neredukéni podminky. Abnormalni fragment retézce gama migruje mirné pomaleji nez fLC monomer v redukovaném
vzorku (*) a je mirné pomalejsi nez fLC dimer v neredukovaném vzorku (**), soucasné zfetelné rychleji nez monomery IgG (dole), které ne-
reagovaly ani s jednou protilatkou proti lehkému fetézci kappa nebo lambda. Ve srovnani s pozicemi monomert a dimerd fLC (MfK a MfL)
a transferinu (v jiném experimentu, neuvedeno) je odhadovana molekulovd hmotnost fragmentu mezi 50 a 70 kDa.

fLC - volny lehky fetézec, m — monomer, d - dimer, MfK a MfL - monoklondlni volné fetézce kappa a lambda, S1 - nas pacient, S2 — vzorky
séra s monoklonalnim IgG lambda, S3 - vzorek séra s monoklonalnim IgG kappa.

Porovnanim chovani redukovaného vs. neredukovaného vzorku se domnivame, Ze paraprotein se bude pravdépodobné sestavat ze
dvou fragmentl fetézce gama (H2, zkraceny), jeho Fc ¢asti (proti které je protilatka namitena) spiSe nez z jednoduchého fetézce gama
(H1).
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traci HLC 1gG kappa + HLC IgG lambda
z celkového IgG je nepfimym méritkem
monoklonalniho tézkého retézce produ-
kovaného naddorem. Vztah mezi koncen-
traci tézkého retézce gama stanoveného
turbidimetrickym testem (diagnostické
soupravy Hevylite na analyzatoru SPA-
PLUS) byl porovnan s koncentraci sta-
novenou pomoci elektroforézy sérovych
protein. Koncentrace monoklonal-
niho proteinu stanovena turbidimet-
ricky byla pfiblizné 2,7krét vy3si nez hod-
nota stanovend pomoci elektroforézy
sérovych protein. Toto nadhodno-
ceni mize byt v dlsledku vyuziti od-
lisného sloZeni kalibratoru s monoklo-
nalnim fragmentem tézkého retézce.
Podobné i Kaleta et al. [10] hodnotili
pouziti IgG Hevylite testd u 15 pacientl
s gama-HCD a dosli k podobnym vysled-
kéim, koncentrace monoklonalniho pro-
teinu stanovend nefelometricky byla
pfiblizné 2krat vyssi nez hodnota sta-
novenda pomoci elektroforézy sérovych
proteind.

Stejnou problematikou se zabyvali
i Deighan et al. [11], ktefi u pacienta
s mnohocetnym myelomem prokazali
trojitou monoklondlni gamapatii tvore-
nou paraproteinem IgG kappa, volnymi
lehkymi fetézci kappa a tézkym fetézcem
gama. Pacienta monitorovali kombinaci
elektroforézy sérovych proteinl, mére-
nim koncentrace volnych lehkych fetézct
pomoci diagnostickych souprav Freelite
a Hevylite test(l (The Binding Site). Autofi
zdUraznuji nutnost myslet pfi monitoro-
vani pacientll s mnohocetnym myelom
na riziko chybné interpretace ¢i dokonce
Uniku informace o pfitomnych monoklo-
nalnich volnych lehkych ¢i tézkych fetéz-
cich imunoglobulinG.

Tichy et al. [12] prokazali monoklonaini
tézké fetézce p v séru pacienta imuno-
fixacni elektroforézou a imunotypizaci
pfi kapilarni elektroforéze na pfistroji Ca-
pillarys. Koncentrace paraproteinu tvore-
ného tézkymi fetézci u byla 34,9g/l. Jako
pomocnou metodu k ur¢eni molekularni
hmotnosti téZzkého fetézce imunoglobu-
linu vyuzili vysokorozliSovaci dvojrozmér-
nou elektroforézu. Molekularni hmotnost
byla 53 kD. Tato hodnota odpovidala di-
merlm tézkych fetézcd p.

Také Zushi et al. [13] studovali pa-
cienta, ktery byl hospitalizovan kvuli

oboustrannému subungudlnimu krva-
ceni na palcich nohou. Vysledky fyzikal-
nich a laboratornich vysetteni byly ne-
specifické a krvaceni bylo vyhodnoceno
jako traumatické. Sérova elektroforéza
a imunofixace prokazaly maly monoklo-
ndlni gradient tvofeny pouze tézkymi fe-
tézci gama bez odpovidajiciho korelatu
v z6né lehkych fetézcd. Definitivni dia-
gnoza, nemoc tézkych fetézcl gama,
byla stanovena az na zakladé prito-
kové cytometrie, kterd v aspiratu kostni
diené prokazala maly pocet lymfoplaz-
matickych bunék, které byly pozitivni na
CD19, CD38, CD138 a cylgG, ale nega-
tivni na lehké fetézce cy kappa alambda.

Dalsi separac¢ni technologii vyuzitel-
nou pro prikaz monoklonalnich téz-
kych fetézcl popsali Thoren et al. [14].
U pacienta s imunofixacné prokaza-
nym monoklondlnim tézkym fetézcem
gama pouzili hmotnostni spektrome-
trii MALDI-TOF. Po purifikaci specifické
pro 1gG odhalili ve spektru velké piky,
jejichzm/z hodnoty byly mimo oceka-
vané rozmezi jak pro normalni tézké, tak
lehké fetézce. Naopak odpovidajici piky
nebyly pfitomny v hmotnostnich spek-
trech po purifikacich specifickych pro
kappa nebo lambda fetézce. MS MALDI-
-TOF technologie potvrdila pfitomnost
monoklondlniho tézkého fetézce bez
ptidruzenych lehkych fetézc(li u pacienta
s monoklonalni gamapatii.

Relativné jednoduchou metodou,
kterd umoznuje prokazat abnormalni
molekulovou hmotnost tézkého fe-
tézce, je SDS elektroforéza doplnéna
imunodetekci. V nasem pfipadé jsme
molekulovou hmotnost odhadli srov-
nanim rychlosti migrace paraproteinu
s monomery a dimery volnych leh-
kych fetézcl (22,5 a 45 kDa) a transfe-
rinu (80 kDa); optimalni je samoziejmé
srovnéni se sadou standard( o zna-
mych molekulovych hmotnostech, kte-
rou jsme vsak v aktudlni situaci neméli
k dispozici.

Zavér

Nemoc tézkych retézcl je vzacnym one-
mocnénim. Na jejich pfitomnost pouka-
zuje v imunofixacni elektroforéze nalez
gradientu v zéné tézkych retézcl bez ko-
reldtu v zénach lehkych fetézcl. Pro je-
jich potvrzeni je nutné pouzit na rozdil

od prlkazu kompletni molekuly para-
proteinu dalsi pomocné metody / sepa-
ra¢ni technologie, at uz SDS elektrofo-
rézu, vysokorozliSovaci dvojrozmérnou
elektroforézu nebo hmotnostni spek-
trometrii. Nadlez monoklondlniho téz-
kého fetézce gama v séru studovaného
pacienta souvisi s pfitomnosti lymfomu
margindlni zény, ktery byl prokdzan
z biopsie zaludku.
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ABSTRACT

The study aimed to investigate free light chain (FLC) monoclonality in patients with an abnormal free
kappa/lambda ratio (FLC ratio). Seventy serum samples with abnormal FLC ratio were examined using
an immunoturbidimetry (Binding Site, SPA) and the two different enzyme-linked immunosorbent
assays (1. Sebia diagnostic kit; 2. in house methods), the monoclonal or oligoclonal bands of (FLC) by
immunofixation electrophoresis (IE) and isoelectric focusing followed by affinity immunoblotting (IEF/
AIB). The reference interval was calculated by non-parametric percentile method. 5.7% of samples
examined by IE were suspected of monoclonal character of FLCs, but subsequently monoclonality was
refuted by more sensitive IEF/AIB method; 7%, resp. 2.9% of samples showed FLC kappa, resp. FLC
lambda oligoclonal character of bands. A statistically significant dependence was found between FLC
ratio (Sebia) and FLC ratio (SPA), rs = 0.510, p=.001. Kappa statistic evaluated a fair conformity
between the FLC ratio (Sebia) and IEF/AIB (kappa = 0.468) and between FLC ratio (in house) and IEF/
AIB (kappa = 0.300). The verified reference interval for FLC ratio (Binding Site) is between 0.35 and
2.18. The IEF/AIB is the most sensitive method to discriminate between monoclonal and oligoclonal
bands of FLC. The Binding Site and Sebia diagnostic kits do not give consistent results. The Binding
Site diagnostic kit provides more results above reference interval of FLC ratios. For routine decision on
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monoclonality of the FLC ratio (SPA) it is advisable to use a verified reference interval.

Introduction

The monoclonal gammopathy of free light chain (FLC) is a
disorder associated with abnormal clonal proliferation of B
lymphocytes that can lead to light chain deposition disease
(LCDD), AL-amyloidosis or light chain multiple myeloma.
An abnormal kappa free/lambda free ratio (FLC ratio; 99%
reference interval 0.26-1.65; Binding Site) at an increased
concentration of the relevant FLC type is useful for detect-
ing these diseases [1-3]. In our previous studies involving
neurological patients without other signs indicative of
monoclonal gammopathy

(MG), the abnormal FLC ratio was found in approxi-
mately 11.7% (unpublished results), but only in one case, it
was associated with the finding of monoclonal FLC by iso-
electric focusing followed by affinity immunoblotting (IEF/
AIB) detection.

We hypothesise that the reference intervals for FLC and
especially for the FLC ratio need to be revised. We also
assume that the current MG classification of free light
chains leads to a significant percentage of false positives and
needs to be clarified. In case of confirmation of our hypoth-
esis in a prospective study, we will propose the introduction

of IEF/AIB as a ‘decision’ method in case of a negative find-
ing of immunofixation electrophoresis in routine practice.

The aim of the study was to investigate free light chain
monoclonality (FLC) in patients with abnormal FLC ratio
and at the same time an increased concentration of the pre-
dominant type of free light chains in serum. Consecutive
series of such specimens were examined by immunofixation
electrophoresis and all these samples, where immunofixation
electrophoresis was negative (absence of monoclonal FLC),
were examined by isoelectric focusing followed by affinity
immunoblotting (IEF/AIB).

Material and methods

The study has been approved by the Ostrava University
Hospital Ethics Committee (reference number 13/2018). We
examined 70 serum samples. The median age (2.5-97.5 per-
centile) of the entire group of subjects was 66 (25.2-83.0)
years. The group consisted of 33 women (47.1%) with a
median age of 66.5 (26.8-83.7) years and 37 men (52.9%)
with a median age of 65 (21.8-82.6) years. FLCs were meas-
ured by immunoturbidimetry assay on SPApiys with

CONTACT Pavlina Kusnierova @ pavlina.kusnierova@fno.cz @ Department of Clinical Biochemistry, Institute of Laboratory Medicine, tr. 17.listopadu 1790,

Ostrava 708 52, Czech Republic
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Freelite Kappa SPAp;ys kit and Freelite Lambda SPAp;ys
kit (FLC SPA), (Cat. No. LK016.L.S and LKO018.L.S, respect-
ively, The Binding Site Ltd., Birmingham, UK), by enzyme-
linked immunosorbent assay (ELISA) using the Sebia FLC
kappa and the Sebia FLC lambda kit (FLC Sebia, Cat. No.
5100, 5101), respectively, BioVendor-Laboratorni medicina
a.s., Brno, Czech Republic) and by in-house ELISA method
using polyclonal anti-free light chain antibodies (Cat. No.
A0100 and A0101, Dako, Glostrup, Denmark) and appropri-
ately diluted Freelite Calibrators (FLC in-house). To confirm
monoclonality/oligoclonality we used immunofixation elec-
trophoresis on Hydrasys 2°“*N Focusing with Hydragel 4 IF
(Cat. No. 4304, BioVendor-Laboratorni medicina a.s., Brno,
Czech Republic) and isoelectric focusing (IEF) in 1.2% agar-
ose gels containing 12% sorbitol (interelectrode distance
8.5cm, limits 200 V/cm, 100mA, 10 W) on Multiphor II
apparatus (GE Healthcare UK Ltd., Buckinghamshire,
England) at 10°C for 1,200 Vh. Affinity immunoblotting
was performed as previously described [4]. Briefly, two
nitrocellulose membranes were precoated with 20mgL ™"
solution of anti-kappa and anti-lambda free light chain anti-
bodies overnight, blocked with bovine serum albumin for
75+ 15min, washed and placed on the gel for 50 min.
Subsequently, membranes were fixed in 0.25% glutaralde-
hyde solution (15min), washed and reblocked (20min),
incubated in 4mgL™" solution of biotinylated anti-kappa
and anti-lambda free light chain antibodies (105 5min),
followed by alkaline-phosphatase streptavidin (50 min).
Finally, colour reaction was developed using BCIP/NBT sub-
strate (30 min).

Reference intervals (RI) were estimated based on the
guidelines of the Clinical and Laboratory Standards Institute
(CLSI C28-A3) [5,6] on a group of 17 healthy probands and
142 disease controls (patients with neurological disease, but
not with renal disease and hematologic malignancy).
Statistical evaluation of results was performed using Excel
and MedCalc software version 17.9.7 (Frank Schoonjans,
Belgium).

Results

Results of qualitative analyses by serum protein electrophor-
esis (SPE), immunofixation electrophoresis (IE) and isoelec-
tric focusing followed by affinity immunoblotting (IEF/AIB)
are shown in Table 1 and Figure 1. Descriptive characteris-
tics of the studied biochemical markers are provided in
Table 2. Statistically significant relationship was not found
between the individual FLC ratios using the Passing-Bablok
regression analysis. Furthermore, the correlation between

Table 1. Results of qualitative analyses by serum protein electrophoresis (SPE)
immunoblotting (IEF/AIB).

the individual FLC ratios was evaluated using the nonpara-
metric Spearman’s correlation coefficient. A statistically sig-
nificant correlation was found between FLC ratio (Sebia)
and FLC ratio (SPA) using the nonparametric Spearman’s
correlation coefficient (r; = 0.510, p=.001), Figure 2,
Table 3.

Kappa statistic was used to compare methods based on
clinical interpretation because the methods have different
reference intervals, Table 4. A slight conformity was demon-
strated between FLC ratio (SPA) and FLC ratio (in house)
(kappa = 0.199) and FLC ratio (Sebia) and FLC ratio (in
house) (kappa = 0.202).

The comparison of these qualitative results (positive/
negative ratios) with the interpretation of isoelectric focus-
ing followed by affinity immunoblotting (presence/absence
of monoclonal or oligoclonal bands) showed the fair con-
formity between the FLC ratio (Sebia) and IEF/AIB (kappa
= 0.384) and between FLC ratio (in house) and IEF/AIB
(kappa = 0.300).

The reference interval for FLC ratio (The Binding Site)
was verified, for healthy persons it was between 0.29 and
1.93; for disease controls between 0.35 and 2.18, Table 5. At
the same time, since both 90% confidence intervals include
the values of both estimates (robust and non-parametric
method, respectively), it can be shown that the given esti-
mates are not statistically different.

Discussion

In 2001 Bradwell et al. [9] developed a new, sensitive and
fully automated immunoassay for FLC measurements on the
IMMAGE  protein  analyzer = (Beckman  Coulter).
Subsequently, these tests referred to as ‘Freelite’ (The
Binding Site) were introduced into clinical practice for the
diagnosis and follow-up of patients with monoclonal gam-
mopathies in serum and urine on IMMAGE, SPAp;ys, BN
IT and other biochemical analyzers.

Over time, other diagnostic kits have also appeared on
the market, allowing the determination of serum free light
chains, but results obtained by different diagnostic kits often
provide incomparable results.

The fundamental problem is the absence of a primary
standard. The source of most commercially available puri-
fied FLCs are the serums or urine of paraproteinemia
patients or Bence Jones paraproteinuria. The Binding Site’s
primary standards are light chains purified from intact
immunoglobulins by reductions and acetylations. By con-
trast, Sebia’s diagnostic kit, which has been used for com-
parative measurements (ELISA  determination), uses

, immunofixation electrophoresis (IE) and isoelectric focusing followed by affinity

Number of negative Number of positive

Methods results (%) results (%) Interpretation of positive results Detection limit
SPE 70 (100) 0 (0) Presence of monoclonal immunoglobulin 0.21-0.44 g.L’1 *)
IE 66 (94.3) 4 (5.7) Presence of monoclonal immunoglobulin/oligoclonal profile 0.12-0.25g.L" (%)
|IEF/AIB 59 (84.3) 9 (12.8) Oligoclonal FLC kappa 0.1 mg,L'1

2 (2.9) Oligoclonal FLC lambda 02mg.L™”

(*) the value of the detection limit is given depending on the location of the monoclonal component and the level of the polyclonal background in the

gamma zone.
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Figure 1. Demonstration of serum protein electrophoresis (A), immunofixation electrophoresis (B) and isoelectric focusing followed by affinity immunoblotting
(C,D). (A) Undiluted serum samples 1-4. In samples No. 2 - migratory microheterogenity of the gamma fraction was observed but no monoclonal immunoglobulin
demonstrated. This sample was then subjected to immunofixation electrophoresis with the finding of an oligoclonal profile, which was also confirmed by the IEF/
AIB (oligoclonal FLC kappa) method. Samples 1,3-4 with a negative finding were included in the study. (B) Result of immunofixation electrophoresis with antisera
I9G, IgA, IgM, kappa and lambda with finding of oligoclonal profile. Serum samples were diluted 6x for reaction with IgG antiserum, traces of ELP and other anti-
sera diluted 3x. (C) IEF/AIB of FLC kappa of 4 serum samples. Serum samples were diluted 1/80 (which translates into the detection limit of <8 mg.L™" for kappa
FLC and <16mg.L™" for lambda FLC). Sample No. 1, 2 and 4 = presence of oligoclonal FLC kappa bands. Sample No. 3 = presence of monoclonal FLC kappa
bands, this sample was excluded from the study. (D) IEF/AIB of FLC lambda of 4 serum samples. The dilution was the same as in point C. All samples were negative
for oligoclonal FLC lambda bands.

Table 2. Descriptive characteristics of the studied group (n=70).

Shapiro-Wilk test

Minimum Maximum Mean Median SD normality (p Value)
Age 19.0 84.0 62.8 66.0 15.8 .0027
Crea (pmol.L”) 57 127 79.8 80.0 14.66 .0057
eGFR (CKD-EPI) (ml.min™) 61.2 130.8 87.36 85.8 16.5 .0150
FLC kappa (SPA) 8.790 301.940 51.180 34.725 48.131 <.0001
FLC kappa (Sebia) 9.941 213.762 38.036 33.867 29.370 <.0001
FLC kappa (in house) 12.020 397.550 60.134 49.177 54.116 <.0001
FLC lambda (SPA) 5.070 144170 25.373 17.190 21.585 <.0001
FLC lambda (Sebia) 9.370 114.043 31.360 28.510 15.526 <.0001
FLC lambda (in house) 4.225 202.180 41.249 37.631 32.787 <.0001
FLC ratio (SPA) 1.246 4.056 1.980 1.868 0.507 <.0001
FLC ratio (Sebia) 0.544 4314 1.178 1.079 0.484 <.0001
FLC ratio (in house) 0.601 4.506 1.593 1.454 0.580 <.0001

Crea, creatinine; eGFR, estimation of glomerular filtration rate according to CKD-EPI; SPA, turbidimetry using SPAp ys analyzer and a diagnostic kit from Binding
Site; Sebia, ELISA using a diagnostic kit from Sebia; in house, an in house ELISA method.

standard solutions prepared from a pool of human serums.
Of course, the consequence of using different primary
standards is different normal serum values. In 2003, Nakano
and Nagata [10] published physiological values of FLC
kappa and FLC lambda, using samples obtained from

purification of FLC from a myeloma patient as pri-
mary standards.

The mean values obtained from 50 healthy volunteers
were around 25.7+105mgL~' for FLC kappa,
4.34+20mgL"" for FLC lambda and 6.25+1.80 for FLC
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Figure 2. Correlation analysis between FLC ratio (SPA) and FLC ratio (Sebia) (A), FLC ratio (SPA) and FLC ratio (in-house) (B) and FLC ratio (Sebia) and FLC ratio (in-

house) (C).

Table 3. The distribution of the correlations between the FLC ratios using the
different diagnostic kits.

FLC ratio FLC ratio FLC ratio

Methods (SPA) (Sebia) (in house)
FLC ratio (SPA)

I 0.510 0.276

P <0.0001 0.0208

n 69 70
FLC ratio (Sebia)

rs 0.510 0.199

P <0.0001 0.1019

n 69 69
FLC ratio (in house)

I 0.276 0.199

P 0.0208 0.1019

n 70 69

rs... Spearman rank correlation coefficient.

ratio, respectively. In addition, a year later the same authors
published work [11] in which they used the same standards
(monoclonal) but different methods of determination,
ELISA with two specific anti- FLC antibodies and obtained
completely  different normal values, FLC  kappa
311+1.18mg.L™", FLC lambda 2.30+1.03mg.L™" and FLC
ratio 1.65+1.23. In 2006, Nakano T. et al. proposed, as the
primary standard, using a sample obtained by purifying
polyclonal FLCs from human urine [12]. This way, they
estimated again different normal values for FLC kappa

435+12.0mgL ", for FLC lambda 55.2+17.9mgL™" and
for FLC ratio 0.90+0.23.

Cross-reactivity of light chain-linked antibodies may be
another problem in the determination of FLC, potentially
leading to significant overvaluation of FLC in biological
material. [13]. At the same time, some antibodies used in
FLC tests detect FLC dimers better than monomers, while
the degree of FLC dimerisation may change under patho-
logical conditions [14]. Moreover, all FLC tests were primar-
ily developed to assist in the diagnosis and monitoring of
plasma cell dyscrasia, while their determination in other
indications was not sufficiently validated. Thus the different
diagnostic kits to determine FLCs, not surprisingly, provide
different results. In our study, we tried to interpret the
laboratory data according to the reference intervals given to
a particular diagnostic kit manufacturer and then compare
the results with each other according to the Kappa statistics.
However, even in this case we did not arrive at the same
clinical interpretation of the finding. That is why we have
resorted to the intention of subjecting all samples with
pathological FLC ratio to immunofixation electrophoresis
and even more sensitive detection of monoclonal bands by
the isoelectric focusing method followed by affinity
immunoblotting. We concluded that most of these positive
FLC ratios obtained using the method from The Binding
Site, as well as from Sebia, are false positive.
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Table 4. Comparison of methods based on the conformity of clinical interpretation using Kappa statistics.

FLC ratio FLC ratio FLC ratio FLC ratio FLC ratio FLC ratio
(SPA) vs (SPA) vs (Sebia) vs (SPA) vs (Sebia) vs (in house) vs
FLC ratio FLC ratio FLC ratio IEF/AIB IEF/AIB IEF/AIB
(SEBIA) (in house) (in house) (oFLC kappa) (oFLC kappa) (oFLC kappa)
Kappa statistics 0.0283 0.199 0.202 0.060 0.384 0.300
95% Cl —0.044 to 0.101 0.080 to 0.317 —0.010 to 0.414 0.011 to 0.110 0.089 to 0.679 0.092 to 0.508
Standard error 0.037 0.061 0.108 0.0251 0.150 0.106

The upper reference interval was used for classification into ‘positive’ and ‘negative’ groups, respectively. For FLC ratio (SPA) > 1.65 [1]; for FLC ratio (Sebia)
>1.44 [7-8]; for FLC ratio (in house) > 1.65 due to calibration to standard Binding Site (SPA); oFLC, oligoclonal FLC.

Table 5. Estimation of reference interval of FLC kappa, FLC lambda and FLC ratio for SPA (The Binding Site) according to the guidelines of the Clinical and

Laboratory Standards Institute (CLSI C28-A3).

90th confidence

90™ confidence

Method n 2.5th interval 97.5th interval Type of calculation
FLC kappa 17 6.27 3.73-8.80 20.36 17.82-22.89 Robust method

142 5.42 4.88-6.47 33.74 29.04-44.90 Non-parametric percentile method
FLC lambda 17 7.42 4.90-9.95 37.27 27.13-47.42 Robust method

142 3.62 2.97-4.61 4236 37.24-49.99 Non-parametric percentile method
FLC ratio 17 0.29 0.19-0.39 1.93 1.60-2.26 Robust method

142 0.35 0.24-0.48 2.18 1.99-2.81 Non-parametric percentile method

Therefore, it would be appropriate to use adjusted FLC
ratio values for routine analysis. The normal FLC ratio values
we obtained were from healthy probands and patients with
various neurological diseases, but without evidence of kidney
damage or proven haematological malignancies. However, in
conclusion, it should be noted that if such complicated meth-
ods of determination are used, in each laboratory we should
resort to verify the reference intervals of the method using
specific standard material on the analyser.

Two aspects of our study could be considered as its
weaknesses. First, our assumption that the distinction
between monoclonal and oligoclonal FLC is always possible
using IEF/AIB might not be true in exceptional cases.
However, both the strong intensity and limited number of
monoclonal bands enable the differentiation from less
intense and often more numerous oligoclonal bands in most
cases. In addition, we verified agarose IEF/AIB results with
polyacrylamide IEF/AIB that we use for cerebrospinal fluid
oligoclonal FLC detection since 2019 [15] with identical
results. Second, all serum samples could be diluted to the
same FLC concentration for IEF/AIB analysis to enable
more exact assessment instead of using the same arbitrary
dilution 1/80. However, we considered this approach (used
neither for SPE nor IE) too complicated to be used in rou-
tine practice.

Conclusion

Two commercially available diagnostic kits, the Binding Site
and Sebia do not give consistent results. The Binding Site
diagnostic provides more results above reference interval of
FLC ratios. For routine decision on monoclonality of the
FLC ratio (SPA) it is advisable to use the verified refer-
ence interval.
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ABSTRACT KEYWORDS

lgG kappa and IgG Iambda concentrations were quantified in cerebrospinal fluid;
96 paired CSF and sera using Hevylite™ antibodies in an immunoglobulins;
in-house developed sandwich ELISA method. In 56 of these kappa/lambda ratio; ELISA;
samples, the results were compared with a qualitative isoelec-  s0ectric focusing
tric focusing/affinity-mediated immunoblotting assay for oligo-

clonal IgG kappa and IgG lambda. Normal IgG kappa/lambda

ratio in the CSF was the same as in serum. In 19/33 patients

with intrathecal oligoclonal IgG synthesis, skewed IgG kappa/

lambda ratio was observed (increased in 16 and decreased in 3

cases). The analysis of light chain composition of intrathecally

synthesised immunoglobulins could contribute to our under-

standing of intrathecal humoral immune response, aEthough its

d],agnostgc ut|]|ty is limited. . .

Introduction

Already in 1970, altered cerebrospinal fluid (CSF) kappa/lambda ratios were
described and suggested as a marker of intrathecal immunoglobulin synthesis
in patients with multiple sclerosis s(MS).""? Although in some MS patients,
free kappa light chain concentrations reach values around 10 mg/L and could
thus significantly contribute,””’ mainly light chains bound in IgG can be
anticipated to account for the disturbed kappa/lambda ratios observed
since IgG is the most abundant immunoglobulin in CSF as well as in
serum. Indeed, Araga et al. developed an ELISA system for the measurement
of the kappa/lambda ratios in IgG, IgA, and IgM demonstrated abnormal IgG
but not IgA or IgM kappa/lambda ratios in patients with multiple sclerosis.'
Unfortunately, their work did not receive wider attention, and it was not
until 2009 when Bradwell et al. published a method of heavy/light chain pairs
detection in the serum of patients with monoclonal gammopathies'' than
new interest arose in individual Ig-bound light chain measurement.

CONTACT David Zeman () davidzeman@fno.cz (&) Institute of Laboratory Diagnostics and Clinic of Neurology,
Fakultni Nemocnice Ostrava, 17. listopadu 1790, Ostrava 70852, Czech Republic.

Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/ljii.
© 2016 Taylor & Francis
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While we studied free light chain qualitative and quantitative profiles in
the CSE,"! we decided to decipher whether similar changes in kappa/lambda
ratios involve light chains bound in IgG. Our principal goal was to develop a
quantitative method in hope that it might be more suitable for detection of a
skewed IgG kappa/lambda ratio than a qualitative method (IEF/AIB) that can
reveal only a gross abnormality.'®”)

Experimental
Samples

96 paired CSF and serum samples were studied by Hevylite ELISA. In 56 of these
samples, oligoclonal IgG kappa and IgG lambda analysis was performed as well.
Samples were selected from our larger study! based on the availability of the
material and to ensure comparable proportion of o-IgG positive and o-IgG
negative samples (1:2 for quantitative and 1:1 for qualitative studies). Overall,
63 0-IgG negative and 33 o-IgG positive patients were studied. The diagnoses in
the 0-IgG positive group comprised multiple sclerosis (MS, n = 7), clinically
isolated syndrome (CIS, n = 17), other inflammatory neurological diseases
(OIND, n = 3), non-inflammatory neurological diseases (NIND, n = 3) and
uncertain or unknown diagnoses (n = 3). In the o0-IgG negative group, the
diagnoses were MS (n = 3), CIS (n = 4), OIND (n = 7), NIND (n = 30),
symptomatic controls according to the recent consensus proposal definition'®!
(patients with symptoms for which no organic cause could be discerned on
thorough neurological evaluation; n = 7) and uncertain or unknown diagnoses
(n = 12). Six CIS patients progressed to clinically definite MS during the time of
the study; all of them were 0-IgG positive. The study was approved by the local
Ethics committee (Reference number 319/2014).

Routine albumin and IgG analysis was performed by nephelometry on BN
ProSpec analyser (Siemens Healthcare Diagnostics Inc., Newark, DE, USA).
Oligoclonal IgG was detected by means of isoelectric focusing followed by
immunofixation (IEF/IF) using dedicated Sebia kit (Cat. No. 4355) on
Hydrasys 2 instrument (Sebia, Evry Cedex, France). Oligoclonal free light
chains (fLC) were detected by affinity-mediated immunoblotting after IEF
(IEF/AIB) on Multiphor II apparatus as described earlier.!®”!

Reagents

Unlabeled sheep anti-human IgG kappa and IgG lambda (Hevylite™) antibodies
were kindly donated for research use by The Binding Site Ltd. (Birmingham,
United Kingdom). These antibodies were diluted with phosphate-buffered saline
(PBS) to 1 g/L, exchanged into PBS using 5 mL Zeba Spin Desalting Columns
(Cat. No. 89891) and biotinylated using EZ-Link NHS-PEG,-Biotinylation Kit
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(Pierce Biotechnology, Thermo Scientific, Rockford, IL, USA, Cat. No. 21455;
the kit contains both PBS and desalting columns mentioned above). Average
number of biotin molecules per protein molecule was determined using the 4’-
hydroxyazobenzene-2-carboxylic acid (HABA) assay using reagents supplied in
the kit according to manufacturer’s instructions.

Calibators and controls from Hevylite Human IgG Kappa (Cat.
No. NK621.S) and Lambda (Cat. No. NK622.S) kits for use on the SPAp; g
(The Binding Site Ltd.) were prediluted 1/200 in PBS-0.05% Tween 20
(PBST)-0.2% bovine serum albumin (BSA; Serva Electrophoresis GmbH,
Heidelberg, Germany, Cat. No. 11924) and stored in aliquots frozen at -70°C.
Calibrators 1-5 were used at 1/20,000 dilution; additionaly, calibrator 1 was
diluted to 1/40,000 to be used as the lowest calibrator of the assay.

Goat anti-human IgG Fc antibody was purchased from AbD Serotec (Oxford,
UK, Cat. No. 5211-8004). ELISA-grade peroxidase conjugated (Cat. No.
SA-5014), alkaline phosphatase conjugated (Cat. No. SA-5100) streptavidin as
well as BCIP/NBT substrate kit (Cat. No, SK-5400) were from Vector Laboratories
(Burlingame, CA, USA). TMB One-Step Substrate System (Cat. No. S159985) was
from DAKO (Glostrup, Denmark).

IgG kappa and IgG lambda ELISA

Each well of MaxiSorp 96 ELISA plates (Nunc A/S, Roskilde, Denmark, Cat.
No. 442404) was coated with 110 pL of anti-human IgG Fc antibody diluted
to 0.5 mg/L in carbonate-bicarbonate buffer (pH 9.5 + 0.1). Plates were
covered with Parafilm sheet to prevent evaporation and stored at 4°C for
16-48 hr. After decantation, wells were washed twice with 350 pL of PBST
and blocked with 1% BSA in PBST for 90 minutes. Next, the wells were
washed four times with PBST, and samples, standards and controls were
applied in duplicates. CSF and serum samples were diluted in PBST-0.2%
BSA according to the total IgG concentration; usual dilution was 1/2,000
(in two consecutive steps) for CSF and 1/1,000,000 (in three steps) for serum.
After 90 min incubation and washing as described above, biotinylated IgG
kappa and IgG lambda antibodies were applied, diluted 1/10,000. After 75
min incubation and washing, ELISA grade HRP streptavidin diluted 1/900
was applied and plates were left for 40 minutes. Finally, TMB One-Step
Substrate was used for visualisation, and the reaction was stopped after 15
min with 50 pL of 1M sulphuric acid. The plates were read in DSX ELISA
automatic analyzer (Dynex, Bustéhrad, Czech Republic) at 450/620 nm. IgG
kappa and IgG lambda concentrations were calculated from the mean optical
density of the duplicates using a 4-parameter calibration curve constructed
by the analyser software. CSF and serum IgG kappa/lambda ratios were then
calculated, as well as CSF/Serum quotient of these ratios (referred to as
Q-ratios in the following text).
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Both high and low serum controls from the kits were analysed. In addi-
tion, we analyzed intravenous immunoglobulin preparations (Flebogamma,
Instituto Grifols, Barcelona, Spain; Gamunex 10%, Grifols Deutschland
GmbH, Frankfurt, Germany; and Kiovig, Baxter, Austria) with a known
concentration of IgG (50 g/L in Flebogamma and 100 g/L in Gamunex and
Kiovig, respectively).

0-IgG kappa and IgG lambda test

The method has been described previously;'® only minor modifications were
introduced since the original description. Briefly, Sartorius nitrocellulose mem-
branes (pore size 0.45 pum, Cat. No. 11306-41BL, Sartorius Stedim Biotech
GmbH, Goettingen, Germany) were coated with anti-human IgG Fc antibody
diluted to 10 mg/L in TBS. After washing, membranes were blocked with 3%
BSA and washed twice in TBS. Samples were diluted to 2 mg/L 1gG with 0.75%
saline and subjected to IEF (limits 1200 Vh, 1700 V, 100 mA, 10 W). After IEF,
membranes were laid over the gel, followed by one sheet of filter paper pre-
wetted in TBS and 8 sheets of dry filter paper, a glass plate and a weight
(approximately 1 kg). Affinity-mediated blotting was carried out for 50 min-
utes. Then, membranes were washed in PBS, and proteins were fixed in 0.25%
glutardialdehyde in PBS for 15 min. After thorough washing with distilled water
and three changes of TBS, membranes were re-blocked in 0.3% BSA for 20 min.
Biotinylated Hevylite IgG kappa and lambda antibodies were diluted 1/500 and
applied to the membrane for 90 min. Finally, alkaline phosphatase streptavidin
diluted 1/750 was applied for 50 min and the proteins were visualized using
BCIP/NBT reagent. Membranes were evaluated by visual inspection. CSF
samples containing at least two bands absent in serum (or clearly fainter in
serum than in CSF) were considered as positive. Predominance of the particular
light chain type was assessed visually, taking into account both number and
intensity of CSF-restricted bands.

Statistical analysis

Statistical analysis was performed using MedCalc Statistical Software version
14.12.0 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org;
2014).

Results and discussion
Methodological aspects

Using approximately 22 molar fold excess of biotin (110% of the amount
recommended by the manufacturer), we have obtained average number of
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2.2 biotin molecules per anti-IgG kappa and 2.4 per IgG lambda molecule,
respectively.

Typical examples of calibration curves of our ELISA method are shown in
Figure 1. Declared values as well as mean and standard deviations of the measured
values of the control samples are shown in Table 1. Coefficients of variation (CV)
for low and high control, Flebogamma, Gamunex and Kiovig were 15.0%, 15.8%,
17.7%, 4.2%, and 1.4% for IgG kappa; 4.4%, 9.7%, 14.9%, 8.3%, and 0.7% for IgG
lambda, and 8.3%, 11.7%, 12.8%, 5.4%, and 0.7% for the sum of IgG kappa and
IgG lambda, respectively. For IgG kappa, bias was +15.2% and -5.2% and for IgG
lambda, -20.7% and -12.3% for low and high controls, respectively. For the sum of
IgG kappa and IgG lambda compared to the total IgG concentration declared, bias
was -5.0% for Flebogamma, -7.0% for Gamunex, and -5.7% for Kiovig.
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Figure 1. Examples of the calibration curves of the ELISA IgG kappa and IgG lambda assay.
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Table 1. Declared and measured values of control samples.

Low control ~ High control ~ Flebogamma  Gammunex Kiovig
(n = 8) (h=9) (n=9) (n=3) (n=2)
Declared IgG kappa  3.776 15.109 na. na. na.
values (3.210-4.342) (12.843-17.375)
(g/L) IgG lambda 3.307 10.191 n.a. na. na.
(2.811-3.803) (8.663-11.719)
IgG kappa + n.a. n.a. 50 100 100

IgG lambda
Measured IgG kappa  4.352 (0.654) 14.318 (2.259) 31.708 (5.611) 64.656 (2.693) 63.207 (0.861)
values IgG lambda 2621 (0.116)  8.939 (0.865) 15.768 (2.354) 28.331 (2.340) 31.111 (0.205)
{g/L): lgG kappa + 6.995 (0.580) 23.256 (2.720) 47.476 (6.091) 92.987 (5.029) 94.318 (0.656)
mean  |gG lambda
(SD)

Note. n.a., not applicable; SD, standard deviation.

Passing-Bablok regression (Figure 2) revealed no significant differences
between the sum of IgG kappa + IgG lambda and total IgG CSF concentrations
(in mg/L; intercept -2.854, 95% confidence interval [CI] -4.577 to -0.558; slope
0.947, 95% CI 0.871 to 1.007; relative standard deviation [RSD] 10.942) but both
systematic as well as proportional differences for serum concentrations (in g/L;
intercept -3.496, 95% CI -5.590 to -1.707; slope 1.416, 95% CI 1.246 to 1.623; RSD
1.425). The comparison for serum was slightly worse than published by the
manufacturer™ as well as our group' for original serum Hevylite IgG assay.
Nevertheless, serum IgG kappa: IgG lambda ratios measured in our study are in
perfect agreement with Hevylite reference intervals published so far."” Later on,
we used the opportunity to compare the results of IgG kappa and IgG lambda
quantification by our ELISA with those of routine determination using dedicated
assay on SPAppys in 26 serum samples (20 of them with known IgG paraprotein).
Passing-Bablok regression did not reveal significant differences and the overall
correlation was very good. Spearman’s rho was 0.944 (95% CI 0.870-0.976) for
IgG kappa, 0.975 (95% CI, 0.942-0.989) for IgG lambda and 0.986 (95% CI,
0.967-0.994) for IgG kappa:IgG lambda ratio.
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Figure 2. Passing-Bablok regression lines for CSF (A) and Serum (B) ELISA IgG kappa and IgG
lambda assays compared with total IgG measurements.
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Concerning [EF/AIB method, minor modifications were introduced com-
pared to our previous report.! While evaluating the method for the purpose
of detection of low concentrations of IgG paraproteins in serum an urine, it
was shown that decreasing the coating antibody concentration from 20 to 10
mg/L or use of Sartorius nitrocellulose membranes instead of Amersham™
Protran™ Premium membranes (GE Healthcare UK Ltd., Buckinghamshire,
England, UK, Cat. No. 10600003) has no impact on the quality of the results
for IgG, IgG kappa, and IgG lambda. In addition, both sides of these
membranes gave equivalent results.!'"!

1gG kappa/lambda ratios in paired CSF and serum samples

In a group of o-IgG negative samples, the mean CSF IgG kappa/lgG
lambda ratio was 1.814 (95% CI, 1.705-1.924) in the CSF and 1.828
(95% CI, 1.719-1.938) in serum. The mean value of the quotient of the
ratios was 0.999 (95% CI, 0.972-1.025). In a group of o-IgG positive
samples, CSF IgG kappa/lambda ratio as well as Q-ratios were signifi-
cantly higher (Welch test, P = 0.0047 and P = 0.0026, respectively) while
there was no difference in the serum IgG kappa/lambda ratio between the
two groups (independent samples t-test, P = 0.2727). See Table 2 for
detailed comparison and Figure 3 displaying Q-ratios in individual paired
CSF and serum samples.

Considering 2.5 and 97.5 percentiles of the 0-IgG negative group to be an
estimate of the reference intervals, 13/33 o-IgG positive samples displayed
altered CSF IgG kappa/lambda ratio (increased in 11 and decreased in 2).
Alteration of the Q-ratios was detected in 19/33 0-IgG positive samples
(increased in 16 and decreased in 3 cases) and thus proved to be more
sensitive than assessment of IgG kappa/lambda ratio in the CSF only. It is

Table 2. IgG kappa/lgG lambda ratios in the CSF and serum, and quotient of the ratios in 0-lgG
negative and o-IgG positive patients.

CSF Serum Q-ratios
o-lgG o-lgG o-lgG o0-lgG o-lgG o-lgG
negative positive negative positive negative positive

n 63 33 63 33 63 33
Range 0.856-3.062 0.857-10.333 0.962-3.219 1.058-2.637 0.393-1.186 0.495-5.026

(minimum —

maximum)
Interquartile range 1.552-2.077 1.482-3.689 1.533-2.067 1.454-1.850 0.961-1.041 0.943-2.544
Median 1.765 2.045 1.795 1.738 0.998 1.096
Mean 1.814 3.061 1.828 1.731 0.999 1.762
SD 0.436 2341 0.435 0.361 0.107 1.235

Note. Cl, confidence interval; SD, standard deviation.

Estimated reference ranges of the IgG kappa/lgG lambda ratios, based on the calculated 2.5 and 97.5
percentiles in the o-lgG negative group, were 0.91-2.80 for CSF, 1.10 — 2.82 for serum and 0.80-1.16 for
Q-ratios.
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Figure 3. CSF/Serum Quotient of IgG kappa/lambda ratios in o-IgG negative (n = 63) and o-gG
positive (n = 33) group. It can be seen that all values in the o-IgG negative group except for one
outlier are very close to 1.0 as theoretically expected.

of note that 1 of the 3 cases with decreased Q-ratios had MS and the other 2
had clinically isolated syndrome (CIS; one of them progressed to definite MS
during the study). All of them had both IgG kappa and IgG lambda and both
free kappa and free lambda CSF-restricted bands with no obvious prepon-
derance of lambda chain on immunoblots. The only patient in whom free
light chains were quantitated had, however, also an unusually low Q-ratios
for fL.C (0.317). Increased Q-ratios were detected in MS and CIS patients, but
also in 1 patient with meningoencephalitis and 2 patients with neoplastic
meningitis. It can be concluded that both elevated as well as decreased CSF
IgG kappa/IgG lambda ratio compared to that in serum could be used as a
sign of intrathecal Ig synthesis. Nevertheless, a substantional proportion of
patients producing similar amounts of IgG kappa and IgG lambda could
escape such detection.

Qualitative assessment of o0-IgG kappa predominace was performed on 26
samples positive for 0-IgG kappa and/or o-IgG lambda. An example of the
IEF/AIB results is shown in Figure 4. We observed 0-IgG kappa predominance
in 11/26 cases and approximately equal proportions of 0-IgG kappa and o-IgG
lambda production in 13/26 cases. In the two remaining cases, only 3 and 2
0-IgG lambda bands were seen while CSF-restricted o-IgG kappa were not
detected. All 11 patients with 0-IgG kappa predominance had elevated
Q-ratios (range, 1.370-4.209; median 3.297) while only 3/15 patients without
0-IgG kappa predominance had elevated Q-ratios (range 1.180-1.914). We have
also found significant correlation between oligoclonal IgG kappa and free kappa
light chain predominance (Table 3).

