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Introduction

Endoplasmic reticulum stress followed by
unfolded protein response is one of the cellular
mechanisms contributing to the progression of
alpha-synuclein pathology in Parkinson’s disease
and other Lewy body diseases. The process is
activated by chaperon Grp78 that binds to unfolded
or misfolded proteins (e.g. modified alpha

synuclein), thus activating three signal pathways
(PERK, ATF6 and IRE2alpha) which could lead to
apoptosis.

We aimed to compare potential activation of
endoplasmic reticulum stress in Parkinson’s
disease patients’ brain and human cerebral
organoid models of parkinsonism.

Methodology

Our study includes brain tissue from 7 Parkinson’s
disease patients and 4 healthy controls (Tab. 1).
We analysed ‘expression in situ of endoplasmic
reticulum, stress-associated proteins - Grp78,
ATF4, ATF6 - in formalin-fixed paraffin-embedded
tissue from substantia nigra and hippocampus
using tissue microarrays. We analysed the tissue
by////proximity ligation assay to prove
protein-protein interaction of alpha-synuclein and
Grp78. Further, we have used human iPSC-derived
cerebral organoid models (Fig. 1) of amyotrophic
lateral sclerosis / Parkinson - dementia complex
(toxin LBMAA) and Parkinson’s disease (toxin
MPP+) to analyse Grp78, ATF4 and ATF6. Cerebral
organoids were provided by G. Gonzalez, Dept. of
Neurology University Hospital Olomouc.

Conclusion

Results

We analysed the expression of endoplasmic reticulum
stress markers in histological sections of human brain
tissue. We have seen marked increase of Grp78 in
substantia nigra (not shown) and hippocampus (Fig. 2)
of Parkinson’s disease patients. We have seen a
significant increase in proximity ligation assay positive
signals in patients compared to control subjects
(p=0.0002) (Fig. 3). Eventually, we analysed markers of
endoplasmic reticulum stress in cerebral organoids,
using two models of neurodegeneration. We observed a
marked increase in expression of Grp78 in the organoid
tissue in both models and in various concentrations
(Fig. 4). Similarly, we have seen substantial increase in
both cytoplasmic and nuclear expression of ATF6
(Fig. 5). In situ expression of ATF4 was stable,
independently on endoplasmic reticulum stress inductor.
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Figure 1. Cerebral organoids characterization

To our knowledge, this is the first study that shows in situ protein-protein interaction of
alpha-synuclein and Grp78 in Parkinson’s disease-affected human brain. Our data prove the
long-proposed role of unfolded protein response in the pathogenesis of human synucleinopathies.
Moreover, we have established an important experimental models of Parkinson’s disease using
IPSC-derived cerebral organoids and proved their potential in studying underlying mechanisms of

endoplasmic reticulum stress.
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Braak

Subject Age Sex stage

CTRL1 64
CTRL2" 66
CTRL3 71

CTRL4 59

PD1 74
PD2 67

PD3 65
PD4 T0
PD5 83

PD6 81
PD7 73
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Table 1. Controls and patients
characterization
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