
“SHANK3 deficiency alters early progenitor dynamics and reveals shared pathways with neurodegeneration” 

Elisa Varella-Branco1*; Elizabeth Shephard2, Victor H. C. de Toledo1; Igor C. Ramos1; Ellen C. M. Lacerda1; Laura L. M. 

Carvalho1; Marcella A. Fiuza1; Mayara Paschalidis1; Claudia I. S. Costa1; Ana C. S. Girardi1; Ana C. V. Krepischi1; Erasmo 

B. Casella3; Guilherme Polanczyk4; Karina Griesi-Oliveira5; Fabio Papes6,7; Lucas Alvizi8; Gerson S. Kobayashi1; Maria 

Rita Passos-Bueno1 

 

Supplementary Figures 

Figure S1. Pluripotency characteristics of the iPSC lines. (A) Representative images of immunofluorescence from 

control (n=5) and SHANK3-mutated cells (n=9). OCT3/4 (red) and SSEA4 (green) was used as pluripotency markers. 

DAPI (blue) nuclei marker. Scale bar = 50 μm. (B) Relative mRNA expression of OCT3 and NANOG used as pluripotency 

markers. Peripheral blood cell (PBMC) was used as a negative control. (C) The genomes of iPSC lines are free of 

reprogramming plasmids; P: positive control; product size for OriP positive reaction: 544 bp; product size for EBNA-1 

positive reaction: 666 bp; N: negative control.  (D) Differentiation capacity was confirmed by evaluation of the mRNA 

expression of markers of mesoderm and ectoderm. Relative mRNA expression of TBXT, GCS and HAND2 was used as 

mesoderm markers; SOX17, FOXA2 and CRCR4 was used as endoderm markers. Control: iPSC lineage.  

Figure S2. Generation of isogenic SHANK3-mutated lineage. Schematics for CRISPR/Cas-9 genome editing. We 

designed a sgRNA targeting SHANK3 gene at exon 17. ICE Crispr analysis tool using sanger sequence as input showed 

a deletion of 7 bp in homozygous.  

Figure S3. Quality control from RNA-seq data of samples. (A) Hierarchical clustering analysis of samples based on 

gene expression data. Sample C5 is noticeably distant from the other samples, indicating it is an outlier and leading 

to its exclusion from further analysis. (B) Principal Component Analysis (PCA) showing the distribution of samples 

based on their gene expression profiles. Consistently, sample C5 is the most distant from the others in the PCA plot, 

reinforcing its classification as an outlier and justifying its exclusion from downstream analyses. 

Figure S4. Modules of co-expressed genes in neurons are dysregulated in PMS. (A) Network analysis dendrogram 

showing clustering of genes based on topological overlap for identification of modules of co-regulated genes in 

iPSC-derived neurons. (B) Heatmap of correlation among modules, age, condition, sex and type of mutation. (C) 

Z-scores of preservations of identified modules in unrelated fetal brain modules derived from transcriptome data of 

BrainSpan curated samples. 

Figure S5. Network of co-expressed genes correlated with PMS. Protein–protein interaction networks showing 

biological evidence of interaction of the top genes (kME > 0.9) assigned to each of the co-expression modules 

identified by WGCNA. Not connected nodes were hidden. 

Figure S6. Gene co-expression modules and associated biological processes enriched in SHANK3-mutated (PMS) 

and control samples. (A–C) Bar plots showing the module eigengene (ME) values for each sample in the Lightgreen 

(A), Royalblue (B), and Turquoise (C) modules. Each bar represents an individual sample, with controls (C1–C7) shown 

in cyan and SHANK3-mutated samples (P1–P14, P2.2, P4–P9 and Ed1) in red. Positive and negative ME values indicate 

the relative expression level of the module’s gene set in each sample. The lower panels display the top enriched Gene 

Ontology (GO) Biological Process (BP) terms for each module based on functional enrichment analysis. The x-axis 

indicates the −log₁₀(p-value) of enrichment for each term. The vertical dashed red line marks the significance 

threshold (p = 0.05). 

Figure S7. Relative mRNA expression of neural progenitors, excitatory and inhibitory neurons. Bar plots of relative 

mRNA expression of PAX6 (neural progenitor), GAD65 (inhibitory neurons), GAD67 (inhibitory neurons) and BCL11B 

(excitatory neurons). Induced pluripotent stem cells (iPSC) was used as a negative control. 