No difference in Q-IgG kappa/lambda ratios was observed between 13 MS
(7 plus 6 CIS patients that progressed into definite MS shortly after their initial
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Figure 4. Representative example of a complete run of IEF/AIB for IgG kappa and IgG lambda.
Anode (+) is at the top. Se Ko or STD, Sebia CSF control; F, Flebogamma; G, Gamunex; L1-L9, CSF
samples; 51-59, Serum samples. Both IgG kappa and IgG lambda CSF-restricted bands without
obvious predominance of one type can be observed in samples 3 and 5, whereas predominantly
1gG kappa bands can be observed in sample 2 and only IgG kappa bands (with reduced staining
for CSF IgG lambda) in samples 4, 6, 7 and 9. Borderline positivity for IgG kappa (2 CSF-restricted
bands) can be seen in sample 1 (not included in the study; this was an external sample sent for
routine 0-IgG detection but due to abnormally low CSF IgG concentration - 4.92 mg/L — we were
not able to evaluate it adequately by a routine IEF/IF method) and only 1 CSF-restricted IgG
lambda band in sample 8. 4 CSF-restricted IgG bands (either absent or less pronounced in serum
compared to the CSF) were detected in the latter case using routine |EF/IF method, as well as
numerous free kappa and free lambda bands by our IEF/AIB method.

Table 3. Correlation between o-IgG kappa and o-free kappa predominance.
o-free kappa predominance

No Yes Total
o-lgG kappa predominance No 12 2 14
Yes 1 11 12
Total 13 13 26

Note. Only patients with =2 CSF-restricted bands were considered. No o-lgG kappa and/or o-lgG lambda
positive patient had negative o-fLC test. The correlation was significant (chi squared 12.536, P = 0.0004).

presentation) and 6 non-MS patients (only those with confirmed diagnosis).
Medians (interquartile ranges) were 1.096 (0.912-3.304) and 1.191 (0.934-1.408)
in the MS and non-MS subgroups of 0-IgG positives, respectively.
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Theoretically, IgG kappa and IgG lambda intrathecal synthesis calculation
according to Reiber’s formula'"?! should be more sensitive than the calcula-
tion of total IgG intrathecal synthesis. Even though we were able to detect
two patients negative for total IgG but positive for IgG lambda and one of
them also for IgG kappa intrathecal synthesis, negative results were obtained
in the other two patients positive for total IgG intrathecal synthesis. It is
known that ELISA is more sensitive but less precise than nephelometry for
CSF immunoglobulins;™* assay imprecision might account for these few
discrepant results as well as for the fact that we failed to demonstrate
significant advantage of such an approach (see Table 4 for details).

Diagnostic value of Ig kappa/lambda assays

Our results are in line with earlier observations that CSF kappa/lambda ratios
are increased in substantial proportion of MS patients!">*!4~'8l but also in
many patients with other inflammatory neurological diseases (OIND).!!>~17]
The reason for preferential IgG kappa synthesis within the CNS compart-
ment remains unknown. Further studies are warranted to determine whether
this could be related to the preferential recruitment of particular B cell clones
into the CNS or to the peculiarities of B cell development (including receptor
editing/revision and light chain replacement) within the CNS compartment.
In addition, it should be investigated whether there is any significant correla-
tion between disease outcome and proportion of intrathecally synthesized
IgG kappa/IgG lambda. Be that as it may, our study supports the idea that
IgG kappa intrathecal synthesis is simply more frequent than that of IgG
lambda in both MS and OIND. At variance with some other studies,!'*!%1°!
we therefore do not recommend the use of IgG kappa/lambda testing for the
purpose of the differential diagnosis between MS and OIND.

0-1gG kappa/lambda IEF/AIB detection failed to increase sensitivity in the
detection of intrathecal IgG synthesis, compared with 0-IgG detection by a

Table 4. Patients with and without intrathecal I1gG synthesis according to Reiber.

lgG ith
Negative Positive Total
IgG kappa ith Negative 71 4 75
Positive 1 20 21
IgG lambda ith Negative 70 14 84
Positive 2 10 12
Total 72 24 96

Note. ith, intrathecal.

The correlation is obvious in both comparisons (P < 0.0001). Nine patients were positive for both IgG kappa
and IgG lambda, 12 patients for IgG kappa only, and 3 patients for IgG lambda only. 72 patients were both
19G kappa and IgG lambda negative, Two patients with positive IgG intrathecal fraction were negative for
both IgG kappa and 1gG lambda intrathecal fraction. They had 6 and 14 CSF-restricted o-lgG bands,
respectively. Conversely, from patients with negative total IgG intrathecal fraction, one was only 1gG
lambda positive and one was both 1gG kappa and IgG lambda positive.
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routine method (IEF/IF; see Table 5). This extends our previous studies on
this subject'®*”! showing no advantage of IEF/AIB against IEF/IF for total
0-IgG detection, despite the former method has approximately 10-fold lower
detection limit for monoclonal IgG. Rather than in cases of borderline IEF/IF
results, we are currently using the IEF/AIB method in cases with exception-
ally low CSF IgG concentration (<10 mg/L) when the signal on IEF/IF gels is
weak and the evaluation problematic, as well as when problems arise in
distinguishing Type 4 (systemic oligoclonal response) from Type 5 (mono-
clonal gammopathy). The use of kappa/lambda typing for the latter purpose
has been already suggested.[6’2”

It would be of interest to develop similar method for quantitation of IgA
kappa/IgA lambda and IgM kappa/IgM lambda. While IgG kappa/IgG
lambda test could in principle be automated, only ELISA would be able to
reliably determine low IgA kappa/IgA lambda and IgM kappa/IgM lambda
CSE concentrations. This test could be of value for inflammatory CNS
diseases other than MS. Concerning the idea of detecting o-IgM and o-IgA
kappa/lambda bands, we should be aware that total 0-IgA and o-IgM detec-
tion methods are not sufficiently validated and many controversies remain.
However, the use of heavy/light chain pair antibodies could possibly help in
the improvement and validation of such methods.

Conclusions

The ELISA method using Hevylite™ antibodies is able to provide reliable
estimates of IgG kappa/lambda ratios, as proved by the fact that the ratios are
essentially the same in CSF and serum in patients without intrathecal oligo-
clonal IgG synthesis. IEF/AIB method confirmed the ELISA results, but
seems to be neither more sensitive than routinely employed IEF/IF Sebia
method for 0-IgG demonstration nor more suitable to detect IgG kappa or
IgG lambda predominance than the quantitative test. Since we observed
skewed IgG kappa/IgG lambda ratios in various inflammatory CNS diseases,
we do not consider the test useful in distinguishing MS from OIND. Similar
tests for IgA and IgM kappa/lambda could be developed in the future.

Table 5. Oligoclonal IgG kappa and IgG lambda compared to total IgG.

o-lgG kappa o-IgG lambda
Negative Positive Negative Positive
o-lgG Negative 28 0 28 0
Positive 4 24 1 17
0-1gG kappa Negative n.a. n.a. 30 9
Positive n.a. n.a. 2 15

Note. n.a., not applicable.

The correlations are highly significant for all comparisons (P < 0.0001). In the two o-lgG positive but both
o-1gG kappa and o-lgG lambda negative samples, 2 and 4 CSF-restricted o-lgG bands were found. The first
patient had 3 CSF-restricted o-fKLC bands, while the second had both o-fKLC and o-fLLC bands.
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Although we could not recommend the use of these tests on a routine basis,
they might become attractive research tools. The analysis of light chain
composition of intrathecally synthesised immunoglobulins could contribute
to our understanding of intrathecal humoral immune response.
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Detekce oligoklonalnich IgM pasu v likvoru
Zeman D."?, KuSnierova P."?
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SOUHRN

Cil studie: Uprava postupu detekce oligoklonalnich IgM pést v likvoru a séru.

Typ studie: Metodicka studie.

Material a metody: |zoelektricka fokusace (IEF) v agarézovém gelu s naslednym afinitnim imunoblottingem. Po vybéru nej-
lepsi varianty z testovanych postupt bylo vySetifeno 35 parovych vzorkd likvorl a sér.

Vysledky: Zlepseni separace IgM bylo dosazeno pouzitim uzsiho pH gradientu (4-8), prefokusaci a katodickou aplikacf
vzorku. Separace IgM v nativnich vzorcich likvoru a séra se nepodarilo doséhnout. K uspokojivym vysledkim vedla pred-
Uprava vzorkl dithiothreitolem, popf. nasledné akrylamidem. Intrathekalni syntéza oligoklonalniho IgM byla priikazna u 11
z 35 testovanych vzorkd. Vzorky vSech pacientl s potvrzenou diagnézou nezanétlivého onemocnéni nervového systému
(n=9) i symptomatickych kontrol (n=3) byly negativni. Prikaz oligoklondlniho IgM statisticky vyznamné koreloval s vypoctem
intrathekalni syntézy IgM podle Reibera (P=0,007) i podle Auera et al. (P=0,026).

Zaver: Upravena metoda umozriuje citlivou a reprodukovatelnou detekci oligoklonalniho IgM. Dalsi vyzkum by mel smérovat
jednak k optimalizaci preduipravy vzorku, jednak k pokustim dosdhnout separace IgM izoelektrickou fokusaci v nativnim
(neupraveném) vzorku.

Klicova slova: oligoklonalni IgM, izoelektricka fokusace, afinitni imunoblotting, vypocet intrathekalni syntézy.

SUMMARY

Zeman D., Kusnierova P.: Detection of oligoclonal IgM in cerebrospinal fluid

Objective: Improvement of the procedure used for cerebrospinal fluid (CSF) and serum oligoclonal IgM detection.

Design: Methodical study

Material and Methods: Isoelectric focusing (IEF) in agarose gel followed by affinity immunoblotting. After choosing the best
variant from the protocols tested, 35 paired CSF and serum samples were examined.

Results: Improvement of IgM separation has been achieved by using narrower pH gradient (4-8), prefocusing step and ca-
thodic application of samples. Efforts to separate IgM in native CSF or serum samples have been unsuccessful. Satisfactory
results have been obtained using sample pretreatment with dithiothreitol, optionally followed by acrylamide pretreatment.
Intrathecal synthesis of oligoclonal IgM was demonstrated in 11 out of 35 patients. Samples of symptomatic controls (n=3)
or patients with a proved diagnosis of non-inflammatory neurological disease (n=9) were all negative. Oligoclonal IgM result
correlated significantly with intrathecal IgM synthesis estimated either by Reiber’s (P=0.007) or Auer’s formula (P=0.026).
Conclusion: The method described in this article enables sensitive and reproducible detection of oligoclonal IgM bands
separated by IEF. Further research should address the optimisation of sample pretreatment as well as experiments aimed

at separation of IgM in untreated cerebrospinal fluid and serum samples.
Keywords: oligoclonal IgM, isoelectric focusing, affinity immunoblotting, calculation of intrathecal synthesis.

Uvod

Detekce oligoklonalniho (o0-) IgM v mozkomisnim
moku (CSF) byla popséana jiz pred vice nez 20 lety [1-
3], do popredi zajmu neuroimunologl se vSak dostala
az po zjisténi, Ze intrathekalni (ith.) syntéza o-IgM mdize
predikovat agresivni pribéh onemocnéni roztrousenou
sklerdzou (RS) [4]. Metoda pouzivana v téchto studiich
byla popsana skupinou L. M. Villarové r. 2001 [5]. Tato
skupina pozdgji vypracovala i metodu detekce o-IgM
specifickych vici myelinovym lipid&im, které pravdépo-
dobné predikuji nepfiznivy prabéh RS jesté siingji [6].

Prestoze klinicky vyznam detekce o-IgM je refe-
rovan v fadé recentnich publikaci, podrobnégjsi popis
publikovano doporuceni Sekce pro likvorologii a neu-
roimunologii Ceské neurologické spolecnosti [7] zahr-
nujici mezi doporucend vysetfeni i detekci o-IgM a o-
IgA. Vzhledem k opakované prokazané vyssi senzitivité

detekce 0-IgG oproti vypoctim ith. syntézy IgG je tato
myslenka nepochybné opodstatnéna. Existuje nicméné
urcity rozpor mezi timto doporucenim a zahrani¢nimi
smérnicemi [8, 9], které uvadéji pouze detekci o-IgG,
jakoz i absenci publikovanych studii v tuzemskeé litera-
ture, kde dosud jediné sdéleni na toto téma publikovali
Kelbich et al. [10]. Pouziti komercniho kitu pro detekci
0-IgM bylo popsano pouze pro imunofixacni elektrofo-
rézu [11].

Metoda izoelektrické fokusace s naslednym afinitnim
imunoblottingem (IEF/AIB) byla propracovana C. J. Sindi-
cem nejprve pro detekci oligoklonalnich volnych lehkych
retézcl [12] a pozdgji také o-IgM [2]. Jeji vyhodou je néko-
likanasobné nizsi detekeni limit oproti klasickému imuno-
blottingu. S pouzitim metody pro detekci 0-IgG a volnych
lehkych fetézcl mame pomémeé rozsahlé zkuSenosti
[13-15]. Po Uvodnich pokusech s metodou Villarové et al.
jsme zvolili toto usporadani’i pro studium o-IgM, nebot se
nam nepodarilo dosahnout detekéniho limitu 0,02 mg/l
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popsaného v plvodni praci [5]. | pfes nesystematicky
experimentalni pfistup se ndm podafilo vyvinout meto-
du poskytujici prijatelné vysledky. Tuto metodu v naSem
sdéleni podrobné popisujieme a nabizime tak specializo-
vanym laboratofim k pouziti, dalsi optimalizaci, Klinické
validaci a oviem takeé kritickym pripominkam.

Material a metody

IEF je provadéna na pristroji Multiphor Il (GE Health-
care) se zdrojem EPS-3501XL a termostatickym cirkula-
torem. Pouzivame agarézu pro IEF (kat. €. 17046801),
amfolyty Pharmalyte 4-6,5 (kat. ¢. 17045201) a 5-8 (kat.
¢. 17045301), GelBond fim (kat. ¢. 80112293), filtraC-
ni papir (kat. ¢. 80112952) a elektrodové stripy (kat.
¢. 18100440) firmy GE Healthcare; D-sorbitol (kat. &.
85529), DL-dithiothreitol (kat. €. 43815), akrylamid (kat.
¢. 23701) a tris(hydroxymethyl)aminomethan (kat. C.
252859) firmy Sigma Aldrich; prouzky pro aplikaci vzor-
KG (kat. €. 42899), Tween 20 (kat.¢. 37470.01) a bovinni
sérovy albumin (BSA, kat. ¢. 11924) firmy Serva; nitro-
celuldzovou membranu s poéry 0,45 pm firmy Sartorius
(kat. €. 11306-41BL). Anolytem je kyselina octova (0,25
mol/l), katolytem hydroxid sodny (0,25 mol/l).

Pro potah membran byla pouzita kozi protilatka pro-
ti lidskému IgM firmy Jackson ImmunoResearch (kat. &.
109-005-043). K detekei byl pouzit biotinem znaceny
F(ab), fragment kozi protilatky proti lidskému IgM téze
firmy (kat. ¢. 109-066-129) s naslednou aplikaci kon-
jugétu streptavidinu s alkalickou fosfatéazou firmy Vec-
tor (kat.C. SA-5100), popr. kozi protilatky proti lehkym
fetézclUm kappa a lambda firmy Bethyl znacené primo
alkalickou fosfatazou (kat.C. A80-115AP a A80-116AP).
K vizualizaci signalu byl pouzit substrat BCIP/NBT firmy
Vector (kat. ¢. SK-5400).

Priprava roztokl pufrd Tris-Cl, pH 9,5, Tris-buffered
saline (TBS) pH 7,6, TBS s 0,05% Tweenem 20 (TBS-T)
a phosphate-buffered saline (PBS) pH 7,4 pro IEF a afi-
nitni imunoblotting je podrobné popsana v praci Boj-
kové [16].

Po Upravé metody bylo testovano 35 vzorkd likvor(
a sér zaslanych k vySetieni oligoklonélnich past. U vSech
byla provedena kvantifikace albuminu, IgG, IgM a IgA na
nefelometru BN ProSpec (Siemens) a detekce o-lgG
(IEF s imunofixaci, Hydrasys, Sebia). Ith. syntéza imu-
noglobulind byla vyhodnocena podle Reiberova vztahu
[17] i vztahu nové navrzeného Auerem et al. [18]. Ve 30
pfipadech byla provedena také detekce oligoklonalnich
volnych lehkych Fetézcl kappa a lambda (IEF/AIB). Sta-
tistické vyhodnoceni bylo provedeno programem Med-
Calc Statistical Software (verze 16.2.0). Vyznamnost
korelace mezi pozitivitou/negativitou jednotlivych testd
byla posouzena Fisherovym exaktnim testem.

Metoda

Agardzovy gel pfipravime rozpusténim 2,6 g sorbi-
tolu a 0,2 g agardzy ve 20 ml destilované vody. Roztok
zahtfivame kvaru a pak po 5-10 minutach nechame

pomalu chladnout. Po poklesu teploty na 70°C prida-
me 0,75 ml Pharmalytu 4-6,5 a 0,75 ml Pharmalytu 5-
8. Po Setrném promichani gel okamzité nalijeme pre-
dehratou pipetou do predehraté masky mezi podlozni
sklo s GelBond filmem a sklo se ,spacerem” (0,5 mm)
a nechame 1 hodinu pfi pokojové teploté. Poté Setr-
n& odstranime vrchni sklo a gel inkubujeme ve vihké
komUrce pri 2-8°C 3-24 hodin.

Nitrocelulézové membrany (rozmér 7,5 x 12 cm;
dvé membrany na jeden gel) inkubujeme 2-3 minuty
v destilované vodg, poté 10-15 minut v TBS. Pak na
membranu aplikujeme 8-10 ml neznacené protilatky
proti lidskému IgM fedéné v TBS na 10 mg/I. Nechame
inkubovat na kyvacce pfi pokojové teploté 6-14 hodin.

Bezprostredné pred prefokusaci pripravime vzorky.
Likvory s koncentraci IgM > 1 mg/| fedime 0,75% NaCl
na 1 mg/l a na stejnou koncentraci fedime také séra.
Likvory s niz§i koncentraci IgM aplikujeme nefedéné.
Séra mizeme redit na likvorovou koncentraci IgM, nic-
méne se nam osveddilo fedéni na 1 mg/l, popf. na 0,5
mg/! u vzorkd s koncentraci IgM v likvoru <0,5 mg/l. Je
nutné dbat na dostateCny objem vzorku (min. 50 pl).
Poté napipetujeme do eppendorfek 1 pl zasobniho
roztoku dithiothreitolu (DTT, 0,5 mol/l v 0,1 mol/l Tris-
Cl pufru o pH 9,5) a pfidame 49 pl adekvatné zredée-
nych vzork( likvoru, resp. séra. Dlkladné promichame
a inkubujeme 20-30 minut pfi 37°C. Poté vzorky pre-
mistime do pokojové teploty. Fakultativné Ize doplnit
alkyla¢ni krok: do eppendorfek napipetujeme 1 pl roz-
toku akrylamidu (0,4 mol/l v destilované vodg) a prida-
me 19 pl vySe popsanym zplisobem upravenych vzor-
k{; inkubujeme pri pokojové teploté v temnu po dobu
30-45 minut.

IEF provadime pfi 10°C. Na gel pfilozime suchy fil-
tradni papir aihned sejmeme. Na keramickou desku
pfistroje aplikujeme cca 1,5 ml petroleje a poté na ni
umistime gel. Na néj polozime elektrodové stripy nasy-
cené v roztocich anolytu, resp. katolytu (mezielektro-
dova vzdalenost 8,5 cm) a cca 1,5 cm zevné od nich
prouzek filtracniho papiru. Prefokusace je jednokrokova
(250 Vh) s nastavenymi maximalnimi hodnotami 600 V,
30 mA, 4 W. Po jegjim ukonceni vypneme pristroj a 2
cm od katody polozime aplikacni prouzek pro vzorky;
do kazdé jamky pipetujeme 7 pl vzorku. Poté spustime
IEF program. Pouzivame gradientovou metodu, pfi kte-
ré voltaz linearné stoupa od hodnoty predchozi faze az
k naprogramované maximalni hodnoté. Program ma
Styri faze: 1) 1 Vh, 300V, 30 mA, 3 W; 2) 125 Vh, 300V,
30 mA, 3W; 3) 500 Vh, 1275V, 30 mA, 8 W; 4) 575 Vh,
1275V, 30 mA, 8 W.

Po uplynuti 110 Vh faze 2) IEF prerusime, vyme-
nime elektrodové prouzky a odsavaci papiry za nové
a sejmeme aplikacni masku. Poté pokraCujeme v sepa-
raci.

Bezprostfedné po této operaci omyjeme nitrocelu-
l6zové membrany v TBS a inkubujeme v roztoku 3%
BSA v TBS (cca 75-90 minut). Kratce pred koncem IEF
membrany omyjeme dvakrat v TBS.

Po skonceni IEF gel oblotujeme filtracnim papirem
navihéenym v TBS a nasledné prilozime nitroceluldzo-
vé membrany (stranou, na niz byla aplikovana protilat-
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ka, na gel). Prilozime 1 filtraCni papir navih¢eny v TBS,
dalsich 5-7 suchych filtraénich papird, sklenénou desku
a zavazi (cca 1,5 kg). Ponechame 50 + 5 minut. Poté
membrany promyjeme v PBS a inkubujeme v roztoku
0,25% glutardialdehydu v PBS po dobu 15-20 minut
pfi 2-8°C; pak je oplachneme destilovanou vodou
a trikrat promyjeme v TBS. Poté inkubujeme v rozto-
ku TBS/0,3% BSA na kyvacce po dobu 20 + 5 minut,
znovu promyjeme v TBS a aplikujeme roztok biotinem
znadené protilatky (fedime 1/20 000 v TBS/0,3% BSA).
Nechame inkubovat 2 — 2,5 hodiny na kyva&ce pfi
pokojové teploté. Membranu pak promyjeme v TBS,
dvakrat v TBS-T, dvakrat v TBS. Nasledné aplikujeme
roztok streptavidinu znaceného alkalickou fosfatédzou
(Fedime 1/750 v TBS/0,3% BSA) a inkubujeme 50 =+
5 minut, promyjeme v TBS, TBS-T a TBS jak uvede-
no vySe a kone¢né detekujeme pomoci roztoku BCIP/
NBT. Optimalniho zbarveni je dosazeno po 30 az 40
minutach. Nakonec membranu promyjeme 5 minut
v TBS a 1-2 minuty v destilované vodé a ususime.

Vysledky

Ukazky IEF obraz( jsou naobr. 1a 2. Z 35 vySetie-
nych pacientd byla ith. syntéza IgM zjiSténa vypoctem
podle Reibera u Sesti a podle Auera et al. u péti paci-
entl. Ith. syntéza o-IgM (alespon dva zfetelné pasy
v likvoru bez protéjsku v séru) byla detekovana u 11
pacientd (Tabulka 1). U péti z nich byla prokézana ith.
syntéza IgM podle Reibera a u &tyf i podle Auera et al.
U jedné pacientky s vypoctenou vyraznou ith. synté-
zou IgM (intrathekalni frakce 48 %, resp. 28 %) vyzne-
la detekce o-IgM negativné i pfi opakovaném vysetre-
ni. Mezi kvantitativni a kvalitativni metodou nachazime
statisticky vyznamnou korelaci (Fisher(v exaktni test,
P=0,007 pfi pouziti Reiberova vztahu a P=0,026 pri
pouziti vztahu dle Auera et al.). Pfitomnost ith. synté-
zy o-IgM vyznamné koreluje s pritomnosti ith. synté-
zy 0-lgG (P=0,023) a oligoklonalnich volnych lehkych
rfetézcl typu lambda (P<0,0001), ale nikoliv typu kap-
pa (P=0,246).

Table 1. Clinical diagnoses and the frequency of positive results for intrathecal immunoglobulin synthesis

o-lgG o-ilgM lgG loc* IgM loc*

Multiple sclerosis (n=6) or clinically isolated 13 8 5 5
syndrome (n=7) (100%) (62%) (38%) (38%)
Radiologically isolated syndrome (n=3) 2 1 1 0
Other inflammatory neurological diseases (n=3) 2 1 0 1
Non-inflammatory neurological diseases (n=9) 1 0 1 0
Symptomatic controls (n=3) 0 0 0 0
Unknown (n=4) 3 1 0 0

*Ig loc = positive calculation of intrathecal synthesis according to the Reiber’s formula or the formula of Auer et al. Qualitative interpretation of
the results (positive/negative) was in perfect agreement for IgG, while one MS patient positive for o-IlgM and positive by Reiber’s formula was
evaluated as negative using the formula of Auer et al.
** 5 positives by Reiber’s formula and 4 positives by the formula of Auer et al.
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Fig. 1a. IEF/AIB of 8 serum samples with elevated IgM concentration and/or IgM paraprotein detected on immunofixation
(P1-P8) and four CSF(C) — serum (S) pairs (C1-4 and S1-4). NC = negative control (intravenous IgG preparation diluted to 500
mg/l). At least 2 clear-cut IgM bands not present in serum can be seen in C1, while numerous CSF-restricted IgM bands could
be counted in C2. C3 and C4 were evaluated as negative. On the right, it is demonstrated that samples (P1-P4) mostly do not
enter the gel without dithiothreitol pretreatment.
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Fig. 1b, c. IgM kappa/lambda detection on immunoblots of 8 serum samples with elevated IgM concentration and/or IgM para-
protein detected on immunofixation. The same gel run as in Fig. 1a. The coating anti-human IgM antibody was the same as
for total IgM detection, but biotin-labeled anti-human IgM detection antibody was replaced with alkaline phosphatase labeled
anti-human kappa and lambda light chain antibodies, respectively. The background is less clear than in Figure 1a; this possibly
suggests that trace amounts of immunoglobulins other than IgM might still be transferred onto the membrane and react with
anti-kappa and anti-lambda antibodies. Although the results of IEF/AIB patterns are clearly not so straightforward as those of
immunofixation electrophoresis, identical conclusions could be driven by using kappa and lambda light chain detection (P2 and
P5, IgM kappa; P1, P7 and P8, IgM lambda; P4, IgM kappa and IgM lambda; P3 and P8, no paraprotein detected).

* dithiothreitol 10 mmol/l
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dithiothreitol 10 mmol/l + acrylamide 20 mmol/l

Fig. 2. IEF/AIB of five CSF (C) — serum (S) pairs (C1-5 and S1-5). Samples were separated within the same run without (2a) or
with (2b) alkylation with acrylamide after incubation with dithiothreitol. C1, C3 and C4 were evaluated as negative, while CSF-
restricted IgM bands could be seen in sample C2 (arrowheads). Sample C5 was evaluated as unequivocally positive (bands
indicated by asterisks) only when alkylated. Interestingly, sample C1 was negative despite pronounced intrathecal IgM synthe-
sis calculated by both formulas, while sample C2 was negative by quantitative testing and the actual CSF IgM concentration

0.17 mg/I represent the lowest CSF IgM value with positive o-IgM test that we have ever met.

Diskuse

Separace IgM v nativnim vzorku likvoru a séra
se nepodafilo dosahnout ani pfi pouziti vyssi teplo-
ty (15, 25 nebo 35°C), ani pouzitim gelu obsahujiciho
niz8i koncentraci agarézy (0,8 %), 0,5-1 % detergent
(Nonidet P40-Substitute), ani aplikaci vzorku pfi niz-
kém napéti 150 V podle doporuceni Westermeiera
[19]. Toto pozorovani je v souladu s Udaji publikovany-
mi Sindicem [2] a Cornellem [20], pfestoze nékterym
skupinam se v minulosti podafilo dosahnout separace
nativni molekuly IgM [21-24]. Variantou pro dalsi poku-
sy mize byt velmi fidky agarézovy gel (<0,8 %), popr.
gel obsahuijici 5-10 % glycerol nebo kompozitni agaro-
zovy-polyakrylamidovy gel, jehoz pouziti bylo popsano
Vv praci [22].

V na$i studii se separaci IgM podafilo realizovat
pouze po predupraveé vzorkd DTT, bez niz zlstala ve
v8ech experimentech naprosta vétsina IgM na startu.

Pouziti redukéniho Cinidla se tedy zda nutné. Je zaji-
mave, Zze ve dvou pripadech byly o-IgM pasy zfetel-
né pouze ve vzorku inkubovaném v poslednim kroku
predupravy s akrylamidem. Potfeba zarazeni alkylac-
niho kroku byla v literatufe diskutovana [25], v pfipadé
nami zvolené kombinace mUZe spolupdsobit i reakce
akrylamidu s prebytkem DTT, atim zabranéni jeho
interference pfi separaci. ZlepSeni separace IgM bylo
dosazeno viazenim prefokusacniho kroku, katodickou
aplikaci vzorku a pouzitim uzsiho pH gradientu (4-8)
pripraveného kombinaci Pharmalytd 4-6,5 a 5-8. Ten
se jevi jako vhodngjsi nez gradient 5-8, nebot nékteré
prace uvadéji hodnoty izoelektrickych bodd IgM mezi
4,5 a 823, 24, 26].

Jiz v ivodu byl zminén potencial metody pro pod-
statné citlivéjSi detekei ith. syntézy oproti kvantitativnim
(vypoctovym) vztahlm. Pri vypoctu vychéazime z tzv.
limitniho  kvocientu, ktery vyjadfuje maximalni pomér
koncentraci imunoglobulinu v likvoru a séru vysvétlitel-
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ny difdzi pfes hemato-likvorovou bariéru. NejCastéji se
pouziva Reiberlv vztah, ktery je matematicky ve sho-
dé s teoretickou predstavou o kinetice difize protein(
z krve do likvoru [17] a ma obecny tvar:

= B 2 4 32
Qlim 15 = g-ﬁmeb +b —c

s hodnotami parametr( pro IgM: a/b = 0,67;
b? = 0,00012, ¢ = 0,0071.
Recentné publikovali Auer et al. [18] vztah:

_ b
Qlim 1 = @ - @

s hodnotami parametr( pro IgM: a = 1,845; b = 1,34.
Vlastni vypocet ith. syntézy je jiz shodny [17, 18]:

Igﬂoc = (ng - th [g) ’ I‘gse"r't.m'l (mg/|)

resp.

Ig;e =
C5F

Na rozdil od Reiberova vztahu je rovnice Auera et
al. zalozena na Cisté empirickém pfistupu; dalsi rozdil
spociva v tom, Ze Reiber pouzil data z ELISA stanoveni
IgM, Auer et al. méfili IgM nefelometricky na analyzato-
ru Immage a uvadgji detekeni limit 0,3 mg/I. Pfi pouziti
této metody jsme vSak v minulosti nalezli v likvoru signi-
fikantné vy3si hodnoty nez hodnoty ziskané nefelome-
tricky na analyzatorech fady BN nebo ELISA metodou
[27]. Domnivame se proto, Ze rovnice Auera et al. miize
poskytovat faleSné negativni hodnoty, resp. hodnoty
jejich parametr(i bude tfeba validovat a upravit v pfipa-
dé pouZiti jinych méficich systémi pro stanoveni IgM
Vv likvoru.

Vysledky kvalitativni a kvantitativni metody detekce
ith. syntézy IgM i v malém souboru statisticky vyznam-
né koreluji, coz je v ¢asteCném rozporu s vysledky
publikovanymi na mnohem vétSim souboru pacientd
Kelbichem et al. [10] Navzdory &aste¢né opravnénym
vyhradam vaci vypoctdm ith. syntézy [28] je nutné si
uvédomit, Ze ith. syntéza zplsobuje pritomnost urci-
tého mnozstvi imunoglobulinu v likvoru ,navic® opro-
ti mnozstvi, které by bylo za danych podminek (Q,,
a sérové koncentrace imunoglobulinu) pfitomno pfi
pouhém pasivnim prestupu ze séra. Na tomto elemen-
tarnim faktu jsou zalozeny vSechny vypocty ith. synté-
zy. Uplnd absence korelace mezi kvantitativni a kvalita-
tivni metodou proto mize upozormovat i na analytické
nedostatky jednoho &i druhého postupu.

Metoda by mohla slouzit i pro detekci nizkych kon-
centraci  monoklonalnich  imunoglobulind, podobné
jako u lgG [16, 20]. Klinicky pfinos takové aplikace je
v3ak zfejmé s ohledem na jiné moznosti monitorovani
monoklonalnich gamapatii [29] zanedbatelny.

Potencial pro vyznamné snizeni detekéniho limitu
vykazuje luminiscenéni detekce. Schneiderovi et al.
[30] jeji pouziti umoznilo Fedit vzorky likvor( a sér na
0,05 mg/l a podil pacientt s CIS a pozitivitou o-IgM je
v jejich studii ponékud vyssi (74 %) nez v praci Villaro-

vé et al. zr. 2005 (46 %). Mnohem niz8i detekeni limit
luminiscencni detekce oproti chromogennim metodam
by také mohl vyrazné usnadnit detekci antigen-speci-
fickych o-IgM (popt. o-IgA, o-IgD) péast v likvoru. Pofi-
zeni pfislusného vybaveni je u nas bohuzel vzhledem
k financni nakladnosti zatim nemozné.

Zaveér

Detekce o-IgM v likvoru je obtizna a stale ne zce-
la uspokojivé vyreSena metoda, kterd ma nicméné
vyznamny diagnosticky potencial u zanétlivych one-
mocnéni nervového systému a vyznamny prognostic-
ky potencial specificky u RS, kde intrathekalni syntéza
o-lgM mUze signalizovat agresivni priilbéh onemocné-
ni. Popsana metoda umoznuje detekovat o-IgM ive
vzorcich s nizkou koncentraci IgM v likvoru. Pro dalsi
metodicky pokrok je nezbytné srovnani riiznych variant
detekce o-IgM, ale také validace metod zalozena na
klinickych datech. Teprve potom bude mozno uvazo-
vat o standardizaci postupu, ktery se ukaze jako nej-
vhodnégjsi.
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ARTICLE INFO ABSTRACT

Keywords:
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Background: Intrathecal IgM synthesis demonstrated either as cerebrospinal fluid (CSF)-restricted oligoclonal
(0-) IgM bands or calculated using various formulas has been linked to more aggressive multiple sclerosis (MS)
course. However, the proportion of MS patients showing intrathecal IgM synthesis varies largely between stu-
dies. We aimed to explore the relation between different formulas and results of 0-IgM, and to assess the fre-
quency of 0-IgM bands in an unselected series of samples.

Methods: 432 samples were analyzed for o-IgM, o0-IgG and quantitative measures of IgM and IgG synthesis. IgM
index and formulas of Reiber, Auer and Ohman were compared to the result of the o-IgM test.

Results: At the cut-off commonly used, the non-linear formulas for intrathecal synthesis were specific (> 94%)
but rather insensitive (< 40% even at a cut-off of 4 CSF-restricted bands) compared to o-IgM. No significant
difference was noted in the performance of different formulas. At a cut-off of 4 bands, 61% of MS patients, but
none of the controls were positive for o-IgM.

Conclusions: Formulas for intrathecal IgM synthesis are insensitive compared to o-IgM. We propose to evaluate
samples with 2 or 3 extra-CSF IgM bands as borderline and only samples with 4 or more as definitely positive.

1. Introduction

Oligoclonal bands restricted to the cerebrospinal fluid (CSF) de-
monstrate intrathecal immune response and are associated with chronic
inflammatory central nervous system (CNS) diseases, multiple sclerosis
(MS) in particular [1]. Oligoclonal IgG (o-IgG) test is important for
early MS diagnosis according to the current diagnostic criteria [2].
Intrathecal IgM synthesis can be assessed by various calculations [3-5]
or by an oligoclonal IgM (o-IgM) test using electrophoresis [6] or iso-
electric focusing [7,8], and it has been claimed to have unfavorable
prognostic significance in clinically isolated syndrome (CIS) and MS
patients [9-19] although a few studies found the opposite [20-23]. The
presence of CSF-restricted o-IgM bands was also related to a different

response to disease-modifying drugs [24,25], and the result of the test
may thus influence early therapeutic decisions. Unlike 0-IgG, however,
0-IgM test is not commercially available. The possibility of using im-
munofixation electrophoresis kit with peroxidase-labeled antibody
(Sebia) for o-IgM detection was mentioned in one study [26] but in the
meantime this method has been largely replaced by isoelectric focusing
(IEF).

One of early studies [27] claimed the o-IgM test to be superior to
both IgM index and Reiber formula for intrathecal IgM synthesis,
mainly because both of these latter tests gave a significant proportion of
presumably false positive results in non-inflammatory neurologic dis-
orders. By contrast, another study [28] found that Reiber formula had
good sensitivity (86%) in the prediction of o-IgM positivity, while IgM

Abbreviations: o-IgM, oligoclonal immunoglobulin M; o-IgG, oligoclonal immunoglobulin G; CSF, cerebrospinal fluid; MS, multiple sclerosis; CNS, central nervous
system; CIS, clinically isolated syndrome; IEF, isoelectric focusing; OID-CNS, other inflammatory CNS diseases; ID-PNS, inflammatory peripheral nervous system
diseases; NIND, non-inflammatory neurologic diseases; AIB, affinity immunoblotting; IF, intrathecal fraction; ROC, receiver operating characteristic; AUC, area under
the curve; CI, confidence interval; Qap, (Qigm, Qigc), ratio of CSF and serum albumin (IgM, IgG) concentrations; Qjim 1gm, Qlim 156, cut-off value of Qg and Qugg,
respectively, at a particular Qay, (values higher than Qy;, indicate intrathecal synthesis); EDSS, expanded disability status scale
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index might give false positive results, mainly in patients with blood-
CSF-barrier dysfunction. In general, the proportions of CIS and MS
patients positive for intrathecal IgM synthesis differ substantially
among patient cohorts in various studies (range of 13-63% for the
Reiber formula and 20-74% for the o-IgM test).

We aimed to estimate the frequency of CSF o-IgM in an unselected
consecutive series of patients where this test was requested by the
treating physician, and to investigate the correlations between o-IgM
and quantitative estimates of intrathecal IgM synthesis.

2. Methods
2.1. Samples

432 patients were prospectively examined for o-IgM between
September 2018 and August 2019. Hospital information system search
was performed retrospectively (January 2020) to identify patients that
had been sent to the University Hospital Ostrava for further diagnostic
evaluation or treatment. Among these patients, 31 were diagnosed as
multiple sclerosis (according to the 2017 diagnostic criteria), 4 as CIS, 7
as other inflammatory CNS diseases (ID-CNS), 9 as inflammatory per-
ipheral nervous system diseases (ID-PNS), 31 as non-inflammatory
neurologic diseases (NIND), and 16 as symptomatic controls (no evi-
dence of organic neurologic disease). Diagnosis was not known in the
remaining 334 patients. For more details, see Supplemental Table S1.
Simplified diagram depicting flow of samples through the study is
shown in Fig. 1.

2.2. Ethical approval

The study has been approved by the University Hospital Ostrava
Ethics committee (reference number 2/2020). Informed consent is
mandatory before lumbar puncture according to the Czech Republic
Law about Health Services, 372/2011, §28. Separate informed consent
for this study was not required because it would be impossible or im-
practical to obtain for such research. This study included retrospective
analysis of routine laboratory data.
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2.3. Methods

Upon receipt, aliquots of CSF samples were centrifuged in eppendorf
polypropylene tubes at 390 - g for 10 min, supernatants were pipetted
into clean eppendorf polypropylene tubes and stored at +4 °C. Blood
samples were centrifuged in original tubes at 2500 - g for 6 min; next,
sera were aliquoted in eppendorf polypropylene tubes and stored in
parallel with the CSF samples. Measurement of albumin, IgG and IgM
and o-IgG test were performed within 3 days, and o-IgM test within
2 weeks.

0-IgG was performed using a commercially available method
(Hydragel 9 CSF Isofocusing, Cat. No. S-4355, Sebia, Evry Cedex,
France) on Hydrasys or Hydrasys2 apparatus (Sebia). o-IgM bands were
detected by an in-house procedure by means of affinity immunoblotting
after isoelectric focusing (IEF/AIB). A slight modification of the method
combining the advantages of affinity-mediated immunoblotting [7],
glutaraldehyde fixation [6,7], and pretreatment of samples with di-
thiothreitol in an alkaline solution [8] followed by SH-group alkylation,
described by us previously [29] is presented in detail as Supplemental
Protocol.

Out of the two patients where a follow-up sample was tested, one
with an unknown diagnosis was repeatedly negative after 5 months,
while the other (OID-CNS group) was repeatedly positive after
3.5 months. The follow-up samples are not included in any further
analysis.

CSF and serum albumin, IgG and IgM levels were measured by ne-
phelometry on BN ProSpec (Siemens, Erlangen, Germany) using dedi-
cated kits. Lower end of the assay range lies between 0.13-0.16 mg/L
and 0.16-0.18 g/L for CSF and serum IgM, respectively, depending on
different lots of the calibrator. Lower values were assigned an arbitrary
concentrations of 0.1 mg/L (CSF) and 0.1 g/L (serum). These values
were omitted from the main analysis. IgM index and formulas of Reiber
[4], Auer [5], and Ohman [3] were compared to the result of the o-IgM
test. Similar comparisons were performed for formulas of intrathecal
IgG synthesis calculation and o-IgG test.

Intrathecal synthesis calculations were performed according to the
known formulas for Qy, [4,5] and transformation of the formula of
Ohman et al. [3,30] that is in fact very similar to that of Auer et al.
Substituting the cut-off value in the extended Ohman’s index formula as

o-IgM test requested

n=432 :
excluded from comparison because
Rl Basatak ot of significant blood contamination
: e (n=32), impossibility to estimate
unknown diagnosis |« > e .
] blood contamination (n=6),
n=334
unmeasured (n=2) or unmeasurably
low (n=116) CSF IgM
A Y
o-lgM test o-lgM test compared with
see compared with quantitative calculations of
Table 2 final diagosis intrathecal IgM synthesis
n=98 n=278
CIS patients
excluded (n=4)
Y
Y

ROC curve analysis
(MS/not MS and ID-
CNS/not ID-CNS)
n=94

see
Table 3

A

see Tables 4 and 5

and Figure 3

Fig. 1. Simplified diagram to show flow of samples through the study.
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parameter a and parameter a from the extended index formulas as
parameter b in the formula of Auer et al., the only difference between
those formulas lies in the a and b parameter values.

Qiimigv(r) = 0.67\/Qap? + 0.00012 — 0.0071

Qiimre®) = 0.93- Qan? + 0.000006 — 0.0017
Qiimign (a) = 1.845-Q 4™

Qiimigea) = 0.882-Q 4103

Qiimigm(6) = 15-Qap’?

Qiimige(6) = 1.24-Qup™12

Intrathecal synthesis calculations are then performed by comparing
calculated Ig quotient (obtained from CSF and serum Ig measurements)
to Qum, and can be expressed as Ig;,. in mg/L or as Igr in the percentage
of total CSF Ig concentration [4,5]:

181, = (Qg — Quimig) I8y

Igloc

8csk

Igy = -100

IgG and IgM index values were compared directly with the above
calculations, although in theory, both Ig,. and Ig;» can be derived from
an index value (Q;m ;; = index cut-off value - Qap).

