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Supplementary Figure 1: Human periventricular endothelial cell morphology and effect of
GABA. Phase contrast images of: (a) an undifferentiated colony of the embryonic stem cell line
H9, (b) human periventricular endothelial cells after 2 days of splitting and (c) a confluent
culture of human periventricular endothelial cells. (d-i) GABA concentration impacts tight
junction formation in human periventricular endothelial cells. (d-f) Addition of 5uM GABA
increases tight junction formation (d), observed by antibody staining against tight junction
proteins Claudin5 and ZO-1, in comparison to higher concentration of 50uM (e) or 100uM ()
GABA. (g-i) Expression of VE-Cadherin, an adherens junction protein, is not affected by
increase in GABA levels. Scale bar: a, 50um (applies to d-i); b, 100 um (applies to c).
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Supplementary Figure 2: Effect of GABA and WNT7A. Double staining with antibodies
against CD31 (green) and GABA (red) show that GABA and WNT7A are required for the
expression of endogenous GABA in human periventricular endothelial cells. (a-c) Periventricular
endothelial cells express GABA when derived in the presence of GABA and WNT7A. (d-f)
GABA is not detected in endothelial cells derived without GABA and WNT7A. These cells also
have significantly lower levels of CD31 (shown also in Supplementary Figure 3c and
Supplementary Figure 4). Scale bar: a, 100 um (applies to b-f).
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Supplementary Figure 3. Differences in gene expression between human periventricular endothelial
cells and control endothelial cells derived without GABA and WNT7A. Real time gPCR analysis show
decreased levels of Pax6, DIx1, DIx2, Nkx2.1, Claudin 5, Cd31, Flk1, Cxcr4 and Cxcl12 in control
endothelial cells derived without GABA and WNT7A, in comparison to human periventricular endothelial
cells. Bar graphs show fold change = SD values of relative transcript expression normalized to GAPDH
and compared with values obtained from three independent experiments (n=3, * P<0.05, Student’s t test).
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Supplementary Figure 4: Decrease in expression of CD31 and VE-Cadherin in endothelial cells
derived without GABA and WNT7A. (a-f) Immunocytochemical staining show substantially low
expression of CD31 and VE-Cadherin in endothelial cells that are generated without addition of GABA
and WNT7A (d-f), in comparison to human periventricular endothelial cells (a-c). (g) A representative
western blot image showing CD31 and VE-Cadherin protein levels in human periventricular endothelial
cells (+GABA, +WNT7A) versus in endothelial cells derived without GABA and WNT7A, with
WNTT7A but not GABA, and with GABA but not WNT7A. (h,i) Quantification of signal intensities from
western blot confirms significant decrease in levels of CD31 and VE-Cadherin proteins in endothelial
cells when derived without addition of GABA and/or WNT7A. Each data point represents mean + SD
values calculated from three independent biological replicates per group. (n=3, * P<0.05, ** P<0.01,
Student’s t test). G: GABA; W: WNT7A,; PV ECs: periventricular endothelial cells
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Supplementary Figure 5: Gene expression profile in human periventricular endothelial cells and
H9. (a) GSEA plot shows an enrichment of Go Biological Process (orange): Angiogenesis in human
periventricular endothelial cells versus H9 undifferentiated cells. (b) The waterfall gene list shows a
significant increase in angiogenesis categories (orange) in human periventricular endothelial cells. (c)
The enrichment in angiogenesis/endothelial gene set categories in human periventricular endothelial
cells is further elaborated in the table.
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Supplementary Figure 6: Gene expression profile in human periventricular endothelial cells and
control endothelial cells. (a) Principal component analysis (PCA) of microarrays. PCA plot of three
control endothelial cells (ECs) samples, (Blue) and three human periventricular (PV) ECs (Red) samples
showed clear separation along the PCAL axis. (b) Wolcano plot shows differentially expressed genes
between control ECs (Green) and human PV ECs (Red). 3820 genes were selected as significantly
different and were sorted by P value (<0.05) and fold change (>1.5). (c) Hierarchical clustering of selected
genes of control ECs (Blue) and human PV ECs (Red) shows differentially expressed genes. Cell samples
are in columns and genes are in rows. (d) Comparison of gene enrichment between control ECs (Green)
and human PV ECs (Orange) in specific Gene Ontology (GO) categories of biological process (BP) are
represented as —log10 (P value) sorted by P<0.05 in the bar graph. GO categories in this analysis include:
G00001569 (Patterning of blood vessels), GO0010575 (Positive regulation of vascular endothelial cell
growth factor production), GO0048514 (Blood vessel morphogenesis), GO0001568 (Blood vessel
development), GO0001944 (Vasculature development), GO0022008 (Neurogenesis), GO0048666 (Neuron
development), GO0030182 (Neuron differentiation), GO0001764 (Neuron migration), G0O0032502
(Developmental process), G0O0042127 (Regulation of cell proliferation), GO0005911 (Cell-cell junction)
and GOO0003677 (DNA binding). (e) Tissue fate mapping of control endothelial cell gene expression
confirmed their cardiac-like identity.
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Supplementary Figure 7: Differentially expressed gene categories in human periventricular
endothelial cells (PV ECs) versus control endothelial cells (ECs). Violin plot shows 5 specific categories
of genes that are up- or down-regulated significantly in human PV ECs (orange) versus control ECs (green).
Expression levels in Y-axis are represented as binary logarithm (log2) value. Each category is indicated on
the right side. Differential expression of each gene between control ECs and human PV ECs is P<0.05.
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MMP2, COL3A1, CADM4, CSPG4, FLT1, ALOX12, TBX4,
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Supplementary Figure 8: Gene expression overlap between mouse and human periventricular
endothelial cells. (a, b) Venn diagrams depict a significant overlap of genes related to categories -
blood vessel development (a) and GABA pathway (b) between mouse periventricular endothelial
cells (PV ECs) and human PV ECs. Common genes that are expressed in mouse PV ECs and human
PVECs in (a) and (b) are listed in Table 1 and Table 2 respectively.



