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i i Elucidation of the molecular mechanism in the brain due to 22g11.2 deletion
is expected to provide clues to the pathogenesis of various neuropsychiatric disorders. In this

study, we attempted to address this issue by using patient-derived iPS cells carrying 22q11.2
deletion. This study revealed that dysfunction of a kinase protein PERK in dopaminergic neurons from

22q11.2 deletion patients causes endoplasmic reticulum stress vulnerability, cytoskeletal
abnormalities, and poor contact between endoplasmic reticulum and mitochondria.

22911.2 iPS PERK




22q11.2 scz
ASD

@ 22q11.2
(2 22q11.2

22q11.2
22q11.2
PD
®) PD(4)  SCZ(5)

ER 22q11.2 ER

22q11.2 ER
ER ER
22q11.2
iPS 22q11.2 ER
scz PD

2012-0184
iPS
iPS BRC 201B7 HPS0063 Controll

Control2 Control3
Control4 iPS
22q11.2 iPS 3 22DS1 22DS2
22DS3 22q11.2 3Mbp 22DS1

22DS2 22DS3
iPS
(6) 2017-

82600, PCT/JP2018/15304

iPS 15mM Tris, 60 mM KCI, 15mM NaCl, 5mM MgCl2,
1mM CaCl2, 250mM sucrose
15u g

Orbitrap Fusion mass spectrometer

(Thermofisher ) UltiMate 3000 RSLChano LC system Dionex
Proteome Discoverer 1.4  MASCOT search engine
3 3 p<0.05 t Fold Change>10
2

anti-B l1-tubulin Sigma-Aldrich anti-TH Millipore
anti-MAP2 Abcam anti-cleaved caspase3 (R&D systems ) anti-ATF4 Abcam
anti-calreticulin Abcam anti-TOMM20 Abcam
F- Cytoskeleton

ThermoFisher anti-PERK

Cell Signaling Technology anti-phosphorylated PERK (ThermoFischer ) atni-
elF2a  Cell Signaling Technology anti-phosphorylated elF2a  Cell Signaling
Technology anti-ATF4  Abcam anti-GADD34 Proteintech anti-CHOP

Proteintech anti-ATF6 Proteintech anti-GRP78 NOVUS anti-IRE1

Proteintech anti-phosphorylated IRE1 NOVUS anti-f -actin-perocidase Sigma-
Aldrich



PERK DGCR14 iPS
PERK 3 NM_004836 CRISPR/Cas9
PERK iPS 4 NM_022719 DGCR14
iPS
23 24
Salburinal GSK2656157 CCT020312 23
2 Student’ s or Welch’ s t-test 3 Dunnett’ s
test P<0.05
22g11.2DS iPS 80 TH
22911.2DS B I11-tubulin MAP2
22911.2DS
22911.2DS
22g11.2DS 272
8 264 KEGG
Protein processing in ER ER
22911.2DS
ER ER
22911.2DS
Cleaved
Caspase-3
22911.2DS PERK
ER 3 PERK IRE1 ATF6
22911.2DS
22911.2DS PERK
iPS PERK
22911.2DS PERK
PERK F- ER-
22911.2DS PERK
PERK
PERK
ATF4 22911.2DS
ATF4 PERK
22911.2DS
22q11,2DS PERK
Salubrinal
PERK 22911.2DS
22g11.2DS
PERK
F- 22g11.2DS
22911.2DS
PERK Salubrinal  CCT020312
PERK GSK2656157 22g11.2DS
PERK 22911.2DS
22911.2DS
- PERK
ER- 22g11.2DS
PERK ER
PERK
22911.2 DGCR14  PERK
22g11.2DS PERK
22911.2DS
Spliceosome
22q11.2 Spliceosome DGCR14



DGCR14  PERK 22q911.2DS

DGCR14 PERK
DGCR14 iPS
PERK 22q11.2DS
DGCR14  PERK
EBioMedicine 63:103138. 2021 @)
22q11.2DS
1. Kushima 1, Aleksic B, Nakatochi M, Shimamura T, Shiino T, Yoshimi A, et al.

High-resolution copy number variation analysis of schizophrenia in Japan. Mol
Psychiatry. 2017;22(3):430-40.

2. Mok KY, Sheerin U, Simon-Sanchez J, Salaka A, Chester L, Escott-Price V, et
al. Deletions at 22911.2 in idiopathic Parkinson®s disease: a combined analysis of
genome-wide association data. Lancet Neurol. 2016;15(6):585-96.

3. Sumitomo A, Horike K, Hirai K, Butcher N, Boot E, Sakurai T, et al. A mouse
model of 22911.2 deletions: Molecular and behavioral signatures of Parkinson®s disease
and schizophrenia. Sci Adv. 2018;4(8):eaar6637.

4. Michel PP, Hirsch EC, Hunot S. Understanding Dopaminergic Cell Death Pathways
in Parkinson Disease. Neuron. 2016;90(4):675-91.
5. Merenlender-Wagner A, Malishkevich A, Shemer Z, Udawela M, Gibbons A, Scarr

E, et al. Autophagy has a key role in the pathophysiology of schizophrenia. Mol
Psychiatry. 2015;20(1):126-32.

6. Arioka Y, Shishido E, Kubo H, Kushima I, Yoshimi A, Kimura H, et al. Single-
cell trajectory analysis of human homogenous neurons carrying a rare RELN variant.
Transl Psychiatry. 2018;8(1):129.

7. Arioka Y, Shishido E, Kushima I, Suzuki T, Saito R, Aiba A, et al. Chromosome
22q11.2 deletion causes PERK-dependent wvulnerability in dopaminergic neurons.
EBioMedicine. 2021;63:103138.



2 2 0 2
Arioka Yuko Shishido Emiko Kushima Itaru Suzuki Toshiaki Saito Ryo Aiba Atsu Mori 63
Daisuke 0Ozaki Norio
Chromosome 22g11.2 deletion causes PERK-dependent vulnerability in dopaminergic neurons 2021

EBioMedicine

103138 103138

DOl
10.1016/j .ebiom.2020.103138

12

2021

127

2022

43 51

2021




22q11.2 PERK

50 42

NPBPPP 2020

2020

Yuko Arioka

Patient-derived iPS cells reveal the cellular pathophysiology of neuropsychiatric disorders

The 63rd Annual Meeting of the Japanese Society for Neurochemistry

2020

22q11.2 iPS

41

2019

22q11.2

95

2022




Yuko Arioka

PERK dysfunction as a molecular and cellular pathophysiology in the brain of patients with 22911.2 deletion syndrome and its
significance

Neuro 2022

2022

(Higashijima Emiko)

(40723101) (63905)