2.4. Selection of samples for comparison between quantitative and
qualitative tests for intrathecal IgM synthesis

It is well-known that blood contamination may lead to false positive
intrathecal IgM synthesis [3]. Unfortunately, we lacked information on
the number of erythrocytes in the CSF samples since this analysis was
performed in local laboratories. Nevertheless, for many years it is our
practice to prepare a cytologic slide from every CSF sample we are
requested to analyze to reveal blood contamination or other unexpected
abnormalities. Blood contamination was assessed qualitatively ac-
cording to the presence of red blood cells in the cytologic slide as none
(0), negligible (1), moderate (2), significant microscopic contamination
(3) and macroscopic contamination (4). In (3) and (4), presumably false
positive calculations of intrathecal IgM synthesis were found sig-
nificantly more frequently in o-IgM negative samples (2 tests and >
tests for trend, P < 0.001). In addition, out of seven samples with
Qv > Qg (inversion of normal relationship between quotients that
indicates intrathecal IgM synthesis), the only sample without o-IgM was
macroscopically blood contaminated. This sample was also negative for
0-IgG, whereas in the six other cases, no blood contamination was
noted, and both CSF-restricted o-IgM (range, 3-12) and o-IgG (range,
10-19) bands were found. Hence, for the analysis of intrathecal IgM
synthesis calculations from measured CSF and serum IgM and albumin
concentrations, we used a subgroup of samples fulfilling the following
criteria: (1) Absence of significant blood contamination (32 samples — 1
from the NIND group, 1 from the Control group, and 30 from the Un-
known group - were excluded because of blood contamination and
another 6 samples — 1 each from the MS, ID-PNS, NIND, and 3 from the
Unknown group - were excluded because CSF cytologic slide was not
prepared due to insufficient material). (2) Measurable CSF and serum
IgM concentration. Unmeasurably low CSF IgM values were observed in
116/432 samples (26.9%); in another 2 samples, CSF IgM concentration
could not be measured due to insufficient amount of material. The re-
maining 278 patients were analyzed for correlations with o-IgM test
results.

2.5. Statistics

The data were analyzed using MedCalc Statistical Software version
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18.6 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.
org; 2018). Sensitivity and specificity of intrathecal IgM and IgG
synthesis calculations was compared to the bona fide gold standard o-
IgM and o-IgG test, respectively. ROC curve analysis was used to find
the most suitable cut-off values of the evaluated tests. Figs. 3 and 4 were
prepared using GraphPad Prism version 8.3.0 for Windows, GraphPad
Software, San Diego, California USA, www.graphpad.com. Graphical
Abstract was created using language R-3.6.0, R Foundation for Statis-
tical Computing, Vienna, Austria, www.R-project.org. The most im-
portant raw data are included as Supplementary Data file.

3. Results
3.1. Reproducibility of the o-IgM test

At the beginning of the study, we tested a reproducibility of our
method using 85 samples where IEF was performed on Multiphor II (GE
Healthcare, Chicago, USA) and Flatbed Professsional (Electrophoresis
Development &Consulting, Tiibingen, Germany) apparatus, while the
subsequent blotting and detection procedure was exactly the same. For
details please see Section Method reproducibility in the Supplemental
protocol. We concluded that the method was reproducible and both
electrophoretic platforms were interchangeable.

An example of a routine blot is provided in Fig. 2A.

Seven samples with an unexpected positivity of o-IgM test (2 ID-
PNS, 3 NIND and 2 Controls; range 3-9 CSF-restricted IgM bands)
where frozen samples were still available were re-tested at the end of
the study. We could reproduce at least two CSF-restricted IgM bands in
four of them (both ID-PNS, 1 NIND and 1 Control) while three having
3-5 bands in the original analysis (reported as faint positivity in all
three cases) were evaluated as negative in a reanalysis. Examples of
concordant and discordant results are shown in Fig. 2B and C.

3.2. Frequencies of positive 0-IgM and o-IgG tests

At a cut-off of 2 CSF-restricted bands, 83 out of 432 tested samples
(19.2%) were positive for o-IgM, while 81 samples (18.8%) were po-
sitive for 0-IgG. At a cut-off of 4 bands, 48 out of 432 samples were
positive for o-IgM (11.1%) and 56 for 0-IgG (13.0%). Significant con-
cordance between o-IgM and 0-IgG test results was found (Table 1). The
frequencies of positive o-IgM and o-IgG tests in different diagnosis
groups at a cut-off of =2, =3 and =4 CSF-restricted bands are pre-
sented in Table 2.

ROC curve analyses (Table 3) for both MS and ID-CNS (MS and OID-
CNS) revealed that AUC for 0-IgG was significantly larger than for o-
IgM both in the context of MS (difference between areas 0.140, 95% CI
0.0424-0.237, P = 0.0049) and ID-CNS diagnosis (difference between
areas 0.181, 95% CI 0.0897-0.272, P = 0.0001). ROC curves for o-IgM
intensity (instead of the number of CSF-restricted bands) were also
tested; the AUC was 0.751 (95% CI 0.651-0.835) for MS and 0.776
(95% CI 0.679-0.856) for ID-CNS diagnosis, slightly but insignificantly
smaller when compared to the AUC for the number of CSF-restricted o-
IgM bands (P = 0.0786 and 0.1511, respectively).

16 and 19% of patients with non-inflammatory neurological dis-
eases and symptomatic controls, respectively, were o-IgM positive using
the conventional cut-off of 2 CSF-restricted bands. None of the symp-
tomatic controls, however, had more than 3 CSF-restricted bands.

In patients with MS or CIS, Expanded Disability Status Scale (EDSS)
was examined during the assessment at our MS Center. No difference in
the EDSS value was noted between o-IgM negative (n = 11, median
EDSS 2.5, IQR 1.5-4.75, range 1.0-7.5) and o-IgM positive (n = 24,
median EDSS 2.0, IQR 1.5-2.75, range 1.0-7.0) patients (Mann-
Whitney U 122.5, P = 0.7309).
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Table 1
Concordance between 0-IgM and o-IgG test results.
cut-off 2 bands cut-off 4 bands
0-IgG o-IgG
negative positive total negative  positive  total
o-IgM  negative 314 35 349 359 25 384
positive 37 46 83 17 31 48
total 351 81 432 376 56 432
X2 90.483 (P < 0.0001) 127.239 (P < 0.0001)

3.3. Relation between quantitative and qualitative tests for intrathecal IgM
synthesis

Next, we assessed the relation between quantitative and qualitative
tests in 278 samples selected as described in Section 2.4. In order to
allow direct comparison, the same group of samples was analyzed for
calculations of intrathecal IgG synthesis (although IgG was measurable
in all samples) and compared to o-IgG test results. See Supplemental
Table S2 for proportions of abnormal intrathecal IgG and IgM tests in
different diagnosis groups.

The proportion of samples with unmeasurably low CSF IgM varied

140

¥ BRI i'l-"'f.l’-n?'J“??

S5 C6 S6 C7 S7 C8 S8 C9 S9

Clinica Chimica Acta 508 (2020) 137-145

Fig. 2. Oligoclonal IgM. Anode is at the top;
samples are applied near the cathode. (A)
Example of o-IgM detection. PC, positive
control (known IgM paraprotein); NC, ne-
gative control (intravenous IgG prepara-
tion); C1-C9, CSF; S1-S9, paired serum.
Samples C5 and C7 (both multiple sclerosis)
were evaluated as positive (+ +). In both
cases, 0-IgG test was positive as well (type
2). Samples C1-C4, C6, C8 and C9 were
evaluated as negative. (B) Unexpectedly
positive o-IgM results. Original analyses
(sample 3 was repeated before final eva-
luation). C1-C4, CSF; S1-S4, paired serum.

pathy (C1), seropositive myasthenia gravis
(C2), lower back pain and polydiscopathy
L2 - S1 (C3), and diabetic polyneuropathy
in a patient with type 1 diabetes and psor-
iatic arthritis (C4). None of these patients
was positive for o-IgG. (C) Unexpectedly
positive o-IgM results. Reanalysis of frozen
samples (C1-C4 and S1-S4 as in B.). While
samples C2 and C4 were reproducibly posi-
tive (++ and + + +, respectively), weak
positivity (+) in samples C1 and C3 could
not be reproduced.

!

4 A
- ; The diagnoses were diabetic polyneuro-
:
N

LY

C1 S1 C2 S2 C3 S3,/C4S4

between diagnoses: 3/31 (9.7%) in the MS group, 2/4 (50%) in the CIS
group, 2/7 (28.6%) in the OID-CNS group, 2/9 (22.2%) in the ID-PNS
group, 8/29 (27.6%) in the NIND group, 7/16 (43.8%) in the Control
group, and 93/334 (27.8%) in the Unknown group). Serum IgM con-
centrations were unmeasurably low only in 2 samples in the Unknown
diagnosis group.

Quotient diagrams in a double-logarithmic scale (Qgn Vs. Qap) are
shown in Figs. 3 and 4, demonstrating the results of various intrathecal
Ig synthesis calculations (lines for Q;;,,) in 0-IgM negative/positive pa-
tients at a cut-off =2 (top) and =4 (bottom) CSF-restricted bands. For
1gG, lines for Qy, are closer to each other. Formulas for intrathecal IgG
and IgM synthesis were rather insensitive compared to 0-IgG and o-IgM
tests. At a conventional cut-off (> 0% IF), all the tests had high spe-
cificity (> 94%) but rather low sensitivity (15-26% and 21-36% for
intrathecal IgM synthesis; 42-47% and 55-62% for intrathecal IgG
synthesis at a cut-off of 2 and 4 bands, respectively). Sensitivity and
specificity of the quantitative tests at a conventional cut-off value
of > 0% IF (except for IgM and IgG indices where arbitrary and ROC-
curve-analysis-based values are compared) are shown in Table 4. ROC
curve analysis for quantitative measures of IgM and IgG synthesis is
presented in Table 5. Of note is the fact that the suggested cut-off values
as well as cut-off values at a specificity of = 95% differed substantially
from those conventionally used, in particular for the formula of Auer for
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Table 2
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Oligoclonal IgM and oligoclonal IgG test results in 432 consecutively analyzed paired CSF and serum samples.

Diagnosis n o-IgM positive 0-IgG positive
Cut-off 2 bands 3 bands 4 bands ++ or +++ 2 bands 3 bands 4 bands
MS 31 22 22 19 14 31 29 28
(71.0%) (71.0%) (61.3%) (45.2%) (100%) (93.5%) (90.3%)
CIS 4 2 2 0 0 1 1 1
(50%) (50%) (0%) (0%) (25%) (25%) (25%)
OID-CNS 7 5 5 3 3 7 7 7
(71.4%) (71.4%) (42.9%) (42.9%) (100%) (100%) (100%)
ID-PNS 9 3 3 2 2 0 0 0
(33.3%) (33.3%) (22.2%) (22.2%) (0%) (0%) (0%)
NIND 31 5 4 4 2 5 3 1
(16.1%) (12.9%) (12.9%) (6.5%) (16.1%) (9.7%) (3.2%)
Controls 16 3 3 0 0 2 2 0
(18.8%) (18.8%) (0%) (0%) (12.5%) (12.5%) (0%)
Unknown 334 43 29 20 18 35 27 19
(12.9%) (8.7%) (6.0%) (5.4%) (10.5%) (8.1%) (5.7%)
Total 432 83 68 48 39 81 69 56
(19.2%) (15.7%) (11.1%) (9.0%) (18.8%) (16.0%) (13.0%)

MS, multiple sclerosis; CNS, central nervous system; CIS, clinically isolated syndrome; OID-CNS, other inflammatory CNS diseases; ID-PNS, inflammatory peripheral

nervous system diseases; NIND, non-inflammatory neurologic diseases

In 2 patients (1 OID-CNS and 1 with unknown diagnosis), follow-up sample was analyzed during the study period. In these cases, only the result of the first CSF

analysis was included.

+ 4+ or + + +, moderate or strong intensity of the o-IgM pattern (taking into account both the number of bands and their staining intensity; using this criterion,

patients with faint CSF-restricted o-IgM bands were considered as o-IgM negative)

intrathecal IgM synthesis (cut-off value at = 95% specificity —119%
and —64.9% for 2- or 4-IgM bands cut-off, respectively). This is prob-
ably due to the analytical method used for IgM measurement in the
study of Auer et al. (measurement on an Immage nephelometer with a
lower end of the assay range of 0.3 mg/L). We have previously shown
that this method (that is no more in use for Beckman nephelometers)
gave significantly higher CSF IgM concentrations than either nephelo-
metry on BN II or BN ProSpec or ELISA [31].

We were unable to find statistically significant difference between
areas under the ROC curves for various calculations, either when
compared to o-IgM and o-IgG tests (Table 5) or when analyzing the
diagnostic value of the test in the context of MS or ID-CNS diagnosis
(Supplemental Table S3). Interestingly, AUCs for Ig;,. (not shown) were
consistently smaller than those for Igy although the only difference
between Igj,. and Igyr lies in the expression of intrathecally synthesized
Ig, either in mg/L or as a percentage of total CSF Ig concentration.

Finally, we analyzed the correlations between the number of CSF-
restricted IgM bands and CSF IgM concentration, CSF/serum IgM
quotient, as well as various calculations of intrathecal IgM synthesis in a
subgroup of 88 CSF samples with at least 1 CSF-restricted IgM band.
Spearman p was 0.356 (P 0.0007) for CSF-IgM, 0.325 (P 0.0020) for
Qigm, 0.426 (P < 0.0001) for IgM index, and 0.414, 0.418 and 0.408
for IgMyp according to Reiber, Auer and Ohman, respectively (P 0.0001
in all cases). Almost identical results were obtained when blood-

Table 3

ROC curve analysis in the context of MS diagnosis (A) and diagnosis of ID-CNS (B).

contaminated samples and samples with unmeasurable CSF IgM con-
centrations were included. Likewise, higher CSF IgM, IgM quotient, IgM
index and IgMp values corresponded to higher o-IgM intensity
(Kruskal-Wallis test, P 0.0093, 0.0043, 0.0003 for CSF IgM, IgM quo-
tient and IgM index, respectively, and P 0.0003, 0.0003 and 0.0006 for
IgMyr values according to Reiber, Auer and Ohman when only positive
0-IgM samples were compared).

4. Discussion

We compared the results of o-IgM analysis with quantitative mea-
sures of IgM synthesis and, where available, also with clinical diag-
noses, and subsequently we performed similar comparisons for IgG.

The strength of our study lies in the analysis of a consecutive series
of routine samples tested during a 1-year period. It avoids possible bias
associated with sample selection in study protocols and provides real-
world data. Despite several drawbacks it has, such as a lack of in-
formation concerning CSF cell count and clinical diagnosis for most of
the tested samples, as well as less stringent control of pre-analytical
variables compared to CSF biomarker studies, we believe the study still
enables us to formulate reliable conclusions. The MS Center at the
Clinic of Neurology, University Hospital Ostrava is the only MS Center
in the Moravian-Silesian region. It can be assumed that the vast ma-
jority of patients tested at our laboratory are subsequently sent to this

A. MS/not MS (n = 31/63)

B. ID-CNS/not ID-CNS (n = 38/56)

o-IgG o-IgM o-1gG o-IgM
AUC 0.928 0.789 0.984 0.804
(95% CI) (0.856-0.971) (0.692-0.866) (0.934-0.999) (0.715-0.882)
Suggested criterion (Youden index; sensitivity; >2(0.7778; 100%; 77.8%) =1 (0.5049; 80.6%; 69.8%) =4 (0.9032; 92.1%; 98.2%) =1 (0.5395; 78.9%; 75.0%)
specificity)

Criterion at = 90% specificity (sensitivity; specificity)
(71.0%; 90.5%)
100%; 77.8%
93.5%; 80.9%
90.3%; 87.3%

=2 (sensitivity; specificity)
= 3 (sensitivity; specificity)
=4 (sensitivity; specificity)

=7 =6

(32.3%; 95.2%)
71.0%; 74.6%
71.0%; 76.2%
61.3%; 85.7%

=3 =5

(94.7%; 91.1%) (39.5%; 91.1%)
100%; 87.5% 71.1%; 80.4%
94.7%; 91.1% 71.1%; 82.1%
92.1%; 98.2% 57.9%; 89.3%

MS, multiple sclerosis; not MS, other known diagnoses (excluding CIS, including symptomatic controls); ID-CNS, inflammatory diseases of the CNS (multiple sclerosis
and other inflammatory CNS diseases), not ID-CNS, inflammatory peripheral nervous system diseases, non-inflammatory neurologic diseases and symptomatic

controls
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Fig. 3. CSF/serum quotient diagrams for IgM. Cut-off lines for various calcu-
lations of intrathecal synthesis are depicted: Qy, according to the cut-off IgM
index value (I) and formulas of Reiber (R), Auer (A) and Ohman (O). Results in
0-IgM negative and positive subgroups at a cut-off of = 2 (top) and = 4
(bottom) CSF-restricted o-IgM bands.

MS Center whenever MS diagnosis is suspected. Hence, the proportion
of MS patients in the Unknown diagnosis group can be estimated to be
very low. On the other hand, clinicians were not blinded to the results
of CSF analysis, which might have influenced diagnostic decisions in
some cases. This is particularly relevant for IgG analysis that is now a
part of MS diagnostic criteria. Based on the fact that 100% of OID-CNS
patients in our series were o-IgG positive (a frequency much higher
than expected in an unselected population of OID-CNS patients), it is
obvious that 0-IgG test positivity was an important reason for sending
the patients from local hospitals to the University Hospital Ostrava. We
do not assume this bias is relevant for IgM analysis since the relevance
of intrathecal IgM synthesis for MS or OID-CNS diagnosis is not yet
precisely known.

It can be objected that the exclusion of patients with unmeasurably
low CSF IgM values could have affected our results. However, we felt
that calculations using approximated values were invalid and should
have been omitted. For the diagnosis of MS or ID-CNS, ROC curve
comparisons gave similar results when including these samples
(Supplemental Table S4).

We did not aim to assess the correctness of particular models for
intrathecal IgM and IgG synthesis quantitation. Larger sample size with
enough values at both extremes of Qa, would be required for this
purpose. We have used the Reiber formula for many years mainly be-
cause of its biological plausibility, i. e. this is the only formula that is
not only empirical but also theory-based [4,32], while no alternative
theory concerning diffusion of blood proteins into the CSF has been
published so far. However, we failed to demonstrate the superiority of
any method in our consecutive series of routinely analyzed samples.

In our opinion, what is even more important is the finding that all
calculations seem to have rather low sensitivity compared to the o-IgM
test. Similar relation is well-known for intrathecal IgG synthesis [1,2]
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Fig. 4. CSF/serum quotient diagrams for IgG. Cut-off lines for various calcu-
lations of intrathecal synthesis are depicted: Qy, according to the cut-off IgG
index value (I) and formulas of Reiber (R), Auer (A) and Ohman (O). Results in
0-IgG negative and positive subgroups at a cut-off of = 2 (top) and = 4
(bottom) CSF-restricted o0-IgG bands. To allow direct comparison, the same
group of 278 samples was used as for intrathecal IgM synthesis evaluation.

Table 4

Sensitivity and specificity of intrathecal IgG and IgM synthesis calculations at
conventional cut-offs compared to the o0-IgG and o-IgM tests, respectively, as
bona fide gold standards.

Calculation IgM

Cut-off 2 bands Cut-off 4 bands

sensitivity specificity sensitivity specificity
Reiber (IF > 0%) 23.3% 97.6% 29.5% 96.2%
Auer (IF > 0%) 15.1% 99.5% 20.5% 98.7%
Ohman (IF > 0%) 26.0% 95.1% 36.4% 94.4%
IgM index (> 0.1) 42.5% 89.3% 54.5% 87.6%
IgM index” (> 0.196) 24.7% 97.1% 31.8% 95.7%
1gG

Cut-off 2 bands Cut-off 4 bands

Reiber (IF > 0%) 41.9% 99.5% 55.3% 99.6%
Auer (IF > 0%) 41.9% 99.5% 55.3% 99.6%
Ohman (IF > 0%) 46.8% 98.6% 61.7% 98.7%
IgG index (> 0.7) 43.5% 99.1% 57.4% 99.1%
1gG index” (> 0.647) 51.6% 98.6% 68.1% 98.7%

Values calculated from 278 samples (samples with numerous red blood cells in
the CSF cytologic slide, unmeasurable CSF and/or serum IgM concentrations, or
samples where any of these tests could not be performed due to limited amount
of material were excluded).

@ cut-off values for IgM and IgG indices chosen from the ROC curve analysis
at the specificity similar to other calculations of intrathecal synthesis where the
cut-off value > 0% for intrathecal fraction (IF) is given implicitly.
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Table 5

Comparison of ROC curves for prediction of 0-IgM and o0-IgG test positivity.
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Ig Cut-off Calculation AUC (95% CI) Cut-off suggested by Youden index Cut-off with =95% specificity
IgM =2 bands IgM index 0.698 > 0.094 > 0.141
(0.640-0.751) (48.0%; 87.3%) (30.1%; 95.1%)
IgM IF (Reiber) 0.663 > —130.37% (49.3%; 88.3%) > —61.37% (31.5%; 95.1%)
(0.604-0.718)
IgM IF (Auer) 0.674 > —262.99% > —119.05%
(0.616-0.729) (50.7%; 86.8%) (28.8%; 96.1%)
IgM IF (Ohman) 0.638 > —57.76% > —3.44%
(0.578-0.694) (49.3%; 86.8%) (30.1%; 95.1%)
=3 bands IgM index 0.718 > 0.089 > 0.155
(0.661-0.770) (58.3%; 84.4%) (33.3%; 95.4%)
IgM IF (Reiber) 0.695 > —130.37% > —41.47%
(0.637-0.748) (56.7%; 88.1%) (31.7%; 95.9%)
IgM IF (Auer) 0.702 > —262.99% > —119.05%
(0.645-0.756) (58.3%; 86.7%) (33.3%; 95.9%)
IgM IF (Ghman) 0.679 > —57.76% > 3.20%
(0.620-0.733) (56.7%; 86.7%) (30.0%; 95.4%)
=4 bands IgM index 0.770 > 0.089 > 0.196
(0.716-0.818) (68.2%; 83.3%) (31.8%; 95.7%)
IgM IF (Reiber) 0.753 > —130.37% (65.9%; 86.7%) > 13.04% (29.6%; 97.9%)
(0.698-0.802)
IgM IF (Auer) 0.759 > —262.99% > —64.93%
(0.705-0.808) (68.2%; 85.5%) (31.8%; 95.7%)
IgM IF (Ohman) 0.739 > —88.40% > 16.69%
(0.683-0.789) (72.7%; 79.5%) (31.8%; 97.0%)
1gG =2 bands IgG index 0.856 > 0.554 > 0.600
(0.809-0.895) (79.0%; 86.1%) (61.3%; 95.8%)
IgG IF (Reiber) 0.841 > —18.63% (64.5%; 94.4%) > —18.28% (62.9%; 95.4%)
(0.793-0.842)
IgG IF (Auer) 0.856 > —30.23% > —24.80%
(0.809-0.895) (74.2%; 89.3%) (66.1%; 95.4%)
IgG IF (Ohman) 0.850 > —14.44 > —13.01%
(0.803-0.890) (66.1%; 93.1%) (62.9%; 95.8%)
=3 bands IgG index 0.876 > 0.579 > 0.600
(0.831-0.912) (74.1%; 92.4%) (66.7%; 95.1%)
1gG IF (Reiber) 0.872 > —-17.11% > —17.11%
(0.827-0.909) (70.4%; 96.4%) (70.9%; 96.4%)
IgG IF (Auer) 0.878 > —25.83% > —24.62%
(0.833-0.914) (74.1%; 93.7%) (70.4%; 95.1%)
IgG IF (Ohman) 0.878 > —14.44% > —12.56%
(0.834-0.914) (74.1%; 92.9%) (70.4%; 96.4%)
=4 bands IgG index 0.922 > 0.579 > 0.614
(0.884-0.950) (83.0%; 92.2%) (72.3%; 96.5%)
IgG IF (Reiber) 0.921 > —17.11% > —17.11%
(0.882-0.950) (80.9%; 96.5%) (80.9%; 96.5%)
IgG IF (Auer) 0.924 > —25.83% > —24.42%
(0.887-0.953) (83.0%; 93.5%) (76.6%; 95.2%)
IgG IF (Ohman) 0.926 > —12.56% > —12.56%

(0.889-0.954)

(80.9%; 96.5%) (80.9%; 96.5%)

IF, intrathecal fraction. Values calculated from 278 samples (samples with numerous red blood cells in the CSF cytologic slide, unmeasurable CSF and/or serum IgM
concentrations, or samples where any of these tests could not be performed due to limited amount of material were excluded).

and it has been confirmed in our study. Unlike for IgG, however, the
ROC curve comparison failed to detect significant differences between
the AUC for 0-IgM and quantitative intrathecal IgM synthesis measures
in the context of clinical diagnosis. Since the relation with an un-
favorable CIS/MS prognosis has been repeatedly described both for
quantitative measures of intrathecal IgM synthesis and for o-IgM, it
might be interesting to compare the clinical utility of these methods in
the context of CIS/MS prognosis. This could not be done in our study
due to low proportion of MS samples sent to our laboratory for o-IgM
analysis as well as the lack of follow-up data. Similar to Villar et al.
[11], we did not find significant differences in baseline EDSS between
0-IgM negative and positive patients.

The issue of the number of CSF-restricted oligoclonal IgG bands
used as a cut-off is frequently discussed [33-38]. While the conven-
tional cut-off of =2 CSF-restricted bands is used in most studies, even
patients with a single CSF-restricted band appear to be at an increased
risk of an inflammatory CNS disease [33,34]. On the other hand, some
laboratories use a higher cut-off of 3 [35] bands that was found to have
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the best discriminatory value in the context of MS diagnosis [36], or
even 4 bands [37]. For o-IgM, different cut-off values have not been
studied so far.

The number of CSF-restricted IgM bands correlated with quantita-
tive measures of intrathecal IgM synthesis. Albeit statistically sig-
nificant, the correlation was only moderate (Spearman p < 0.5). This
is not surprising since both the number of bands and their intensity
reflect the quantity of intrathecal synthesis. Although quantification of
bands on nitrocellulose membranes after IEF was attempted already
35 years ago [39] and similar methods have been in routine use for
serum protein electrophoresis for about half a century, quantification of
signal in oligoclonal bands as a percentage of the total signal in the lane
has never found its way to routine CSF analysis. Our attempt to dif-
ferentiate faint (+), moderate (+ +) and strong (+ + +) intrathecal
IgM synthesis based on visual evaluation, taking into account both the
number of bands and their staining intensity, is largely subjective and is
not supposed to be reproducible between different observers or even
different laboratories.
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Oligoclonal IgM is technically more demanding than oligoclonal IgG
analysis, and a question arises concerning the possibility of false-posi-
tive results [12,21,40]. Interlaboratory reproducibility of o-IgM ana-
lysis was studied and assessed as satisfactory [40] although Cohen «
0.71 was inferior to that for 0-IgG (x 0.81) studied under similar con-
ditions [41]. We believe that our results add to the evidence that the
method is feasible in routine practice and its reproducibility is accep-
table. Using conventional cut-off of =2 CSF-restricted bands, however,
false positivities may occur. We therefore suggest to evaluate the
finding of 2 or 3 CSF-restricted IgM bands as a borderline result and
only the presence of 4 or more such bands as unequivocally positive,
similar to the recommendation made for o-IgG by the doyen of oligo-
clonal band analysis Dr. Ulrich Wurster already in 2004 [38]. Evalua-
tion of the intensity of intrathecal o-IgM synthesis might also help to
eliminate false-positive findings, and the development of more exact
measures than subjective visual evaluation is warranted for this pur-
pose.

In conclusion, the non-linear formulas for intrathecal synthesis were
found to be specific but rather insensitive when compared to o-IgM. No
significant difference was noted in the performance of different for-
mulas. To avoid false positive o-IgM results, we propose to evaluate
samples with 2 or 3 extra-CSF IgM bands as borderline and only sam-
ples with 4 or more as definitely positive. At a cut-off of 4 bands, 61% of
MS patients, but none of the controls were positive for o-IgM in our
study.
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Abstract

Background: The results of free light chains quantitation in the cerebrospinal fluid were recently compared with the
presence of cerebrospinal fluid-restricted oligoclonal IgG, but not oligoclonal free kappa light chains and oligoclonal free
lambda light chains. We therefore aimed to compare the performance of the quantitative tests with the qualitative one
for the same molecule.

Methods: Seventy-five paired cerebrospinal fluid and serum samples were analysed for oligoclonal IgG, oligoclonal free
kappa light chains and oligoclonal free lambda light chains. Cerebrospinal fluid and serum free kappa and lambda light
chains were quantified using Freelite” kits on SPA Plus analyzer. ROC curves were analysed for the prediction of
intrathecal synthesis and compared for cerebrospinal fluid concentration, cerebrospinal fluid/serum quotient (Qq_c) and
index (Qc/Qaibumin)- The presence of cerebrospinal fluid-restricted oligoclonal free kappa light chains and oligoclonal
free lambda light chains bands was used as reference.

Results: No statistically significant differences were observed among cerebrospinal fluid concentration, Qg ¢ and index
for the prediction of free light chain intrathecal synthesis. Each parameter was able to predict the occurrence of
cerebrospinal fluid-restricted oligoclonal free light chain bands (AUCs 0.932-0.999). However, we noted elevated cere-
brospinal fluid free light chain concentrations in the absence of cerebrospinal fluid-restricted oligoclonal free light chain
bands in two patients with very high serum free light chain values.

Conclusions: Quantitation of cerebrospinal fluid free light chains reliably predicts their intrathecal synthesis. Yet,
cerebrospinal fluid/serum quotient may still be preferred to correct for high serum free light chain concentrations.
An appropriate formula should be sought to correct for blood—cerebrospinal fluid barrier status.
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Figure |. Quotient diagrams for fKLC (A) and fLLC (B) with local regression smoothing trend lines.

The trend lines for o-fLC positive subgroups show that Qq ¢ depends almost exclusively on the amount of intrathecally synthesised
fLC in these cases, with negligible contribution of the blood-CSF barrier status (Qajpumin)- The trend lines for o-fLC negative sub-
groups show that hyperbolic function would not fit the data perfectly. Nevertheless, direct relationship between Qajpumin and Qg c is
obvious in the o-fLC negative subgroups (r=0.725, P <0.0001 for fKLC; r=0.527, P=0.0002 for fLLC) implicating that an appro-
priate formula should be used to correct for the blood—CSF barrier status.

like with like. We therefore aimed to compare the per-
formance of the quantitative tests with the qualitative
one for the same molecule, i.e. oligoclonal free kappa
light chains (fKLC) and oligoclonal free lambda light
chains (fLLC).

Methods

Seventy-five paired CSF and serum samples under
0-IgG analysis were also analysed for o-fKLC and
o-fLLC, as described elsewhere.® Samples were then
kept frozen at —30°C until quantitative fLC measure-
ments. CSF and serum fKLC and fLLC concentrations
were determined on the SPA Plus turbidimetric analyser
using dedicated Freelite'™ kits (The Binding Site Ltd.)
CE marked for CSF analysis (Ref. No. LK016.L.S and
LKOI8.L.S.). Statistical analysis was performed using
MedCalc Software. Presence of CSF-restricted o-fLC
and o-IgG bands was used as a reference. CSF samples
measured as <0.1 mg/L were analysed as 0.09mg/L.
P values < 0.05 were considered significant.

Results

Using cut-offs for CSF-restricted bands (=4 for IgG,
>6 for fKLC and >2 for fLCC) determined in our
laboratory,® 26 samples were positive for o-IgG, 30
for o-fKLC and 28 for o-fLLC. All samples positive
for 0-1gG were positive for o-fKLC; three samples posi-
tive for o-1gG were negative for o-fLLC and five sam-
ples negative for 0-IgG were positive for o-fLLC.
CSF fKLC concentrations varied between <0.1 and
1.33mg/L (median: 0.20; interquartile range: 0.11-0.27)

in the o-fKLC negative group and between 0.80 and
16.90mg/L (6.62; 2.71-11.61) in the o-fKLC positive
group. CSF fLLC concentrations varied between <0.1
and 1.44mg/L (0.22; 0.17-0.29) in the o-fLLC negative
group and 0.24 and 12.03mg/L (1.55; 0.56-3.08) in the
o-fLLC positive group. Among patients without CSF-
restricted o-fLC bands, one patient had high CSF (1.33
and 1.06 mg/L) as well as serum (97.63 and 84.48 mg/L)
fKLC and fLLC concentrations and one patient with
detectable fLLC paraproteinaemia had high CSF
(1.44mg/L) and serum (223.05mg/L) fLLC values
(see Supplementary File 1).

Analysis of ROC curves for the prediction of appro-
priate o-fLC positivity showed no significant differences
between CSF fLC concentration only or CSF/Serum
Quotient (QpLc) or index (QrLc/Qalbumin)- AUCs for
fKLC and fLLC were 0.998 (95% confidence interval:
0.948-1.000) and 0.954 (0.879-0.989), respectively, for
CSF concentrations; 0.999 (0.949-1.000) and 0.977
(0.913-0.998) for Qrrc; 0.991 (0.935-1.000) and 0.932
(0.848-0.997) for fLC index. Associated criteria were as
follows: CSF fKLC =>0.56mg/L; CSF fLLC
>0.43mg/L:Qrc>39.2 107% Qurc>363 10773
fKLC index >6.07; fLLC index >6.68.

When ROC curves for CSF fLC quantitative data as
predictors of intrathecal IgG synthesis were compared,
CSF fKLC performed best: AUC=0.997 (95% confi-
dence interval: 0.946-1.000; criterion: >1.38mg/L),
followed by Qmgrce: AUC=0.994 (0.940-1.000;
>70.7-10"%), fKLC index: AUC =0.989 (0.931-1.000;
>7.67) and fLLC index: AUC=0.978 (0.914-0.998;
>5.58). AUCs for CSF fKLC, Qikrc, fKLC index
and fLLC index proved significantly larger than those
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for CSF fLLC and Qg 1 c; other differences were not
significant (see Supplementary File 2).

CSF but not serum fKLC/fLLC ratio was signifi-
cantly higher in samples positive for o-IgG (median,
3.137; interquartile range, 1.929-16.482) as compared
to negative ones (0.938; 0.679-1.157) (Mann-Whitney
test, P <0.0001).

Although fKLC measurements were able to predict
intrathecal IgG synthesis, such a prediction is not per-
fectly appropriate since o-fLC are sometimes detected
in the absence of 0-IgG and o-fKLC are more fre-
quently observed in inflammatory CNS diseases than
o-fLLC.” Nevertheless, we proved that CSF fLC quan-
titation can predict intrathecal fL.C synthesis. Although
we did not aim at diagnosis-related analysis, it is of note
that two patients with CNS inflammation proved posi-
tive for both o-fLC, while negative for o-IgG; 19/20
patients with MS or CIS (95%) were both o-IgG and
o-fKLC positive and 17 (85%) were also o-fLLC posi-
tive. There was almost perfect agreement between
qualitative and quantitative fLC data in this subgroup
(see Supplementary File 1).

fLC index did not perform better than Qg ¢ or CSF
fLC only. This led us to investigate the relation of Qg ¢
to Qalbumin 1N more detail (Figure 1).

Proposing Reiber’s hyperbolic function for the esti-
mation of intrathecal fLC synthesis!? is a misconcep-
tion.® Since fLCs have a smaller molecule than
albumin, theoretically an inverse function should be
used i.e.

2
Q/LC:\/[I;‘(QA/b‘I'CZ)—bZ} =h (QA”]—FC> .|

a

Larger data set, however, is needed to verify our
hypothesis (see Supplementary File 3).

Conclusions

Quantitation of fLCs in CSF enables reliable prediction
of intrathecal fLC synthesis. Q¢ may be preferred to
correct for elevated serum fLC concentrations.
Correction for blood—CSF barrier status seems reason-
able, but the most suitable formula remains to be deter-
mined. We further suggest that both fLC be analysed
together because of substantial differences in the CSF
fKLC/fLLC ratios among o-fLC positive patients that
might be of some (although yet unknown) significance.
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Abstract

Objectives

We aimed to compare various methods for free light chain (fLC) quantitation in cerebrospi-
nal fluid (CSF) and serum and to determine whether quantitative CSF measurements could
reliably predict intrathecal fLC synthesis. In addition, we wished to determine the relation-
ship between free kappa and free lambda light chain concentrations in CSF and serum in
various disease groups.

Methods

We analysed 166 paired CSF and serum samples by at least one of the following methods:
turbidimetry (Freelite™, SPAp_us), nephelometry (N Latex FLC™, BN ProSpec), and two
different (commercially available and in-house developed) sandwich ELISAs. The results
were compared with oligoclonal fLC detected by affinity-mediated immunoblotting after iso-
electric focusing.

Results

Although the correlations between quantitative methods were good, both proportional and
systematic differences were discerned. However, no major differences were observed in
the prediction of positive oligoclonal fLC test. Surprisingly, CSF free kappa/free lambda light
chain ratios were lower than those in serum in about 75% of samples with negative oligoclo-
nal fLC test. In about a half of patients with multiple sclerosis and clinically isolated
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syndrome, profoundly increased free kappa/free lambda light chain ratios were found in the
CSF.

Conclusions

Our results show that using appropriate method-specific cut-offs, different methods of CSF
fLC quantitation can be used for the prediction of intrathecal fLC synthesis. The reason for
unexpectedly low free kappa/free lambda light chain ratios in normal CSFs remains to be
elucidated. Whereas CSF free kappa light chain concentration is increased in most patients
with multiple sclerosis and clinically isolated syndrome, CSF free lambda light chain values
show large interindividual variability in these patients and should be investigated further for
possible immunopathological and prognostic significance.

Introduction

Although the presence of free kappa light chains (fKLC) in the cerebrospinal fluid (CSF) of
multiple sclerosis (MS) patients was already assumed in 1974 [1], only recently had they been
widely advocated as a tool in the laboratory support of MS diagnosis or to estimate the proba-
bility of developing MS in patients after the first demyelinating event, the so-called clinically
isolated syndrome (CIS) [2-10]. Already in the 1980s and 1990s, several qualitative [11-17]
and quantitative [18-22] methods were introduced for the assessment of free kappa (fKLC) as
well as lambda (fLLC) light chains in the CSF, but none of them have reached wide acceptance
due to labouriousness and possibly also lack of standardisation. The development of turbidi-
metric/nephelometric free light chain (fLC) assays for serum analysis [23] and subsequent
introduction of these tests into clinical practice for the diagnosis and monitoring of patients
with plasma cell dyscrasias at the beginning of the 21st century [24, 25] opened a more conve-
nient way to fLC quantitation not only in serum and urine, but also in CSF. Nevertheless, {LC
concentrations in CSF are much lower than those in serum, which made the development of
CSF assays quite challenging.

Already in 2004 Fischer et al. published a study on the use of Freelite™ for CSF fKLC mea-
surement on Siemens BN II analyser [26]. One year later, Desplat-Jégo et al. [27] published the
values for CSF fKLC as well as fLLC using the same reagents on the same analyser.The CSF
fKLC concentration measured in the non-inflammatory subgroup was substantially higher, as
compared to the previous study, and CSF fLLC levels were also surprisingly high in this sub-
group. Until 2014, all of these adaptations of Freelite fLC assays had been off-label. Recently,
The Binding Site Company has introduced CE marked kits designed for CSF fKLC as well as
fLLC measurement. The same is hopefully expected in the near future for N Latex FLC kits by
Siemens introduced for serum fLC measurement in 2011 [28].

However, several problems persist. First, there is still no internationally recognised primary
standard. The source of most commercially available purified fLC is either serum or urine of
patients with fLC paraproteinaemia or Bence Jones paraproteinuria, respectively. The Binding
Site primary standards are light chains purified from intact immunoglobulins by reduction
and acetylation, which has been criticised by Nakano et al., who proposed a purification proce-
dure for polyclonal fLC from human urine as an alternative for standard preparation [29].
Normal serum values obtained using this standard were much higher (43.5 + 12.0 mg/L for
fKLC and 55.2 + 17.9 mg/L for fLLC) than those obtained earlier by the same research group
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with the same ELISA method using purified human myeloma fLC standards (25.7 + 10.5 mg/L
and 4.34 £ 2.0 mg/L for fKLC and fLLC, respectively) [30]. Nevertheless, the values obtained
by the same group using the same (monoclonal) standards but different ELISA method with
two anti-fLC specific antibodies [31] gave even more different results (3.11 + 1.18 mg/L and
2.30 + 1.03 mg/L for fKLC and fLLC, respectively). These discrepancies might be related to the
second problem of fLC assays: even minor cross-reactivities of the antibodies with bound light
chains could result in significant overestimation of f{LC in biological material where the con-
centration of immunoglobulins is approximately a thousand times larger than that of the fLC
[32]. In addition, it has been shown that some antibodies employed in fLC assays detect better
fLC dimers rather than monomers, while the degree of fLC dimerisation can vary under patho-
logical conditions [33].

Third, all of the fLC tests have primarily been developed to help in the diagnosis and moni-
toring of plasma cell dyscrasias, while their performance in other settings has not yet been suf-
ficiently validated.

Finally, fLC concentrations in normal CSF are often so low that they cannot be measured
even by the modifications of the original assay. Even with latex particle enhancement, turbi-
dimetry or nephelometry simply come to their limits on principal grounds at concentrations
below 0.1 mg/L.

Reports on the diagnostic performance of CSF fKLC measurement in the context of MS
diagnosis are extraordinarily consistent. Almost all studies showed performance similar to, or
even marginally better than, the detection of oligoclonal IgG bands, irrespective of what the
qualitative or quantitative methods were used and whether CSF fKLC concentration, CSF/
Serum quotient, fKLC index (fKLC quotient/Albumin quotient) or any kind of non-linear
relationship between fKLC quotient and albumin quotient was used for evaluation. The value
of CSF fLLC measurement is less clear. While the earliest reports found intrathecal fLLC syn-
thesis more frequently than that of fKLC [11, 12, 17], the reverse is observed in almost all later
studies, with one notable exception [34]. Some groups were unable to develop a suitable fLLC
assay [20, 35]. Other groups failed to report their fLLC results although they had apparently
performed the CSF fLLC measurement [9] making one guess that the relative scarcity of fLLC
data might be caused by some methodical problems and consequently a publication bias.

We therefore aimed at choosing the most suitable method for the routine detection of intra-
thecal fLC synthesis. After we had succesfully introduced oligoclonal fLC detection [36, 37],
we looked for a quantitative method for comparison and possibly monitoring purposes. Our
sandwich ELISA, which was developed during several years, is based on the same principle as
the o-fLC test [38]. After being CE marked for CSF fLC analysis, we started to use the Freelite
assay in our laboratory [39] and aimed to compare it with other commercially available or in-
house developed tests. The present paper is intended to report the analysis of such a compari-
son and to point to some questions that arose during this research.

Materials and Methods
Patients and samples

Paired CSF and serum samples of 166 patients were included in the analysis. We categorised
the patients into diagnosis groups as follows: 1. multiple sclerosis (MS; n = 17), 2. clinically iso-
lated syndrome (CIS; n = 30), 3. other inflammatory neurological diseases (OIND; n = 20), 4.
non-inflammatory neurological diseases (NIND; n = 57), 5. no evidence of organic nervous
system disease (symptomatic controls according to the definition of Teunissen et al. [40];

n = 18), and 9. unknown or uncertain diagnoses (n = 24). Three CIS patients had asymptom-
atic gadolinium-enhancing lesions on brain magnetic resonance imaging (MRI) defining
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definite MS in the latest version of McDonald’s diagnostic criteria [41] at the time of lumbar
puncture. Nevertheless, the patients were still categorised within the CIS group for the purpose
of this study because they experienced the first attack of the disease shortly before the time of
lumbar puncture. Other eight CIS patients progressed into definite MS during the period of
sample recruitment (May 2014 —August 2015) or data analysis (September—October 2015).
The diagnoses in the OIND group comprised meningoencephalitis (n = 3), encephalitis

(n = 1), acute disseminated encephalomyelitis (n = 1), myelitis (n = 2), neuroborreliosis

(n = 2), neurosyphilis (n = 1), neurolupus (n = 1), neuromyelitis optica spectrum disease

(n = 1), plexitis (n = 1) and immune-mediated polyneuropathies (n = 7).