Supplementary Figure 9:

Supplementary Figure 9. Periventricular endothelial cells derived from human embryonic stem
cell line H1. All H1-derived periventricular endothelial cells co-express the endothelial marker CD31
with periventricular markers GABRB3 (a-c), NKX2.1 (d-f), and GABA (g-i). Scale bars: a, 100 um
(applies to b-f); g, 50 um (applies to h, i).
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Supplementary Figure 10: Expression of PAX6 and LIM. Double-
immunostaining shows that human periventricular endothelial cells express PAX6
(a-c) and LIM homeobox protein ISL1 (d-f). Scale bar: a, 100 um (applies to b-f).
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Supplementary Figure 11: Expression of pluripotency markers. Undifferentiated H9 ES
cells express the pluripotency markers TRA1-60 and OCT4 (a-f) while human periventricular
endothelial cells do not express these markers (g-1). Scale bar; a, 100 um (applies to b-1)
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Supplementary Figure 12: Morphology and gene expression profiles of human
GABAergic interneurons. (a) Phase contrast image of GABAergic interneurons that
were cultured for 2 weeks after thawing. (b) RNA-seq data showing expression levels
of interneuron-subtype specific markers: parvalbumin (PVALB), calbindinl (CB1),
calbindin2 (CB2), calretinin (CR), somatostatin (SOM), vasointestinal protein (VIP),
neuropeptide Y (NPY) and cholecystokinin (CCK). RNA-Seq libraries were made and
run on Illumina HiSeq 2000 instrument. (c-f) Relative gene expression of different
regional and neural subtype markers in GABAergic interneurons.

[Personal communications; Cellular Dynamics International, Madison, WI]
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Supplementary Figure 13: Caspase staining in grafted cells. (a-i) Co-labeling
with anti-human nuclei and anti-active caspase 3 antibodies in striatum (a-c)
and cortex (d-f) of interneurons + periventricular endothelial cells transplanted
adult NOD-SCOD brain, and in striatum (g-i) of interneurons-only transplanted
adult NOD-SCID brain. Very few grafted cells were positive for caspase 3
staining (white arrows), showing that most grafted cells survived in the host
brain. Scale bar: a, 100um (applies to b-i).



Supplementary Figure 14:
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Supplementary Figure 14: Cell migration in interneuron-only and co-transplanted
Gabrb3ECKO cortex. (a, b) Double staining with anti-human nuclei (red) and anti-GABA
(green) antibodies in the cortex of transplanted brains. (a) In interneuron-only
Gabrb3ECKO transplanted brain, human nuclei*/GABA* transplanted cells (white arrows)
remain close to the grafted site (marked by dotted area). (b) In co-transplanted
Gabrb3ECKO prain, cells show widespread migration (white arrows) in the cortex. Scale
bar: a, 100um (applies to b).
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Supplementary Figure 15: Rescue of nest building behavior in co-
transplanted Gabrb3ECKO mice. Nest building ability of transplanted mice were
evaluated after one month of transplantation. Mice were provided with 8 grams
of shredded paper as nesting material, and nesting was assessed after 24 hours
according to a five-point scale. (a) A compact, high quality nest built by sham
control Gabrb3®f mice. (b) Poor nest formed by Gabrb3ECKO mice. (c)
Interneurons + periventricular endothelial cells co-transplanted Gabrb3&CkO mice
built high quality nests after one month. (d) Interneuron-only transplanted
Gabrb3ECKO mice built poor nests, just like Gabrb3ECKO mice. This shows that
poor nesting behavior of Gabrb3ECKO mice could be rescued within one month by
co-transplantation of interneurons + periventricular endothelial cells, but not by
transplantation of interneurons alone. PV ECs = periventricular endothelial cells
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Supplementary Figure 16: Rescue of social-interaction deficit in co-transplanted
Gabrb3ECKO mice. (a) In a three-chambered social approach task, control Gabrb3f/
mouse spent more time with stranger mouse than with an in-animate novel object. (b)
Gabrb3 ECKO mice showed no extra preference for stranger mouse, and spent similar time
exploring both the chambers. (c) Co-transplanted Gabrb3 ECKO mice showed significantly
higher preference towards interacting with stranger mouse. (d) Interneuron-only
transplanted mice did not show a preference for stranger mouse, and spent more time
investigating the inanimate cage. They also spent a considerable amount of time in the
middle chamber. PV ECs = periventricular endothelial cells
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Supplementary Figure 17: Behavioral deficits in periventricular endothelial cell - only transplanted
Gabrb3ECKO mice. (a-c) Double staining with anti-human mitochondria (red) and anti-human VWF
(green) antibodies in the cortex of periventricular endothelial cell-only Gabrb3&CKO transplanted brains,
showing widespread migration of transplanted endothelial cells in the cortex. (d-h) Comparison of
behavioral tests performed in periventricular endothelial cell (PV EC) - only transplanted Gabrb3&CcKo
mouse vs Gabrb3ECKO mice, one month after transplantation. Periventricular endothelial cell - only
transplanted mice continued to show behavioral deficits that is comparable to Gabrb3ECKO mice (d-h) and
interneurons only - Gabrb3ECKO mice (Fig. 5). They had poor nest building ability (d), long immobility
time in tail suspension test (e), high self-grooming time (f), high exploration time in dark in light-dark
box test assay (g), and poor social interaction ability (h). In each case, data represents represents mean +
S.D (n=4; P>0.05 is not significant (ns), Student’s t-test). Scale bar: a, 100um (applies to b, c).



