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Abstract: [ Objective] Directed differentiation of human induced pluripotent stem cells (hiPSCs) into spinal cord
—aminobutyric acid (GABA )—ergic progenitor cells were implanted into an decellularized optical nerve (DON) bioscaffold
to construct a hiPSC—derived inhibitory neural network tissue with synaptic activities. This study aimed to provide a novel

stem cell-based tissue engineering product for the study and the repair of central nervous system injury.[Methods] The
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combination of stepwise directional induction and tissue engineering technology was applied in this study. After hiPSCs
were directionally induced into human neural progenitor cells (hNPCs) in vitro, they were seeded into a DON for three—di-
mensional culture, allowing further differentiation into inhibitory GABAergic neurons under the specific neuronal induc-
tion environment. Transmission electron microscopy and whole cell patch clamp technique were used to detect whether the
hiPSCs differentiated neurons could form synapse-like structures and whether these neurons had spontaneous inhibitory
postsynaptic currents, respectively, in order to validate that the hiPSC—derived neurons would form neural networks with
synaptic transmission potentials from a structural and functional perspective.[ Results] The inhibitory neurons of GABAer-
gic phenotype were successfully induced from hiPSCs in vitro, and maintained good viability after 28 days of culture. With
the transmission electron microscopy, it was observed that many cell junctions were formed between hiPSC—derived neural
cells in the three—dimensional materials, some of which presented a synapse— like structure, manifested as the slight thick-
ness of cell membrane and a small number of vesicles within one side of the cell junctions, the typical structure of a presyn-
atic component, and focal thickness of the membrane of the other side of the cell junctions, a typical structure of a postsyn-
aptic component. According to whole—cell patch—clamp recording, the hiPSC—derived neurons had the capability to gener-
ate action potentials and spontaneous inhibitory postsynaptic currents were recorded in this biotissue.[ Conclusions] The re-
sults of this study indicated that hiPSCs can be induced to differentiate into GABAergic progenitor cells in vitro and can
successfully construct iPSC—derived inhibitory neural network tissue with synaptic transmission after implanted into a DON
for three—dimensional culture. This study would provide a novel neural network tissue for future research and treatment of
central nervous system injury by stem cell tissue engineering technology.
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Nanog Oct4 D

A. Cell morphology under inverted phase contrast microscope. B. hiPSCs expressing Nanog (green). C. hiPSCs expressing Oct4 (green). D. A bar

chart showing the percentage of cells expressing Nanog or Oct4 in hiPSCs, respectively. Scale bars in A—C = 50 pm.
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Fig. 1 Culture of human induced pluripotent stem cells (hiPSCs) and expression of the representative markers
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The representative figures of the immunostaining positive cells for Sox1 (A), Pax6 (B), Nestin (C), and PTF1A (D). E: cell morphology of hNPCs un-

der phase contrast microscope. F: MAP2 expression of hNPCs. G=H: GFAP and Oct4 were not detected in hNPCs. I: A bar chart showing the percentage

of immnuopositive cells with different markers. Scale bars in A—H = 50 pm.

B2 hiPSCs & hNPCs 4B 5 R HAR g ¥ &R ix
Fig.2 Cell morphology and expression of markers of hiPSCs derived hNPCs
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A-C: The co-labeling immunostaining of GABA (green) and MAP2 (red) showed that most hiPSC—derived MAP2" neurons were GABAergic (GA-
BA) neurons. D=F: The co—labeling immunostaining of vVGLUT2 (red) and MAP2 (green) showed that only a small portion of hiPSC—derived MAP2" neu-

rons were vGLUT2" glutamatergic neurons. G—=I: hiPSC derived MAP2" neurons were not ChAT" cholinergic neurons. Scale bars in A=I = 50 pum.
3 AESSHTHEREEHETRIANMHEEREDR