Patients with MS together with those CIS patients that fulfilled the recent definite MS crite-
ria at the time of lumbar puncture or had progressed into definite MS before the diagnosis
data were collected and analysed formed the MS group (n = 28) to be compared with the non-
MS group consisting of patients of the groups 3, 4 and 5 (n = 95). For the comparison between
inflammatory neurological diseases (IND) and non-inflammatory neurological diseases
(NIND), we compared the MS group described above plus patients of the group 3 (n = 48)
against patients in the groups 4 and 5 (n = 75). CIS patients that did not progress into definite
MS during the study period as well as patients with an unknown or uncertain diagnosis were
excluded from these analyses.

CSF was drawn by lumbar puncture and venous blood by venipuncture under standard
conditions. Within one week after CSF withdrawal, immediately after all routine tests includ-
ing oligoclonal IgG detection had been performed, paired CSF and serum samples were frozen
to -30°C and thawed only once just before the fLC quantitative analysis. CSF storage at +2 to
+8°C for up to 7 days is allowed in the package insert of the Freelite SPApy s kits (method A,
see below). Additionally, we have tested 11 CSF samples frozen either immediately or after 7
days at +2°C to +8°C and found only marginal decrease of fKLC concentrations and no
decrease of fLLC concentrations (detailed data are available from Dryad, doi: 10.5061/dryad.
8tk26). For oligoclonal fLC detection, an aliquot was kept at +2 to +8°C for up to 20 days. We
have previously reported that oligoclonal fLC patterns remain stable during this period [37].

All the patients signed the informed consent for anonymised use of the surplus of the fluids
for research purposes. The study was approved by the Ethics Committee of the University
Hospital Ostrava (Ref. No. 319/2014).

Methods

Free light chain quantitative assays. (A) Turbidimetric assay on SPAp; s with Freelite
Kappa SPAp; ys kit and Freelite Lambda SPAp; ys kit (Cat. No. LK016.L.S and LK018.L.S,
respectively, The Binding Site Ltd., Birmingham, UK). These tests use polyclonal sheep anti-
bodies coated onto polystyrene latex. Calibrators are serum-based. The assay was performed
according to the manufacturer’s instructions. CSF is analysed neat and if the concentration
measured exceeds that of the highest standard, the analysis is repeated after manual dilution 1/
10. The assay uses an extrapolated calibration curve with triplicate measurement of blank and
standard 1 (lot-specific, about 0.35 mg/L for fKLC and 0.45 mg/L for fLLC), enabling measure-
ment down to 0.1 mg/L. Values lower than 0.1 mg/L were analysed as 0.09 mg/L in this study.
The highest calibrator has concentration about 16 mg/L (lot-specific) for both fKLC and fLLC.

(B) Nephelometric assay on BN ProSpec with N Latex FLC kit (Siemens Healthcare Diag-
nostics Products GmbH, Marburg, Germany, catalogue numbers OPJA03 —~OPJF03). The
assay uses a mixture of mouse monoclonal antibodies covalently coupled to polystyrene parti-
cles. Standards contain purified polyclonal fLC in PBS with 1% human serum albumin [28].
Based on our preliminary experiments, the lowest calibration point was deleted for CSF fKLC
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analysis on our request by the Siemens technician in order to avoid too many repetitive dilu-
tions. Then the calibration curve spanned the range between 0.0616 and 1.97 mg/L for CSF
fKLC, 0.0308 and 0.985 mg/L for Serum fKLC and 0.104 and 3.32 mg/L for both CSF and
Serum fLLC. CSF is analysed neat and as soon as the signal exceeds that of the highest stan-
dard, automatic dilutions 1/5, 1/20 and 1/100 are performed by the instrument until the mea-
sured signal falls within that of the standards. Serum is diluted 1/100 for fKLC and 1/20 for
fLLC analysis.

(C) Human Immunoglobulin Free Light Chains Kappa and Lambda ELISA kit (BioVen-
dor-Laboratorni medicina a.s., Brno, Czech Republic, Cat. No. RD194088100R). The wells are
pre-coated with monoclonal anti-human immunoglobulin fKLC or fLLC antibodies. The stan-
dards are human serum based. CSFs were diluted 1/2 (or more, if appropriate) and sera 1/200.
The test was performed according to manufacturer s instructions. Both standards and samples
were analysed in duplicate. The manufacturer provides no information concerning the source
of antibodies and it is not clear whether the second antibody is anti-free light chain specific or
whether it detects free as well as bound light chains. Six calibrators prepared by subsequent
two-fold dilutions span the concentration range 10-320 pg/L for fKLC and 17.5-560 ug/L for
fLLC.

(D) In-house ELISA. Microtiter plates (F96MaxiSorp F96, Nunc A/S, Roskilde, Denmark,
Cat. No. 442404) were coated either with 0.75 mg/L anti-human free kappa light chain anti-
body (DAKO, Glostrup, Denmark, Cat. No. A0100) or 0.30 mg/L anti-human free lambda
light chain antibody (DAKO, Cat. No. A0101) diluted in carbonate-bicarbonate buffer, pH
9.5 £ 0.1. The plates were covered with paraffin foil and incubated for 18-48 hours in 4°C.
Next, plates were washed twice with phosphate-buffered saline (PBS; pH 7.3+0.1)-0.05%
Tween 20 (PBST) and blocked with 1% (w/v) bovine serum albumin (BSA, fraction V receptor
grade; Serva Electrophoresis GmbH, Heidelberg, Germany, Cat. No. 11924) in PBST for 75
minutes. CSF and serum were diluted with 0.2% (w/v) BSA in PBST. Usual dilution was 1/10
for CSF and 1/1000 for serum. Samples with high or low fLC content were diluted as appropri-
ate in order for the signal to fall within the calibration curve. For calibration, monoclonal free
light chains (Bethyl Laboratories, Montgomery, Texas, USA, Cat. No. P080-126 and P080-127)
were used. Seven two-fold dilutions (concentration range between 1.25 and 80.00 pg/L for
fKLC and 2.5 and 160.0 ug/L for fLLC) were prepared. The plate was washed 5 times with
PBST. Standards and samples were applied in duplicate and the plate was incubated for 2
hours in room temperature. Next, the plate was washed 5 times with PBST, while the biotiny-
lated anti-fLC antibody prepared as described earlier [36] diluted 1/10,000 (0.4 mg/L) in 0.2%
BSA. After 90-minute incubation, decantation and washing, horseradish peroxidase streptavi-
din (ELISA grade, Vector Laboratories, Burlingame, CA, USA, Cat. No. SA-5014) diluted 1/
750 was applied and the plate was incubated for 40 minutes and washed as described above.
Finally, TMB one-step substrate system (DAKO, Cat. No. S159985) was applied and the plate
was incubated until suitable colour intensity developed (18-20 minutes). After stopping the
reaction with 50 pl of 1M H,SOy, the optical density was read by DSX ELISA automatic analy-
ser (Dynex, Bustéhrad, Czech Republic). The 4-parameter calibration curve was constructed
using the analyser software.

(E) In-house ELISA as described in (D) but using appropriately diluted (1/200) Freelite
standards 1-6. The 4-parameter calibration curve was constructed using the in-house devel-
oped programme. Calibration range was about 1.8 and 80 pg/L for fKLC and 2.25 and 80 pg/L
for fLLC with slight lot-to-lot variations.

Our sandwich ELISA was developed during several years [38] and uses a principle that is
similar to the method of qualitative detection of oligoclonal fLC bands by means of affinity-
mediated immunoblotting, described by Sindic and Laterre [16] and later modified by us [36,
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37]. Both intra- and interassay coefficients of variations (CVs) were determined for Freelite con-
trol samples. In addition, interassay CVs were determined in several pooled CSF and serum
samples. Recovery was determined by spiking CSF and serum samples with 10 vol.% of either
Bethyl monoclonal light chains or Freelite serum-based standard. Details concerning analytical
characteristics of the in-house methods are available from Dryad, doi: 10.5061/dryad.8tk26
Detection of oligoclonal fLC (reference method). Isoelectric focusing (IEF) in 1.2% aga-
rose gels containing 12% sorbitol (interelectrode distance 8.5 cm, limits 200 V/cm, 100 mA, 10
W) was carried out on Multiphor II apparatus (GE Healthcare UK Ltd., Buckinghamshire,
England) at 10°C for 1,200 Vh. 7.5 pl of the respective monoclonal fLC protein (Bethyl, Cat.
No. P080-126 for fKLC and P080-127 for fLLC) diluted to 2.0 and 0.2 mg/L were run as posi-
tive controls, while intravenous immunoglobulin preparation (Flebogamma, Instituto Grifols
S.A., Barcelona, Spain, or Kiovig, Baxter AG, Wien, Austria) diluted to 250 or 500 mg/L IgG
was run as a negative control. CSF samples were used neat and serum samples were diluted 1/
100. All dilutions were performed with 0.75% saline. Paired CSF and serum samples were
applied side by side using applicator strips (Serva, Cat. No. 42899). After IEF, f{LC were blotted
onto nitrocellulose membranes (Amersham™ Hybond ECL, Cat. No. RPN303D, or Amer-
sham™ Protran™ Premium, Cat. No. 10600003, GE Healthcare, pore size 0.45 um) precoated
with anti-fLC antibodies (DAKO, Cat. No. A0100 for fKLC and A0101 for fLLC) and blocked
with 3% BSA in tris-buffered saline (75 mM TBS, pH 7.5 + 0.1) for 60 minutes. Next, mem-
branes were washed briefly in phosphate-buffered saline, followed by the fixation of proteins
on the membrane with 0.25% glutardialdehyde for 15 minutes at 4°C. Then, the membranes
were briefly rinsed in deionised H,O, washed 3 times in TBS, re-blocked with 0.3% BSA in
TBS for 15-20 minutes, washed once with TBS and incubated with biotin-labelled anti-fLC
antibody (diluted to 5 mg/L) for 105 + 5 minutes. After washing once in TBS, 3 times in TBST
and 2 times in TBS, incubation followed with Alkaline phosphatase streptavidin (Vector, USA,
Cat. No. SA-5100) diluted 1/750 for 50 minutes. Next, the membranes were washed twice in
TBS, 3 times in TBST and 2 times in TBS. Finally, colour reaction was developed using Alka-
line Phosphatase Substrate IV Kit-BCIP/NBT (Vector, USA, Cat. No. SK-5400) for 30 min-
utes. Membranes were then washed in TBS for 5 minutes and in deionised water for 1-2
minutes. After being held for 1 minute in a vertical position to let the water drop out, the
membranes were dried overnight between 2 sheets of filter paper covered with a glass plate.

Statistical analysis

Statistical analysis was performed using MedCalc statistical software version 14.12.0 (MedCalc
software bvba, Ostend, Belgium; http://www.medcalc.org; 2014). Kolmogorov-Smirnov test
was used for the assessment of normality whenever appropriate. Differences between the
methods were assessed by means of Spearman s correlation coefficient, log-log scatter dia-
grams, Passing and Bablok regression and Bland-Altman plots. ROC curves were analysed and
compared, if appropriate, for the prediction of a positive o-fLC test as well as the MS or IND
diagnosis. Correlations between categorical variables (0-IgG and o-fLC) were investigated by
the Chi-square test.

Results
Oligoclonal IgG and oligoclonal fLC results

The results of these tests in patients within individual diagnosis groups, MS/non-MS and IND/
NIND groups are provided in S1 Table. Only 1 out of 92 patients negative for o-fKLC was pos-
itive for 0-IgG and o-fLLC. Out of 74 patients positive for o-fKLC, 18 were 0-IgG negative and
22 were o-fLLC negative. Out of 53 patients positive for o-fLLC, 8 were 0-IgG negative. The
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correlations between the results of 0-IgG, o-fKLC and o-fLLC tests were significant (chi-square
test, all P values <0.0001). Representative examples of o-fLC detection using our IEF/AIB
method are shown in S1 Fig (the original blots from which this figure was combined are avail-
able from Dryad, doi:10.5061/dryad.8tk26.

Quantitative method comparison

The comparison of CSF/Serum quotients determined by various methods is presented in Fig
1. For in-depth comparison of CSF and serum concentrations as well as CSF/Serum quotients
see Tables A-C in S1 File, Figures A-F in S2 File and Figures A-F in S3 File. Both systematic
and proportional differences occurred. The largest differences were observed between the
results of the commercially available ELISA method in the CSF that were much lower than
those of all other tests. Nevertheless, the obtained concentrations were comparable with those
published previously [9]. Serum fLLC were measured much higher by nephelometry using N
Latex FLC kit than by turbidimetry using Freelite assay, although there was no significant dif-
ference between the two methods when measuring fLLC in CSF.

To get some insight into the possible reasons of differences among the methods used, we
analysed standards used in the individual assays by the in-house ELISA method. Optical densi-
ties of the standards diluted to similar fLC concentrations differed substantially, especially in
the case of fKLC standards. For more details see the S2 Fig.

Correlation between fLC quotient and albumin quotient

In the group of patients with negative o-fKLC test (<2 CSF-restricted fKLC bands, n = 87), a
clear correlation could be seen between fKLC quotient and albumin quotient (r = 0.6028, 95%
CI0.4491-0.7218, P<0.0001), while the absence of such a correlation was obvious in the CSF
o-fKLC positive group (n = 70, r = -0.1322, 95% CI -0.3561-0.1060, P = 0.2752). Also, the pres-
ence of the correlation between fLLC quotient and albumin quotient in the o-fLLC negative
group (n =109, r = 0.5171, 95% CI 0.3645-0.6427, P<0.0001) and the absence of this correla-
tion in the o-fLLC positive group (n = 49, r = -0.04943, 95% CI = -0.3261-0.2350, P = 0.7359)
was obvious (S3 Fig).

ROC curves for the prediction of a positive o-fLC test

ROC curves for the prediction of a positive CSF-restricted o-fLC test showed AUCs >0.9
except for fKLC index using ELISA BioVendor assay and fLLC index using all the three
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Fig 1. CSF/Serum quotients of fKLC and fLLC determined by methods (A)-(E).
doi:10.1371/journal.pone.0166556.9001
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ELISAs employed with AUCs 0.87 in all these four cases. There was no significant difference
in the AUCs between CSF concentrations, CSF/Serum quotients or indices. When the cut-off
for CSF-restricted o-fKLC bands was raised to >6 bands as in our previous studies [37, 39], all
AUC:s for CSF fKLC, fKLC quotient as well as fKLC index were >0.95. For the Freelite method
on SPAp us, calculated cut-off values were >0.78 mg/L for CSF fKLC, >43.19 - 10° for fKLC
quotient and >6.07 for fKLC index, i. e. similar to those found in our preliminary study [39].
However, we feel that while searching for optimal cut-offs may be important for diagnostic
purposes, the canonical definition of >2 CSF-restricted oligoclonal bands is rather appropriate
for a methodical study. The optimal cut-off values calculated by the ROC curve analysis dif-
fered substantially among the methods (Table 1).

Further, the ROC curves for the Freelite™ method on SPAp; s were compared pairwise
with the ROC curves for all the other methods. The AUCs were significantly larger for the
Freelite” method on SPAp; ys than for in-house ELISA using either monoclonal or polyclonal
fLC standard only in the case of fLLC CSF concentration and quotient.

ROC curves for the prediction of MS or inflammatory neurological
disease diagnoses

Concerning the diagnostic performance of quantitative fLC data in the context of MS or
inflammatory neurological disease (IND) diagnoses, fKLC AUCs were significantly larger than
those of fLLC. Especially in the context of MS diagnosis, the use of f{LC indices was shown to
be superior to CSF concentrations or even CSF/Serum quotients. No significant difference
between the diagnostic performance of the best quantitative fKLC measures, o-fKLC and o-
IgG was revealed (Fig 2). Using the classical criterion of >2 CSF-restricted oligoclonal bands,
sensitivities and specificities for MS were 85.7 and 88.4% for 0-1gG, 92.9 and 72.6% for o-
fKLC, and 64.3 and 84.2% for o-fLLC. For the diagnosis of IND, sensitivities and specificities
were 62.5 and 93.3% for o0-IgG, 77.1 and 85.3% for o-fKLC and 62.5 and 93.3% for o-fLLC.
The optimal cut-off values of the quantitative tests calculated from the ROC curves again dif-
tered among methods (S2 and S3 Tables).

Table 1. Cut-offs for predicting positive o-fLC test (>2 CSF-restricted bands) suggested by receiver operating characteristic curve analysis.

Free kappa light chains n (o-fKLC+/ o-fKLC-) CSFfKLC (mg/l) | fKLC quotient (-10°) fKLC index

Freelite™ on SPAp ys 70/89 (70/87 for fKLC quotient and index) >0.54 (82.9; 97.8)

N Latex FLC™ on BN ProSpec 20/29 >0.417 (85.0; 100)
ELISA (BioVendor) 22/16 >0.025 (90.9; 87.5)

ELISA (in-house, monoclonal standards) | 49/84 (46/82 for fKLC quotient and index) | >0.216 (87.8; 90.5)
ELISA (in-house, Freelite™ standards) 56/85 >0.340 (85.7; 94.1)

Free lambda light chains
Freelite™ on SPAp s

n (o-fLLC+/o0-fLLC-)
49/110 (49/109 for fLLC quotient and index)

CSFfLLC (mg/l)
>0.30 (98.0; 91.8)

N Latex FLC™ on BN ProSpec 15/33 >0.368 (93.3; 87.9)
ELISA (BioVendor) 17/21 >0.039 (94.1; 90.5)

ELISA (in-house, monoclonal standards) 40/102 >0.358 (87.5; 91.2)
ELISA (in-house, Freelite™ standards) 40/102 >0.272 (92.5; 85.3)

>30.61 (84.3; 98.9)
>17.60 (90.0; 96.6)
>9.09 (81.8; 93.8)
>19.18 (89.1; 95.1)
>17.48 (89.3; 96.5)

fLLC quotient (.10°)

>36.31 (91.8;99.1)
>16.92 (100; 90.9)
>7.38 (82.4; 95.2)
>22.05 (77.5; 96.1)
>21.11 (80.0; 92.2)

>3.25 (90.0; 82.8)
>3.21 (80.0; 100)
>1.20 (77.3;87.5)
>2.75 (84.8; 96.3)
>2.17 (89.3; 89.4)
fLLC index
>6.68 (79.6; 97.3)
>3.82 (86.7; 100)
>0.92 (82.4;80)
>3.03(75.0; 91.2)
>2.88 (77.5; 90.2)

n, number of positive/negative cases; o-, oligoclonal; fKLC, free kappa light chains; fLLC, free lambda light chains. Sensitivity and specificity obtained by
receiver operating characteristic analysis are given in parentheses. All areas under the curve were above 0.9 except for fKLC index using BioVendor ELISA
and fLLC index using BioVendor ELISA as well as in-house ELISAs (all these areas under the curve were 0.87). At pairwise comparison of other assays
against the Freelite™ assay, in-house ELISAs for CSF fLLC and fLLC quotient performed somewhat worse (P = 0.0167-0.0434); all other differences

between the areas under the curve were not significant (P > 0.05).

doi:10.1371/journal.pone.0166556.t1001
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Fig 2. ROC curves in the context of MS and IND diagnoses. a. MS versus non-MS b. Inflammatory
neurological diseases versus non-inflammatory neurological diseases and symptomatic controls a. 26 MS
and 91 non-MS patients were compared. AUCs for 0-1gG, o-fKLC, o-fLLC, CSF fKLC, Q fKLC and fKLC index were
0.911, 0.907, 0.813, 0.850, 0.857 and 0.903, respectively. Significant differences were found between o-lgG and o-
fLLC (P = 0.0035), o-fKLC and o-fLLC (P = 0.0075), fKLC index and Q fKLC (P = 0.0031), o-fKLC and CSF fKLC

(P =0.0201), o-fKLC and Q fKLC (P = 0.0219), fKLC index and CSF fKLC (P = 0.0347). Differences between o-1gG
and Q fKLC (P = 0.0477), o-IgG and CSF fKLC (P = 0.0700), and fKLC index and o-fLLC (P = 0.0474) were of
borderline significance. Other differences were not significant. b. 46 inflammatory neurological diseases (IND) and
71 non-inflammatory neurological diseases and symptomatic controls (NIND) patients were compared. AUCs for
o- 1gG, o-fKLC, o-fLLC, CSF fKLC, Q fKLC and fKLC index were 0.798, 0.840, 0.783, 0.838, 0.825 and 0.840,
respectively. Although the AUCs for o-fKLC and fKLC index are slightly larger than for o-IgG, the only significant
difference was observed between o-fKLC and o-fLLC (P = 0.0299). Quantitative measurements by the method (A)
(Freelite™on SPAp, ys) were considered for these comparisons.

doi:10.1371/journal.pone.0166556.g002

fKLC/fLLC ratios in CSF and sera

In the absence of intrathecal fLC synthesis, CSF fKLC/fLLC ratios were slightly lower than the
corresponding serum ratios. This result was consistent in all 5 used methods. Thus CSF/Serum
quotient of these ratios [(CSF fKLC/fLLC)/(Serum fKLC/fLLC)] was slightly below 1 and the
value of 1.0 corresponded approximately to the 75th percentile (Fig 3). About half of MS and
CIS patients have a profoundly increased CSF fKLC/fLLC ratio normalised to serum fKLC/
fLLC ratio as discussed above (Fig 4).

Discussion

Can CSF/Serum fLC quotients be regarded as method-independent
values?

According to Reiber [42], CSF/Serum immunoglobulin quotients are method-independent val-
ues, provided that the concentrations in both fluids are measured within the same run on the
same calibration curve. Nevertheless, despite good overall correlation of the data, we observed
considerable differences between fLC quotient values, implying that different and method-spe-
cific cut-offs have to be used for the assessment of intrathecal synthesis. We conclude that given
current analytical possibilities, quotient method-independence does not apply for fLC.

Relationship between Q fLC and Q Albumin

We confirmed our earlier observations [39] that for both fKLC and fLLC there is a clear corre-
lation between fLC quotient and albumin quotient values in cases with a negative o-fLC test.
Conversely, no such a correlation was observed in cases with CSF-restricted o-fLC bands. This
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Fig 3. Ratio (CSF fKLC/fLLC)/(Serum fKLC/fLLC) in patients without CSF-restricted o-fLC bands, using the
methods (A)—(E). CSF, cerebrospinal fluid; fLC, free light chains; fKLC, free kappa light chains; fLLC, free lambda
light chains. (A), Freelite™ assay on the SPAp| s analyser; (B) N Latex FLC™ assay on BN ProSpec analyser; (C)
commercially available ELISA (BioVendor); (D), in-house ELISA using monoclonal standards (Bethyl Laboratories);
(E), in-house ELISA using Freelite™ standards.

doi:10.1371/journal.pone.0166556.g003

demonstrates that compared to the intrathecal fraction, the relative amount of serum-derived
fLC fraction in the CSF becomes negligible, which is in line with the recent study of Presslauer
et al. [8] where fKLC intrathecal fraction was close to 100% in most MS patients. This probably
accounts for the fact that simple CSF fLC concentration has similar diagnostic sensitivity and
specificity as quotients and indices, although we still recommend the use of the latter because
false positive results of CSF fLC may occur in cases of very high serum fLC concentrations (e.g.
in patients with paraproteinaemia or systemic inflammation). The relationship between fLC
quotient and albumin quotient appears to be non-linear and the intrathecal synthesis could be
calculated using either inverted Reiber’s hyperbole, as we proposed recently [39], or the power
function proposed by Presslauer et al. [7, 8]. We demonstrated that almost all values lie above
the line of equality, as expected for the CSF/Serum quotient of a smaller molecule plotted on the
ordinate and that of a larger molecule plotted on the abscissa [43]. The shape of the curve dis-
playing the non-linear relationship is also consistent with the theoretical expectations. However,
more patients with negative o-fLC results, especially those with severe blood-CSF barrier distur-
bance, should be examined so that reliable parameters of these equations could be calculated.

fKLC/fLLC ratios in CSF and sera

Besides CSF/Serum quotient, also fKLC/fLLC ratio can be calculated from the data. Since this
ratio is used in serum as an aid in diagnosing and monitoring patients with monoclonal gam-
mopathies, it might be interesting to detect a skewed distribution of f{LC in CSF.
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Fig 4. Ratio (CSF fKLC/fLLC)/(Serum fKLC/fLLC) in individual diagnosis groups, using the Freelite™
method on SPAp ys. 1, multiple sclerosis; 2, clinically isolated syndrome; 3, other inflammatory neurological
diseases; 4, non-inflammatory neurological diseases; 5, symptomatic controls; 9, uncertain/unknown diagnosis. It
can be seen that about a half of multiple sclerosis and clinically isolated syndrome patients have an increased CSF/
Serum quotient of fKLC/fLLC ratios compared to symptomatic controls.

doi:10.1371/journal.pone.0166556.9004

Our results are in accordance with older studies that showed substantially higher CSF fLLC
than fKLC concentrations in the control groups [19, 21] but theoretically unexpected. fKLC
are assumed to circulate predominantly as monomers, while fLLC as dimers. Hence, fKLC
monomers with a lower molecular weight (22.5 kDa) should diffuse into the CSF more easily
than fLLC dimers (45 kDa) and, consequently, the values above 1.0 should be obtained. The
discrepancy between expected and real data suggests that either there is a general methodologi-
cal problem in fLC analyses or that there might be a more complex monomer/dimer/oligomer
fLC balance than it is currently percieved. Another explanation includes the presence of other
physiological factors hindering fKLC or facilitating fLLC diffusion from blood into the CSF.
Monomer/dimer patterns of fLC were studied in serum as well as in the CSF [33, 44, 45] and
although these tests seem to be too complicated to be introduced into clinical routine, in fur-
ther research studies they should complement quantitative determinations of f{LC in order to
solve this interesting question.

Since the intrathecal fLLC synthesis is usually accompanied by the fKLC synthesis, it may
seem logical to drop fLLC studies and perform only fKLC tests. However, from the immuno-
logical point of view, the analysis of both fLC might be useful as widely different fLLC values
were seen in MS patients by our group [39] as well as by the others [3,4]. It is plausible to sug-
gest that the fKLC/fLLC ratio may provide important additional information on the intrathe-
cal humoral immune response and might even be of prognostic significance. The skewed CSF
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fKLC/fLLC ratio may be the result of receptor editing/receptor revision [46, 47] that has
already been described as occurring within the CNS of MS patients [48].

Choosing the method: Practical considerations

Each method as well as each analyser has its own limits and advantages. Finally, we chose the
Freelite turbidimetric assay on SPAp; ys analyser, which is economic and user-friendly; manual
dilution of the CSF sample is rarely required for fKLC and almost never for fLLC. Neverthe-
less, ELISA based assays might be better applicable in some laboratories worldwide where
access to automated instruments is limited. In addition, diluted CSF is used in our in-house
ELISA assay, which leads to a much lower amount of sample required for the analysis.
Although the sample volume in the automatised assays is low (SPAp; ys requires 15 pl for
fKLC and 6.5 pl for fLLC analysis, i.e. 21.5 pl for both measurements, while 50 pl-i.e. 100 ul for
both measurements-were required for the analysis on BN ProSpec), we have to add the dead
volume that is slightly above 100 pl in both cases. Nephelometric method on BN ProSpec (with
either Freelite or N Latex FLC) might be best suited for scientific purposes. Besides having
marginally better sensitivity for fKLC (about 0.05 mg/L versus 0.1 mg/L on the SPAp; s
instrument), in consequent dilutions it strives to achieve a signal in the sample that is close to
the middle of the calibration curve where the measurement can be expected to be most precise.
On the other hand, this results in a high consumption of reagents for samples with high CSF
fLC concentrations, which is a major drawback of this method.

Limits of the study

We are aware of several weaknesses of our study. First, it was impossible to perform all tests on
every sample, mainly due to insufficient amounts of CSFs and/or sera needed for the assays.
Testing by the N Latex FLC method on BN ProSpec had to be interrupted prematurely because
of quality control failure regarding a new lot of reagents that was unfortunately only discov-
ered after thawing a proportion of samples. Simultaneously performing in-house ELISA meth-
ods with monoclonal and polyclonal (Freelite™) standards, we found out there were rare cases
when one sample showed a signal higher than that of the highest standard in one method, but
within the calibration range in the other method. However, the analysis could not be repeated
in higher dilution either due to insufficient amount of sample or for logistic reasons.

Second, although theoretically sound, the assumption that the detection of CSF-restricted
oligoclonal immunoglobulin or fLC bands represents a gold standard to prove intrathecal syn-
thesis, against which quantitative measures should be compared, was only sufficiently vali-
dated for IgG. The negative result of oligoclonal IgG detection is often used as a reference
method for detecting the absence of intrathecal humoral immune reaction, but it was shown
that o-fLC could sometimes be detected in the absence of 0-IgG, especially in other inflamma-
tory CNS diseases rather than MS [16, 37]. Therefore, we tried to validate CSF fLC quantita-
tion against o-fLC detection as the reference method. However, unlike for IgG, the amounts of
fLC in paired CSF and sera are not matched in the o-fLC assays published so far (including
that of ours). Instead, neat CSF and arbitrary diluted serum (1/100) are used. This approach
seems more appropriate than the dilution of serum and CSF to the same IgG concentration
used in several older studies [11, 12, 16] because fLC have a smaller molecular weight and
therefore a considerably larger serum fraction passes into the CSF. In patients with severe
blood-CSF-barrier disturbance, however, systemic o-fLC response might still be falsely
detected as intrathecal if serum fLC concentrations are not elevated. In our experience, how-
ever, systemic o-fLC response is detected much less frequently than systemic 0-IgG response.
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Conclusions

In spite of considerable proportional as well as systematic differences between various quanti-
tative fLC assays compared in this study, no major differences were observed regarding the
prediction of a positive o-fLC test or the diagnostic performance in the context of inflamma-
tory nervous system disease diagnosis. The performance of o-fKLC as well as quantitative
fKLC tests is comparable to that of 0-IgG, but not superior. In the context of MS diagnosis, o-
IgG seems to be more specific than fKLC tests. We therefore conclude that it is too early to rec-
ommend abandoning the 0-IgG test as suggested in some recent reports [3, 8] until more data
have been gathered from various laboratories and different fKLC assay methods have been
used. The diagnostic performance of qualitative as well as quantitative fLLC tests is inferior to
that of 0-IgG and fKLC tests, but enormous variability in the CSF fLLC concentration
observed among individual MS patients warrants further studies including prospective evalua-
tion of the possible significance of intrathecal fLLC synthesis in MS. Besides, the fKLC/{LLC
ratio in normal CSFs seems to be lower than theoretically expected, based on the postulated
predominance of circulating fKLC monomers and fLLC dimers and on the Reiber’s blood-
CSF barrier diffusion theory [49], which remains to be elucidated.

Supporting Information

S1 Fig. Oligoclonal fKLC (left) and fLLC (right) detected by isoelectric focusing followed
by affinity-mediated immunoblotting. ST2 and ST0.2, fKLC and fLLC standards (2.0 and 0.2
mg/L, i.e. 15 and 1.5 ng) as positive controls; F, IgG preparation (Flebogamma, 500 mg/L) as a
negative control; C1+S1, C2 + S2: CIS (case 1 subsequently converted into definite MS). Both
CSF samples are positive for fKLC, while only the second sample is positive for f{LLC. CSF
fKLC concentrations were 5.09 and 1.74 mg/L, while CSF fLLC concentrations 0.10 and 1.06
mg/L, respectively.C3 + S3: myelitis of unknown aetiology (diagnosis group 3); both fKLC and
fLLC OCBs can be seen in the CSF. CSF concentration of fKLC was 2.02 mg/L and that of
fLLC 1.37 mg/L.At control 7 months later, no fLC bands were seen and the CSF fLC concen-
trations fell to normal (CSF fKLC 0.12 mg/L, CSF fLLC 0.18 mg/L). Control sample was not
included in the analysis.C4 + S4: cryptogenic oculomotor mononeuropathy (diagnosis group
4); normal CSF, negative result of both o-fKLC and o-fLLC (CSF fKLC 0.14 mg/L, CSF fLLC
0.24 mg/l) Anode is at the top.

(GIF)

$2 Fig. Standards of methods (A)-(D) analysed by the in-house ELISA method.Calibrators
of methods (A)-(D) together with Freelite®) calibrators for serum assays (Catalogue Numbers
LKO016.S and LK018.S, respectively, marked A (S) in the figure legend) were diluted to similar
fLC concentrations and analyzed by in-house ELISA (D). Please note that method (E) used the
same calibrator as method (A). Dilution curves were compared. Optical densities (OD) were
very similar for both Freelite®) calibrators. Otherwise, however, there were considerable dif-
ferences among the calibrators, especially for fKLC.

(PDF)

S3 Fig. Relationship between fLC quotient and albumin quotient. A clear correlation can be
seen between fLC quotients and albumin quotients in the group of o-fLC negative samples,
whereas no such correlation is observed when there is intrathecal f{LC synthesis.

(TIFF)

S1 File. Comparison of CSF and serum fLC concentrations measured by methods (A)—(E)
and CSF/Serum fLC quotients by means of Passing and Bablok regression and Spearman’s
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correlation coefficient. Table A. Comparison of CSF fLC concentrations measured by
methods (A)—(E) by means of Passing and Bablok regression and Spearman s correlation
coefficient. (A), Freelite™ assay on the SPApy s analyser; (B) N Latex FLC™ assay on BN Pro-
Spec analyser; (C) commercially available ELISA (BioVendor); (D), in-house ELISA using
monoclonal standards (Bethyl Laboratories); (E), in-house ELISA using Freelite™ standards;
fLC, free light chains; fKLC, free kappa light chains; fLLC, free lambda light chains; CI, confi-
dence interval Table B. Comparison of serum fLC concentrations measured by methods
(A)—(E) by means of Passing and Bablok regression and Spearman s correlation coeffi-
cient. (A), Freelite™ assay on the SPAp; ys analyser; (B) N Latex FLC™ assay on BN ProSpec
analyser; (C) commercially available ELISA (BioVendor); (D), in-house ELISA using mono-
clonal standards (Bethyl Laboratories); (E), in-house ELISA using Freelite™ standards; fLC,
free light chains; fKLC, free kappa light chains; fLLC, free lambda light chains; CI, confidence
interval Table C. Comparison of CSF/Serum fLC quotients by means of Passing and Bablok
regression and Spearman s correlation coefficient.(A), Freelite™ assay on the SPAp; 5 analy-
ser; (B) N Latex FLC™ assay on BN ProSpec analyser; (C) commercially available ELISA (Bio-
Vendor); (D), in-house ELISA using monoclonal standards (Bethyl Laboratories); (E), in-
house ELISA using Freelite™ standards; fLC, free light chains; fKLC, free kappa light chains;
fLLC, free lambda light chains; CI, confidence interval

(ZIP)

S2 File. CSF and serum fLC concentrations and CSF/Serum fLC quotients. Method com-
parison (scatter diagrams). A. CSF fKLC (mg/L) B. Serum fKLC (mg/L) C. CSF fLLC (mg/
L) D. Serum fLLC (mg/L) E. Q fKLC (- 10%) F. Q fLLC (- 10) CSF, cerebrospinal fluid; fLC,
free light chains; fKLC, free kappa light chains; fLLC, free lambda light chains; Q, CSF/Serum
quotient. (A), Freelite™ assay on the SPAp; s analyser; (B) N Latex FLC™ assay on BN ProSpec
analyser; (C) commercially available ELISA (BioVendor); (D), in-house ELISA using mono-
clonal standards (Bethyl Laboratories); (E), in-house ELISA using Freelite™ standards

(ZIP)

$3 File. Bland-Altman plots. A. CSF fKLC (mg/L) B. Serum fKLC (mg/L) C. CSF fLLC
(mg/L) D. Serum fLLC (mg/L) E. Q fKLC (- 10?) F. Q fLLC (- 10”) CSF, cerebrospinal fluid;
fLC, free light chains; fKLC, free kappa light chains; fLLC, free lambda light chains; Q, CSF/
Serum quotient. (A), Freelite™ assay on the SPAp; ys analyser; (B) N Latex FLC™ assay on BN
ProSpec analyser; (C) commercially available ELISA (BioVendor); (D), in-house ELISA using
monoclonal standards (Bethyl Laboratories); (E), in-house ELISA using Freelite™ standards.
(ZIP)

S1 Table. Results of 0-IgG, o-fKLC and o-fLLC tests (>2 CSF-restricted bands). a. accord-
ing to the diagnosis group b. according to MS and IND status MS, multiple sclerosis; CIS,
clinically isolated syndrome; OIND, other (than MS) inflammatory neurological diseases;

NIND, non-inflammatory neurological diseases; IND, inflammatory neurological diseases.
(RTF)

S2 Table. Cut-offs in the context of multiple sclerosis diagnosis. a. Free kappa light chains
b. Free lambda light chains MS, multiple sclerosis; non-MS, other diagnoses than multiple
sclerosis or clinically isolated syndrome It should be noted that the number of samples exam-
ined by the N Latex FLC™ and BioVendor ELISA is too small to permit definitive conclusions
regarding the performance of these tests in the context of MS diagnosis.* The second best cut-
off value in case the calculated cut-off resulted in <50% sensitivity or specificity that was con-
sidered as unacceptable.

(RTF)
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$3 Table. Cut-offs in the context of inflammatory neurological disease diagnosis. a. Free
kappa light chains b. Free lambda light chains IND, inflammatory neurological diseases;
NIND, non-inflammatory neurological diseases and controls * The second best cut-off value
in case the calculated cut-off resulted in <50% sensitivity or specificity that was considered as
unacceptable. ** The second best cut-off value in case the calculated cut-off resulted in <50%
specificity that was considered as unacceptable.

(RTF)
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ABSTRACT

Background: Free light chains, type kappa (FLC-K), in cerebrospinal fluid (CSF) were compared to oligoclonal
1gG in many studies for sensitive detection of immune reactions in brain. The missing consensus about CSF data
interpretation prevents reliable conclusions. This can be overcome by a theory-based hyperbolic reference range
in CSF/serum quotient diagrams.

Methods: Mean Quotients for FLC-K, Qgappa, and albumin, QAlb, of grouped, biochemically defined controls
(N = 433) are fitted with the hyperbolic function Qgappa(mean) = a/b (QAIb? + b*)®® — ¢ by a generally ap-
plicable procedure excluding outliers.

Results: With Qgappa(mean), the coefficient of variation CV (22.5%) and the reference range (Qgappa(mean) = 3
CV) we got the discrimination line Qgappa(lim) = (3.27(QAIb? + 33)°°-8.2) X102 in a FLC-K Reibergram.
Intrathecal FLC-K was found in 8% of another control group without OCB (N = 388) but was missed in 7% of
patients with definite Multiple sclerosis (N = 95). In MS the mean intrathecal fraction was threefold larger for
FLC-K (95%) compared to total IgG (36%). Similar mean quantities of intrathecal FLC-K contradict an im-
munological conversion between a Clinically isolated syndrome and MS.

Discussion: The hyperbolic reference range is superior to linear FLC-K Index (10 to 15% false negatives) and
exponential curves (30% false positive interpretations for controls) in the analytical range of MS data, with
excellent data fit for up to ten-fold larger QAlb values. Dynamics of the small molecule FLC-K contribute to the
understanding of molecular size dependent barrier functions.

1. Introduction

Multiple sclerosis of up to 98% [4]. But this gold standard for the
sensitive detection of intrathecal IgG [5] lacks specificity and represents

1.1. Laboratory supported diagnosis of inflammatory neurological diseases

The diagnosis of inflammatory neurological diseases [1,2] is based
on the detection of an intrathecal humoral immune response. The
qualitative analysis of oligoclonal IgG [2,3] is so far the most sensitive
method, which allows the detection of an intrathecal IgG fraction as
small as 0.5% of the total CSF IgG [3] and has a diagnostic sensitivity in

in the routine laboratory a notoriously capricious method: The de-
manding isoelectric focusing is not easily automated and needs in-
dividual, experienced interpretation, based on method-related criteria
[5].

The quantitative protein analysis in CSF, like the detection of in-
trathecal total IgG, IgA and IgM, can provide by the combined analysis
specific, disease-related data patterns [1,6] but is far less sensitive. The

Abbreviations: CIS, Clinically isolated syndrome; CV, Interindividual coefficient of variation; FLC-K, free light chain kappa; FLC-L, free light chain lambda; IgGig,
intrathecal fraction of total IgG; IgGy,., locally, intrathecal synthesized total IgG; Ixappa, FLC-K Index; Ky, intrathecal fraction of FLC-K; Ky, locally, intrathecal
synthesized FLC-K; OCB, Oligoclonal IgG bands; Qgappa, CSF/serum concentration quotient of FLC-K; QAlb, CSF/serum concentration quotient of albumin;
Qcappa(Lim), upper limit of the reference range; Qappa(mean), mean of the reference range; Qgappa(low), lower border of the reference range
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still frequently used IgG Index has a very restricted reliability due to its
false positive and false negative interpretations [6].

1.2. Development of free light chain analysis

With the development of fully automated nephelometric or turbi-
dimetric protein analysis the kappa type of free light chains (FLC-K) in
CSF (Ref. in [7,8]) gained new interest [9]. FLC-K, which circulates in
blood and CSF predominantly as a monomer (22.5kDa), gained more
diagnostic relevance in neurology compared to its immunological
partner, the predominantly dimeric lambda type of the free light chains
(FLC-L) [8].

Many studies report a promising high sensitivity of FLC-K analysis
for detection of an intrathecal humoral immune response, in particular
in MS, but suffer from a missing consensus for a reference range of the
normal blood-derived protein fraction in CSF. The common deficit in
most of these investigations is their restricted data base, which does not
include blood-CSF barrier dysfunctions that exceed a QAIb of
25 x 1073,

There are mainly three groups of approaches:

A) Interpretations of the absolute FLC-K concentration in CSF with cut-
off values between 0.4 mg/1 [7,10], 0.5mg/1 [7,11] and 0.61 mg/1
[12] ignore a large inter-individual variation for age, FLC-K blood
concentration and blood CSF barrier function [3].

Interpretations of the CSF/serum FLC-K quotient, Qgappa, refer to the

albumin CSF/serum concentration quotient, QAlb. This Index takes

into account the variations by the individual barrier function. The

proposed cut-off values of Ixappa = Qxappa/QAlb vary between 3.6

[13], 5.9 [14], 6.07 [11], and 12 [7]. In addition to these huge

discrepancies without any consensus, the use of a linear fit (Index)

for the control groups ignores the nonlinearity of the relation be-
tween two blood-derived molecules of different size, e.g., QIgG/

QAIb [15]. Therefore the FLC-K Index creates again the same pro-

blems with false negative and false positive interpretations as shown

for total IgG [6].

C) A third group of studies suggests nonlinear curve fits for the re-
ference range, eventually with a mathematical function. In this
group with the most sophisticated approach we find concepts based
on the physiological and biophysical knowledge [15-17], albeit
insufficiently applied [9,11] but also arbitrary solutions without a
physiological rational [14,18].

B

(7

1.3. Targets of the investigation

The empirical data of free light chain kappa were grouped for small
QAIb intervals [15] and the mean values of these groups were fitted
with a hyperbolic function, based on the empirically and theoretically
founded concept [15,17]. With the curve for Qgappa(mean) and the
mean of the CV-values we create the FLC-K quotient diagram (Reiber-
gram) to compare the sensitivity of intrathecal FLC-K, OCB, linear Index
and nonlinear reference ranges published so far. Based on the hyper-
bolic reference range we calculate the absolute amount of intrathecal
FLC-K synthesis or the relative fraction of total FLC-K concentrations in
CSF. This allows to compare the intrathecal immunological response of
FLC-K and total IgG. This concept provides also a quantitative criterion
for comparison of the immune reaction in patients with a Clinically
isolated syndrome (CIS) and definite MS.
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This study is primarily focused on the development of the empiri-
cally and theoretically correct reference range for FLC-K analysis and
the possible pathophysiological and clinical applications. The answer to
the question whether OCB can be replaced by FLC-K analysis in general,
or in a restricted spectrum of diseases, is left to the reevaluation of the
many earlier more clinically oriented studies.

