Pathological oligodendrocyte precursor cells revealed in human schizophrenic brains and trigger schizophrenia-like behaviors and synaptic defects in genetic animal model
Guangdan Yu1, 9, Yixun Su1, 2, 9, Chen Guo4, Chenju Yi2, Bin Yu1, 3, Hui Chen5, Yihui Cui4, Xiaorui Wang1, Yuxin Wang1, Xiaoying Chen1, Shouyu Wang1, Qi Wang1, 2, Xianjun Chen6, Xuelian Hu1, Feng Mei1, Alexei Verkhratsky7,8 *, Lan Xiao1, 3 *, Jianqin Niu1, 10 *
SUPPLEMENTAL INFORMATION
 [image: image1.png]Healthy controls

Schizophrenia patients

Diagnostic report

Delayed

NG2+ cell #
per 100,000 um?
o N wWhAOO

Case Age atdeath  Sex Clinical diagnosis of brain bank BRAAK Stage autopsy time (min) Brain weight (g) CSF pH
1 27 male Schizophrenia No abnormity 0 455 1,410 7.33
Schizophrenia;
2 57 female - PART(1,0) 1 540 1,100 6.47
hypertension;
Schizophrenia; Schizophrenia;
3 58 female hypertension PART(1.0) 1 150 1,408 7
4 66 male _ Schizophrenia; PART(1,0) 1 163 1,262 6.26
liver malignant tumor ;
5 77 male Schizophrenia; PART(2,0) 2 360 No information No information
6 32 male Dilated cardiomyopathy; No abnormity 0 536 1,238 6.94
MODS;
7 54 female Colon cancer, No abnormity 0 280 1,090 No information
ovarian cancer;
8 56 female Hepatitic cirrhosis; Cirrhosis; PART(1,0) 1 330 1,240 7
pleural effusion;
9 63 male Gastric carcinoma |V; PART(1,0) 1 385 1,250 7.5
10 74 male Hypertension; PART 4 1,200 No information 6.4
hyperlipemia;
E

Schizophrenia Controls

Fkkk

SR RSP

Disctance from
soma (um)

Healthy controls

Schizophrenia patients

Hippocampus
NG2g#es¥es &

2

AT
e 2

.
g

i

5, 1
5

L4

o —— Healthy controls

G o —— Schizophrenia patients
® 315
w3 S £
# E = =]
= g g 210 Fedk
832 © 8
N Q © O 5
921 g 8
g £ g
S s €0
9 SRR WP
§ Disctance from

soma (um)




Figure S1. Hypertrophic OPCs in schizophrenia patients, related to Figure 1.
(A) Information of human samples. Schizophrenia patients are labelled in red letters, and controls in blue. 
(B) Immunohistochemistry of NG2 in the frozen cortical sections of healthy controls and schizophrenia patients. Arrowheads and asterisks highlight NG2+ OPCs.
(C) Quantification of NG2+ OPC number in the cortex.
(D) Sholl analysis of NG2+ OPC number in the cortex.
(E) Immunohistochemistry of NG2 in the frozen hippocampal sections of healthy controls and schizophrenia patients. Arrowheads and asterisks highlight NG2+ OPCs.
(F) Quantification of NG2+ OPC number in the hippocampus.
(G) Sholl analysis of NG2+ OPC number in the hippocampus.
Plots show individual data and mean ± SD, or mean ± SEM in Sholl analysis results. n.s., not significant, ****p < 0.0001; two-sided Student’s t-test, or two-way ANOVA for Sholl analysis.
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Figure S2. The pattern of DISC1 mRNA expression in humans and NG2CreERT:Disc1exon3 flox (DISC1-Δ3) mice, related to Figure 2.
(A) Human and mouse DISC1 (full length and Δ3 variant) protein sequence alignment using ClusterW show high homology. Human and mouse DISC1-Δ3 results in premature translation termination at the same site. Dark lines highlight mismatched amino acid residues.
(B-C) Single-cell RNAseq analysis of DISC1 expression pattern in human (A) and mouse (B). Ex, excitatory neuron; In, inhibitory neuron; Ast, astrocyte; OPC, oligodendrocyte precursor cell; OL, oligodendrocyte; Mic, microglia; End, endothelium; Neu, neuron; NFOL, newly-formed oligodendrocyte; MOL, mature oligodendrocyte. Blue color: neurons and red color: OPCs.
(D) Expression of DISC1 splice variants at different stages in wildtype mice (E18.5, p10, p50). n = 3 mice from each timepoint.
(E) Western blot of DISC1 splice variants expression in DISC1-Δ3 mouse brain tissues, showing that expression of DISC1-Δ3 was upregulated in our mouse model, while that of full length (FL) DISC1 or DISC1-Δ7/8 variant was unaltered and similar to patients. n = 3 mice. The left western blot of DISC1 in different DISC1 splice variants overexpressing 293T cells in order to verify the size of protein products of different variants in WT and DISC1-Δ3 mouse brain tissues.
(F) RT-PCR of DISC1 splice variants expression in DISC1-Δ3 mouse brain tissues, showing that expression of DISC1-Δ3 was upregulated in our mouse model, while that of full length (FL) DISC1 or DISC1-Δ7/8 variant was unaltered and similar to patients. n = 3 mice.