Fig. 3 Types of neurotransmitters expressed by hiPSC—derived neurons

39

=R I T R A &t ( GABAergic neuron) & 2L GABA
R ST LT, GABA REMI A% 3 1 0 TR 5 Z Rl 22 1R
AT 06 RN B A B R A O o B o ot 2 P A Y
s FHLAE A4 S 25 0L, 2 o T GABA BEA &I Y U B 3
K, FEIHVE GABA 5515 2 RERIE™ . B IRAR e 5
GABA RETIT A 2 7088 1 20 28 153 /1N B A6 v T A3
B A P AR A AR S8 2 T 2 1)l 28 P R A7 A A
AR AR N . A FT IR SE R ESC AT A 195 8 GABA
Ae i 2 TS NS A B/ BUT10-T1 1 JE 1Bl A 6 A5 X i e
280 2 R B B 5 5 B M 2 PR . Braz
L) P /N BB SIE S MGE 37 28 7Y GABA W] LUAT R0
JE| LR 24884955 | S 8 e 2 PR 7= 2 B LA s i A
JNE, I ELTE A 2R 12 M 5 (9 Bhihb5 58 748 /N BB AY rp L
H1EFEEH . GABA BRI & TT B M A 1] LU 5512 g i 42
T RLAT RA , WA B0 05 5 | 2228, I H s %
IR GABA 1 28 70 (1 S - -N- S Ak 4y nl b — 2P i e e 22
FERNET o BRI Z A GABA REMIZ LTI g 45 ML 5 A 45 4
HIRE > BT /R P B A A R R AR

Kt ZaE  E B RN (GERD) PG 36, MRahE 4
L GABA BEMIZE 0 Ry LI TR T 3L 108 S

e Wy S SRR L T AR 2RI g P S A AR
FH A3 1Y A= 0 S B ] LA A 2H 40 T 4 R A AT e 4 43t
— AN TR AR B RS ] [ R AR A7 a3 R 1A T A
AR, SRS R R PR SR B E . AR
U0 ST SR AR 5 A e AR AN = 4 B J 1A 4 S SR e B
BRIk HE A K 1Y) BMSCs/NSCs F4) 22 40 5 1 bl 25 000 24 2 20 L3k
A FHP=A ARG R Ll fiep, A MSCs BB 47
byt b R 48 7T A7 AE — 22 1 433, T 1 A NSCss
)66 AR 2 1 v S A A R A7 A — 8 R AR B R i [
I, hiPSCs DI Z 1) 73 AL RO PR E AR IR )2 1 Jeikfit
AT T A 4 LR A 1N 20 V5 il 22 o0 24 4 2 Ay el o
PR AR ARBR IR . (), RIS E A T4 AE S
FER GG ELAT 5 il A2 3 VS BB 1 400 1) P bt 22 R 25 1L 280,
JE LR FE S5 iR T IR LI R A IR AR T

AR [ 32 K 1 58 200 B 0 20 0 28 4 Sy S SR A
RE B AL F BT 100 3o 20 £ 2 A= K A B A 43 R R Bk
B RS, BRI T AR T AR A g e 4 A K i 40
i A 5 25 L BRI 25 AR AE I BT AU HLARMERES . AR
PR 25 S0 30 R LR A =y JE s IR L MBI IR 2 A%



24 HlR AR 2 (R A2 )

5443

A: The expression of presynaptic marker 1 (Synl, red) and MAP2 (green, neuronal marker) after the hiPSC—derived neural network tissue was con-

structed in vitro for 14 days. B: A high magnification of the boxed area in Fig 4A showed the co—labeling staining with Syn1 (red) and MAP2 (green). C:

hiPSC—derived neurons were cultured under two—dimensional conditions as control. After 14 days of induction, the expression of Synl (red) was co—lo-

calized with MAP2 (green). D: iPSC—derived inhibitory neural network tissue was semi—thin sectioned and stained with toluidine blue. E: Transmission

electron microscopy showed that the synaptic structures (green arrows) such as axons and synaptic vesicles (red arrows) between cells. F: A higher mag-

nification of the boxed area in Fig 4E showed synaptic vesicles (red arrows) and synaptic structures (green arrows) between neurons. Scale bars in A, D =

50 wm, B =10 pm, C =20 pwm, E = 0.5 wm and F =200 nm
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Fig.4 hiPSC derived inhibitory neural network tissue synaptic formation detection
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A: Sodium currents could be recorded in hiPSC derived neurons.
B: Action potentials were recorded in whole cell mode at 28 days after
hiPSC derived hNPCs were induced in the bio—tissue. C: mIPSCs were
recorded at 28 days in the bio—tissue. D: PTX (GABA receptor antago-
nist) completely blocked mIPSC.
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Fig. 5 Electrophysiological features of hiPSC-derived

hNPCs differentiating into inhibitory neurons
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