2. Methods
2.1. Control patients

Controls had to fulfill the following set of biochemical data: No
intrathecal IgG, IgA and IgM (Ig;z < 0) [1,3], no oligoclonal IgG in CSF,
normal cell counts in CSF (lymphocytes < 5/ul), no blood contamina-
tion and lactate in CSF < 2.5 mmol/l. The detection limit in the FLC-K
assay for CSF should be 0.04mg/l1 to allow the calculation of
a reliable quotient, i.e., samples with concentrations reported as
CSFxappa < 0.1 mg/1 were omitted from interpretations.

2.2. Ethics approval

The original studies have been approved by the local Ethics
Committee, Faculty of Medicine, University of Ostrava, Ostrava, Czech
Republic (Ref. No. 319/2014 and Ref. No. 400/2017). The general
approval of the local ethics committee, Kantonsspital Aarau,
Switzerland was obtained for the use of anonymized routine left-over
samples for method development, validation or quality control.

2.3. Sources of data

This retrospective study uses data sets of the routine analysis from
two independent laboratories with different methods (Table 1).
All samples were analyzed fresh in the routine laboratory or
retrospective from frozen samples to avoid a preanalytical bias. Possible
instabilities could cause lowered concentrations preferentially of
serum samples.

Table 1

Definition of analytical groups.
Group N Control/disease Method Reagent
la 353 No outliers BN Prospec nephelometer ~ Siemens
1b 256 Including outliers Latex kits
2a 170 No outliers SPAplus turbidimeter Freelite
2b 132  Including outliers Binding Site
3a 11 No outliers 1+2) 1+2)
3b 30 including outliers 1+2) 1+2)
4MS 45 Multiple sclerosis SPAplus turbidimeter Freelite
5CIS 50 Clin. isolated syndrome Binding Site

1 = Bernasconi/Mundwiler group, 2 = Zeman/Ku$nierovd group. 3 = All
extreme data, 3a for QAlb=1.6-22x10"° (N=11) and 3b
QAIb = 20-128 x 10~ 2 (N = 30), no oligoclonal IgG, combined from the
analytical groups la and 2a. 4 = Definitive MS at time of puncture, 5 = CIS
patients with a later diagnosis of definite MS. Group 4 and 5 are diagnosed by
the group 2.
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1. Data from the Bernasconi/Mundwiler laboratory
From a set of N = 599 patient data, received in the routine la-
boratory consecutively between 2011 and 2017, we obtained a se-
lection of N = 367 biochemically defined controls or N = 353
qualified controls after elimination of outliers (control group 1a in
Table 1). This group was divided into subgroups with QAIb intervals
of N = 20 (Table 2). Control group 1b in Table 1 contains subse-
quently analyzed control data in the routine laboratory 2017-2018,
including FLC-K outliers (N = 256 patients [19]).

. Data from the Zeman/Kusnierova laboratory are compiled from
several studies published earlier [8,11] resulting in N = 170 quali-
fied controls without outliers (group 2a). Control group 2b (Table 1)
were subsequently analyzed control data in the routine laboratory,
including FLC-K outliers (N = 132).

3. Group 3 (Table 1) contains control patients with extreme, patholo-
gically increased QAlb values, collected together with groups 1a and
2a. These data were not used in the statistical evaluation (Table 2)
and possible outliers were not eliminated.

. Group 4 (Table 1) definitive Multiple sclerosis at time of first
puncture.

. Group 5, Clinical isolated syndrome (CIS) which was later diagnosed
as MS.

Group 4 and 5 were analyzed and diagnosed by the Zeman/
Kus$nierové laboratory [7,10].

2.4. Qualified control groups

The total groups of biochemically defined controls were divided into
equal subgroups of about N = 20 patients (N = 11-17 patients in group
2a) for the smallest possible QAlb intervals (Table 2). After calculation
of preliminary medians, means, standard deviations (SD) and the mean
coefficients of variation (CV = SD/mean X 100 [%]), the outliers
(> Qgappa(mean) = 3 x CV) were excluded from the subgroups. By
iteration of this process we established the final mean/median and
mean CV values (Table 2).

Table 2
Evaluation of the FLC-K data set for controls without outliers (Siemens assay,
group la, total N = 353).

N Qanp - 10° Qappa * 10°

Range Mean Med Mean Med SD CV %
17 2.0-2.99 2.57 2.53 7.4 7.3 2.24 30
20 3.0-3.6 3.35 3.36 8.5 7.8 1.9 23
21 3.6-4.05 3.79 3.74 8.9 8.2 1.8 20
24 4.1-4.47 4.30 4.29 9.75 9.4 2.23 23
21 4.5-4.8 4.65 4.65 9.58 9.1 1.5 16
20 4.8-5.2 4.99 4.95 11.2 10.5 2.57 23
23 5.2-5.6 5.41 5.40 11.7 11.4 2.48 21
30 5.7-6.2 5.86 5.84 11.8 11.1 2.95 25
23 6.2-6.8 6.47 6.42 13.6 13.2 3.26 24
25 6.8-7.2 6.98 7.0 13.7 13.1 3.7 27
27 7.2-7.9 7.5 7.46 14.63 13.6 3.9 27
27 7.9-8.6 8.21 8.13 14.8 14.2 3.2 22
24 8.7-9.8 9.26 9.31 17.0 16.5 2.84 17
25 9.9-11.9 10.7 10.6 19.3 19.4 3.04 16
18 12-14.8 13.6 13.85 23.0 22.2 5.4 23
8 17.1-19.3 18.4 18.9 30.0 31.5 8.7) (27.6)

Mean 22.5

Data are evaluated as a grouped statistics method for mean and median quo-
tient values, the standard deviation, SD X 10%, and the interindividual coeffi-
cient of variation (CV = SD/Qmean x 100 in %). Data in parenthesis are not
integrated in the calculation of mean CV.
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2.5. Analytical methods

2.5.1. Albumin, IgG, IgA, IgM

Proteins were analyzed by nephelometry (Laboratories 1 and 2:
Siemens reagents, BN ProSpec, Siemens Healthcare Diagnostics
Products GmbH, Marburg, Germany).

2.5.2. Oligoclonal bands

OCB's were detected by isoelectric focusing in agarose gels and
immunofixation (Laboratories 1 and 2: Hydragel 9 CSF isofocusing,
Sebia). Two extra bands in CSF compared to serum (OCB = 2) were the
interpretation criteria for intrathecal oligoclonal IgG synthesis.

2.5.3. FLC-K analysis

Groups 1a, b. The nephelometric N Latex FLC kappa Siemens Assay
uses the same calibration curve (range 0.034-1.09 mg/1) for CSF and
serum samples, but modifies the default dilutions correspondingly (in-
itially undiluted for CSF and 1: 100 for serum). The analyzer auto-
matically dilutes CSF samples (1:5, 1:20, etc) in order to keep the
measured values in the reliable range of the calibration curve.

Groups 2a,b. The SPAp;ys turbidimetric analyzer, using Freelite™
kits (The Binding Site Ltd.) was described [8]. A common six-point
calibration curve is used for CSF and serum samples. Lowest and
highest standards are approximately 0.40 mg/1 and 18.0 mg/1 with a
calibration curve including the origin (0 mg/1). CSF is analyzed un-
diluted or manually re-diluted 1:10. Serum analysis is performed at
1:10 dilution or reanalyzed after automatic dilution by the instrument.

This turbidimetric method (laboratory 2) has concentration-depen-
dent inaccuracies with a tendency to false high quotients. QAlb va-
lues < 6 x 1072 (group 2a) have not been used for the data set in
Fig. 1. Few procedural changes could improve this method: A better
choice of the sample dilutions in the assay to match CSF and serum
concentration location on the calibration curve and a better control of
the calibration curve to ensure acceptable recovery for a serially diluted
sample.

2.6. Data fitting with a hyperbolic function

Concentration quotients (Q) of blood-derived proteins in CSF are
characterized in quotient diagrams with reference to the albumin
quotient, QAIlb, by the general hyperbolic function [15]:

Q = a/b [QAIb? + b2|°5—¢ 8]

The meaning of the parameters a, b, ¢ for this mathematical function
are shown in Fig. 1. These parameters depend on the size of the mo-
lecule [15].

2.7. Manual fitting procedure for the Qmean curve

The asymptote y = a/b x - ¢ (Fig. 1) is determined preliminary as an
approximation to the slope of the empirical curve in the range of largest
QAIb values. In the range of low concentrations of x (x — 0) we can
estimate the value of (a-c) (Fig. 1) and calculate the value of a with ¢
from the asymptote. These preliminary parameter values yielded a
preliminary hyperbolic curve (like Fig. 1) with the function
Qappa(mean) corresponding to Eq. (1). By iteration of this process for
different values of the parameters a, b, c the best fitting function for the
Qmean curve of FLC-K, can be found with the method of least squares,
but using relative concentration differences, [(Qmeasured - Qtheor)/
Qmeasured]. This is needed to take the increasing standard deviation
with increasing QAlb (Fig. 1) into account.
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Fig. 1. Fitting procedure for the hyperbolic function. The squares represent
means from grouped controls without outliers, (groups 1a in Table 2, part of the
values of group 2a, s. methods and group 3a, total N = 433). Preliminary values
for the parameters a-c and the slope of the asymptote s = a/b were used for the
iteration procedure with the function Qgappa = a/b[QAIb? + b*]°®- ¢, to find
the best fitting parameters a,b,c with a particular least square calculation
(methods).The theoretically defined limit of the hyperbolic function is reached
at QKappa = 0.5 or QAlb = 256 x 10~ 2 (Table 3).
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2.8. Construction of the complete reference range

With the mean CV value (Table 2) and the definition of the re-
ference range as Qmean *+ 3CV the complete curves for the upper limit
(Qlim) and the lower border (Qlow) of the reference range (Table 3 in
Results) could be established. This is shown in a linear diagram in Fig. 2
in Results.

3. Results
3.1. Hyperbolic function of the mean FLC-K reference curve, Qxgppa(mean)

The mean values of FL-K quotients, Qyapps, from the subgroups
of controls are shown in Fig. 1 with the best fit for a hyperbolic
function.

Qxappa (mean) = 1.95 [QAIb? + 5.74%]%5-4.85 (x1073) [®)

characterized by the ordinate interval of a-c = 6.35 x 10~ and the
asymptote y = 1,95 x — 4,85 (Fig. 1 and Table 3). The grouped analysis
of the control group with the smallest values of QAIb in the range 1,66
to 2.3 x 10~ > shows that the slope of the mean curve is approaching
zero as expected for a hyperbolic function (Fig. 1). The normal
Qkappa(mean) (Eq. (2)) for a given normal QAIb value (e.g.,
QAlb=5x10"% can be calculated as Qkappa(mean) = 1.95
[5% + 33]%° -4,85(x10™3) = 10.0 x 10~ 2. This yields a normal ratio
of Qappa/QAlb of 2 to 1.

3.2. Reference range of Qgappa in the quotient diagram

The mean interindividual coefficient of variation (CV = SD/Qmean
% 100 in %) for Qgappa is CV = 22,5% (group 1a) and 21% (group 2a),
correspondingly.

The upper and lower border line of the reference range is calculated
with the confidence interval of Quean £ 3 CV or Qunean = 67.5%.
This range provides a maximal diagnostic specificity for the
detection of an intrathecal synthesis (connected with a lower
sensitivity) The corresponding functions are calculated for the upper
limit Qjm = Qmean X 1.675 and for the lower curve Qow =
Qmean X 0.325 (Table 3) and shown in Fig. 2 with linear axes.
Values above the reference range (Quean + 3 CV) are pathologic
with a probability of 99.5%. Values below Qlow may represent an
analytical fault.

Table 3
Parameters of hyperbolic functions, Qxappa = a/b [QAIb* + b*1°® ¢ (Fig. 1).
a-c a/b a [x10%] b2 [x10°] ¢ [x10%] QAIb (0.5) QAIb (1)
Qkappa (lim) 10,6 3.27 18.8 33 8.2 < 155 x 1073 308 x 1072
Qkappa(mean) 6,35 1.95 11.2 33 4.85 < 256 x 1072 515 x 1073
Qxappa (low) 2,54 0.78 4.48 33 2 < 643 x 1073 > 1000 x 1073

The functions are shown in FLC-K Reibergrams for the upper border line Qlim, the mean Qmean, and the lower border line Qlow in Fig. 2. The theoretical limit of the
valid range for the Qkappa functions in the QAIb quotient diagram is defined for Qgappa < < 0.5 = 500 x 103, As example for Qkappa(mean) = 500 x 1073 we get
for QAIb (0.5) = [(504,85/1.95)*~33]%° = 256 X 10™>. Qgappa = 1 is reached at a QAlb(1) with values calculated as approximation from the asymptote. Corre-

sponding calculations are performed for Qlim and Qlow.
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Fig. 2. Reference range of CSF/serum quotients, Qgappa, in a
quotient diagram with linear axis. Qlim and Qlow are calcu-
lated from Qmean = 3 CV (Table 3). Increasing standard de-
viations (SD) have a constant coefficient of variation,
CV = 22.5% (Table 2). The reference range includes 99% of
the controls. Data are accumulated from group la (Table 2),
group 2a and 3a (Total N = 433).
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The use of a double log plot for FLC-K analysis in Fig. 3, corre-
sponding to the Reibergrams for IgG, IgA and IgM [1,6], has also the
advantage to spread optically the range between Qay, = 2 x 10~ 2 and
Qab = 20 x 102 where the largest number of data from patients of
diagnostic interest (e.g., with Multiple sclerosis) are localized but also
provides a possible display of data up to values of QAlb =150 x 10~ 3.
The implemented Qean curve (dotted line) in Fig. 3 indicates the op-
tical asymmetry in the double log diagrams. The square symbols re-
present the ungrouped data set from Fig. 2, expanded with values from
patients with extremely increased QAlb (group 3 in Table 1). This
shows the reliability of the theoretically founded extension of the hy-
perbolic reference range beyond the statistically treated data groups in
Figs. 1 and 2.

The upper limit of the reference range, the diagnostically relevant
discrimination line is.

Quappa (1im) = 3.27 [Qa? + 33]°5-8.2 (x10?) 3

This function is valid in the QAIb range below 155 x 103
(Table 3). The diagnostic border line for QAlb values above 150 x 1073
is given in Discussion and Table 3.

An extrapolation to QAlb below 1.6 x 10~ 2 is not justified. The
ordinate interval (a-c) is influenced by the different molecular transfer
mechanisms into the ventricular CSF [17], which are not restricted to
diffusion, the precondition for a hyperbolic function.

3.3. Quantitation of intrathecal synthesis

With these functions according to Table 3 and the serum con-
centrations Skappa, We can calculate the locally, in brain synthesized
FLC-K fraction in CSF. The quantity is expressed, like for the im-
munoglobulins [5,12], either as the locally synthesized absolute
amount of FLC-K, Kj,., or the relative intrathecal fraction, K
(Fig. 3):

T
20
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1 5 10 x 107
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Fig. 3.FLC-K control data in a double logarithmic quotient diagram
(Reibergram). The hyperbolic functions (Table 3) are shown up to
QAIb = 150 x 10~ 3. The data from Fig. 2 are shown ungrouped and extended
by additional data for QALb above 20 x 102 (N = 30, group 3b in Table 1,
total N = 463). Qmean (dashed line) is shown to characterize the optical
asymmetry of Qmean in the double log diagram. The intrathecal fraction, IF, is
represented either with reference to Qlim for diagnostic purposes as a relative
fraction (Kjr in %) or with reference to Qmean for statistical purposes,
Kir(mean), eventually calculated as quantitative value Kj,.(mean) in mg/1.
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Fig. 4. Control group in the FLC-K Reibergram for comparison of different in-
terpretation concepts. Routine laboratory data from biochemically defined
controls without oligoclonal IgG, with normal IgG, IgA, IgM, normal cell count
and normal lactate (N = 256 patients, group 1b). The bold line represents the
hyperbolic Qlim curve (Table 3). 20/256 data pairs (8%) are outside the re-
ference range, i.e., false negative interpretations of samples with negative oli-
goclonal IgG. Examples of the linear Index, Ixappa = 5 (similar to [11,14]) and
Ikappa = 12 [7] show 15/20 or 20/20, respectively, false negative interpreta-
tions, compared to Qlim. The bold dash-dot line (expo) is the Qlim value of an
exponential function [20] with 77/256 = 30% false positive interpretations of
normal controls.

Kloc [Qkappa (tOtal) - Qkappa(lim)] X Skappa [mg/l] (4)

Kir = Kloc/CSFkappa X 100 or (1 — Qjim /Qkappa) X 100 [%] 5)

With K, = 0mg/1 and Kir = 0% at Qlim, the quantitative values
for the intrathecal synthesis represent the calculable minimal amount of
intrathecal FLC-K in CSF. In case of statistics for the comparison of
patient groups (Fig. 5) it is more relevant to refer Kj,. to Qmean (like IF
in Fig. 3): Kioc (mean) = [Qyappa(total) - Qappa (Mean)] X Syapp, in mg/
1. Examples are calculated in paragraph 3.6 for the data of the MS and
CIS patients in Fig. 5.

3.4. Sensitivity of FLC-K analysis in different interpretation methods

Fig. 4 shows subsequently analyzed controls in the routine labora-
tory without any selection. With Qgappa @above Qgappa(lim) in 20/256 or
8% of the patients (Fig. 4) the FLC-K analysis is more sensitive for an
intrathecal immune response compared to other basic CSF parameters,
in particular oligoclonal IgG, normal intrathecal IgG, IgA, IgM fractions,
cell count and lactate.

Fig. 4 shows also two examples of reported thresholds values of the
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Fig. 5. MS and CIS patient data in the FLC-K Reibergram.

Filled circles are Multiple sclerosis patients (N = 45) and open circles represent
Clinically isolated syndrome patients, later found as MS (N = 50). FLC-K ana-
lysis detects 93% of total 95 MS patients. For detailed comparison of quanti-
tative intrathecal synthesis in the CIS and MS groups see text. A corresponding
software for the evaluation of FLC-K in this quotient diagram is available as free
download [27].

linear Index (Ixappa = 5 and Ixappa = 12). Ixappa = 12 is including all
OCB negative controls, i.e. there are no false positive interpretations,
but compared to QKappa(lim), this Index Ix,ppa = 12 creates 20/256 or
8% false negative interpretations. The cut-off value Ix,ppa = 5 creates
14/256 = 6% false negative interpretations. This means, that the ap-
plication of the hyperbolic reference line instead of the Index cut-off
values would dramatically increase the sensitivity of FLC-K analysis
reported in earlier studies [7,10-14].

From the groups with molecular size dependent exponents of QAlb
[14,20,21] the best fitting function Qgappa(Lim) = 31,276 QAlb *-8°01
[18] is shown as dash - dot line (expo) in Fig. 4. The negative bent
border line creates 77/256 = 30%! false positive interpretations of
normal OCB negative controls in Fig. 4. The percentage of false positive
interpretations will be increasing for further increasing QAIb values.

The additional patients with extreme barrier dysfunctions, i.e., large
QAIb values up to 128 x 10~ 2 in Fig. 3, show the superiority of the
hyperbolic reference range over the other methods, which completely
fail to fit this range of data.

3.5. Diagnostic sensitivity: multiple sclerosis

The total group of patients with a definite MS (N = 95, 94% OCB in
CSF) is shown in Fig. 5 as filled and open circles. We find intrathecal
FLC-K in 93% of the patients with reference to the hyperbolic border
line, 90% with reference to Ixappa = 5, or 85% with reference to
Ixappa = 12 and 98% with reference to the exponential border line.
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These results mirror the methodological bias with a false low sensitivity
for the Index and a false high sensitivity for the exponential border line.
For a final judgement whether FLC-K can replace OCB in MS diagnosis
remains to be investigated with larger patient groups.

3.6. Multiple sclerosis and clinically isolated syndrome in FLC-K diagrams

The data of the patient groups 4 (MS) and 5 (CIS) are shown in the
FLC-K Reibergram in Fig. 5. At the time of first diagnostic CSF puncture
the definite MS cases presented in 10% with false negative interpreta-
tions and in 2% of the CIS group with later confirmed definite MS
with Qgappa below Qappa(lim). The quantitation of intrathecal
synthesis changes this first impression. Kj,.(mean) with reference to
Qkappa(mean) is calculated for each patient and subsequent the means
of the groups. The mean intrathecally synthesized amounts with
Kjoc(mean) = 3.3mg/l for the MS group is lower than the mean
Kjoc(mean) = 4.4 mg/1 for the CIS group. This result allows to conclude
that there is no tendency for a weaker immune response in CIS to
support a pathophysiological conversion from CIS to MS as stated by
several researchers [22,23]. The CIS group had the lowest
(Qkappa = 6 X 10~3) but also highest (Qkappa = 2700 X 10~3) quotient
values. These extremely high Qkappa quotients mirror the higher relative
intrathecal fractions, Kz, compared to the total IgG, IgG, with the
Qmean related values Kpp(mean) = 95% for FLC-K but only Ig-
Gr(mean) = 36% for total IgG. This means that in average 95% of the
CSF concentration of FLC-K is intrathecally synthesized compared to
36% of total IgG. This threefold larger relative intrathecal response of
FLC-K compared to total IgG is the reason why the quantitative FLC-K
analysis has a much better diagnostic sensitivity of 93% in the MS
group compared to the correspondingly poor sensitivity of total IgG
with about 70% [24].

4. Discussion
4.1. Reliability of the hyperbolic reference range

The method of grouped data analysis (Table 2) for a known curve
function is superior to a regression analysis of the total data cloud in a
scatter plot. From the data in the range of the lowest QAlb values in
Fig. 1 (mean QAIlb=2x 1073 range QAIb=1.66 x 10™2 to
2.3 x 10 ) we learn that the slope of the curve Qkappa (mean) is ap-
proaching zero as expected for a hyperbolic curve. These data are not
biased by the sensitivity of the method as only those values were in-
cluded for which the serum values and corresponding CSF values were
high enough.

The extrapolation of the curves to QAlb values larger than in the
group of Table 2 and Fig. 1 is justified by the theory-based concept
[15,17] and gains plausibility by higher QAIb values up to QAIb
=128 x 10~ 2 in Fig. 3. These concentration ranges, which are 10-fold
the concentrations of the average quotients from MS patients, are
barely considered in the many studies with other interpretation con-
cepts [7,10-14,20-23]. But this would have been crucial to see the
general reliability of the reference line in the individual model.

Table 4
Analytical sensitivity of FLC-K compared with oligoclonal IgG (group 2b in
Table 1).

Total 2 Bds 3 Bds 4-24 Bds
OCB + 116 7 8 101
FLCK + 110 3 6 101

From the subsequent analysis of 320 patients in the routine laboratory with
total 116 OCB positive CSF samples (OCB=2 Bds) we get the described fre-
quencies of 2 to 24 bands. Of the CSF samples neg for OCB, 7/204 had a single
band of which 3 had an intrathecal FLC-K synthesis. 26/204 cases without in-
trathecal IgG synthesis had = 2 oligoclonal FLC-K bands in CSF [8].
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4.2. Biophysically defined validity ranges of Qgappa(lim)

The hyperbolic reference range in CSF/serum quotient diagrams
was discovered empirically [25] and later confirmed with a larger set of
immunoglobulin data combined with the theoretical derivation of the
hyperbolic function from the laws of diffusion [15]. The concept was
applied to several different blood-derived proteins in CSF [16]. The free
light chain type kappa (22.5 kDa) is the first molecule smaller than the
reference albumin (64 kDa) to be investigated with this concept. The
basic difference comes with the faster diffusion of FLC-K than albumin.
The FLC-K concentration in CSF reaches the blood concentration
(Qkappa = 1) before albumin reaches the equilibrium (QAIb =1).
Therefore, we need to describe eventually the complete Qlim curve, i.e.
also for values of Qgappa > 0.5. For this purpose we have to remember
that for the derivation of the hyperbolic function [15] from the diffu-
sion equation we need a trigonometric series to get an approximation
for the mathematical solution of this differential equation. Depending
on the concentration range of the diffusing molecule there are two
complementary trigonometric series. In the usual range of the low
concentrations in CSF this is the error function complement, erfc
[15,17]. At high concentrations, i.e., at Qgappa > 0.5 or 500 X 1073
we have to use mathematically the alternative trigonometric function
(error function, erf [15,17], i.e., we get an inverted hyperbolic function
in the quotient diagram which, like a sigmoid curve, approaches to
Qkappa = 1 at QAIb = 308 x 103, This is shown explicitely in [17].

According to Table 3 we reach Qgappa(lim)=0.5 at a
QAIb = 155 x 103, the limit for the validity of the hyperbolic func-
tion Qlim in Eq. (3).

For the rare cases with QAlb above 150 x 102 instead of the in-
verted hyperbolic function we can use simpler approximations. In the
range QAlb =150 to 300 x 10°° we can use the asymptote
Qkappa = 3.27 X QAIb as upper reference line and for QAlb above
300 x 10~ any value of QKappa larger than 1 or 1000 X 10~ 3 must
be due to an intrathecal synthesis of FLC-K. The inaccuracy by this
approximation for the few rare cases is negligible compared to the
analytical imprecision.

4.3. Clinical relevance of FLC-K analysis

4.3.1. FLC-K analysis compared to oligoclonal IgG

The theoretically expected symmetrical distribution of data in the
reference range [15-17] is obviously fulfilled for FLC-K as shown in the
distribution of data around Qmean in Fig. 2. This allows to conclude
that the patients in Fig. 4 with Qgappa above Qgappa(lim) have a prob-
ability of > 99.5% to have an intrathecal FLC-K synthesis in spite of
absent oligoclonal IgG (OCB).

Any relevant comparison between the clinical relevance of OCB
versus FLC-K -analysis must consider two different aspects: The quality
of the OCB method and the particular disease (paragraph 4.3.2). In this
study (N = 388 OCB negative samples)) we find N = 31cases (8%) with
intrathecal FLC-K synthesis. The reference is a widespread used auto-
mated OCB method but we regarded two bands as positive oligoclonal
IgG in contrast to the common 3 bands in routine diagnosis. Table 4
shows the relevance of this decision for the frequency of intrathecal
FLC-K: 7/116 cases of our group 2b (Table 1) had only two bands which
would be missed in the cut off with = 3 bands. From these 7 cases with
2 bands only three cases had intrathecal FLC-K. But in the group of
negative oligoclonal IgG (N = 204), which included 7 cases with one
single OCB, we found with quantitative FLC-K analysis three patients
and with qualitative FLC-K analysis 26 patients with intrathecal FLC-K.

So, any figure about false negative results of OCB, like our 8%,
depends on several aspects of the quality and the interpretation of the
OCB method.

The second comparison for the clinical relevance of FLC-K analysis
is the diagnostic sensitivity for Multiple sclerosis. Our data for a small
MS group and CIS group in Fig. 5 have been introduced for the
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demonstration of the different results dependent on the interpretation
concept with false low values for the Index (85%) and false high values
for the exponential curve (98%) compared to the hyperbolic reference
range (93%). A second motivation for this presentation of a CIS and MS
group is the possibility to quantitate intrathecal synthesis for patho-
physiological interpretations. For a reliable figure for the diagnostic
sensitivity of FLC-K analysis we would need a larger cohort of MS pa-
tients and essentially an application for other diseases (s. 4.3.2).

4.3.2. Theoretical limits for quantitative FLC-K analysis

The analytical sensitivity of a quantitative method, with a statisti-
cally determined reference range, can't reach the analytical sensitivity
of qualitative method like the oligoclonal IgG analysis in CSF [3] with a
direct comparison in the individual patient.

1. The theoretical limits of diagnostic sensitivity for quantitative FLC-K
analysis can be calculated from the coefficient of variation, CV: A
healthy patient at the lower border of the reference range
Qiappa(low) (Fig. 2) may have to synthesize in brain additional
135% (6 x SD in Fig. 2) of its original FLC-K concentration in CSF to
reach significantly Qgappa(lim). It would need still more to generate
a detectable intrathecal synthesis of FLC-K with a value above
Qkappa(lim). This is in contrast to the qualitative detection of OCB in
IEF, which can detect under optimal conditions already 0.5% in-
trathecal IgG in the total CSF IgG [3].

. In Multiple sclerosis patients this theoretical limitation is compen-
sated by a relatively high intrathecal FLC-K fraction in CSF
(Kip(mean) = 95%, paragraph 3.6). But there are other diseases
with a less prominent IgG class response, like neuroborreliosis
[20,26] with dominant intrathecal IgM class response in a two to
three class pattern or neurotuberculosis with a dominant intrathecal
IgA class response in a one to two class pattern [1,6]. The in-
vestigations of the clinical sensitivity of the intrathecal FLC-K re-
sponse have to consider the relation of OCB to FLC-K in different
diseases. Of course, both, OCB as well as FLC-K analysis, may be less
relevant with respect to the most specific and most sensitive para-
meter(s), like the specific borrelia antibody Index [26].

4.3.3. Comparison of different interpretation methods of FLC-K data in CSF

Among all published attempts to define a limit between normal and
pathologically increased FLC-K concentration in CSF the absolute con-
centration of FLC-K is the worst choice [7,10-12]. First, normal CSF
concentrations depend directly on the serum concentration which
varies more than + 100% (serum concentrations of FLC-K vary between
6 and 100 mg/1 with a median of 12.9mg/1). Second, this approach
ignores the influence of the age on the blood CSF barrier function [3].
In group 1la we find 50% increase of QAIb between 30 and 70 years of
age. Third, the largest increase of the blood-derived FLC-K concentra-
tions in CSF comes with the up to 100-fold increasing concentration by
blood-CSF barrier dysfunctions [1,3,6].

The most frequent concept uses a linear Index, Ixappa = Qxappa/
QAIDb. Fig. 4 shows two examples of reported thresholds values of the
linear Index (Ixappa = 5 and Ixappa = 12). Together with the data from
MS analysis in Fig. 5 we can conclude that the Index related inter-
pretations produce 8% false negative controls as well as 15% false ne-
gative MS interpretations. This means, that the sensitivity of FLC-K
analysis with reference to the hyperbolic function is higher than re-
ported in earlier Index studies [7,10-14].

Among the groups with nonlinear functions for the reference range
those groups with molecular size dependent exponents of QAlb (e.g.,
QAIb% for IgG [18] and QAIb®®%7 [14,21] or QAIb®E%! [20] for
FLC-K) showed the worst empirical results with 30%! false positive
interpretations of normal controls in Fig. 4. As a consequence of the
obviously much to low border lines [14,21] the studies get a much to
high FLC-K sensitivity (e.g.98% for the detection of an intrathecal im-
mune response in MS in Fig. 5). In addition to the questionable
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empirical data fit the biophysical concept [18] is wrong. The molecular
size dependence comes with the diffusion not with the CSF flow related
change of QAlb. This approach is also not compatible with the phy-
siological and pathophysiological data [15-17].

As a summary, these data from Fig. 4 show that compared to the
hyperbolic reference range including 99% of the normal FLC-K controls,
the Index values come along with underestimated sensitivity while the
exponential approaches make as many as 30% of the controls to a false
pathological case and may pretend to have a higher sensitivity of the
FLC-K analysis.

Former publications that calculated sensitivity and specificity and
compared with oligoclonal IgG in Multiple sclerosis or other diseases
should reevaluated with our new approach. A free software for the
evaluation and graphical presentation of FLC-K data in quotient dia-
grams is available [27].

4.3.4. Relevance for diagnosis and laboratory practice

The hyperbolic reference range in the FLC-K analysis avoids the
false positive and false negative interpretations of the other methods
reported and provides a reference range valid also for very high al-
bumin quotients, i.e. in patients with the severest blood CSF barrier
dysfunctions. With the possibility to calculate the intrathecally syn-
thesized amounts of FLC-K the new reference functions provide also
pathophysiological information.

For diagnosis of Multiple sclerosis the quantitative FLC-K analysis
has a reasonably high sensitivity (93%), but could fail in other diseases
with a less intense intrathecal immune response, where the theoreti-
cally founded advantage of the qualitative method over the quantitative
method counts.

The quantitative FLC-K analysis has the advantage, compared to the
sophisticated qualitative OCB method, that it can be easily performed in
each laboratory with an equipment for protein analysis, considering the
different qualities of the commercial assays (s. Methods). So, the la-
boratories without OCB analysis could gain a basic improvement in
their analytical performance with FLC-K analysis. In the laboratory with
OCB analysis the FLC-K detection could be complementary for cases
with ambiguous interpretations presenting with 1-3 bands.

Our study, which is focused on the development of the reference
range for FLC-K analysis, can't conclude whether FLC-K analysis could
replace the more capricious OCB analysis. We would like to see a re-
evaluation of the former studies with larger cohorts of MS cases with
the new concept to avoid false positive and false negative interpreta-
tions.

Principally, like for IgG, also for the FLC-K analysis in CSF the
qualitative detection of specific oligoclonal FLC-K bands after iso-
electric focusing [8,28] could be a more sensitive method than the
quantitative FLC-K analysis (s. legend to Table 4). But this would again
create the problems with the capricious isoelectric focusing.

4.4. Free light chains and the blood-CSF barrier function

The molecular size dependent passage of molecules between blood
and brain or CSF is mirrored by the mathematical function for the re-
ference range in quotient diagrams [15,17], in particular by the slope of
the asymptote s = a/b of the hyperbolic curve (Fig. 1). In the quotient
diagrams with reference to QAlb the molecules larger than albumin
have a slope for Qmean of s < 1 (IgG s = 0.65, IgA and CEA s = 0.47,
IgM s = 0.33 [9]), but for molecules smaller than albumin we find the
slope exceeding 1, e.g., s = 1.95 for FLC-K (Fig. 1 and Table 3). For the
hyperbolic function of FLC lambda (FLC-L) we get a slope of about
s = 1.2 (unpublished results of D. Zeman et al.). This means that FLC- K
passes the barrier primarily as the smaller, monomeric molecule
(22.5kDa), compared to the primarily dimeric FLC-L (45kDa) with a
slope approaching to 1.0 like the value found e.g., for the transthyretin/
retinol binding protein complex (54 + 21 kDa) with s = 1 [16].

As a consequence, the normal ratio of Kappa/Lambda free light
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chain concentrations in CSF must be different from the normal relation
in blood, due to the slower passage of the dimeric FLC-Lambda through
the barrier and a subsequently lower concentration in CSF compared to
the smaller monomeric molecule FLC-K. The ratio of monomeric to
dimeric FLC-K reported from SDS PAGE electrophoresis with western
blot detection [29] may not reflect the real relation that is present in
physiological solutions, i.e., in blood and CSF.

4.5. Pathophysiology of MS and CIS

Several authors [21-23] investigated FLC-K analysis as a biomarker
to prognose a conversion [22] of the Clinically isolated syndrome, CIS,
into Multiple sclerosis, MS. The Qmean related statistical evaluation of
the FLC-K intrathecal synthesis with Eq. (4) (free software available at
www.albaum.it [27]) detects no differences in immune response be-
tween CIS and MS: There is no smaller mean amount of intrathecal
FLC-K synthesis in CIS (Kj(mean) = 4.4mg/l) compared to MS
(Kjoc(mean) = 3.3 mg/1) which could support a conversion between CIS
and MS. This idea of CIS as an early pathologically defined phase in the
course of the disease may derive from insensitive methods or from the
false interpretation of an analytical parameter. A study which declares
intrathecal IgM synthesis to be a risk factor for conversion of CIS to MS
[30], simply ignores that only 50% of the MS patients have an in-
trathecal IgM synthesis at all and that the isotype specific B cells im-
migrate in the individual MS patient as an arbitrary combination with
locally different antibody specificities [31]. From our earlier in-
vestigations on juvenile MS [4] we also learned that already at the
earliest time in the course of the disease we find the complete set of
immune reactions, including the M-,R-,Z-antibody reaction [32]. There
has never been shown a direct conversion e.g. from an acute dis-
seminated encephalomyelitis, ADEM, without MRZ antibodies [4] to a
chronic form, i.e., to MS with the typical polyspecific immune response
[32].

5. Perspectives

The question in the editorial of D Zeman [33] about the relevance of
oligoclonal IgG detection when FLC-K analysis is available cannot be
answered as long as the nonlinear interpretation scheme described here
has not been applied to larger patient cohorts with varying diseases. It
is mandatory to use the concept of complete disease-related data pat-
terns [1], as well as disease-specific parameters and to consider the
context of the differential diagnostic questions to further establish the
clinical relevance of FLC-K analysis. The fashionable search for the
ONE, disease-specific marker molecule and the data evaluations with
linear regression lines and linear reference ranges may fit the common
preference for linear cause and consequence models but keeps missing
the understanding of chronic diseases [34]. For this behavior we find a
very simple and clear comment from the Austrian naturalist and artist
Friedensreich Hundertwasser: “The straight line is a crime”.
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Oligoclonal free light chains in cerebrospinal fluid as markers of intrathecal
inflammation. Comparison with oligoclonal IgG

David Zeman®*<, Pavel Hradilek®, Pavlina Kusnierova®, Radim Piza®, Katarina Reguliova®, lvana Woznicova®,
Olga Zapletalova®

Aims. To compare the sensitivity and specificity of CSF-restricted oligoclonal IgG and free light chains as markers of
multiple sclerosis and other inflammatory neurological diseases.

Methods. 196 paired CSF and serum samples were examined for oligoclonal IgG and oligoclonal free light chains. The
sensitivity and specificity of the tests were calculated and optimal cut-offs for the number of CSF-restricted oligoclonal
bands were then determined by analysis of receiver operating characteristic curves.

Results. Optimal cut-off values were >5 IgG bands for multiple sclerosis, >4 1gG bands for inflammatory neurologi-
cal disease, =6 free k, and >2 free A bands for both purposes. Using these cut-off values, sensitivities and specificities
for multiple sclerosis were 83.8% and 91.3% for IgG, 83.8% and 81.0% for free K, and 67.6% and 75.4% for free A. For
inflammatory neurological disease, sensitivities and specificities were 60.8% and 95.7% for 1gG, 69.6% and 92.6% for
free k, and 64.8% and 86.2% for free A.

Conclusions. Although exact cut-off values may vary according to method, reporting borderline results as positive,
may compromise the specificity of the test and should be avoided.. The detection of intrathecal free light chain syn-
thesis may be of value especially when the oligoclonal IgG test is negative or borderline, even though its specificity
is slightly lower.
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INTRODUCTION in MS (ref.”®) and human imunodeficiency virus type
l-infected patients’®. Lolli et al. studied o-fLC by means

Intrathecal synthesis of IgG as well as free light chains  of the classical blotting technique; they found o-fLC less
(fLC) are detectable in the majority of patients with mul-  frequently than o-IgG (ref.!°). Vakaet and Thompson used
tiple sclerosis (MS) and less frequently in other, mostly  polyacrylamide gel electrophoresis followed by immunob-
inflammatory, nervous system diseases'?. Little informa-  lotting and also found o-fLC less frequently than o-IgG
tion is available however that compares these tests and the  in MS (ref.!"") and other inflammatory nervous system
existing results are somewhat conflicting. diseases'?.

In their seminal paper on oligoclonal free light chains Positivity criteria for the o-fLC test are not well
(o-fLC), Sindic and Laterre reported a method of af- established. Usually, >2 cerebrospinal fluid (CSF)-
finity-mediated immunoblotting (AIB) after isoelectric  restricted oligoclonal bands (OCB) are required for
focusing (IEF) and they found that CSF-restricted free k.  0-IgG (ref.'>!3). However, some authors use different
light chains can occur even in the absence of oligoclonal  criteria for o-IgG positivity. Mayringer et al." reported
IgG (0-IgG) in MS (ref.?). This was later confirmed by 3 bands, which were found to be an optimum cut-off in
the same group, showing o-free k bands in 18 out of 33  the context of MS diagnosis in a recent large study®.
o-IgG negative patients who presented isolated symptoms  Wurster reported 2 or 3 bands to be a “borderline” find-
suggestive of MS (ref.*). Lamers et al. reported o-free  ing and used 4 bands as a cut-off value for definitely pos-
k in most samples with CSF-restricted o-IgG and only itive samples'®. On the other hand, only 1 CSF-restricted
rarely in those without®. Similar results were reported  band was considered sufficient for o-IgG positivity in
by Krakauer et al.® using classical passive blotting but  another recent study'.
prolonged incubation (overnight) with anti-fLC antisera. We therefore decided to analyze o-IgG as well as o-
These authors found o-free A to be both less sensitive and  fLC in various disease groups and to compare the sen-
less specific for MS than o-free k which was at variance  sitivity and specificity of individual tests for MS and
with the earlier reports of Bracco et al.” and Gallo et  inflammatory nervous system diseases (IND) diagnosis
al.3® of o-free A being more frequent than o-free k both  in general.
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MATERIALS AND METHODS

The study was approved by Ostrava University
Hospital Ethics Committee (reference number 615/2011).
All patients underwent lumbar puncture (LP) for diag-
nostic purposes; o-IgG test was always requested by the
clinician. All gave written informed consent for the use
of the surplus of biological material for research purpos-
es. We examined a total of 196 paired CSF and serum
samples for 0-IgG and o-fLC. Subsequently, neurologists
were asked to provide a diagnosis and samples were then
divided into the following groups:

Group I - Multiple sclerosis (MS) at the time of lum-
bar puncture (n=28): mainly patients with relapsing-remit-
ting MS (n=21); only 5 patients had primary progressive
MS and 2 patients secondary progressive MS;

Group II - Clinically isolated syndrome (CIS) (n=42):
we simplified the classification of Miller et al.’® and
grouped patients with at least one asymptomatic MRI
lesion versus those without;

Group III - CNS infectious diseases (n=13): neu-
roborreliosis (n=3), varicella zoster virus (VZV) infec-
tion (n=2), aseptic meningitis/meningoencephalitis of
unknown aetiology (n=4), and 1 case each of sepsis com-
plicated by meningitis, enteroviral meningitis, herpes sim-
plex encephalitis, and tick-borne encephalitis;

Group IV - Other inflammatory CNS diseases (n=9):
CNS vasculitis (n=2), idiopathic recurrent myelitis (n=2),
and 1 case each of neuromyelitis optica, paraneoplastic
cerebellitis, limbic encephalitis, Tolosa-Hunt syndrome,
and chorioretinitis;

Group V - Immune-mediated neuropathies (IMN)
(n=10): 4 cases of acute and 4 cases of chronic inflam-
matory demyelinating polyneuropathy, 1 case of acute
motor axonal neuropathy and 1 case of polyneuropathy
associated with trace amounts of IgM kappa paraprotein
and anti-ganglioside IgM reactivity;

Group VI - Non-inflammatory nervous system dis-
eases (NIND) (n=79): included a very wide and het-
erogeneous spectrum of diagnoses; more frequent were
non-inflammatory (mostly diabetic) polyneuropathy
(n=9), discarthrosis, spinal canal stenosis and/or radicu-
lopathy (n=6), CNS tumors (n=5), vertigo (n=5), isch-
aemic stroke (n=4), idiopathic facial nerve palsy (n=3),
motor neuron disease (n=3), dementia (n=3), and mi-
graine (n=3);

Group VII - No evidence of organic neurological
disorder (control group, n=15): these patients presented
mainly with mild mood disorders and/or psychosomatic
problems.