(G) RT-qPCR of DISC1 full length and splice variants expression in acutely isolated OPC, microglia, astrocyte, and neuron. n = 3 mice. 
Plots show individual data and mean ± SD, n.s., not significant, *p < 0.05, **p < 0.01; two-sided Student’s t-test.
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Figure S3. No abnormality in other glial cell types, vasculature, or pericytes in DISC1-Δ3 mice at P23, related to Figure 2.
(A) Staining of Ki67/Olig2 in brain slice and quantification of Ki67+ Olig2+ cell number in the hippocampus. n = 5 mice.
(B) Staining of microglia (IBA1) and quantification of IBA1+ area in hippocampus. Scale bar, 20 µm. n = 4 mice.
(C) Staining of astrocytes (BLBP) and quantification of BLBP+ area. Scale bar, 20 µm. n = 4 mice.
(D) Staining of vasculature (Lectin and Fibrinogen), quantification of Lectin+ area, and quantification of Fibrinogen+ area outside of vessels. Scale bar, 20 µm. n = 3 mice.
(E) Staining of pericytes (PDGFRβ) and quantification of PDGFRβ+ area. Scale bar, 20 µm. n = 3 mice.
Plots show individual data and mean ± SD, n.s., not significant; two-sided Student’s t-test.
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Figure S4. Neither oligodendrocyte maturation nor myelination was altered in different experimental settings, related to Figure 4.
(A) Staining of CC1 in DISC1-Δ3 mice in three different experiment setups. Scale bar, 50 µm.
(B) Staining of MBP. Scale bar, 500 µm and 50 µm.
(C) Electron microscopy image in hippocampus sections of the second and the third setups. Scale bar, 1 µm.
(D) Imaging of hippocampal section of NG2CreERT:mT/mG mice in the first setups. Scale bar, 50 µm.
(E) Imaging of hippocampal section of NG2CreERT:tdTomato mice in the first setups. Scale bar, 50 µm.
(F) Staining of Olig2 and quantification of Olig2+ cell number in the hippocampus. Scale bar, 50 µm. n = 6, 3, or 4 mice.
(G) Staining of MBP in OL DISC1-Δ3 mice. Region i and ii are enlarged at the right side, showing no myelin deficit in OL DISC1-Δ3 mice at P23.
(H) Staining and quantification of Olig2 and CC1 in OL DISC1-Δ3 mice
Plots show individual data and mean ± SD, n.s., not significant; two-sided Student’s t-test.
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Figure S5. Reduced synaptic markers in DISC1-Δ3 mice in the different experiment settings, related to Figure 5.
(A) Staining of SYN1, HOMER1, VGLUT1 and VGAT at P10
(B) Staining of SYN1, HOMER1, VGLUT1 and VGAT at P50.
(C) Staining of SYN1, HOMER1, VGLUT1 and VGAT at P50 in DISC1-Δ3 mice with late tamoxifen induction (P40-P45).
Scale bar, 5 µm.
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Figure S6. Aberrant Wnt/β-catenin pathway activation in DISC1-Δ3 OPCs, related to Figure 6.
(A) RNA-seq was performed with acutely isolated OPCs from 3 mice of each genotype at P10. 
(B) PCA of differentially expressed genes in RNA-seq of WT and DISC1-Δ3 OPCs. 
(C) Heatmap of differentially expressed genes in RNA-seq of WT and DISC1-Δ3 OPCs.
(D) Uncropped western blot images in Figure 5. 
(E) Staining and quantification of PDGFRα in control and PdgfraCreER:Apc-floxed mice. Scale bar, 20 µm. n = 3 mice.
(F) Staining and quantification of PDGFRα in primary OPC culture from control and Apc conditional knockout mice (n = 6 independent experiments). Scale bar, 20 µm. n = 6 experiments.
Plots show individual data and mean ± SD, n.s., not significant; two-sided Student’s t-test.
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Figure S7. Overproduction of Wif1 in DISC1-Δ3 OPCs, related to Figure 7.
(A) Gene ontology (GO) analysis of differentially expressed genes in RNA-seq of WT and DISC1-Δ3 OPCs.
(B) The extracellular region-associated genes upregulated in DISC-Δ3 OPCs shown by RNA-seq. 
(C-D) The uncropped western blot images in Figure 6.
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Figure S8. Suppressing of Wif1 expression in DISC-Δ3 OPCs affected neither oligodendrocyte maturation nor neuronal numbers, related to Figure 8. 
(A) Staining and quantification of GFP-encoded OPC-preferential retrovirus efficiency and specificity. Cell type makers (OPC: NG2creERT:tdTomato, OL: CC1, microglia: IBA1, astrocytes: GFAP, neurons: NeuN). GFP labels the transfected cells. Scale bar, 50 µm. n = 3 mice. 
(B) Western blot and quantification of Wif1 in the hippocampal lysate in the Wif1 KD experiments. n = 3 mice.
(C) Detection of Wif1 protein expression in the hippocampus using ELISA. n = 3 mice.
(D-H) Immunostaining and quantification of Olig2 (D), CC1 (E), MBP (F), NG2 (G), NeuN (H) in CA1 region of DISC-Δ3 mice with or without Wif1 KD. Scale bar, 50 µm. n = 3 mice.
(I) Western blot and quantification of Wif1 in the hippocampal lysate in the Wif1 conditional KO experiments. n = 4 mice.
(J-N) Immunostaining and quantification of Olig2 (J), CC1 (K), MBP (L), NG2 (M), NeuN (N) in CA1 region. Scale bar, 50 µm. n = 3 mice.
Plots show individual data and mean ± SD; n.s., not significant, * p<0.05, ** p<0.01, *** p<0.001; two-sided Student’s t-test.
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