Figure S8. Flow cytometry analysis of neural progenitors marker panel. A) Shown are gating of representative 

graphs for controls and SHANK3-mutated groups included in the statistical analysis of cell type proportions in 

cultures. Gates were defined using isotype antibody controls (red) as a reference. B) Bar plots of cell proportions. 

Mann-Whitney test *p<0.05; **p<0.01. 



Figure S9. Flow cytometry analysis of proliferative progenitor markers. A) Gating and graphs of proportion of Edu 

and PAX6 cells. B) Gating and graphs of proportion of Edu and TBR2 positive cells. Shown are gating of representative 

graphs for controls and SHANK3-mutated groups included in the statistical analysis of cell type proportions in 

cultures. Gates were defined using isotype antibody controls (red) as a reference. 

Figure S10. Cell cycle flow cytometry analysis. Graphic of cell cycle phases observed with flow cytometry in PMS and 

Controls neural cells population. 

Figure S11. Flow cytometry analysis of DCX and GFAP markers. A) Gating and graphs of proportion of DCX positive 

cells. B) Gating and graphs of proportion of GFAP positive cells. Shown are gating of representative graphs for 

controls and SHANK3-mutated groups included in the statistical analysis of cell type proportions in cultures. Gates 

were defined using isotype antibody controls (red) as a reference. Mann-Whitney test *p<0.05; **p<0.01. 
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Supplementary Table 

Table S2. Clones used by experiment 

 

 



Table S3. Samples used in RNAseq and quality parameters.  

Sample 
name 

Clon
e 

Conditio
n ID run 

Mapped 
sequences Reads size STAR 

C1 cl1 Control 
EVB-1
0 63170165 267 

C2 cl1 Control 
EVB-1
1 131170601 275 

C3 cl1 Control 
EVB-1
2 68153698 278 

C4 cl1 Control 
EVB-1
3 65134805 277 

C5 cl1 Control 
EVB-1
4 112996322 278 

C6 cl3 Control 
EVB-1
5 208758203 281 

C7 cl3 Control 
EVB-1
6 89685453 287 

Ed1 cl1 Isogenic 
EVB-3
5 86124624 283 

P1 cl1 Patient EVB-1 81180701 285 

P11 cl1 Patient EVB-7 60433216 281 

P12 cl1 Patient EVB-8 69169739 282 

P14 cl1 Patient EVB-9 175547894 282 

P2 cl5 Patient 
EVB-1
9 113449676 286 

P2.2  cl6 Patient 
EVB-2
3 197548886 290 

P4 cl1 Patient 
EVB-2
0 109388130 282 

P5 cl1 Patient 
EVB-2
1 194871052 285 

P6 cl2 Patient 
EVB-2
2 128637072 279 

P9 cl1 Patient EVB-6 65601137 279 
 

 



Table S8. Descriptive statistics of EEG cohort include in this study.  

 
Group​

 

% good 
electrode

s 

Segme
nts 

number 

theta (4-​
7.5) 

alpha 
(8-12) 

beta​
(13-20) 

gamm
a (30-45) SCQ Vineland 

Age 
(Months

) 
N Control 26 26 27 27 27 27 19 20 29 

 Patient 18 18 18 18 18 18 16 17 22 

Missing Control 3 3 2 2 2 2 10 9 0 

 Patient 4 4 4 4 4 4 6 5 0 

Average Control 86.1 115 0.00415 0.0090
4 

0.00614 0.0188 4.68 101 108 

 Patient 93.6 93.1 0.00516 0.00753 0.00734 0.0325 19.5 45.6 99.9 

Median Control 87.2 117 0.00383 0.0063
0 

0.00472 0.0149 5 101 97 

 Patient 95.4 107 0.00184 0.00322 0.00540 0.0223 20.5 44 98.0 

Standard 
deviation 

Control 8.68 27.9 0.00386 0.00883 0.00636 0.0152 2.52 13.5 64.3 

 
Patient 4.85 46.3 0.00799 0.0108 0.0090

3 
0.0311 6.31 14.7 58.9 

Minimum Control 72.5 25 -1.17e−4 -1.00e−
4 

-6.38e−
5 

0.0030
8 

1 83 15 

 
Patient 81.6 16 -0.0021

2 
-0.0040

1 
-0.0014

3 
5.73E-4 8 23 12 

Maximu
m 

Control 100 184 0.0148 0.0305 0.0312 0.0616 9 133 235 

  Patient 99.0 147 0.0254 0.0416 0.0312 0.101 27 75 218 

 

 