For the analysis of the diagnostic value of CSF-
restricted OCB tests, an MS group was created of patients
fulfilling criteria for definite MS at the time of lumbar
puncture (n=28) plus patients presenting CIS who devel-
oped definite MS during the follow-up (n=9). The non-MS
group consisted of patients in groups III, IV, V, VI and
VII. Groups I, II, III, IV and V were considered inflam-
matory neurological diseases (IND), whereas groups VI
and VII were considered “non-inflammatory“.
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Most patients were not treated by any immunomodula-
tory agents. However, we identified 30 patients who had
received such treatment either at the time of the LP or
less than six months prior to it: 7 patients in group I, 9
patients in group II, 2 patients in group III, 4 patients in
group IV, 7 patients in group VI and 1 patient in group
VII. One patient in the MS group was treated with na-
talizumab. Five patients were treated with intravenous
methylprednisolone (IVMP) at the time of LP (first infu-
sion at least one day before LP) and another five patients
received IVMP 2-4 months prior to LP (two of them were
still given low-dose oral steroids at the time of the LP).
Another three patients were on low-dose oral steroids (in
one case in combination with oral azathioprine). These
treatments were given for MS or CIS-related symptoms.
Another MS patient, suffering from type 1 diabetes with
organ complications, received mycophenolate mofetil
after previous renal/pancreas transplant, and one CIS
patient received infliximab because of psoriasis. One pa-
tient with neuroborreliosis had been treated with intra-
venous dexamethasone several days prior to LP because
of radicular syndrome, and a patient with VZV-infection
had received oral steroids for facial palsy. A patient with
neuromyelitis optica had been treated with oral methyl-
prednisolone and azathioprine and had received a series
of plasma exchanges one month prior to LP. One pa-
tient with idiopathic recurrent myelitis received IVMP
and both patients with CNS vasculitis received low-dose
oral steroids. In the NIND group, two patients had been
treated with interferon alfa-2a because of polycythaemia
vera (one had received intravenous dexamethasone two
weeks prior to the LP); two patients with suspected optic
neuritis were treated with IVMP (final diagnoses were
nasopharyngeal carcinoma with propagation into the orbit
in one case and acute hypertonic neuroretinopathy in the
other case), one patient received intravenous dexametha-
sone for radicular syndrome and two patients received
low dose oral methylprednisolone in combination with
sulfasalazine for rheumatoid arthritis and unspecified ar-
thralgias, respectively. One patient in the control group
too, had been treated with oral methylprednisolone be-
cause of suspected central limb monoparesis and mini-
mal non-specific MRI changes (the final diagnosis was
somatoform disorder).

In the exceptional cases of repeated lumbar punctures,
the results of the first sample were used. Heavily blood-
contaminated CSFs were not used for the purpose of this
study. Microscopic blood contamination was allowed,
since no false positive results of the qualitative tests were
expected.

CSF and sera were kept at 2-8 °C for up to one week
for o-IgG test, and up to three weeks for o-fLC test.
Repeated analyses of several samples showed consistent
results during this time period. Samples were not frozen
before OCB analysis.

o-IgG was detected by means of IEF followed by im-
munofixation using a commercial kit on Hydrasys in-
strument (Sebia, Evry Cedex, France, Cat. No. 4355).
Standard amounts of IgG were applied. o-fLC were ana-
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lyzed in undiluted CSFs and paired sera diluted 1/100 by
IEF focusing followed by AIB as originally described by
Sindic and Laterre® and slightly modified by us'. This
method combines the advantages of the previously de-
scribed techniques of AIB (ref.?), glutaraldehyde fixa-
tion?!, biotin-(strept)avidin amplification?? and alkaline
phosphatase detection®® to obtain maximum sensitivity.
The only difference to our previous report consisted in the
prolongation of the incubation time with biotinylated an-
tibodies against free k and free A light chains to 105 min,
which improved the detection limit for free A up to 0.75
ng of monoclonal free A protein. 0-IgGk and o-IgGA bands
were analyzed as described', but the amount of applied
IgG was reduced to 12 ng. For logistic reasons and/or due
to the shortage of antibodies, only 79 samples could be
analyzed for the o-IgGk/IgGA pattern. The patient group
described in this study included none of samples reported
in our previous paper.

The results were classified as negative or positive
based on the conventional criterion of >2 CSF-restricted
OCB for positivity. Classification into types 1-5 according
to the international consensus for o-IgG (ref.?**5) was also
performed but for the sake of simplicity is not reported
in this paper. CSF-restricted bands were counted and if
faint bands only were observed, this was noted. Analysis
of receiver operating characteristic (ROC) curves was un-
dertaken to find optimal cut-off values for the number of
CSF-restricted OCB.

The predominance of free k or A bands was assessed
on the basis of visual comparison of the blots, taking into
account both the number and intensity of CSF restricted
bands. However, at least twice as many bands of one type,
compared to the other, were required for judging the pre-
dominance of one light chain type.

Statistical analysis was performed using MedCalc
software version 11.4.4 (Frank Schoonjans, Belgium).
Binomial exact confidence intervals were calculated
for individual areas under the curve and the method of
DeLong et al.?® was used to calculate the difference be-
tween two areas under the curve. Chi squared tests were
used for categorical data.

RESULTS

Table 1 shows the proportions of samples positive for
o-IgG, o-free k and o-free A in groups I-VII, using conven-
tional criterion of at least 2 CSF-restricted OCB. The
presence of o-IgG correlated with the presence of o-free
k as well as o-free A (chi-square test, P<0.0001). Also, the
presence of both o-fLC correlated with each other (chi-
square test, P<0.0001).

Subdividing CIS patients according to Miller et al.'®
showed that the intrathecal humoral immune response
strongly correlated with the MRI findings (chi-square test,
P=0.0081 for o-IgG, P<0.0001 for o-free k and P=0.0002
for o-free A). Only 2/6 patients without at least one as-
ymptomatic MRI lesion displayed CSF-restricted o-IgG
(only two bands in both cases), and none displayed CSF-
restricted o-fLC bands. In contrast, 32/36 patients with
at least one asymptomatic MRI lesion displayed CSF-
restricted o-IgG, 33 o-free k, and 30 o-free A light chain
bands. Nine CIS patients progressed to definite MS dur-
ing the study. All of these patients had multiple MRI le-
sions, in 8 cases, CSF-restricted o-IgG as well as o-fLC
(both o-free k and o-free A in 7 cases and o-free k only in
the remaining case) and 1 patient was OCB-negative in
all tests. In CNS infectious diseases, o-fLC were positive

Table 1. Proportion of patients positive for o-IgG, o-free k and o-free A in individual disease groups, using conventional criterion
of >2 CSF-restricted bands.

Group o-lgG ofree k  ofreeA Atleast 1 out  Atleast 1 of Both fLC All tests posi-
of the 3 tests  both fLC tests tive
I (MS; n=28) 23 24 18 25 24 18 17
(82.1%) (85.7%) (64.3%) (89.3%) (85.7%) (64.3%) (60.7%)
II (CIS; n=42) 34 33 30 36 34 29 28
(81.0%) (78.6%) (71.4%) (85.7%) (81.0%) (69.0%) (66.7%)
III (CNS infections; n=13) 4 11 9 12 12 8 3
(30.7%) (84.6%) (69.2%) (92.3%) (92.3%) (61.5%) (23.1%)
IV (OIND:; n=9) 5 7 6 7 7 8 5
(55.6%) (77.8%) (66.7%) (77.8%) (77.8%) (88.9%) (55.6%)
V (IMN; n=10) 1 5 3 6 5 3 0
(10.0%) (50.0%) (30.0%) (60.0%) (50.0%) (30.0%) (0%)
VI (NIND; n=79) 10 18 13 23 21 10 5
(12.7%)  (22.8%) (16.5%) (29.1%) (26.6%) (12.7%) (6.3%)
VII (control group; n=15) 1 3 0 3 3 0 0
(6.7%)  (20.0%) (0%) (20.0%) (20.0%) (0%) (0%)
Total (n=196) 78 101 79 112 106 76 58
(39.8%) (51.5%) (40.3%) (57.1%) (54.1%) (38.7%) (29.6%)

MS, multiple sclerosis; CIS, clinically isolated syndrome; OIND, other inflammatory CNS diseases; IMN, immune-mediated neuropathies; NIND,

non-inflammatory nervous system diseases
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more frequently than o-IgG. The only o-fLC negative case
of a patient with VZV ganglionitis was also negative for
o-IgG, but pleocytosis and elevated anti-VZV antibody
index were found.

For group IV, all OCB tests were negative in both pa-
tients with idiopatic myelitis. One case of CNS vasculitis
was borderline positive for o-free k, while other OCB tests
were negative. In the other case of CNS vasculitis, all
three OCB tests were positive, as in patients with para-
neoplastic cerebellitis, neuromyelitis optica, Tolosa-Hunt
syndrome, and chorioretinitis. In the case of limbic en-
cephalitis, both o-fLC tests were positive but the o-IgG
test was negative. 9 out of 10 cases of immune-mediated
neuropathy (group V) were negative for CSF-restricted
IgG bands, whereas 2 CSF-restricted IgG bands were
found in the remaining case. Nevertheless, 5 cases were
positive for CSF-restricted o-free k and 3 cases also for
o-free A bands.

Within the NIND group, findings in 5 patients with
CNS tumors are worth mentioning in detail. In 3/5 cases,
CSF cytology was positive for atypical/malignant cells
(highly atypical lymphocytes in 2 cases of the B-CLL and
unspecified malignant cells in the case of malignant men-
ingeal infiltration of unknown primary source), whereas
only mild lymphocytic pleocytosis was present in the
other 2 cases (1 case each of primary CNS lymphoma
and glioblastoma). 3 cases were positive for o-IgG and all
cases were positive for o-free k and 3 for o-free A. An exam-
ple of OCB findings in one patient of this group is shown
in Fig. 1. Other positive cases in the NIND group com-

prised a wide range of other diagnoses: ischaemic stroke
and vestibular syndrome in two cases each and epilepsy,
dementia, idiopathic facial palsy, ocular myositis, myas-
thenia gravis, vertigo, cervicocranial syndrome, cervical
myelopathy, spinal stenosis, intervertebral disc herniation
with radiculopathy, ischaemic mononeuropathy, toxic/dia-
betic polyneuropathy, fibromyalgias, headache in patient
with monoclonal gammopathy of undetermined signifi-
cance, tetany, mood disorder and somatoform disorder
in one case each). Those cases without proven etiological
diagnosis (i.e. with only symptom-related diagnoses) had
features atypical for CIS, normal brain CT and/or MRI
and no evidence of an infectious cause.

Analysis of samples positive for CSF-restricted o-fLC
showed k fLC predominance in more than half of the
cases (62 out of 106 o-fLC positive cases, i.e. 58.5%),
whereas free A predominance was rarely found (9 out of
106 cases, i.e. 8.5%). Free k/A light chain predominance
correlated well with the predominance of k/A light chains
in IgG (chi-square test, P<0.0001), although IgGxk pre-
dominance was found somewhat less frequently than that
of free k (13 out of 32 positive cases, i.e. 40.6%).

Although there were similar frequencies of o-IgG and
o-free k positivity in groups I and II, o-free k were positive
more frequently than o-IgG not only in the other “inflam-
matory“ groups III, IV and V, but also in the “non-inflam-
matory“ groups VI and VII. This finding led us to search
for an optimal criterion for positivity of individual tests.

Fig. 2 shows fewer CSF-restricted bands in patients in
NIND and control groups than in IND patients. We there-
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Fig. 1. Pronounced intrathecal IgG and fLC synthesis in the case of malignant meningeal infiltration.

C, cerebrospinal fluid; S, serum; F, Flebogamma (intravenous IgG preparation - negative control); (d), diluted 1/4. (A) CSF-
restricted oligoclonal IgG, free k and free A bands. For fLC analysis, CSF sample was examined neat as well as diluted 1/4.
(B) Dilution experiments showing CSF-restricted o-fLC bands even when CSF and serum were equally diluted (1/20). Higher
concentration of CSF fLC than in serum can be assumed. Indeed, using Freelite kit on the SPA Analyzer (The Binding Site,
Birmingham, United Kingdom), we measured CSF free k and free A 80.5 mg/L and 32.2 mg/L, respectively, whereas serum free
k and free A concentrations were 14.5 mg/L and 12.1 mg/L, respectively.
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Fig. 2. Numbers of CSF-restricted oligoclonal bands in the
individual disease groups. Bars for medians; error bars: 95%
confidence intervals for medians

I = multiple sclerosis, II = clinically isolated syndrome, III =
CNS infectious diseases, IV = other inflammatory CNS diseases,
V = immune-mediated neuropathies, VI = non-inflammatory
neurologic diseases, VII = control group. (A) oligoclonal IgG,
(B) oligoclonal free «, (C) oligoclonal free A.
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Fig. 3. Comparison of ROC curves for o-IgG (solid line), o-free
k (dashed line) and o-free A (dotted line).

(A) For the diagnosis of multiple sclerosis. (B) For the
diagnosis of inflammatory nervous system disease. For MS di-
agnosis, AUC values were 0.876 (95% CI: 0.816-0.923), 0.862
(95% CI: 0.800-0.911), and 0.739 (95% CI: 0.664-0.804); for
IND diagnosis, AUC values were 0.802 (95% CI: 0.739-0.855),
0.843 (95% CI: 0.784-0.891) and 0.777 (95% CI: 0.712-0.833),
for o-IgG, o-free k and o-free A respectively (P<0.0001 in all
cases). Differences between areas were significant for o-IgG ver-
sus o-free A (P=0.0008) and o-free k versus o-free A (P=0.0026)
in A, and between o-free k versus o-free A (P=0.0059) in B.
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Table 2. Sensitivity and specificity of CSF-restricted OCB for the diagnosis of MS or inflammatory neurologic disorder (IND)
in general, using different cut-off values.

MS IND

Sensitivity Specificity Sensitivity Specificity
(95% CI) (95% CI) (95% CI) (95% CI)

olgG >5 for MS, 83.8 91.3 60.8 95.8
>4 for IND (68.0-93.8) (84.9-95.6) (50.6-70.3) (89.5-98.8)

>2 83.8 83.3 65.7 88.3
(68.0-93.8) (75.7-89.4) (55.6-74.8) (80.0-94.0)

At least 1 86.5 75.4 70.6 79.8
(71.2-95.5) (66.9-82.6) (60.7-79.2) (70.2-87.4)

o-free kappa >6 83.8 81.0 69.6 92.6
(68.0-93.8) (73.0-87.4) (59.7-78.3) (85.3-97.0)

>2 86.5 65.1 78.4 71.7
(71.2-95.5) (56.1-73.4) (69.2-86.0) (67.9-85.6)

At least 1 89.2 55.6 82.4 67.0
(74.6-97.0) (46.4-64.4) (73.6-89.2) (56.6-76.4)

ofree lambda  >2 67.6 75.4 64.7 86.2
(50.2-82.0) (66.9-82.6) (54.6-73.9) (77.5-92.4)

At least 1 67.6 73.0 66.7 84.0
(50.2-82.0) (64.4-80.5) (56.6-75.7) (75.0-90.8)

ClI, confidence interval

Please note that MS group in Tables 3 and 4 is not identical with group I but comprises patients of group I (n=28) plus those patients presenting
with CIS who developed definite MS during follow-up (n=9). The IND group consists of patient groups I-V. Sensitivity is defined as the percentage
of patients having MS or IND positive for CSF-restricted OCB; specificity for MS is defined as percentage of patients from groups I1I-VII without
CSF-restricted OCB; specificity for IND is defined as percentage of patients from groups VI and VII without CSF-restricted OCB.

Calculated optimal cut-off values and appropriate sensitivities and specificities are indicated in bold.

Table 3. Sensitivity and specificity of CSF-restricted OCB combined tests for the diagnosis of MS or inflammatory neurologic
disorder in general, using different cut-off values.

Combined test Positivity criteria

At least 1 OCB test +
Excluding weak bands
Using optimal cut-off values
At least 1 fLC OCB test +
Excluding weak bands
Using optimal cut-off values
Both fLC OCB tests +
Excluding weak bands
Using optimal cut-off values
All OCB tests +
Excluding weak bands
Using optimal cut-off values

Conventional (>2 CSF-restricted bands)

Conventional (>2 CSF-restricted bands)

Conventional (>2 CSF-restricted bands)

Conventional (>2 CSF-restricted bands)

MS IND
Sensitivity = Specificity ~ Sensitivity Specificity
89.2 59.5 84.3 72.3
86.5 65.1 7.5 74.5
89.2 69.8 71.5 80.9
86.5 61.9 80.4 74.5
83.8 66.7 74.5 75.5
86.5 70.6 76.5 81.9
67.6 717.0 64.7 89.4
62.2 84.9 53.9 94.7
67.6 85.7 57.8 96.8
64.9 89.7 52.0 94.7
59.5 92.1 43.1 96.8
64.9 92.9 48.0 97.9

Optimal cut-off values for the number of CSF-restricted bands: >4 for o-IgG; >6 for free x and >2 for free A. For the sake of simplicity, minor
difference in optimal cut-off values for o-IgG bands (>5 for MS and >4 for IND) was not taken into account and the criterion of >4 o-IgG bands
was used for both groups. Sensitivities and specificities using optimal cut-off values are shown in bold. See also legend to Table 2 for details.

fore compared and analyzed ROC curves to determine the
optimal cut-off values of the number of CSF-restricted
bands, for the MS and IND diagnoses (Fig. 3).

An optimal cut-off for positivity was estimated to be
>5 IgG bands for MS and >4 IgG bands for IND; for fLC
bands, optimal cut-off values were the same for both pur-
poses, namely >6 for free k and >2 for free A.
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The specificity and sensitivity of the tests using cal-
culated optimal cut-off values or a conventional cut-off
value of >2 bands or at least 1 CSF-restricted band were
compared (Tables 2 and 3).

We tested whether specificity could be increased if
weak bands were ignored. This, however, decreased the
sensitivity and failed to help increase the specificity
(Table 3). In contrast, using optimal cut-off values helped
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increase specificity without compromising sensitivity.
Noteworthy is that in 9/26 cases with unexpected OCB
positivity (patients in groups VI and VII), numbers of
CSF-restricted OCB were below these cut-off values; in
particular, all 3 patients from the control group positive
for free « light chains had less than 5 free k bands and the
single patient in this group positive for o-IgG only had 2
CSF-restricted o-IgG bands.

DISCUSSION

The main result of this study is the finding that op-
timizing the criteria for o-IgG and o-fLC positivity may
increase specificity without compromising sensitivity.
Although exact cut-off values require validation in an in-
dependent cohort and could depend on method used,
the conclusion is that borderline findings of a few CSF-
restricted bands should be interpreted with caution. For
o-IgG, such findings have been found to be unreliable?’
and mostly unrelated to the diagnosis of MS (ref.?®). On
the other hand, a few patients with such a finding, or even
a single CSF-restricted band?**, may have MS (ref.’!").
For this reason, we prefer to report borderline findings
as such and not as negative. If there are numerous CSF-
restricted bands, the value of band counting is question-
able but bands should be counted in cases where only a
few CSF-restricted bands are seen.

The frequencies of o-fLC and o-IgG positive results in
MS are in agreement with other studies*®!**2. In CNS in-
fections, CSF-restricted o-fLC bands were detected more
frequently than CSF-restricted o-IgG bands. We speculate
that intrathecal synthesis of o-fLC might precede detect-

able intrathecal IgG synthesis; this should be confirmed
in a larger study.

The immune-mediated neuropathies requires special
attention as the absence of intrathecal humoral immune
response is considered typical in these diseases. Indeed,
only 1/10 cases displayed a borderline positive o-IgG test.
Nevertheless, half of these patients were positive for CSF-
restricted o-fLC.

In the NIND group, the most striking finding was
o-fLC positivity in CNS tumors. These findings undoubt-
edly do not represent ‘false positivity’ from the immuno-
logical point of view, but reflect the intrathecal humoral
immune response that may be directed either against the
tumor itself or, secondarily, against the damaged nervous
tissue. The latter hypothesis was proposed by Arneth and
Birklein to explain their findings of elevated free A con-
centrations in CSF in patients with cerebral ischaemia®’,
and although passionately discussed**¥, it requires further
attention. Similar explanation is plausible for some of the
other cases in the NIND group, although the possibility of
unrecognized inflammatory cause cannot be completely
ruled out.

All 6 CIS patients without at least one asymptomatic
MRI lesion had negative OCB tests (except for 2 bor-
derline o-IgG results) and none of them progressed to
definite MS during the study. Nevertheless, no definite
conclusions concerning the diagnostic use of CSF analy-
sis in this subgroup of CIS patients can be made from
our results due to small samples of the cases as well as
absence of longer- follow-up data. Further studies are re-
quired to elucidate the value of o-IgG and o-fLC tests in
this context. Although the diagnosis of MS, according to
recent revision of McDonald criteria, does not require
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Fig. 4. Two patterns of CSF-restricted light chain distribution in MS patients.

C, cerebrospinal fluid; S, serum; (d), CSF diluted 1/5. Samples 1 and 2 (positive) originate from MS patients, whereas sample
3 (negative) is from the control group. (A) Clear predominance of « light chains can be seen in Sample 1. Note that all IgG bands
are of the k type, whereas almost no staining for IgG A is visible in the CSF, suggesting highly elevated IgG«k/IgGA ratio. Also
note that CSF had to be diluted 1/5 for free « light chain analysis in order to make bands clearer, whereas only a few faint free
A bands can be seen (arrowheads). (B) Both CSF-restricted IgG as well as free k and A light chains are present. Comparison of
oligoclonal IgG pattern (IEF/IF) with IgGk/IgGA patterns (IEF/AIB) is difficult in this case, which can be expected considering

the differences in the IEF procedures.
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CSF analysis (except for primary progressive MS fulfill-
ing only 1 of 2 MRI criteria) (ref.!3), most neurologists
still recommend CSF examination as an important tool
to exclude alternative diagnosis in CIS patients as well
as to increase the predictive value for conversion to clini-
cally definite MS (ref.*). It has been demonstrated that
the presence of OCB considerably increases the risk of
suffering a second attack even in MRI-negative patients’’
and, in contrast, that as many as 50% of MRI-positive but
OCB-negative CIS patients were finally diagnosed as hav-
ing diseases other than MS during the follow-up3.

Different properties of fLC monomers and dimers have
been reported, as well as a more specific CSF fLC profile
for MS using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) separation*®*!, Interestingly,
we also found two types of CSF-restricted oligoclonal pat-
terns in MS patients: one with a predominance of «k light
chains and the other with both CSF-restricted k as well as
A light chains (Fig. 4). These two types may correspond to
patients with the elevation of free kK monomers and free
A dimers in CSF in the study of Kaplan et al.*! On the
other hand, free A predominance was rare in our study. It
would be interesting to demonstrate whether « light chain
predominance is associated with more or less aggressive
course of the disease compared to balanced k and A light
chain intrathecal production. The value of elevated CSF
free k concentrations for predicting disability progres-
sion has already been reported**?, but no ratio of CSF
free k to CSF free A concentrations has been sought for.
Further studies on similar relationships are warranted.
Although the value of quantitative analysis prior to IEF
is questioned by some authors***, it would be interest-
ing to apply standardized amounts of fLC in both CSF
and serum for IEF analysis. This would, however, require
precise fLC quantification in both fluids that is difficult
to achieve for the low concentrations that occur in nor-
mal CSFs (ref.**). Up to now, there is no commercially
available method explicitly designated for fLC measure-
ment in the CSF, and absolute values obtained by vari-
ous ELISAs or nephelometric assays modified for fLC
measurement in the CSF are quite discrepant®334°, Also,
greater dilution of samples would require more sensitive,
e.g. luminescent, detection of o-fLC on the membranes.
We are not aware of any study using such an approach for
o-fLC. Recently, quantitation of CSF free « light chains
has been compared with o-IgG test in MS and CIS pa-
tients with encouraging results’*3. We believe that CSF
fLC concentrations should be compared with the o-fLC
test as well. It is known that qualitative analysis of o-IgG
is more sensitive for the demonstration of intrathecal IgG
synthesis than quantitative tests. However, this might not
be true for fLC; indeed, correlation between quantitative
and qualitative tests is much better than for IgG, and no
or only marginal increase in sensitivity has been achieved
with the qualitative test compared to fLC quantitation in
two studies’>.

Unlike Kaplan et al.***°, the specificity of our o-fLC
test was lower than that of the o-IgG test. This might point
to a more important role of fLC dimerization status (on
which no information is available using IEF) than that of
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free k/A proportion in the pathophysiology of MS, as it
has been shown recently that fLC monomers and dimers
are differentially secreted by plasma cells and function-
ally distinct**. Methods yielding combined information
on both molecular weight and isoelectric point were de-
scribed for fLC (ref.>), but these are technically more
demanding and hardly applicable in routine clinical labo-
ratories.

The antigen specificity of fLC (ref.***) should also be
addressed in future studies. Only one study demonstrat-
ing antigen-specific fLC in the CSF was found*®. These
authors failed to demonstrate Toxoplasma gondii-specific
fLC in AIDS patients with 7. gondii encephalitis using
IEF/AlB:although o-fLC were found in all patients; an-
tigen-specific fLC were demonstrated by ELISA instead.
The way Villar et al. described CSF-restricted lipid-spe-
cific oligoclonal IgM bands®’, we can speculate whether
CSF-restricted fLC could have the same specificity.

The main limitation of this study was patient selec-
tion. Although we attempted to investigate all consecutive
samples sent for routine immunochemical CSF analyses,
for logistic reasons this was not possible. Instead, after
the publication of our previous study, we were frequently
asked for o-fLC tests by clinicians. The neurologists were
hence not blind to the results. However, it is rather unlike-
ly that this could lead to misdiagnosis of MS since current
MS diagnostic criteria'® do not usually rely on CSF find-
ings. Inclusion of patients treated with immunomodula-
tory agents may also be considered problematic. Changes
in o-IgG patterns after such therapies have been described
by some authors***° but not others®"2. It should be noted,
howeyver, that the only natalizumab-treated patient in our
study had numerous CSF-restricted o-IgG (0-IgGxk only)
as well as o-free k (but no o-free A) bands, and that we
found no significant difference either in the numbers of
CSF-restricted o-IgG or o-fLC bands or in the proportions
of positive samples in treated and untreated MS patients
(data not shown). However, the study was not aimed at
looking for these differences. Collection of larger data sets
and analysis of paired pre- and post-treatment samples are
clearly warranted to analyze the effect of treatment on
o-IgG and ofLC profile in detail.

There are two other concerns that might complicate
the interpretation of the results. First, the inclusion of CIS
patients who did not progress to definite MS in inflam-
matory neurological disease group remains speculative; it
cannot be excluded that some of these patients suffered
from a non-inflammatory condition.

Second, an optimal cut-off for the decision between
negative or positive can vary for different OCB detection
techniques.

One may argue that using sensitive IEF/AIB method
for both o-IgG as well as for o-fLC detection would be
more appropriate than comparison with routine o-IgG
detection method. However, evaluation of an in-house
method requires comparison with a widely used routine
method rather than with another in-house method. In
addition, we found no clinically significant difference
between routine IEF with immunofixation (Sebia) and
in-house IEF/AIB method for o-IgG detection?’.
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CONCLUSIONS

For MS diagnosis, the CSF-restricted o-fLC test has
similar sensitivity to the oligoclonal IgG test but lower
specificity. For other inflammatory nervous system dis-
eases, o-fLCs are more frequent than oligoclonal IgG.
Detection of intrathecal fLC synthesis for routine clini-
cal purposes is meaningful only when the o-IgG test is
negative or borderline. Reporting borderline OCB results
as positive, compromises the specificity of the test both
for MS and IND and thus should be avoided. While we
tried to assess the utility of the test for IND in general
and to discuss unexpected findings in non-MS cases in
more detail, further studies directed more specifically to
the CIS and MS patients are warranted.
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Chemiluminescent detection of oligoclonal immunoglobulins
after isoelectric focusing and affinity-mediated immunoblotting

Ondrej Dlouhy?, Pavlina Kusnierova®, Irena Kurasova?, Monika Cisarikova®, David Zeman®<

Background and Aims. Detection of oligoclonal IgG (o-1gG) in the cerebrospinal fluid (CSF) not found in serum is the
principal laboratory test to support a diagnosis of multiple sclerosis. The aim of this study was to compare chemilumi-
nescent and chromogenic detection of oligoclonal immunoglobulins in the cerebrospinal fluid and serum after their
separation by means of isoelectric focusing followed by immunoblotting.

Methods. A set of experiments was designed to detect oligoclonal immunoglobulins by means of alkaline phosphatase
BCIP/NBT substrate and chemiluminescent peroxidase substrate.

Results. Based on visual evaluation of signals, chemiluminescent detection requires about a 4 times lower amount of
applied protein than very sensitive BCIP/NBT chromogenic detection. Very good correlation between methods has
been shown for oligoclonal IgG. Antigen-specific oligoclonal IgG could be demonstrated by both methods although
the pattern was clearer using chemiluminescence. In one patient, oligoclonal IgD bands barely visible by BCIP/NBT
were convincingly demonstrated by chemiluminescence.

Conclusion. Chemiluminescent detection is a feasible option for oligoclonal immunoglobulin detection and could
be used in cases when the sensitivity needs to be improved. Further studies and method optimisation are warranted.
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INTRODUCTION

Detection of oligoclonal IgG (0-IgG) in the cerebrospi-
nal fluid (CSF) not found in serum is the principal labo-
ratory test to support a diagnosis of multiple sclerosis'?.
Although the presence of o-IgG is not disease-specific, it
confirms the presence of an inflammatory process within
the central nervous system>*. Oligoclonal IgM (ref.>®),
IgD (ref.”) and free light chains®!® detection was reported
to provide useful additional information. The concentra-
tion of IgG in CSF lies between 10 - 100 mg/L and IgG
can be easily detected by means of chromogenic detection
method. However, the concentrations of IgM, IgD and
free light chains are below 1 mg/L in most CSF samples,
and chromogenic detection may not be sensitive enough
for detection of these proteins.

According to two international consensus reports'?,
isoelectric focusing (IEF) is the preferred separa-
tion method for demonstration of o-IgG. On principal
grounds, the same should hold true for the demonstra-
tion of oligoclonality of other immunoglobulins or free
light chains. IEF is mostly done using commercial kits
from Sebia or Helena in clinical laboratories. The for-
mer method uses immunofixation of IgG within the gel
by means of horseradish peroxidase (HRP)-conjugated
anti-IgG antibody, while the latter is based on a passive
blotting onto a nitrocellulose membrane and labelling

with HRP-conjugated antibody. Both methods, as well as
various in-house methods used in research laboratories,
use chromogenic substrate for detection.

Luminescent detection, using either fluorescence or
chemiluminescence, is routinely used after electrophoretic
separation of proteins, mainly after sodium dodecyl sul-
fate (SDS) electrophoresis'! Although chemiluminescence
has been mentioned as one of the recommended tech-
niques for IgG immunodetection in recently published
guidelines on CSF analysis'?, we were able to find few
reports on luminescent detection of proteins separated
by IEF as antigen-specific oligoclonal IgG (ref.’*®) or
oligoclonal IgM (ref.'s).

Chemiluminescent detection was also used by Kaplan
and co-workers for CSF studies employing their innovative
method of SDS electrophoresis in non-reducing condi-
tions for separation of free light chain monomers and
dimers',

Luminescent detection provides significant advantages
such as higher sensitivity'® and possibility of signal quan-
tification?’. The precise quantification of protein using
chemiluminescent signal reveals the necessity to perform
dilution series and calibration curves to estimate range of
linearity between primary antibody and protein amount?..

Whether luminescent detection could provide an
advantage for routine o-IgG detection has not been sys-
tematically investigated. Of note, however, 1 of 17 o-IgG-

107



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2018 Jun; 162(2):107-115.

negative patients in routine workup (immunofixation
with peroxidase labelled anti-IgG, commercially available
Hydragel Isofocusing Sebia Kit) in the study of Stich et
al.” turned out to be positive when using chemilumines-
cent detection.

Unfortunately, many CSF studies do not report their
detection method in detail. Peroxidase labelled antibody
is often the last step described, without referring whether
chromogenic or luminescent detection followed. All re-
ports of chemiluminescent detection of oligoclonal im-
munoglobulins separated by IEF refer to detection on an
X-ray film. We were not able to find one single report
using CCD camera for this purpose.

Using chemiluminescence instead of chromogenic de-
tection may be required for two main reasons: 1. when one
wants to improve detection sensitivity, 2. for the purpose
of signal quantification. The first issue has been the mat-
ter of this study.

In the present study, we performed a set of experi-
ments aimed at comparing chemiluminescent detection
to very sensitive chromogenic detection using biotinylated
antibody, alkaline phosphatase labelled streptavidin and
5-bromo-4-chloro-3-indolyl-phosphate/nitro blue tetrazo-
lium (BCIP/NBT) substrate.

MATERIAL AND METHODS

Reagents

Hydragel 9 CSF isofocusing kits (Cat. No. 4355)
and CSF control (Cat. No. 4794) were from Sebia (Evry
Cedex, France). Agarose IEF (Cat. No. 17-0468-01),
Pharmalyte™ 3-10 (Cat. No. 17045601), 4-6.5 (Cat. No.
17045201), 5-8 (Cat. No. 17045301) and 8-10.5 (Cat. No.
17045501), electrophoresis wick (Munktel filter paper,
Cat. No. 80-1129-52), electrofocusing strips (Cat. No.
18-1004-40), Amersham™ Protran™ (.45 um (Cat. No.
10600002) or Amersham™ Protran™ Premium 0.45 um
(Cat. No. 10600003) nitrocellulose blotting membrane
were from GE Helathcare Bio-Sciences AB, Uppsala,
Sweden, distributed through AP Czech, Prague, Czech
Republic. Polyclonal rabbit anti-human kappa free light
chains (Cat. No. A0100), lambda free light chains (Cat.
No. A0101), IgD (Cat. No. A0093) and IgE (Cat. No.
A0094) were from DAKO (Medesa, Czech Republic).
Native human kappa light chain (Cat. No. PHP280)
and lambda light chain (Cat. No. PHP281), purified
goat anti-human IgG (Cat. No. 5211-8004) and native
Borrelia burgdorferi purified protein (Cat. No. 1440-0006)
was from Bio-Rad (formerly AbD Serotec). AffiniPure
Goat Anti-Human IgM (Cat. No. 109-005-043), Biotin-
SP-conjugated AffiniPure F(ab "), fragment Goat Anti-
Human IgM (Cat. No. 109-066-129) and IgG Fc (Cat.
No. 109-066-008) were from Jackson ImmunoResearch
(West Grove, PA, USA). Horseradish peroxidase strep-
tavidin ELISA grade (Cat. No. SA-5014), alkaline phos-
phatase streptavidin (Cat. No. SA-5100) and BCIP/NBT
alkaline phosphatase substrate kit (Cat. No. SK-5400)
were from Vector Laboratories (Burlingame, CA, USA).
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Bovine serum albumin (Cat. No. 11924) and Tween 20
(Cat. No. 37470-01) were from Serva Electrophoresis
(Heidelberg, Germany). D-Sorbitol (Cat. No. 85529) and
Tris(hydroxymethyl)aminomethane (Cat. No. 252859)
were form Sigma-Aldrich. Recombinant HIV-1 p17-p24,
gp-41-gp-120 antigen (Cat. No. Hiv-110) was from Prospec
(Ziona, Israel). Finally, Super Signal Western Blot Pico
PLUS chemiluminescent substrate (Cat. No. 3480) and
Super Signal West Femto maximum sensitivity substrate
(Cat. No. 34095) were from Thermo Fisher Scientific
(Waltham, MA, USA).

Samples

Only surplus CSF and serum samples remaining after
aliquoting for routine analyses were used for the purpose
of this methodical study.

Samples were diluted with 0.75% (w/v) saline. For IgG,
dilution to 0.5 and 1.0 mg/L was used for chromogenic
and 0.25 and 0.5 mg/L for chemiluminescent detection,
respectively. For IgM, samples were diluted to 1.0 mg/L
for chromogenic and 0.5 mg/L for chemiluminescence
method. CSF samples with immunoglobulins below these
concentrations were used undiluted and sera were diluted
exactly to the estimated CSF IgM concentration; only if
amount of CSF IgM was lower than 0.2 mg/L, sera were
diluted to 0.2 mg/L to prevent undetectable signal in the
serum since CSF IgM measurements in this range are
known to be unreliable. Before IgM separation by IEF,
samples were pretreated subsequently with dithiothreitol
and acrylamide as described previously??. For fLC analy-
sis, CSF samples were used neat and serum was diluted
1/80. For IgD, neat CSF and 1/250 serum dilution was
used in most experiments.

Isoelectric focusing

IEF was performed on Multiphor II apparatus (GE
Healthcare) at 10 °C. Interelectrode distance was 8.5
cm. Agarose gels were prepared in-house (1.0% gels with
Pharmalytes 4-6.5 and 5-8 for IgM and IgD; 1.2% gels
with Pharmalytes 5-8 and 8-10.5 for IgG and Pharmalyte
3-10 for fLC).

0.5M (for IgG and fLC) or 0.25M (for IgM and IgD)
sodium hydroxide served as a catholyte whereas 0.04M
DL-Glutamate (for IgG), 0.04M H, SO, (for fLC) or
0.25M acetic acid (for IgM and IgD) served as anolytes,
respectively.

Single step method was used for fLC analysis (1200
Vh with limiting values 1700 V, 50 mA, 10 W). 7 uL of
samples were applied 2 cm from the anode. For other
proteins investigated, gradient methods were used:

For IgG separation, 6 uL of samples were applied 2
cm from the anode. The separation program used was as
follows: 1. 1 Vh, 500V, 25 mA, 5 W; 2. 150 Vh, 500V,
25 mA, 5 W; 3. 500 Vh, 1275 V (gradient), 25 mA, 8 W;
4. 550 Vh, 1275 V (constant), 25 mA, 8 W.

For IgM and IgD analysis, a prefocusing step was used
(250 Vh, 600V, 25 mA, 4W); then, the apparatus was set
off and 7 uL of samples were pipetted 2 cm from the cath-
ode. Then, the following gradient method was applied:
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1.1 Vh, 300V, 25 mA, 3W; 2. 125 Vh, 300V, 25 mA,
3 W; 3. 500 Vh, 1275 V (gradient), 25 mA, 8 W; 4. 575
Vh, 1275 V (constant), 25 mA, 8 W.

Affinity-mediated immunoblotting

Membranes coated with the respective antibodies at a
concentration of 10 mg/L (20 mg/L for o-fLC) were incu-
bated at least 4 h or overnight at room temperature on a
rocking platform, washed in tris-buffered saline (TBS) and
blocked in 3% BSA for 75-90 min. After washing twice
in TBS, membranes were applied on the gel, covered by
1 sheet of moistened filter paper, 5-7 dry filter papers, a
glass plate and a weight of approximately 1 kg. After 45-
50 min, the membranes were washed in PBS and proteins
were fixed by 0.25% (v/v) glutaraldehyde in PBS for 15-20
min at 4 °C. After washing with water and three changes
of TBS, membranes were re-blocked in 0.3% BSA for 15-
20 min and washed in TBS. Next, the biotinylated anti-
body was applied. Incubation times were 90 min for IgG,
105-115 min for fLC, and 120-130 min for IgM and IgD.
After washing, streptavidin-enzyme conjugate was added
and membranes were left incubated for 45-50 min, fol-
lowed by final washing cycles and appropriate detection.

Western Blot Pico Plus Chemiluminescent Substrate
was used in most experiments while Western Blot Femto
Maximum Sensitivity Substrate was used when higher
sensitivity was required.

Image acquisition and analysis were performed using
ChemiDoc Imager (Bio-Rad).

Ethics Approval

The study was approved by the Ethics Committee of
FN Ostrava, Reference Number 1010/2016, on December
12, 2016. All patients gave an informed consent before
lumbar puncture.

RESULTS AND DISCUSSION

A set of experiments was designed to determine the
feasibility and reproducibility of the method. Suitable
concentration of HRP-labelled streptavidin was found to
be 0.05 - 0.2 mg/L for Western Blot Pico Plus substrate
and 0.01 - 0.02 mg/L for Western Blot Femto maximum
sensitivity substrate. Membrane washing with TBS for 3
- 5 min followed by two washes in TBS with 0.05% Tween
20 (5-7 min each) and two washes in TBS (3 - 5 min
each) was sufficient for removing most of the unspecific
background signal. The excessive washing (>30 min) was
unfavourable and lead to substantial loss of sensitivity.
Detection time varied between 10 seconds and 10 min;
longer detection times were not useful due to increased
background signal (data not shown).

Next, we determined o-IgG in 34 paired CSF and
serum samples sent for routine o-IgG analysis. Routine
test was performed using Hydrasys CSF IEF kit on
Hydrasys II apparatus (Sebia, Evry Cedex, France). This
method uses IEF in agarose gels followed by immunofixa-
tion by HRP-conjugated anti-IgG antibody and subsequent
chromogenic detection. Most samples were also analysed
by the IEF/AIB method with BCIP/NBT detection. In
one set of samples, this method failed for unknown rea-
sons even when repeated on the next day. Third attempt
has not been performed since we aimed at analysing the
samples by all methods within an interval of 3-5 days to
avoid any possible influence of preanalytic factors. The
results of 0-IgG analysis by IEF/IF as well as by IEF/AIB
using BCIP/NBT or luminescent detection were evaluated
by a blinded observer to avoid any possible bias. To com-
pare the relative sensitivity of the tests to demonstrate oli-
goclonal IgG bands diluted into a polyclonal background,
serial dilutions of CSF control into prediluted intravenous
IgG preparation (Flebogamma) was performed so that
IgG of the CSF control represented 41%, 7.1% and 1.7%
of total IgG in the sample applied. The bands were clearly

Table 1. Agreement between methods used for 0-IgG detection evaluated by a blinded observer (PK).

Methods compared n Kappa statistics Number of discrepant
(amount of IgG in ng applied per lane) (negative/ (95% CI) results (%)

positive) positivity Types 1-5 positivity Types 1-5

IEF/AIB-CL (1.5) vs. IEF/IF (300) 33 1.000 0.476 0 11 (33 %)
(25/8) (0.220 - 0.732)

IEF/AIB-CL(3.0) vs. IEF/IF (300) 34 0.922 0.562 1(3%) 10 (29 %)
(25/9:26/8) (0.771 - 1.000) (0.330 - 0.794)

IEF/AIB-CL(1.5) vs. IEF/AIB-BCIP/NBT (3.0) 24 1.000 0.730 0 4 (17 %)
(19/5) (0.483 - 0.977)

IEF/AIB-CL(3.0) vs. IEF/AIB-BCIP/NBT (3.0) 25 1.000 0.649 0 6 (24 %)
(19/6) (0.414 - 0.883)

IEF/AIB-CL(1.5) vs. IEF/AIB-BCIP/NBT (6.0) 24 1.000 0.730 0 4 (17 %)
(19/5) (0.483 - 0.977)

1IEF/AIB-CL(3.0) vs. IEF/AIB-BCIP/NBT (6.0) 25 1.000 0.649 0 6 (24 %)
(19/6) (0.414 - 0.883)

IEF/AIB, isoelectric focusing followed by affinity-mediated immunoblotting; CL, chemiluminescence; BCIP/NBT, chromogenic detection using
5-bromo-4-chloro-3-indolyl-phosphate/nitro blue tetrazolium. For IEF/AIB, two IgG concentrations considered suitable for evaluation were tested

for both chromogenic and luminescence detection.
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Fig. 1. Total IgG, anti-HIV IgG and anti-Borrelia 1gG.
Panel A (left): chromogenic detection. 6 ng of IgG were applied for analysis of total o-IgG and 30 ng of IgG for the analysis of
antigen-specific o-IgG.
Panel B (right): chemiluminescent detection. 1.5 ng of IgG were applied for analysis of total IgG and 15 ng of IgG for the analysis
of antigen-specific 0-IgG. Exposition times were 7 s for total IgG and 63 s for antigen-specific IgG.
o-IgG reactivity against HIV, but not against Borrelia purified protein, can be observed in Cla (unfrozen CSF stored at +4°C for
45 days) and C1b (CSF stored frozen at -30°C). No reactivity of 0-IgG against HIV in 0-IgG positive samples of the other two
patients (C2, S2 and C3, S3) can be seen.
Cot+, positive CSF control for o-IgG test (Sebia); Co-, negative control (purified intravenous IgG preparation); C, cerebrospinal
fluid; S, serum.
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visible in samples with CSF control IgG 41% and 7.1%
while only 2-3 faint bands were visible in the sample with
CSF control IgG 1.7% concentration. For real paired CSF
and serum samples, the agreement was perfect if results
were evaluated as negative/positive only. Only one discrep-
ant result (negative by IEF/IF and marginally positive
by both IEF/AIB-BCIP/NBT and IEF/AIB-CL with 2-3
CSF-restricted bands) has been observed. Interestingly,
the diagnosis of multiple sclerosis (MS) could be made in
this case after the first clinical presentation when multiple
MS-typical hyperintense lesions as well as active lesions
were demonstrated by brain magnetic resonance imag-
ing (MRI). The agreement was moderate only if samples
were evaluated as type 1-5 according to an international
consensus (1, 2) (Table 1). However, absence of perfect
agreement concerning IEF type classification has been
published several times?>*?* and the usefulness of types 1-5
has even been questioned?.

We were able to demonstrate anti-Borrelia o-1gG in
two patients with neuroborreliosis (not shown) as well
as anti-HIV o-IgG in an HIV positive patient with unspe-
cific neurological complaints and a few small MRI white
matter hyperintensities. In the latter case, CSF examina-
tion was performed because of suspicion of coincidental
MS, demonstrating that a result of this laborious analysis
may be of significant value in routine clinical practice in
diagnostically difficult cases. The amount of IgG applied
for the analysis of antigen-specific OCB was 5 to 10 fold
higher than for total IgG because even in CNS infections,
only a fraction of intrathecally synthesised IgG is directed
against the causative organism?®. As for total IgG, CL
required approximately 4 times lower amount of IgG ap-
plied for comparable results, and half the concentration
used for chromogenic method lead to an obviously clearer
pattern if CL was used (Fig. 1).

For o-IgM, results were also comparable although the
agreement was not as perfect as for IgG. Results were clas-
sified as positive (>2 CSF-restricted bands) and negative
only. Discrepant results were found in 8/34 paired CSF
and serum samples (24%) and although the number of
CSF-restricted bands was < 4 in all these cases (2 cases
positive by CL and negative by BCIP/NBT and 6 cases
negative by CL but positive by BCIP/NBT), it is clear that
the method of o-IgM detection requires further optimisa-
tion. Representative o-IgM detection by BCIP/NBT and
CL is shown in Fig. 2.

The search for o-IgD, driven by our previous expe-
rience of beautiful IgD serum paraprotein patterns and
an accidental finding of o-IgD bands in the CSF of one
patient with neuroborreliosis (unpublished results), was
unsuccessful. We were able to find o-IgD in 1 out of 23 ex-
amined paired CSF and serum samples. The diagnosis in
this only positive case was relapsing meningoencephalitis
of unknown aetiology. The bands were barely visible by a
BCIP/NBT method but obvious using CL. Interestingly,
these bands were present in a CSF sample frozen on the
day of receipt at -70 °C as well as in a sample stored for
5 days at +4 °C but precipitate at the application site was
visible in the same CSF sample with protease inhibitor
added on receipt before storing at -70 °C. Western Blot
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Fig. 2. Oligoclonal IgM. A. BCIP/NBT staining (55 min). B-D.
CL detection; exposition times were 33 s (B), 50 s (C) and 90
s (D).

Femto maximum sensitivity improved the results so that
the IgD pattern could be seen in several other samples;
however, we did not observe a distinct oligoclonal pattern.
Notably, in one case of neuroborreliosis, some rather poly-
clonal IgD was found on the Borrelia burgdorferi purified
protein coated membrane, suggesting possible occurrence
of antigen-specific IgD (Fig. 3).

Free light chains (fLC) were detectable down to
0.008 mg/L (0.056 ng) for free kappa and 0.04 mg/L
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Fig. 3. A. Oligoclonal IgD in the CSF of a patient with relapsing meningoencephalitis of unknown
cause. Left: chromogenic detection; right: CL detection (exposition time 569 s). C1*, S1*, cere-
brospinal fluid and serum sample with protease inhibitor. B. Monoclonal IgD in serum of a patient
with IgD kappa myeloma (P). The amounts of IgD applied in (P) were 1.75; 0.70; 0.35; 0.07 and
0.035 ng. Exposition time was 186 s. C. Total IgD (left; exposition time 4 s) and anti-Borrelia IgD
(right; exposition time 20 s): a signal is observed in the CSF on the Borrelia burgdorferi purified
protein coated membrane but the pattern seems to be polyclonal rather than oligoclonal. Western
Blot Pico Plus substrate was used in A. while Western Blot Femto maximum sensitivity substrate

was used in B. and C.

(0.21 ng) for free lambda in the monoclonal fLC stan-
dard used, which was 5 times better than chromogenic
detection (lowest detected concentrations were 0.04
mg/L for free kappa and 0.2 mg/L for free lambda light
chains). However, the lowest detectable concentration was
not reproducible in other experiments, and we have no-
ticed some problems with unspecific background signal,
probably due to lower dilution of serum samples than
for other proteins investigated. We were able to compare
oligoclonal fLC patterns in 19 paired CSF and serum
samples. When evaluated as positive or negative for CSF-
restricted o-fLC, 3 discrepant results (15.8%) were noted
for free kappa (positive by IEF/AIB-CL and negative by
IEF/AIB-BCIP/NBT in 2 cases, and vice versa in 1 case)
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and 1 (5.3%) for free lambda (2 faint bands by IEF/AIB-
BCIP/NBT and no clear-cut bands by IEF/AIB-CL). The
number of CSF-restricted bands in these cases were 2 or
3 only. Example of o-fLC detection is provided in Fig. 4.

Of course, no detection method is able to solve separa-
tion problems. However, if these are overcome using se-
rum samples with monoclonal component for preliminary
testing, chemiluminescent detection can increase detec-
tion sensitivity, although not to an extent we had expected.
Notably, in their pioneering study, Schneppenheim and
co-workers' compared luminescence to HRP chromo-
genic substrate (4-chloro-1-naphthol). However, ALP
substrate (BCIP/NBT) has been found substantially more
sensitive compared to another HRP substrate (3-amino-
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Fig. 4. Chromogenic (A) and chemiluminescent (B) detection of free kappa and free lambda light chains by means of IEF/AIB.
C1 was diluted 1/2 and 1/4 for free kappa and 1/4 and 1/8 for free lambda, respectively. FLC concentration were measured only
after performing the qualitative IEF/AIB method and were 0.91 mg/L for CSF FLC kappa and 57.65 mg/L for CSF FLC lambda,
i.e. dilutions result in a concentration of 14.41 mg/L and 7.21 mg/L for FLC lambda, leading to overloading problems. STD, stan-
dard (1.0, 0.2 and 0.05 mg/L for free kappa, 1.0, 0.2 and 0.1 mg/L for free lambda); IgG, intravenous immunoglobulin (Kiovig,
200 mg/L IgG); C1 and S1, CSF and serum sample of a patient shown in A and B; C2 and S2, cerebrospinal fluid and serum
sample of a patient with multiple sclerosis. Exposition time was 180 s for free kappa and 5 s for free lambda C. Immunofixation
electrophoresis in serum (normal) and unconcentrated CSF; two closely spaced lambda light chain bands can be seen in the CSF
(lane L) without counterpart in lanes immunofixed with anti-gamma (G), anti-alpha (A) and anti-mi (M) antisera, respectively.

9-ethyl carbazole) in a later study?. Maximum sensitivity
substrate was needed if the amount of applied sample was
less than 1 ng. Other factors influencing detection sensi-
tivity should be taken into account. Polyacrylamide gels
with smaller pores might offer better resolution and thus
increased sensitivity. However, high-molecular weight pro-
teins cannot be separated by polyacrylamide. It has been
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reported that polyvinylidene fluoride (PVDF) membranes
are 3 to 30 times more sensitive than nitrocellulose when
using passive immunoblotting, but no difference in sen-
sitivity when affinity-mediated immunoblotting has been
used?. We use nitrocellulose membranes due to easier
handling and lower consumption of immunodetection
reagents compared to PVDF.
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Although we are aware that our experiments resembles
a series of case studies rather than large, well-defined pa-
tient group, we are able to answer if chemiluminescent
detection could be feasible on a larger scale and provide
additional information compared to chromogenic method.
Both questions were answered positively. CL would prob-
ably not replace routine semi-automated o-IgG detection
due to its higher manual and time requirement; however, it
can be considered in cases where suspicion of MS is high
and routine o-IgG test is negative. It has been recently
demonstrated that routine o-IgG analysis might fail to
detect low-grade intrathecal humoral immune response
in a proportion of MS patients*. Chemiluminescence de-
tection using a CCD camera might be of advantage over
detection on X-ray film?® since multiple images could be
taken at different times and the most suitable image for
the evaluation of a particular sample could be used. This
is not easily possible with CL detection on X-ray films;
using chromogenic detection, only close visual follow-up
of the reaction can be used to prevent overdevelopment.
Using CL, exposition times vary between a few seconds
and 10 minutes compared to 20-60 minutes needed for
BCIP/NBT staining.

Another interesting perspective for the future lies in
the attempt to quantify the intrathecal oligoclonal immune
response. Most studies have failed to find significant clini-
cal correlations with the number of oligoclonal bands, but
it should be stressed that the amount of the intrathecal
immune response affects the number of bands as well
as their intensities. Quantification of the amount of im-
munoglobulins within individual bands, compared to the
known amount of the immunoglobulin applied per lane,
could reveal more clear-cut correlations. Unfortunately,
software developed for chemiluminescent detectors was
for native or SDS electrophoresis and cannot be directly
used for isoelectric focusing where many bands represent
the same protein.

CONCLUSIONS

Chemiluminescent detection using the appropri-
ate camera is a feasible option for o-IgG and o-IgM
analysis although we failed to find it clearly superior.
Chemiluminescent detection might be the best option for
studies of antigen-specific oligoclonal immunoglobulins,
since these might represent only a minor portion of total
immunoglobulin in the sample, as well as for the research
of less abundant free light chains, IgD and IgE. Using
maximum sensitivity substrate, we were able to detect
0.035-0.070 ng of monoclonal IgD which corresponds
to a concentration of 0.005 - 0.01 mg/L in 7 uL of the
applied sample. We have also shown that detection times
longer than 10 minutes did not improve the sensitivity
due to increase in background signal. Further efforts are
needed to achieve better sensitivity.
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Abstract

Objectives

Chitinase 3-like 1 (CHI3L1) is an extracellular monomeric single-chain glycoprotein
expressed by many types of cells. Its elevated levels were found in cerebrospinal fluid in
central nervous system (CNS) inflammatory diseases patients. The aim of the study was 1)
to validate the reference interval of cerebrospinal fluid (CSF) CHI3L1 in a control group; 2)
to measure the CHI3L1 concentration in different diagnosis groups .including multiple scle-
rosis (MS); and 3) to correlate those values with other biomarkers of axonal damage or neu-
roinflammation in different grous.

Methods

The study included 132 CSF samples sent to the Department of Clinical Biochemistry, Insti-
tute of Laboratory Diagnostics, University Hospital Ostrava. Concentrations of CHI3L1,
CXCL13 chemokine, neurofilament light chains, and phosphorylated neurofilament heavy
chains were determined by enzyme-linked immunosorbent assays. IgG oligoclonal bands
were detected by isoelectric focusing in agarose gels followed by immunofixation. IgM and
FLC oligoclonal bands were analyzed by IEF followed by affinity immunoblotting. The group
consisted of 42 patients with multiple sclerosis, 14 with clinically isolated syndrome, 11 with
other central nervous system inflammatory diseases, 46 with non-inflammatory diseases of
the central nervous system, 4 with inflammatory diseases of the peripheral nervous system,
and 15 controls.

Results

The estimated reference values of CHI3L1 were 28.6-182.5 ug.L™. Statistically significant
differences of CSF CHI3L1 concentrations were found among diagnosis groups (p <
0.0001), after age adjustment (p = 0.002). There was a statistically significant relationship
between CHI3L1 and NFL in the MS group (rs = 0.460; P = 0.002), and between CHI3L1
and pNFH in the MS group (rs = 0.691; P < 0.001). No statistically significant difference was
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found in the categorical comparison of CHI3L1 in the MS group and other diagnostic groups
as well as when using the Mann-Whitney U test for CHI3L1 with additional parameters with
and without oligoclonal bands present.

Conclusions

CSF CHI3L1 values differ depending on diagnosis and correlate significantly with concen-
trations of the axonal damage markers CSF neurofilament light chains, and CSF phosphory-
lated neurofilament heavy chains, but not with CSF concentrations of the inflammatory
marker CXCL13. Thus, CSF CHI3L1 could be another promising prognostic, albeit probably
etiologically nonspecific, biomarker of MS.

Introduction

Multiple sclerosis (MS) is a chronic disease affecting the central nervous system. In recent
years several biochemical markers in cerebrospinal fluid have been suggested as prognostic
tools [1-3].

CHIB3L1, also known as YKL-40, belongs to the chitin glycoside hydrolase 18 family. Unlike
true chitinases, it lacks enzymatic activity. It is a glycoprotein produced by a wide variety of
cells, such as macrophages, chondrocytes, synovial cells, osteoblasts, neutrophils, and astro-
cytes [4-6].

CHIB3L1 is expressed in astrocytes in the brain tissue of patients with multiple sclerosis, and
is associated with reactive gliosis in different neuropathological states, particularly those asso-
ciated with neuroinflammation. A correlation between the time course of the CHI3L1 concen-
tration and the CSF viral load was shown in lentiviral encephalitis [7]. CHI3L1 is released in
vitro from macrophages but the CHI3L1 protein is present in vivo around the microglial
nodes in certain astrocytes. CHI3L1 mRNA is expressed by reactive astrocytes surrounding
the microglial nodes, suggesting that macrophages release inflammatory mediators that can
induce CHI3L1 expression in surrounding astrocytes but not in neurons. The transcription of
CHI3L1 by macrophages is likely to be inhibited only after they enter the brain, which may be
the cause of the differences observed in other tissue pathologies [8-9].

MS is a demyelinating disease associated with increasing and decreasing inflammation,
gliosis, and variable axonal loss. Therefore, we expect to find increased concentrations of
CHI3L1 in MS patients.

The aim of the study was 1) to validate the reference interval (RI) of cerebrospinal fluid
(CSF) chitinase 3-like 1 (CHI3L1) in a control group; 2) to measure the CHI3L1 concentration
in different diagnosis groups, including MS; and 3) to correlate those values with other bio-
markers of axonal damage or neuroinflammation in different groups.

RIs were estimated on the basis of the guidelines of the Clinical and Laboratory Standards
Institute (CLSI C28-A3), which recommends the use of nonparametric tests for statistical data
processing and the evaluation of data according to gender and age [10-11].

Materials and methods
Patients

Our study includes 132 patients of the Moravian-Silesian region of the Czech Republic whose
CSF samples were sent for analysis to the Institute of Laboratory Diagnostics, Department of
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Clinical Biochemistry, University Hospital Ostrava. Informed consent was obtained from all
patients at the University Hospital Ostrava who were included in the study. The study was
approved by the Ethics Committee of the University Hospital Ostrava as a part of the project
‘CSF biomarkers of multiple sclerosis’ (reference number 400/2017). Patients were subdivided
into diagnosis groups: MS (n = 42; 33 women, average age 39.5 + 12.1 years; 9 men, average
age 36.6 £ 10.5 years), clinically isolated syndrome (CIS; n = 14; 8 women, average age

28.8 + 8.3 years; 6 men, average age 28.3 * 8.9 years), other central nervous system inflamma-
tory diseases (OIND; n = 11; 5 women, average age 78.4 £ 21.2 years; 6 men, average age

62.3 + 12.1 years), inflammatory diseases of the peripheral nervous system (IDPNS; n = 4;; 4
men, average age 53.5 + 13.3 years), non-inflammatory diseases of the central nervous system
(NIND; n = 46; 32 women, average age 51.8 + 17.1 years; 14 men, average age 59.1 £ 11.1
years), and controls (n = 15; 11 women, average age 41.7 £ 15.2 years; 4 men, average age

40.2 £ 15.5 years). For diagnosis of multiple sclerosis, we used the 2017 Revisions of the
McDonald Criteria [12]. 26 patients were diagnosed as relapsing-remitting MS (RR-MS) while
14 patients were classified as primary progressive (PP-MS); in the remaining two patients, the
MS course could not be evaluated because no follow-up documentation was available. None of
the patients from MS and CIS groups was on disease-modifying drug (DMD) treatment at the
time of sample collection. Lumbar puncture was performed within 3 months after the first
symptom of an attack in 7 CIS patients and 14 RR-MS patients. The diagnoses in the OIND
group comprised neuromyelitis optica (n = 2); encephalitis (n = 1), granulomatosis with poly-
angiitis (n = 2), aseptic meningitis (n = 2), neuroborreliosis (n = 3), and myelitis (n = 1). The
IDPNS group included patients with acute (n = 2) and chronic (n = 2) inflammatory demye-
linating polyneuropathy. The NIND group included a very wide and heterogeneous spectrum
of diagnoses: the more frequent were neurodegenerative diseases (n = 11), non-inflammatory
polyneuropathy (n = 5), vascular CNS disease (n = 19) and vertigo (n = 5), with fewer cases of
CNS tumors (n = 3), radiculopathy (n = 1), anisocoria (n = 1), motor neuron diseases (n = 1),
spondylogenic cervical myelopathy (n = 2), cervicobrachial syndrome (n = 1), epilepsy (n = 4),
tremor (n = 1), and amyotrophy (n = 2). In estimating the reference interval we used 43 con-
trols (the original group of controls (see above, n = 15) was extended by another 28 CSF sam-
ples from CSF biobank of the University Hospital Ostrava). The average age was 40.9 + 15.1
years. There were 30 women, of average age 41.1 + 13.0 years, and 13 men, of average age

40.5 + 19.6 years.

Samples

CSF samples were collected into polypropylene tubes (Sarstedt, Niimbrecht, Germany). Sam-
ples were centrifuged at 390 x g for 10 minutes at room temperature, and the supernatants for
determination of CHI3L1, CXCL13, neurofilament light chains (NFL), and phosphorylated
neurofilament heavy chains (pNFH) were then aliquoted into at least 3 vials (0.3 ml per vial)
and stored at -70 °C until analysed.

Analytical methods

The concentrations of CHI3L1 (Quantikine ELISA Human Chitinase-3-like 1 Immunoassay,
REF DC3L10, R&D Systems, USA&Canada), CXCL13 (CXCL13 ELISA, REF EQ6811-9601-L,
Euroimmun AG), NFL (NF-light ELISA, REF 10-7001, IVD CE, UmanDiagnostics AB,
Umed, Sweden), and pNFH (Neurofilament “pNf-H” ELISA, REF EQ 6561-9601, IVD CE,
Euroimmun AG, Liibeck, Germany) were determined by ELISA. Undiluted CSF was used

for CXCL13 and pNf-H whereas 1/2 and 1/50 dilution was used for NFL and CHI3L1,
respectively.
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The quality control samples supplied by the manufacturers of the diagnostic kits were used
for accurate and reproducible measurement of CHI3L1, CXCL13, and pNHF; for NFL mea-
surements, the patient sample was used, because the diagnostic kit did not include a quality
control sample. Kit manufacturers reported that analytical sensitivity was 3.55 ng.L"" for
CHI3LIL, 10.7 ng.L"! for CXCL13, 32 ng.L"" for NFL, and 27 ng.L"' for pNFH. All samples were
measured in duplicate. The mean coefficients of variation for CHI3L1, CXCL13, NFL, and
pNFH were 5.8%, 5.2%, 1.9%, and 3.3%, respectively.

IgG oligoclonal bands (0IgG) were detected by isoelectric focusing in agarose gels followed
by immunofixation, using a commercial kit on a Hydrasys instrument (Hydragel 9 CSF isofo-
cusing, Cat. No. 4355, Sebia).

IgM and FLC oligoclonal bands (0IgM, oFLC) were analyzed by IEF focusing followed by
affinity immunoblotting as originally described by Sindic and Laterre [13] and slightly modi-
fied by us [14]. Two extra oligoclonal bands (OCB) in CSF compared to serum (OCB > 2)
were the interpretation criteria for intrathecal oligoclonal IgG, IgM, and FLC synthesis [15].

Statistical methods

The statistical analysis was rendered using Excel, Stata version 13, MedCal version 17.9.7., R
and NCSS 2007 software [16-17]. MedCal version 17.9.7.was applied to estimate the CHI3L1
reference interval too. The robust CLSI C28—A3 method was used, due to the small sample
size (n = 43).

Basic descriptive statistics, including frequency tables, medians, arithmetic means, standard
deviations and percentiles, were used to describe the results. With the Shapiro-Wilk test of
normality, the normality of the parameters CHI3L1, CXCL13, NFL, and pNFH was verified.

The normality hypothesis was rejected; therefore, non-parametric tests were used, includ-
ing the Kruskal-Wallis rank test and the two-sample Wilcoxon rank-sum (Mann-Whitney)
test.

The relationship between the parameters was assessed by Spearman’s correlation coeffi-
cient. Data values were classified as positive and negative. Fisher’s exact test was used to test
categorized data. Conformity between assay results was measured using the kappa index with
confidence intervals of 95%. Statistical tests were evaluated using a significance level of 5%.

Results

First, we validated the diagnostic kit for CHI3L1 determination. The coefficients of variation
were comparable to the values supplied by the manufacturer (Table 1). Based on repeated mea-
surements (n = 6) of the blank and the low-concentration CHI3L1 sample, the limit of blank
(LoB=1.05 ng.L’l) and the limit of detection (LoD = 5.48 ng.L’l) values were calculated. The
average recovery of CHI3L1 obtained using spiked samples of CSF was 101.4% (Table 2).

A total of 132 patient samples were included in the analysis, which evaluated the correlation
between CHI3L1 levels and several other biochemical markers. Characteristics of the studied
groups are presented in Table 3; for summary characteristics please see Supplementary mate-
rial (S1 Table). Age distribution in diagnostic groups compared with One-way analysis of vari-
ance (ANOVA) was statistically different (p < 0.05).

A statistically significant difference was found by the nonparametric Kruskal-Wallis test
between CHI3L1 and diagnosis groups (p < 0.0001). After age-adjusted analysis according to
regression dependence CHI3LI = 51.874 + 1.997 * Age, OIND diagnosis group had higher
CHI3L1 levels than other diagnosis groups, (p = 0.002), Fig 2. Comparison of the individual
groups against the Control was performed by the Wilcoxon test.
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Table 1. Assessment of the precision of commercial CHI3L1 ELISA using the manufacturer’s controls.

Control Intra-Assay Precision Inter-Assay Precision

Level 1 Level 2 Level 3 Level 1 Level 2 Level 3
n 10 10 10 5 5 5
Mean (ng.L'") 335 1030 2084 417 1109 2094
SD (ng.L™) 15.9 52.2 105.1 22.2 63.0 135.5
CV (%) 4.8 5.1 5.0 5.3 5.7 6.5
CV4' (%) 4.7 4.3 4.7 5.3 5.8 6.9

n, number of measurements; SD, Standard deviation; CV (%), coefficient of variation;

Tthe declared value of coefficient of variation from the manufacturer

https://doi.org/10.1371/journal.pone.0233519.t001

The regression relationship between studied parameters was evaluated using Passing-
Bablok regression (Fig 3). There was a statistically significant correlation between CHI3L1 and
NFL concentrations (rs = 0.595; n = 105; P < 0.0001) and between CHI3L1 and pNFH concen-
trations (rg = 0.744; n = 115; P < 0.0001).

At the same time, we evaluated the correlation between the CHI3L1 concentrations and
other studied parameters in individual diagnostic groups. There was a statistically significant
relationship between CHI3L1 and NFL in the MS (r, = 0.460; P = 0.002), NIND (r, = 0.503;

P =0.003), and OIND (r, = 0.964; P < 0.001) diagnosis groups, and between CHI3L1 and
pNFH in the MS (rs = 0.691; P < 0.001) and NIND diagnosis groups (rs = 0.691; P < 0.001)
(Table 4). We performed a categorical comparison of the selected variables expressed in posi-
tivity or negativity of test with individual diagnosis using Fisher’s exact test. Positive values of
the quantitative tests were as follows: CHI3L1 > 194.7 ug.L™"; NF-L > 900 ng.L™" [18]; CSF
pNFH > 610 ng.L" [19]; CXCL13 > 20 ng.L™" [20], in the case of qualitative tests two extra oli-
goclonal bands (OCB) in CSF compared to serum (OCB > 2) were the interpretation criteria
for intrathecal oligoclonal IgG, IgM, and FLC synthesis. Statistically significant differences
were found in pNFH, olgG, oIgM, oFLC kappa, and oFLC lambda (P < 0.0001) (Table 5).

The Cohen s kappa statistic was used to compare the assays based on clinical interpretation
(positive and negative results) because the methods had different reference intervals (Table 6).
The higher the kappa value, the greater the agreement between the methods. The highest
kappa coefficient, i.e. moderate conformity between the studied biomarkers, was demon-
strated between the concentrations of CHI3L1 and pNFH (< = 0.436).

Table 2. The recovery of CHI3L1 obtained from spiked samples of CSF.

Theoretical concentration (ug.L™) Measured concentration (ug.L™) Average (ug.L™") Recovery (%)
1. measurement 2. measurement
32.3 34.0 28.3 31.2 96.4
149.8 162.0 158.0 160.0 106.8
267.5 289.0 295.0 292.0 109.2
385.3 340.5 356.0 348.3 90.4
503.0 512.0 535.0 523.5 104.1

The estimated reference interval (28.6-182.5 pg.L ") showed age-related increase (CHI3L1 = 41.546 + 1,072 * Age, P = 0.0017), sex-related difference was not found
(P =0.837) (Fig 1).

https://doi.org/10.1371/journal.pone.0233519.t002
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Fig 1. Estimation of the CHI3L1 CSF reference interval and age-dependence of test values. A: Age-related
reference interval: centiles; B: reference interval.

https://doi.org/10.1371/journal.pone.0233519.g001

The Mann-Whitney U test was chosen to compare parameters (CHI3L1, pNFH, NFL and
CXCL13) with and without the presence of oligoclonal bands (0IgG, oIgM, oFLC; positive
results indicate more than 2 bands in cerebrospinal fluid absent from serum). Statistically sig-
nificant differences were not found with the presence of oligoclonal bands for CHI3L1, but
were found with oIgG for pNFH and CXCL13 (P = 0.0061; resp. P <0.0001), with oIgM for
CXCL13 (P =0.0279), with oFLC lambda for NFL and CXCL13 (P = 0.0348; resp. P <0.0001),
oFLC kappa and CXCL13 (P <0.0001).
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Table 3. Descriptive characteristics of the studied groups.

MS
Variable Min Max Mean Median SD
Age (year) 42 18.00 69.00 38.833 38.00 11.95
CSF CHI3L1 (pg.L'l) 42 35.70 392.00 139.35 130.50 68.80
CSF NFL (ng.L'l) 42 97.00 4044.00 1036.45 721.00 875.43
CSF pNFH (ng,L’l) 35 87.31 1985.82 339.56 284.05 32091
CSF CXCL13 (ng.L’l) 42 10.70 265.50 37.43 10.70 61.16
CIS
Age (year) 14 16.00 44.00 28.57 27.00 8.86
CSF CHI3L1 (pg.L’l) 14 38.50 269.00 83.92 65.70 58.29
CSF NFL (ng.L'l) 14 139.00 1204.00 531.14 479.50 311.42
CSF pNFH (ng.L'l) 10 104.18 475.28 188.35 159.37 105.92
CSF CXCL13 (ng.L'l) 14 10.70 116.10 32.56 23.55 30.26
OIND
Age (year) 11 21.00 85.00 56.00 56.00 19.11
CSF CHI3L1 (pg.L-l) 11 75.30 503.00 216.03 187.00 127.97
CSF NFL (ng.L'l) 7 161.00 10073.00 2055.43 690.00 3553.81
CSF pNFH (ng,L’l) 9 109.96 22400.00 3686.63 682.55 7161.84
CSF CXCL13 (ng,L’l) 7 < 10.70 80040.00 11464.36 24.10 30239.04
IDPNS
Age (year) 4 37.00 73.00 53.50 52.00 15.35
CSF CHI3L1 (pg.L'l) 4 89.70 230.00 139.38 118.90 64.77
CSF NFL (ng.L'l) 4 354.00 27149.00 7430.75 1110.00 13151.77
CSF pNFH (ng.L'l) 4 226.88 23100.00 6121.19 578.93 11321.79
CSF CXCL13 (ng.L'l) 1 10.70 10.70 10.70 10.70 0.00
NIND
Age (year) 46 12.00 79.00 54.07 55.00 16.08
CSF CHI3L1 (pg.L-l) 46 61.10 386.00 163.37 140.00 83.56
CSF NFL (ng.L’l) 31 210.00 60600.00 3997.87 744.00 10994.63
CSF pNFH (ng,L'l) 43 141.73 15500.00 1573.79 501.34 2892.56
CSF CXCL13 (ng.L’l) 24 10.70 96.20 17.01 10.70 21.57
Control
Age (year) 15 18.00 67.000 41.200 39.000 15.8439
CSF CHI3L1 (pg.L'l) 15 32.30 188.00 85.84 76.90 42.24
CSF NFL (ng.L'l) 7 108.00 644.00 324.14 303.00 182.20
CSF pNFH (ng.L'l) 14 85.85 526.05 235.18 241.16 123.74
CSF CXCL13 (ngL™") 5 <10.70 <10.70 <10.70 <10.70 0.00

MS, multiple sclerosis; CIS, clinically isolated syndrome; OIND, other central nervous system inflammatory diseases; IDPNS, inflammatory diseases of the peripheral

nervous system; NIND, non-inflammatory diseases of the central nervous system; n, number of patients; Min, minimal concentration; Max, maximal concentration; SD,

standard deviation

https://doi.org/10.1371/journal.pone.0233519.t003

Discussion

In this study we tested CHI3L1 as a marker of multiple sclerosis. The CHI3L1 ELISA diagnos-
tics kit is sensitive enough to measure CHI3L1 in cerebrospinal fluid. We also estimated the
normal CSF CHI3L1 values that were show to be independent of gender but associated with
age. The CHI3LI concentration increased with increasing age. This is consistent with pub-
lished data showing increased levels of CSF CHI3LI in patients with CNS inflammation
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Fig 2. Box-plot concentration of CSF CHI3L1 individual diagnosis groups against base-mean CHI3L1 and results of
pairwise comparisons between individual diagnosis groups against “control group”. Upper graph: non-adjusted levels
of CHI3L1 Statistically significant differences were found in the IDPNS, MS, NIND and OIND groups. Lower graph: Age
adjusted levels of CHI3L1. Statistically significant differences were found only in the MS and OIND group.

https://doi.org/10.1371/journal.pone.0233519.9002
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Fig 3. Passing-Bablok regression analysis of CHI3L1 and NFL, respectively pNFH concentrations in all groups. r,
= Spearman correlation coefficient. The correlation between CHI3L1 and NFL and pNFH in cerebrospinal fluid,
P < 0.0001.

https://doi.org/10.1371/journal.pone.0233519.g003

compared with healthy individuals, and an increase with increasing age, consistent with the
hypothesis that lower-grade inflammatory processes are induced in the aging brain [9].

The dependence of CH3L1 concentration in different diagnostic groups was studied. An
elevated level of CSF CHI3L1 was found in patients with MS, but it was much higher in
patients with other inflammatory neurological diseases. Modvig et al. [21] reported similar
results. They suggested that increased levels of CSF CHI3L1 are associated with tissue damage
related to inflammation and might predict residual disabilities and possibly cumulative dam-
age over time.
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Table 4. Correlations between selected biochemical markers in CSF and the indicated diagnoses.

Parameters Diagnosis
MS CIS NIND OIND Control All
CHI3L1 vs. NFL I 0.460 0.422 0.503 0.964 0.857 0.595
P 0.002 0.131 0.003 <0.001 0.0137 <0.0001
n 42 14 31 7 7 105
CHI3LI1 vs. pNFH I 0.691 -0.091 0.691 0.550 0.662 0.744
P <0.001 0.802 <0.001 0.125 0.010 <0.0001
n 35 10 43 9 14 115
CHI3L1 vs. CXCL13 Iy 0.302 0.421 0.391 0.371 0.205
P 0.052 0.133 0.059 0.4131 n.a 0.0482
n 42 14 24 7 93

MS, multiple sclerosis; CIS, clinically isolated syndrome; OIND, other central nervous system inflammatory diseases, NIND, non-inflammatory diseases of the central

nervous system, IDPNS, inflammatory diseases of the peripheral nervous system; r,, Spearman’s correlation coefficient; n.a., not applicable

https://doi.org/10.1371/journal.pone.0233519.t004

At the same time, a number of studies dealt with the study of CHI3L1 in relation to CNS tis-
sue damage. Burman et. [8] found a fundamental difference in the origin of tissue damage in
T1 lesions relative to normal appearing white matter, consistent with the dual paradigm that

inflammation and degeneration are important for the development of tissue damage and dis-
ability in different form of MS. Baldacci et al. [22] conclude that CHI3L1 is a pathophysiological
biomarker of neurodegeneration and its concentration correlate with parameters of neuronal
injury, large axonal damage and synaptic disruption in different neurodegenerative disease.
Concurrently, CSF CHI3L1 concentration correlates significantly with CSF NFL and even
more with CSF pNFH concentrations, making pNFH kit more convenient for routine analysis.

The correlation between CHI3L1 and NFs varies depending on the diagnosis.

Table 5. Categorical comparison of the selected variables expressed in positivity or negativity of test with individual diagnosis using Fisher’s exact test, because we
compared quantitative methods (CHI3L1, NFL, pNFH, CXCL13) with qualitative methods (oligoclonal bands IgG, IgM, FLC kappa and FLC lambda).

Methods (n) Fisher exact test P Sample distribution Diagnosis
CIS MS IDPNS NIND OIND
CHI3L1 (117) 0.0770 Neg 13 37 3 35 6
Pos 1 5 1 11 5
CXCL13 (104) 0.0004 Neg 8 32 4 28 4
Pos 9 11 0 2 6
NFL (106) 0.3775 Neg 13 25 2 19 4
Pos 3 18 2 16 4
pNFH (104) <0.0001 Neg 11 33 2 26 4
Pos 0 2 2 18 6
0lgG (106) <0.0001 Neg 5 5 8 18 9
Pos 11 38 0 6 6
olgM (55) 0.0001 Neg 3 7 1 17 3
Pos 4 16 0 1 3
oFLC Kappa (132) <0.0001 Neg 2 6 3 46 6
Pos 13 37 1 10 8
oFLC Lambda (132) <0.0001 Neg 7 15 3 53 9
Pos 8 28 1 3 5
https://doi.org/10.1371/journal.pone.0233519.t005
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Table 6. Correlation of selected parameters based on positivity and negativity of results, Cohen s kappa statistics.
Positive values were as follows: CHI3L1 > 194.7 pg.L"; NF-L > 900 ng.L' [18]; CSF pNFH > 610 ng.L™" [19];
CXCL13 > 20 ng.L™" [20].

CHI3L1 vs. NFL CHI3L1 vs. pNFH CHI3L1 vs CXCL13
Weighted Kappa (n) 0.243 (105) 0.436 (115) 0.287 (93)
95% CI 0.058-0.428 0.242-0.630 0.067-0.507
Standard error 0.0942 0.0988 0.112

95% CI, 95% confidence interval

https://doi.org/10.1371/journal.pone.0233519.t006

We also assessed the correlation between CHI3L1 and CXCL13. CXCL13 is a potent B cell
chemoattractant. In cerebrospinal fluid, it is expressed by monocytes and especially macro-
phages in perivascular inflammatory lesions and scattered parenchymal cells [23]. Khademi
et al. stress that this chemokine could be a very important marker of inflammatory activity in
patients with multiple sclerosis [24]. The authors demonstrated a statistically significant corre-
lation of elevated CXCL13 levels with the conversion of CIS to clinically definite MS and the
rate of relapses one year after diagnostic lumbar puncture. They also found a significant rela-
tionship between high levels of CXCL13 and the presence of oligoclonal IgG bands in cerebro-
spinal fluid. This finding is confirmed by our observation of statistically significant differences
in CXCL13 concentrations between oIgG, oFLC kappa and oFLC lambda negative versus posi-
tive patients.

The present study also provides the first results that compare CHI3L1, NFL, pNFH, and
CXCL13 with IgG, IgM, and FLC kappa and FLC lambda oligoclonal bands. Our reason for
conducting the comparison is the fact that intrathecal synthesis of IgG as well as of free light
chains (FLC) is detectable in the majority of patients with multiple sclerosis and less frequently
in other, mostly inflammatory, nervous system diseases. In addition, a positive finding of intra-
thecal FLC synthesis can be a marker of disease progression [25]. The detection of oIlgM may
help us to better understand the nature of the intrathecal antibody response in inflammatory
neurological diseases and may be important in their differential diagnoses [26-27].

Since CSF CHI3LI concentrations correlated much more closely with CSF pNFH, an estab-
lished biomarker of disease progression than with inflammatory biomarker CSF CXCL13 and
oFLC, we hypothesize that CSF CHI3L1 levels might reflect the extent of tissue damage rather
than the degree of inflammatory activity. Lowest CSF CHI3L1 level found in the CIS group
might further support this hypothesis, although patients with CIS (i.e., not fulfilling the diag-
nostic criteria of MS after the first episode consistent with demyelination) are probably at
lower risk of progression to CDMS than before the implementation of 2017 revision of MS
diagnostic criteria.

Limits of the study

Our study has several weaknesses. Although three CSF and serum aliquots were frozen for
each patient in the study, there was not always enough material, especially cerebrospinal fluid,
for all tests. At the same time, the patient population was obtained during a 3-year study

(n = 356), but in some patients no definitive diagnosis has been established. Therefore, these
patients were not included in the final evaluation, which also affected the unequal representa-
tion of patients in the individual diagnostic groups. Finally, detailed clinical characteristics of
patients within individual diagnostic groups were not taken into account in the analysis.
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Conclusions

In this study, we tested a diagnostic kit for the determination of CHI3L1 concentrations in bio-
logical fluids. The CHI3L1 ELISA assay has adequate sensitivity and is suitable for CSF analy-
sis. The data showed good correlation and moderate conformity between CHI3L1 and pNFH
concentrations. When assessing the relationship of CHI3L1 concentrations and diagnosis, cor-
relations were found between the concentrations of CHI3L1 and NFL in the MS, NIND, and
OIND groups, and between the concentrations of CHI3L1 and pNFH in the MS and NIND
groups. The results support the hypothesis that CSF CHI3L1 could be another promising prog-
nostic, albeit probably etiologically nonspecific, biomarker of MS.
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Stanoveni biomarkeri B-amyloidu 1-42 (Ab42), celkového tau proteinu (T-Tau)

a fosforylovaného tau proteinu 181 ( P-Tau) je vyuZivano v ramci diferencialni diagnos-

tiky neurodegenerativnich onemocnéni, zvlasté Alzheimerovy choroby (Alzheimer's

disease, AD). Cilem nasi prace bylo porovnani neurodegenerativnich markeri dvéma

typy diagnostickych souprav.

Porovnani dvou analytickych metod
stanoveni neurodegenerativnich
markeru B-amyloidu 1-42,
celkového tau proteinu

a fosforylovaného tau proteinu 181
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Uvod

Neurodegenerativni onemocnéni, jako je
Alzheimerova choroba (AD) a dalsi sou-
visejici demence, postihuji témér 44 mi-
liond lidi na celém svété.! Nejcastéji se
s nimi setkdvdme u osob starsich 65 let,
jejich prevalence s vékem stoupa a podle
odhadu se vzhledem k rostouci délce zi-
vota pocet lidi s demenci v pristich 30 le-
tech zdvojnasobi.? Z tohoto duvodu jsou
hledany laboratorni biomarkery, které by
pomohly diagnostikovat tuto chorobu
v Casnych stadiich. V soucasné dobé je
pfi podezfeni na fadu onemocnéni cent-
rélniho nervového systému (CNS) dopo-
rucovano zakladni vySetfeni mozkomis-
niho moku (CSF), a to posouzeni vzhledu
likvoru, kvantitativni stanoveni poctu
bunéénych elementd, celkové bilkoviny,
glukozy a laktatu.’ Pro podrobnéjsi dife-
renciaci nemoci CNS je poté doporuco-
vano stanoveni konkrétnich biomarkert.
Z hlediska diferenciace neurodegenera-
tivnich onemocnéni se jedna o stanoveni
likvorové koncentrace beta-amyloidu 42
(Ab42), celkového tau proteinu (T-Tau),
popt. fosforylovaného tau proteinu 181
(P-Tau).

Tau protein jako nizkomolekularni neu-
rocytoskeletdlni protein se muze vysky-
tovat az v 6 riznych izoformdch, které
se lisi délkou polypeptidového retézce.
Utastni se vystavby mikrotubuld, ktera
je tizena fosforylaci a defosforylaci. De-
fosforylovany tau protein prispiva k po-
lymerizaci a stabilizaci mikrotubuld,
kdezto fosforylovany tau protein se z je-
jich vazby uvolnuje a tim vede k jejich

rozpadu. Za fyziologickych okolnosti

>

je mezi témito dvéma pochody udrzo-
vana rovnovaha zaji$tujici potfebnou
stabilitu mikrotubul®l.® Za patologic-
kych podminek se fosforylované formy
tau proteinu uvolnuji za tvorby paro-
vych helikalnich filament agregujicich
za vzniku neurofibrilarnich klubicek.®
Pritomnost téchto obtizné odbouratel-
nych intraceluldrnich depozit tau pro-
teinu je typickd pro neurodegenerativni
onemocnéni oznacované jako tauopa-
tie, jejimz hlavnim predstavitelem je
AD. Nésledkem miize byt rozpad bunky
se soucasnym uvolnénim tau proteinu
do extraceluldarniho prostoru. Zvyse-
nd koncentrace celkového tau proteinu
spole¢né s fosforylovanym tau protei-
nem v CSF tak patfi k ukazatelam AD.

Beta-amyloid vznikd z amyloidového
prekurzorového proteinu, ktery je fyzio-
logickou soucdsti buné¢né membrany.
V klinické praxi se vyuziva prevazné sta-
noveni izoformy Ab42 kon¢ici alaninem
na rozdil od kratsi izoformy Ab40 kon¢ici
valinem, ktera za fyziologickych okolnos-
ti prevaZuje, je solubilni a télem vyluco-
vana. Rychle agregujici izoforma Ab42
je tak dominujici formou beta-amyloidu
ulozeného v placich. Jeho sniZena kon-
centrace u pacientt s AD je pak vysvét-

lovana pravé jeho zvySenou adherenci

v perineurondlnich neuritickych placich.”




S

Senzitivita a specificita Ab42 pro
diagnostiku AD oproti kontrolni skupi-
né je odhadovana z fady studii na 86 %
a 90 %; pro celkovy T-Tau 81 %, resp.
90 %, a pro P-Tau 80 %, resp. 92 %. Pri
kombinovaném hodnoceni senzitivity
a specificity byly pro Ab42 a T-Tau zis-
kany hodnoty 85-94 %, resp. 83-100 %
ve skupiné s AD oproti kontrolni skupi-
né.® Nicméné pii hodnoceni specificity
téchto biomarkertt pro AD vzhledem
k ostatnim demencim byly jeji hodnoty
mnohem niz$i.> Soucasné byly pozoro-
vany rozdily v absolutnich koncentra-
cich téchto biomarkerti napfi¢ riznymi
laboratofemi. Tyto rozdily mohou byt
zptisobeny rozdilnymi preanalytickymi

i analytickymi podminkami.'®"!

Cilem na$i prace bylo porovnani neu-
rodegenerativnich markera dvéma typy
diagnostickych souprav, korelace mezi
absolutnimi koncentracemi jednotlivych
biomarkert a jejich vzajemnymi poméry
a posouzeni jejich vzdjemné vypovédni
hodnoty na zakladé shody klinické inter-
pretace.

Metodika

Pacienti

Do studie bylo zafazeno 42 vzorki pa-
cienti z Neurologické kliniky Fakultni
nemocnice Ostrava s podezfenim na neu-
rodegenerativni onemocnéni. Primérny
vék celé skupiny byl 49,9 + 16,8 let. Sku-
pinu tvotilo 33 Zen s primérnym vékem
51,1 + 15,3 leta 9 muzd s pramérnym vé-
kem 45,6 + 22,0 let. Soubor pacientt byl
déle rozdélen do nasledujicich diagnos-
tickych skupin: Alzheimerova choroba
(AD) (n = 3), jiné demence (D) (n = 6),
Parkinsonova choroba (PD) (n = 3)
a kontrolni skupina (Co) (n = 30).

Vsichni pacienti podepsali informovany
souhlas s pouzitim zbytkového biolo-
gického materidlu pro vyzkumné tcely.
Kromé pohlavi a véku byly vSechny udaje

o pacientech anonymni.
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Vzorky
Vzorky likvoru studovanych jedinct byly

odebrany standardizovanym zptisobem
do polypropylenovych zkumavek (Sars-
tedt, Niumbrecht, Némecko). Vzorky
byly centrifugovany pti 390 x g po dobu
10 minut za pokojové teploty a super-
natanty byly poté uchovany v kryo-
zkumavkach (0,5 ml na kryozkumavku)

a skladovany pfi -70 °C do doby analyzy.

Analytické metody

Ke stanoveni Ab42, T-Tau a P-Tauvlikvoru
byly pouzity dvé imunoanalytické metody
s odliSnym zpusobem detekce, elektro-
chemiluminiscen¢ni detekce vyuzivajici
znaceni rutheniovym chelitem na plné
automatickém analyzatoru cobas 6000
firmy Roche a imunoenzymaticka detekce
vyuzivajici bezbarvého chromogenniho
substratu (ELISA) na analyzatoru DSX
(Euroimmun; EI). V ptipadé automati-
zovaného analyzitoru cobas 6000 byly
pouzity diagnostické soupravy Elecsys
Total-Tau CSE kat. ¢. 07356994 190,
Elecsys Phospho-Tau (181P) CSE kat. ¢.
07357036 190, a Elecsys p-Amyloid (1-42)
CSE Kkat. ¢. 06986811 190. V pripadé ELI-
SA stanoveni byly pouzity diagnostické
soupravy Total-Tau determination in CSE,
kat. ¢. EQ 6531-9601-L, Beta-amyloid
(1-42) determination in CSE kat. & EQ
6521-9601-L, a P-Tau (181) determinati-
on in CSE kat. ¢ EQ 6591 9601 L (Euro-

immun).

Ke statistickému zpracovani dat byly po-
uzity programy Excel a MedCalc verze
17.9.7. U v$ech pouzitych testt byla sta-
tistickd vyznamnost posuzovana na hla-
diné P = 0,05.

Vysledky

Zéakladni charakteristiku studované-
ho souboru uvadi tabulka 1. Absolutni
hodnoty obou testovanych analytickych
platforem se vyrazné lidily, nicméné ko-
relaéni analyza mezi studovanymi bio-
markery prokézala statisticky vyznamné
korelace mezi metodami Ab42 (Roche)
vs. Ab42 (EI), resp. P-Tau (Roche), mezi
Ab42 (EI) vs. P-Tau (Roche), mezi P-Tau
(Roche) vs. P-Tau (EI), T-Tau (Roche)
vs. T-Tau (EI), mezi P-Tau (EI) vs. T-Tau
(Roche), resp. T-Tau (EI), a mezi T-Tau
(Roche) vs. T-Tau (EI), P <0,001. Pti
porovnani jednotlivych biomarkerti po-
moci Demingovy regrese byla mezi nimi
zjiSténa vyrazna proporciondlni chyba,
u Ab42 40 %, T-Tau 43 % a P-Tau 46 %,
coz je mozné vysvétlit odli$nym princi-
pem stanoveni, viz tabulka 2, obrazek 1.
Existence vyraznych rozdilti mezi jed-
notlivymi diagnostickymi soupravami
vyplynula rovnéz ze vzdjemného po-
rovnani jednotlivych dvojic biomarkert
provedeného pomoci metody diferenc-
nich graft dle Bland-Altmana, viz tabul-
ka 3, obrazek 2. Ve véech diferen¢nich

N Min. Max. Pramér Median SD
VEk (roky) 42 17 90 49,91 50,50 16,78
Ab42 (ng.L ™) (ED 42 280 1896 970,21 933,40 334,22
T-Tau (ng.L™) (ED 42 148 961 364,22 320,0 175,45
P-Tau (ng.L ™) (ED 42 17,5 155,5 39,11 28,95 27,38
T-Tau/Ab42 (ED 42 0,132 3,147 0,496 0,306 0,553
P-Tau/Ab42 (EI) 42 0,018 0,288 0,051 0,032 0,062
Ab42 (ng.L”") (Roche) 42 200 1700 1087,59 1001,90 456,59
T-Tau (ng.L™") (Roche) 42 80 493 171,18 138,35 96,37
P-Tau (ng.L™) (Roche) 42 8,0 39,9 12,99 10,63 6,72
T-Tau/Ab42 (Roche) 42 0,047 0,781 0,200 0,132 0,174
P-Tau/Ab42 (Roche) 42 0,006 0,082 0,016 0,010 0,016

A Tab. 1: Zdkladni charakteristika studovaného souboru. N - pocet vzorkii; SD - smérodatnd

odchylka



grafech byl navic pozorovan statisticky
vyznamny linedrni trend nartstu dife-
renci v zavislosti na koncentraci dané-
ho biomarkeru ve vzorku. Tento trend
samoziejmé ovliviiuje validitu vypo-
¢tu rozdilu (biasu) mezi jednotlivymi
metodami. Soucasné bylo zjisténo, Ze
s rostouci koncentraci T-Tau primérna
odchylka (BIAS) klesd, nicméné v celém
rozsahu koncentraci je zdporna, v pfipa-
dé P-Tau zaporny BIAS s rostouci kon-
centraci roste, kdezto u Ab42 je u nizkych

koncentraci zaporny BIAS, s rostouci
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koncentraci Ab42 primérna odchylka
vzriista, tj. vykazuje kladny BIAS. Pti po-
rovnavani diferenci mezi méfenymi bio-
markery vzhledem k celkové analytické
chybé méfeni (TE, = £25 %) vychdzejici
z hodnoceni externi kontroly kvality spo-
le¢nosti Instand bylo zjisténo, ze metody
jsou z klinického pohledu vzajemné ne-

zaménitelné.

Dile z diivodu rozdilnych referen¢nich
intervali byla pro porovnani metod

na zdkladé shody klinické interpretace

v s

>

pouzita Kappa statistika. Kvantitativ-
ni vysledky méfeni ziskané odli$nymi
metodami stanoveni bylo nutné prevést
pomoci referen¢nich hodnot pouziva-
nych pro danou metodu na kvalitativni
vysledky (negativni/pozitivni). Nejvys-
§i kappa koeficient, resp. velmi dobra
shoda mezi testovanymi metodami byla
prokazana u T-Tau (x = 0,844), dostatec-
na shoda pak mezi P-Tau metodou EI
a Roche (k = 0,465) a slaba shoda mezi
Ab42 metodou EI a Roche (k = 0,286),
viz tabulka 4.

Metoda Usek (95% CI) Smérnice pfimky (95% CI) r
T-Tau -35,036 0,566 0,744
(ED vs. (Roche) (-100,982 az 30,905) (0,367 az 0,766)

P-Tau 3,624 0,239 0,921
(ED vs. (Roche) (2,674 az 4,575) (0,211 az 0,268)

Ab42 -259,786 1,389 0,922
(ED vs. (Roche) (-496,565 az -23,006) (1,108 az 1,669)

T-Tau/Ab42 0,053 0,297 0,815
(ED vs. (Roche) (-0,071 az 0,176) (-0,042 az 0,636)

P-Tau/Ab42 0,003 0,261 0,951
(ED vs. (Roche) (0,001 az 0,004) (0,207 az 0,315)

A Tab. 2: Porovndni metod pomoci Demingovy regresni analyzy. CI - 95% interval spolehlivosti, r — Pearsoniiv korelacni koeficient

A Demingova regrese: Ab42 B Demingova regrese: T-Tau c Demingova regrese: P-Tau
1800 1000 [ 160
y = -259,786 + 1,389 x & a o y = -35,039 + 0,566 x y = 3,624 + 0,239 x
1600 |- | r = 0,922 s r =0,8356 140 |- r=0921
n=42 800 |- n =42 n=42
1400 120 -
1200 +
L 600 | 100 |
21000 | K] K]
S S g sof
o 800 |- o o
L 400 - 60 |-
600
40 |
400 - 200 |-
200 |- < 20 |- 04, 0 8—5T
0k 1 I (] 1 0K ! 1 ! 1 i [ ' [ I 1 1
0 500 1000 1500 2000 0 200 400 600 800 1000 0 50 100 150 200
Euroimmun Euroimmun Euroimmun
D Demingova regrese: T-Tau/Ab42 E Demingova regrese: P-Tau/Ab42
35 03 F
y = 0,0525 + 0,297 x y = 0,00252 + 0,261 x
30 r=1028149 r=0,9508
I n =42 n =42
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o 20 |- o
= =
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=] (=}
€ 15| -4

1,0

15 2,0
Euroimmun

25 3,0

Euroimmun

A Obr. 1: Porovndni neurodegenerativnich markerii a jejich vzdjemnych pomérii metodami Euroimmun vs. Roche Demingovou regresni
analyzou. A: Ab42, B: T-Tau, C: P-Tau, D: T-Tau/Ab42 a E: P-Tau/Ab42; plnou cdrou je vyznacena regresni linie, teckované diagondlni linie

(identita)
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RozloZzeni naméfenych hodnot neu-
rodegenerativnich markert v zavislosti
na diagndze a pouzité metodé stanoveni

(EI vs. Roche) 1ze pozorovat na obrézku 3.

Diskuse

Neurodegenerativni onemocnéni vzni-
kaji v dusledku progresivni degenerace
nebo postupného zaniku specifickych
skupin neuronil. Jejich patofyziologic-

kou podstatou je stfddani specifického

ZKUSENOSTI Z LABORATORI

v s

proteinu pro dané onemocnéni v mozko-
vé tkani v kombinaci s obecnymi mecha-

nismy apoptozy a autofagie.’*?

V nad$i studii jsme se zaméfili na
beta-amyloid 42, celkovy tau protein a fo-
sforylovany tau protein (181P) a jejich
stanoveni dvéma odliSnymi metodami.
Stanoveni diagnostickymi soupravami
firmy Roche vyZzaduje ptisné dodrzo-
vani preanalytickych podminek, jako je
odbér predem daného mnozstvi likvoru

definovanym zptisobem do specifickych

odbérovych zkumavek a jeho dalsi zpra-
covani (pouziti konkrétnich $picek, mik-
rozkumavek atd.) a uchovani pfti teploté
-60 °C nebo niz$i minimalné po dobu
3 dnt do doby analyzy.'*'¢ Oproti tomu
stanoveni diagnostickymi soupravami fir-
my Euroimmun vyZzaduje odbér do poly-
propylenovych zkumavek bez dalsi speci-
fikace typu odbérovych zkumavek, $picek,
alikvota¢nich zkumavek a doby zamrazeni
pred analyzou.”" Podobné informace lze
ziskat i od autori Barto$ a spol., ktefi

ve své praci popisuji praktické informace

Metody Aritmeticky pramér diference P (Ho: Mean = 0) Dolni limit Horni limit P (smérnice trendu)
Ab42 -6,816 0,024 -43,769 30,137 <0,001
(ED vs. (Roche)

T-Tau 73,288 <0,001 22,484 124,093 0,549
(ED vs. (Roche)

P-Tau 95,083 <0,001 60,926 129,239 0,002
(ED vs. (Roche)

T-Tau /Ab42 80,993 <0,001 26,339 135,647 0,349
(ED vs. (Roche)

P-Tau /Ab42 99,887 <0,001 60,016 139,758 0,145
(ED vs. (Roche)

A Tab. 3: Posouzeni shody studovanych biomarkerii a jejich pomérii metodami Roche vs. Euroimmun pomoci Bland-Altmanova rozdilového
grafu. Aritmetické primeéry diferenci u T-Tau, P-Tau, T-Tau/Ab42 a P-Tau/Ab42 se signifikantné lisily od 0 (P <0,001)

A Bland-Altman(v rozdilovy graf: Ab42 B Bland-Altman(v rozdilovy graf: T-Tau c Bland-Altman(v rozdilovy graf: P-Tau
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A Obr. 2: Bland-Altmaniiv rozdilovy graf metod Euroimmun a Roche pro stanoveni (A) celkového tau proteinu (T-Tau); (B) fosforylovaného
tau proteinu (P-Tau), (C) beta-amyloidu (1-42) (Ab42), (D) poméru T-Tau a Ab42 a (E) poméru P-Tau a Ab42 v mozkomisnim moku. Plnd

Cara predstavuje priomér rozdilii (Mean), prerusované Cary zndzornuji interval - priimér +1,96 SD, soucasné jsou vyznaceny plné cdry odpovidajici
celkové povolené chybé £25 %
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T-Tau (EI) vs. T-Tau (Roche) P-Tau (EI) vs. P-Tau (Roche) Ab42 (EI) vs. Ab42 (Roche)
Kappa statistika 0,844 0,465 0,286
Standardni chyba 0,152 0,216 0,103
95% ClI 0,547 az 1,000 0,0386 az 0,384 0,083 az 0,489

A Tab. 4: Porovndni metod na zdkladé Kappa statistiky. Rozhodujici limity jednotlivych diagnostickych souprav: T-Tau Roche >300 ng.L", P-Tau
Roche >27 ng.L"', Ab42 Roche <1 000 ng.L"'; T-Tau EI >614 ng.L", P-Tau EI >61 ng.L"', Ab42 EI <550 ng.L"

A B C
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Obr. 3: RozlozZeni namérenych hodnot neurodegenerativnich markerii a jejich pomérii v zdvislosti na diagndze a pouzité metodé stanoveni
(Roche vs. Euroimmun). (A) T-Tau, (B) P-Tau, (C) Ab42, (D) pomér T-Tau/Ab42, (E) pomér P-Tau/Ab42 v mozkomiSnim moku

k vysetfeni likvorového tripletu. Z prace V konecném dusledku, pfi malém poctu z klinického hlediska zaménit, tudiz je pti
vyplyvaji i dalsi podstatné informace ty- vzorki, by se stala ELISA metoda cenové interpretaci nutné piihliZet k referen¢nim
kajici se transportu vzorku bez nutnosti naro¢néjsi nez plné automatizovana me- mezim konkrétniho vyrobce.
chlazeni ¢i zamrazeni vzorku, pokud je toda na analyzatoru ROCHE, kterd ma
CSF dopraven do 6 dnii od odbéru. Pti véak vys$$i vstupni cenu. S podobnymi vysledky se setkdvame
delsi ¢asové prodlevé pak doporucuji vzo- i v préci autort Barto§ A. a spol.,”® ktefi
rek CSF zamrazit a skladovat pfi teploté Pti porovnani vy$e jmenovanych diagnos- studovali shodu vysledki likvorového tri-
-15 az -25 °C, pro dlouhodobé skladovani tickych souprav byly pozorovany v ab- pletu T-Tau, P-Taua Ab42 dvéma ELISA
zamraZeni na -80 °C. solutnich koncentracich vyrazné rozdily metodami, ale podobné jako v nasi studii
mezi testovanymi biomarkery, nicméné nachazeli u tau proteinu analyzovaného
Vlastni stanoveni neurodegenerativnich testy spolu dobfre korelovaly. V ptipadé soupravou Euroimmun vy$s$i koncentrace
biomarkert jiz probihd zcela standardné T-Tau a P-Tau bylo déle zji$téno, Ze dia- nez u druhé testované soupravy Innotest,
pfi pouziti obou diagnostickych souprav. gnostické soupravy firmy Roche poskytuji zatimco v pripadé stanoveni koncentrace
Nicméné diagnostické soupravy firmy niz$i hodnoty nez diagnostické kity firmy Ab42 soupravou Euroimmun ziskali nizsi
Roche lze pouzit ke stanoveni neurodege- Euroimmun, zatimco v piipadé Ab42 dia- koncentrace nez soupravami Innotest.
nerativnich markert kdykoliv bez ohledu gnostické soupravy firmy Roche poskytuji
na mnozstvi vzorka pfijatych laboratofi pti nizsich koncentracich niz$i hodnoty, Také Fagan A. M. a spol? se zabyva-
k analyze na rozdil od ELISA metody, naopak pri vy$sich koncentracich vyssi li porovnanim diagnostickych souprav
kde by se rozhodné nevyplatilo provadét hodnoty. Souc¢asné jsme dosli k zavéru, Innotest® ELISA a INNO-BIA AlzBio3.
analyzu pfi poc¢tu vzorki mensim nez 8. ze pouzité diagnostické soupravy nelze Ackoli absolutni hodnoty Ab42, T-Tau
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a P-Tau ziskané obéma platformami byly
odlisné, korelovaly spolu velmi dobre,
stejné jako pomér T-Tau/Ab42. Rovnézi
v souladu s predchozimi studiemi**? po-
uzivajicimi tyto testy zjistili, Ze jednotlivé
neurodegenerativni markery T-Tau, P-Tau
i Ab42 v CSF koreluji s kortikdlni amy-
loidovou nélozi, i kdyZz riznou mérou. Nic-
méné poméry T-Tau/Ab42 ziskané obéma
testovanymi diagnostickymi kity prekona-
ly jednotlivé biomarkery véetné Ab2. Au-
tori dosli k zavéru, ze obé testovaci platfor-

my funguji dobfe pfi identifikaci jedincd

ZKUSENOSTI Z LABORATORI

v -

s pritomnymi amyloidnimi plaky, zejména
pomér T-Tau/Ab42, a dale podporuji silny
vztah mezi patologiemi amyloidu a celko-

vého tau proteinu u pacientti s AD.

Zaveér

Byly prokazany statisticky vyznamné roz-
dily mezi jednotlivymi metodami stano-
veni. Diagnostické soupravy firmy Roche
a Euroimmun nejsou navzéjem zastupitel-

né. Nicméné uspokojiva shoda z hlediska

klinické interpretace byla prokdzina mezi
véemi testovanymi diagnostickymi sou-
pravami. Pro rutinni{ analyzu lze tedy
doporucit obé metody stanoveni, nicmé-
né je nutné mit stale na paméti sledovani
hladiny pfislusnych biomarkert ve stejné
laboratofi pouzivajici stile stejnou me-
todu stanoveni a hladinu konkrétniho
biomarkeru interpretovat vzhledem k re-
ferenénim mezim konkrétni laboratote.
Za pozitivni nélez je pak vidy povazovan
nalez patologickych koncentraci minimal-

né dvou testovanych parametra.

RNDr. Pavlina Kusnierova, Ph.D.
Ustav laboratorn{ diagnostiky, Oddélen{ klinické biochemie, Fakultni nemocnice Ostrava
Kontakt: pavlina.kusnierova@fno.cz
Vystudovala Prirodovédeckou fakultu Univerzity Palackého v Olomouci (2001). Téhoz roku nastoupila jako chemik analytik
na Oddéleni klinické biochemie Nemocnice ve Frydku-Mistku, od roku 2005 pak na Oddéleni laboratorni mediciny Nemocnice
Sternberk jako vedouci tiseku molekuldrni biologie a genetiky, od roku 2009 jako vedouci laboratote. V roce 2007 dokonéila
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vyzkumnych projektech v oblasti klinické biochemie, na tvorbé vyukovych materiali. Je ¢lenkou Ceské spole¢nosti pro klinickou
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1 | INTRODUCTION

| David Zeman'?

| Pavel Hradilek? | Martin Cabal® |

Abstract

Background: Neurofilaments are the major cytoskeletal components of neurons, and
cell injury leads to their release into the surrounding area. The aim of this study was
to compare the cerebrospinal fluid (CSF) and serum (S) concentrations of neurofila-
ment light chains (NFLs) and phosphorylated neurofilament heavy chains (obNFHSs).
Methods: Neurofilament concentrations were measured in CSF and S samples from
172 patients using three enzyme-linked immunosorbent assays. Excel, Stata version
13, MedCal version 17.9.7., and NCSS 2007 software were used for the statistical
analysis.

Results: There was a statistically significant correlation between the concentrations
of CSF NFL and CSF pNFH (r, = 0.748; n = 89; P < 0.001), but Passing-Bablok regres-
sion showed systematic deviation between the values obtained using the two assays.
This indicates that the assays were not interchangeable. CSF pNFH and S pNFH con-
centrations showed low correlation. The kappa statistic showed moderate conform-
ity between CSF pNFH and CSF NFL concentrations (x = 0.556).

Conclusions: The CSF NFL and CSF pNFH assays gave clinically consistent results
that reflected the degree of axonal damage, independent of any particular neurologi-
cal diagnosis. The S pNFH assays had a lower predictive value due to the low correla-
tion coefficient and the kappa index of the CSF pNFH method.

KEYWORDS
axonal damage, cerebrospinal fluid, enzyme-linked immunosorbent assay, neurofilament,

neurological disease

heavy (NFH) chain subunits plus an unstable alpha-internexin sub-
unit. These subunits have different molecular weights and functional

properties. The NFL gene is on chromosome 8p21, and the NFL pro-

Neurofilaments (NFs) are the main structural proteins of neurons
and are members of the class IV intermediate filament protein family.
NFs are selectively expressed in the nervous system and are found
at the highest levels in long projection axons. They are composed
of four subunits, namely NF light (NFL), NF medium (NFM), and NF

tein, which has a molecular mass of 61.5 kDa, consists of 543 amino
acids. The NFM gene is also on chromosome 8p21; it consists of 916
amino acids and is important for radial axonal growth. The NFH gene

is on chromosome 22q12.2, and the protein, which has a molecular
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mass of 112.5 kDa, consists of 1020 amino acids. NFH is import-
ant for protein-protein interactions, which are regulated locally in
the axon by phosphorylation.l'2 The alpha-internexin protein has a
molecular mass of 66 kDa and can form homopolymers; however,
due to its instability, this subunit is difficult to detect in laboratory
practice. Its gene is on chromosome 10q24.33.

Enzyme-linked immunosorbent assays (ELISAs) or more sensitive
techniques, such as electrochemiluminescence immunoassays and
single molecule arrays (SIMOAs), can be used to determine NF lev-
els.® After axonal injury, NFs are released into the extracellular space.
Accordingly, their concentration in CSF and/or S reflects the degree
of axonal damage.* The levels of both NFL and NFH are increased in
multiple sclerosis (MS), reflecting both neuroaxonal damage in active
plaques, which is mediated by the inflammation, and neurodegener-
ation.” In patients with clinically isolated syndrome (CIS), the NFL
levels correlate with radiological signs of disease activity (gadolin-
ium-enhancing magnetic resonance lesions) and predict conversion
to clinically definite MS with a worse prognosis."'8 During MS pro-
gression, NFH levels correlate with physical disability and changes in
brain volume but not with lesion number or volume. The NFH con-
centration may indicate ongoing neurodegeneration.5'7’9

Natalizumab-treated patients show a 3-fold decrease in NFL,
indicating that this treatment not only has an immunomodulatory
effect but may also reduce axonal damage.10 These effects are also
observed in patients with MS who were treated with rituximab, mi-
toxantrone, or fingolimod.“’12 However, studies have not demon-
strated conclusively that the decline in axonal involvement is not
secondary, and anti-NF antibody levels do not correlate with the
clinical variants of MS. 1314

The aims of the study were to compare the cerebrospinal fluid
(CSF) concentrations of NFL and pNFH and the CSF and S concen-
trations of pNFH and to evaluate the correlation of these parameters
with the following diagnoses: MS; CIS; inflammatory diseases of the
peripheral nervous system (IDPNS); and other inflammatory central
nervous system diseases (OIND), noninflammatory neurological dis-
eases (NIND), and no evidence of organic nervous system disease

(the control group, Control).

2 | MATERIALS AND METHODS

2.1 | Patients

We examined a total of 172 patients from the Moravian-Silesian
region of the Czech Republic who had CSF and S samples sent for
analysis to the Institute of Laboratory Diagnostics, Department
of Clinical Biochemistry, University Hospital Ostrava. The study
was approved by the Ethics Committee of the University Hospital
Ostrava, Czech Republic, and was conducted in accordance with
the ethical standards of the Helsinki Declaration of 1975 as re-
vised in 2000. The average age of the entire group of subjects
was 47.0 + 16.44 years. The group consisted of 113 women
(65.7%) with an average age of 46.4 + 16.30 years and 59 men
(34.3%) with an average age of 48.2 + 16.64 years. The files of

patients from the University Hospital Ostrava with available
clinical data (n = 101) were further subdivided into diagnosis
groups: MS (n = 19; 14 women, average age 38 + 9.36 years; 5
men, average age 31 + 7.30 years), CIS (n = 11; 9 women, aver-
age age 34 + 11.12 years; 2 men, average age 31 + 3.50 years),
OIND (n = 10; 4 women, average age 39 + 11.88 years; 6 men,
average age 63 * 6.10 years), IDPNS (n = 5; 5 men, average
age 51 = 13.06 years), NIND (n = 38; 25 women, average age
54 + 15.87 years; 13 men, average age 58 + 10.58 years), and
Control (n = 33; 24 women, average age 43 + 16.04 years; 9 men,
average age 43 + 16.84 years). For diagnosis of multiple sclerosis,
we used the 2017 Revisions of the McDonald Criteria.'® The diag-
noses in the OIND group comprised neuromyelitis optica (n = 3),
encephalitis (n = 1), granulomatosis with polyangiitis (n = 2), asep-
tic meningitis (n = 1), neuroborreliosis (n = 3). The NIND group
included a very wide and heterogeneous spectrum of diagnoses;
more frequent were neurodegenerative diseases (n = 14), non-
inflammatory polyneuropathy (n = 8), and vascular CNS disease
(n = 5), further CNS tumors (n = 2), vertigo (n = 3), tinnitus (n = 1),
radiculopathy (n = 2), anisocoria (n = 1), spinal stenosis (n = 1),
spondylogenic cervical myelopathy (n = 1). All subjects provided
written informed consent for the use of their biological material
(CSF and S) for research purposes. Apart from sex and age, all
patient data were anonymous.

2.2 | Samples

Neurofilament light, pPNFH, and albumin concentrations were deter-
mined in CSF samples that were collected into a polypropylene tube
(Sarstedt) and in S samples that were collected into a Serum Gel with
Clotting Activator tube (Sarstedt). S and CSF samples were drawn
on the same day. The CSF samples were centrifuged at 390 x g for
10 minutes at room temperature, and the S samples were centri-
fuged at 2500 x g for 6 minutes at 4°C. Both the CSF and S samples
were aliquoted into at least three vials (0.3 mL per vial) and stored at
-70°C until the analysis.

2.3 | Analytical methods

The concentrations of NFL (NF-light® [Neurofilament light]
ELISA, REF 10-7001, IVD CE, UmanDiagnostics AB) and pNFH
(Neurofilament [pNf-H] ELISA, REF EQ6561-9601, IVD CE,
Euroimmun AG; Neurofilament (pNf-H)-high sensitive ELISA, REF
EQ6562-9601, For Research Use Only, Euroimmun AG) were deter-
mined by ELISA. A patient sample was used for precise and repro-
ducible measurement of NFL, as the diagnostic kit did not include a
quality control sample; for measuring pNFH, the manufacturer of the
diagnostic kit supplied two quality control samples. The kit manufac-
turers stated that the analytical sensitivity for NFL was 32 ng-L'?,
27 ng-L"* for pNFH and 6 ng-L"* for pNFH sensitive (pNFHs). All sam-
ples were measured in duplicate, and the mean intra-assay coeffi-
cients of variation for CSF NFL, CSF pNFH, and S pNFH were 1.9%,
3.3%, and 4.2%, respectively.
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TABLE 1 Assessment of the precision
and accuracy of assay methods that used
either patient cerebrospinal fluid as a
control for NFL or commercial controls for
pNFH

TABLE 2 Descriptive characteristics of
the studied group

FIGURE 1 Passing-Bablok regression
analysis of CSF NFL and CSF pNFH
concentrations. r, = Spearman correlation
coefficient

Methods Mean SD CV (%) (95% Cl) CV? (%) Bias (%)

NFL (ng~L_1) 305.3 19.25 6.31(4.26-9.32) <9.0 —

pNFH-level 1 273.9 23.03 8.41(5.91-12.16) 6.6 -8.69
(ng:L™

pNFH-level 2 1051.1 70.03 6.66(5.36-8.31) 4.4 16.79
(ng-L"™)

*The declared value from the manufacturer.

Variables N Median Mean SD Min Max

Age 172 46.0 47.0 16.5 12.0 85

CSF NFL (ng-L’i) 107 553.0 1604.8 3397.0 133.0 27 149

CSFpNFH (ng-L!) 148 286.8 1099.1 3127.4 80.5 23100

S pNFH (ng-L’l) 79 47.2 115.9 343.7 18.2 2916,6

S pNFHs (ng-L') 69 29.0 124.7 382.3 0.937  2705.4

Regression

Intercept (95% CI)

Slope (95% CI)

CSF NFL vs. CSF pNFH

(26.769 to 113.591)

77.654

0.459

(0.397 t0 0.557)

Passing-Bablok regression

14000 F
[ [y=77.654 + 0.459°
12000 -
%, 10000 |
g‘] B
L, | o
S 8000
5
Z 6000
@ 4000
(@]
2000
D o L 1 | 1 | 1 L L 1 L 1

2.4 | Statistical methods

Excel, Stata version 13, MedCal version 17.9.7., and NCSS 2007
were used for the statistical analyses.*®'” Basic descriptive statistics
were used to describe the data, including frequency tables, medians,
arithmetic means, standard deviations, and percentiles. The normal-
ity of the CSF NFL, CSF pNFH, and S pNFH parameters was verified
with the Shapiro-Wilk test of normality. The normality hypothesis
was rejected; therefore, nonparametric tests were used, including
the Kruskal-Wallis rank test and the two-sample Wilcoxon rank-sum
(Mann-Whitney) test. The relationship between the parameters was
evaluated by Spearman's correlation coefficient. Data values were
categorized as positive and negative. Fisher's exact test was used to
test categorized data. Conformity between assay results was evalu-
ated by the kappa index with 95% confidence intervals. Statistical

tests were evaluated using a 5% significance level.

0 4000 8000 12000

CSF NFL (ngL)

2.5 | Ethics approval

Informed consent was obtained from all patients at the University
Hospital Ostrava who were included in the study. The study was ap-
proved by the Ethics Committee of the University Hospital Ostrava
as a part of the project “CSF biomarkers of multiple sclerosis” (refer-
ence number 400/2017).

3 | RESULTS

First, we partially verified diagnostic kits for NFL and pNFH de-
termination. When we evaluated whether the measurements were
precise and reproducible, both diagnostic kits showed variation co-
efficients that were comparable to the values supplied by the manu-
facturer (Table 1).
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A total of 172 patient samples were included in the analysis that
evaluated the correlation between NF levels and clinical diagnoses.
The analytical characteristics of the studied group are presented in
Table 2.

There was a statistically significant correlation between CSF
NFL and CSF pNFH concentrations (r, = 0.748; n = 89; P < 0.001).
The regression relationship between these parameters was evalu-
ated using Passing-Bablok regression (Figure 1). At the same time,
Passing-Bablok regression demonstrated a statistically signifi-
cant bias between the CSF NFL concentration and the CSF pNFH
concentration. For a concentration of 300 ng-L’l, bias represents
28.11%; for a concentration of 5000 ng-L™%, bias is more than 50%
(namely, 52.45%). This indicated that at high CSF NFL concentra-
tions, the CSF pNFH concentration was approximately half of the
CSF NFL value.

NF concentrations according to the diagnosis groups are pre-
sented in Figure 2. We evaluated the correlation between the NF
concentrations and the different diagnoses. There was a statis-
tically significant relationship between CSF NFL and CSF pNFH
in the NIND (r, = 0.793; P < 0.001) and control (r, = 0.811; P < 0.001)

(A) 100000
: (]
", 10000
o ] T
< 1
T 1 -
= 4
L
w -
@ 1000 T
| T 1 l
A
100
| | | | | |
CIS ControllDPNS MS NIND OIND
Diagnosis
(C) 10000
1 (s}
<1000
- ] I
& 1 o
I 1 o
[V
= |
[= 1
o 100 |
1 . - auli —
I HOT T
10
I

T T T T T
CIS ControllIDPNS MS NIND OIND

Diagnosis

diagnosis groups, and between CSF pNFH and S pNFH in the IDPNS
(r, = 0.900; P = 0.037) and NIND diagnosis groups (r, = 0.459; P
=0.018) and between CSF pNFH and S pNFHSs in the NIND diagnosis
groups (r, = 0.435; P = 0.030) (Table 3).

The correlation coefficient between the CSF pNFH and S pNFH
values and between the CSF pNFH and S pNFHs was moderate
(r, = 0.579 resp. 0.439), probably due to the differences in the bio-
logical material that was analyzed (CSF or S; Figure 3).

The kappa statistic was used to compare the assays based on
clinical interpretation because the methods had different reference
intervals (Table 4). The highest kappa coefficient, that is, moderate
conformity between the diagnostic kits, was demonstrated between
the concentrations of CSF pNFH and NFL (k = 0.556). The positive
value for the concentration of CSF NFL was set at >900 ng-L"! based

1. That is, values >900 ng-L’1 can

on the study of Arrambide et a
be considered to be significantly elevated and indicative of axonal
damage. For CSF pNFH, the positive value was >610 ng-L’1 (95th
percentile of negative samples; (Table 4).*8

The nonparametric Kruskal-Wallis test was used to evaluate the re-

lationship of individual analytes on diagnosis. A statistically significant
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FIGURE 2 Concentrations of individual parameters according to the diagnosis. A, CSF NFL vs diagnosis; B, CSF pNHF vs diagnosis; C, S

pNFH vs diagnosis; D, S pNFHSs vs diagnosis
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TABLE 3 Correlations between NF concentrations and the indicated diagnoses

Diagnosis
Parameters MS CIS IDPNS NIND OIND Control All
CSF NFL vs CSF r, 0.396 0.650 0.400 0.793 0.943 0.811 0.748
pNFH P 0.144 0.058 0.600 <0.001 0.005 <0.001 <0.001
n 15 9 4 24 6 15 89
CSF pNFH vs S ry 0.368 0.624 0.900 0.459 0.657 0.464 0.579
pNFH P 0.177 0.054 0.037 0.018 0.156 0.294 <0.001
n 15 10 5 26 6 7 79
CSF pNFH vs S ry 0.515 -0.214 0.800 0.435 0.300 0.286 0.439
pNFHs P 0.128 0.610 0.200 0.030 0.624 0.535 <0.001
n 10 8 4 25 5 7 69
Abbreviation: r,, Spearman's correlation coefficient.
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FIGURE 3 Correlation analysis of CSF pNFH and serum pNFH, CSF pNFH and S pNFHs, and S pNFH and S pNFHs

difference was found for CSF pNFH in the group that included all
diagnoses (Table 5). Post hoc analysis was performed by Dunn test
(Table 6).

We also investigated the correlations of NF concentrations
with clinical data. The CSF NFL concentration in the MS and

CIS diagnosis groups was significantly higher in the subgroup

of patients who had a expanded Kurtzke Disability Status Scale
(EDSS) score of 2.5 or higher (median 1208.5 ng-L'!) 6 months
after lumbar puncture versus the subgroup of patients with EDSS
scores of O to 2 (median 488 ng-L'l; P =0.0269; Table 7). CSF NFL
thus appears to be a promising parameter for predicting disability

severity.
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TABLE 4 Assay conformity based on the kappa statistic

CSF pNFH? vs CSF pNFHb Vs CSF pNFH? vs S CSF pNFHb Vs CSF pNFH?vs S CSF pNFHb Vs
CSF NFL CSF NFL pNFH? S pNFHP pNFHs? S pNFHs
Kappa statistics 0.380 0.556 0.337 0.306 0.431 0.272
Conformity (%) (80) (83) (84) (71) (69) (69)
95% Cl 0.152-0.608 0.360-0.752 0.067-0.607 0.124-0.488 0.153-0.709 0.088-0.456
Standard error 0.0938 0.1043 0.0938 0.0871 0.1418 0.0940

Note: Positive values were as follows: CSF NFL > 900 ng-L™*'%; CSF pNFH > 1520 (respectively, 610°) ng-L'%; S pNFH > 290" (resp., 130°), ng-L™¢.

295th percentile for disease controls and healthy.
b95th percentile for negative samples.

CSF NFL CSF pNFH S pNFH
(P-value) (P-value) (P-value)
All diagnoses?® 0.157 <0.001 0.138

#Kruskal-Wallis rank test.

TABLE 6 Mutual comparison of individual diagnoses (Dunn test)

Different (P < 0.05)
Diagnosis groups (n) Average rank from subgroups
(1) CIS (20) 41.40 (5)
(2) Control (24) 49.64 (4) (5)
(3) IDPNS (5) 101.00
(4) NIND (37) 82.93 (2)
(5) OIND (10) 112.88 (1) (2)
(6) MS (14) 63.53
4 | DISCUSSION

This study investigated NF concentrations in S and in CSF as
a marker of axonal damage. We used two CE ELISA diagnostic
kits, one to determine the concentrations of NFL in CSF (NF-
light ELISA, UmanDiagnostics) and one to determine the con-
centrations of pNFH in S and CSF (Neurofilament (pNf-H) ELISA,
Euroimmun). The other ELISA diagnostic kits for S pNFHs deter-
mination (Neurofilament (pNf-H)-high sensitive ELISA, Euroimmun)
are for research use only. All three assays were suitable for precise
measurement of NFs. There was a statistically significant correla-
tion between CSF NFL levels and CSF pNFH levels. However, the
CSF pNFH assay showed much lower values than the values for
CSF NFL. The reason for this difference may be the relative molar
ratio of the individual NF subunits, which is approximately 5:2:1
for NFL:NFM:NFH.'? Another possibility is that NFL, which has a
lower molecular mass, diffuses into CSF more easily than the heav-
ier pNFH or with regard to the NF stoichiometry as motor neurons
have the ability to save energy to shift the protein expression from
larger to smaller subunits.?°

We demonstrated that the CSF NFL concentrations correlated
well with the CSF pNFH concentrations, especially in the Control
and in patients with NIND. We found no correlation for the other

TABLE 5 One-way analysis of variance

S PNFH_sen. of individual analytes and all diagnoses

(P-value)

0.260

TABLE 7 Correlation of the CSF NFL concentration with clinical
data (MS and CS group, patients with available follow-up data,
Mann-Whitney test)

CSF NFL median (IQR)

Relapse at the time of lumbar puncture

No 883 (533-1471) n=18/8

Yes 607 (439.5-992.5) 17 AL
Relapse within 6 mo after lumbar puncture

No 1083 (488-1471) n=14/3

Yes 446 (N/A) S

Kurtzke Expanded Disability Status Scale (EDSS) 6 mo after lumbar
puncture

0-2.0
22.5

488 (438.5-1039)
1208.5 (862-1597.5)

n=9/8
P =0.0269

diagnosis groups, possibly due to the small number of patients,
especially in the IDPNS group. The correlation between the S and
CSF concentrations of pNFH was lower. The SIMOA method is a
suitable alternative for testing these analytes in CSF and S. Kuhle
et al'*?122 showed that SIMOA had higher sensitivity than ELISA
and the electrochemiluminescence-based assay. They further
reported a statistically significant correlation between CSF NFL
and S NFL concentrations. In the future, despite the high cost of
the SIMOA method, it would be appropriate to examine a larger
dataset to determine whether S NFL determination could replace
CSF NFL determination for assessing the severity and prognosis of
neurological diseases.

When we evaluated the correlations of these methods with the
different diagnoses, the assays showed the best correlations with
each other in the IDPNS and NIND groups of patients. Similar re-
sults were obtained by De Schaepdryver et al,?® who determined
the S and CSF NF concentrations using two diagnostic kits from
Euroimmun and BioVendor. Both kits were ELISA-based. The authors
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compared the assays in a group of patients with amyotrophic lateral
sclerosis and showed a good correlation between CSF NFH and S
NFH (r = 0.652).

When we evaluated these assays according to clinical findings,
there was moderate conformity between the CSF NFL and pNFH
concentrations, but only fair conformity between the CSF pNFH and
the S pNFH concentrations. One possible explanation is that NFs are
heteropolymers that form aggregates. Thus, precise determination of
NFH concentrations by immuno-based methods can be influenced by
several factors: the ability of the aggregate to mask the NFH epitope;
the aggregate's decreased solubility; the difference in stability of NFH
monomers in solution versus NFH in aggregates; and the ability of the
antibody to bind to soluble NFH.?* Lu et al®* confirmed that NF ag-
gregates are characteristic of amyotrophic lateral sclerosis and other
neurodegenerative diseases and that they represent a significant
pre-analytical problem for immunoassay analysis. They developed an
ELISA method in which, after 1-hour incubation of the sample with a
buffer containing a “urea-calcium chelator,” aggregate disruption re-
sulted in a precise quantification of the NFH concentration.

We performed one-way analysis of variance of the individual an-
alytes for all diagnoses and for paired comparisons of patients with
MS and CIS versus the control group. A statistically significant dif-
ference was found only for the concentration of CSF pNFH in the
group that included all diagnoses. This finding was not a surprise,
because a number of studies have shown that NFs are markers of
axonal damage rather than markers of a specific diagnosis. Increased
levels of NF have been observed, for example, in ALS,%® cIs/
MS, 4101215 heyrological diseases related to aquaporin-4- (AQP4-
Ab-) and myelin oligodendrocyte glycoprotein antibodies (MOG-Ab),
and other neurological diseases.?*

We studied the correlation of CSF NFL with clinical data as well.
The CSF NFL concentration in the MS and CIS diagnosis groups was
significantly higher in the subgroup of patients who had EDSS scores
of 2.5 or higher 6 months after sampling versus the subgroup of pa-
tients with EDSS scores of O to 2. These data showed the suitability
of using CSF NFL to predict disease severity. Similar results were
obtained in the study by Disanto et al,?® which examined the rela-
tionship between NFL concentration and other markers of disease
activity, such as the number of T2 hyperintense and gadolinium-en-
hancing (Gd+) lesions on cranial MRI and the presence of IgG oli-
goclonal bands in the CSF of patients with CIS. That group found
higher S NFL concentrations in patients with T2 and Gd+ lesions,
and the NFL concentrations increased with increasing EDSS scores
at CIS time. These results are in line with other studies showing that
NF levels in CSF are correlated with both MRI and clinical markers of
MS disease activity.?’

5 | CONCLUSION

In this study, we tested three diagnostic kits for the determination
of NF concentrations in biological fluids. The NFL ELISA assay had

lower sensitivity and was suitable only for CSF analysis, while the

WILEY-°®

pNFH ELISA assay had satisfactory sensitivity and was suitable for
S and CSF analysis, the pNFHs only for S analysis. The data showed
good correlation and moderate conformity between CSF NFL and
CSF pNFH concentrations, indicating that the results can be consid-
ered to be consistent. However, the low correlation coefficient and
the kappa index found between the S pNFH, even if using a high-
sensitivity ELISA assay and CSF pNFH meant that the S pNFH and
S pNFHs assays gave a lower predictive value. When assessing the
relationship of NF concentrations and diagnosis, correlations were
found between the concentration of CSF NFL and CSF pNFH in the
NIND diagnosis group and in the control group of patients, between
the CSF and S pNFH in the IDPNS and NIND diagnosis groups, and
between the CSF and S pNFHSs in the NIND diagnosis groups. The
results confirmed that NFs, whether NFLs or pNFHSs, represent an
etiologically nonspecific indicator of tissue damage and that it is bet-
ter to determine their levels in CSF thanin S.
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