Zy% %4k Acta Pharmaceutica Sinica 2021, 56(2): 503 -510 - 503 -

MAIE S % e TERAER =S AYNEINTERE

B2, RS, FERE LW, FEaL FAN, MR

(1. ] B 44 A A i R Rk s AT 5 5, R R T e A S o T 5 S 36 =, AT R A N T S B T TR AR 0 B A SRR =
TS FBM 450002; 2. VARG OKAEAP R S AL ER S4B, TS JT R 475000; 3. VA AR L RLEAR, T TR 462002)

FEEE: U U0 ) 25 P G, i 35 Bh 2 00 6 B 24 DARD B RIS R AR L LI kA, TR 5% AR
FOREB AW T W B R ISR, BTG BR BRI I 2454, kG 258 2 S B AR A e i
=HRFETEAE S LA T 40 (induced pluripotent stem cells, iPSCs) )75 2, %5 5 H B IR /& (embryoid bodies,
EBs) FI2K 7 Jif 4 5, 60k SMBEI0L B IR s I Al [ 1 = R 2 AR R A id A . ARE TP 25K A = R (RUA486)
RTBWEM A, BV EBs 40 v 341 25 (4% JR 41 (control) 1% #< & 41 (L-RU486, 10 pg-mL™) il & ik J 41 (H-
RUA486, 20 ug-mLY). i Bh oA it it Se0A% B BR B B Bl A 5 10 dUTP B 11 K i A0 M 52 92 [terminal dexynucleotidyl trans-
ferase (TdT)-mediated dUTP nick end labeling, TUNEL] H1 4053 5% ' Yk (0 25 5 R W22 45 5.8 1 11 K (19 AN [F) 25,59 EBs (1
KN AR T RUE AR S Ol . W T 45 R W iPSCs 7k b n] 42 il = 4E 45 F 1) EBs, 7E4F AL ZE SN 71
FIF, EBs 4N o3 6t wh & BUERAE AR 25 44, T K Mo B2 R 25 4 B oK AR =1 2 72 S 8L EBs K B 1R 2%, EBs HL {2 />
(P <0.01), it EBs U EREMALIE T (P < 0.01), 35200 EBs I JZ & 5, 40 il IR e 41 Bl 48 528 4 8 2 40 i 431k (P <
0.01), {2t F I ZAMEKE (P <0.05). AHFFLHEIR, iPSCs Al VE N2t 7= 2 ML (M B A 2, i EBs 192K/ Al i A
T SRV J2 4 B 43 A, 256 T AR R 25 W 05 2 (R VT AN 48 4

KR BT 2 AT AN, AR R S B T ARG

hE 422 R965.1 XEKFRIRTE: A X E YRS 0513-4870(2021)02-0503-08

Construction of a drug screening model for miscarriage from
induced pluripotent stem cells in vitro

WU Shan-shan*?, FAN Wen-juan®, LI Rui-ling’, WANG Yan-li*, LI Pei-quan*, LI Chao-jie*, DENG Jin-bo"

(1. National Health Commission Key Laboratory of Birth Defects Prevention, Henan Key Laboratory of Population
Defects Prevention, Henan Institute of Reproduction Health Science and Technology, Zhengzhou 450002, China; 2. School
of Nursing and Health, Henan University, Kaifeng 475000, China; 3. Luohe Medical College, Luohe 462002, China)

Abstract: Drug use during pregnancy is unavoidable. Therefore, it is vitally important for medical workers to
help pregnant women take drugs correctly to reduce the incidence of spontaneous abortion, premature birth, and
low birth weight. In our study, drug screening model with induced pluripotent stem cells (iPSCs) was used to find
some improper drugs which will result in woman's abortion. With 3D culture in vitro, iPSCs can form embryoid
bodies (EBs) and cerebral organoids, which simulated in vitro development of early embryos, from inner cell mass to
germ-layer differentiation. In the experiment, EBs were exposed to mifepristone (RU486), and three experimental
groups were divided randomly. They were control group (without RU486), low-dose group (L-RU486, 10 ug-mL™?),
and high-dose group (H-RU486, 20 ug-mL™*). After mifepristone exposure, EBs were observed at days 5, 8, and 11,
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including size of EB, cell apoptosis, and differentiation of germ layers, by using inverted optical microscope,
TUNEL assay, and immunofluorescent staining. The results showed that through 3D culture, iPSCs could develop
into embryoid bodies, neural rosettes, and finally cerebral organoids. After mifepristone exposure, EBs' sizes were
decreased (P < 0.01); the levels of cell apoptosis in EBs were increased after mifepristone exposure (P < 0.01); the
development of EBs' germ layer was affected. Mifepristone exposure could inhibit the proliferation of embryonic
stem cells, reduce the differentiation of ectoderm (P < 0.01) and promote the development of mesoderm (P < 0.05).
In conclusion, iPSCs can be used as a screening model for abortion drug, and EBs’ diameter, cell apoptosis, and
differentiation changes of the germ layers can serve as criteria of abortion drug screening.
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Figure 1  Development of embryoid bodies (EBs) and cerebral

organoids (under inverted microscope). A: The dissociated induced
pluripotent stem cells (iPSCs) rapidly started to gather into iPS
clones; B: At day 4 (D4), iPSCs accumulated continuously into
three dimensional EBs, and EBs showed a smooth surface and
translucent ring with dark center at high magnification; C: After
neural induction, several rosettes (*) appeared in the periphery of
EBs, and the primary organoids was visible at day 20 (D20); D, E:
Some rosettes on the surface of cultivation would degenerate, and
only a few developed into normal cerebral organoids with radial
structures ( 1 ); F: At day 52 (D52), cerebral organoids had typically
cerebral lamination ( 1 ). Scale bar, 200 um (A-C) and 100 um (D-F)
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Figure 2 The changes of EBs' diameters after exposure to mife-
pristone. A-C: Under inverted microscope, at D5, no significant
difference of EBs' size was found among there group; D-1: At days
8 and 11 (D8 and D11), EBs' diameters of the experimental groups
were smaller than control group; J-L: Immunofluorescent double
labeling with SOX2 (green) and C-X-C chemokine receptor type 4
(CXCR4, red) were used to observe EBs, EBs' diameters were
remarkably reduced after mifepristone treatment at day 11 (D11).
Inside of EBs, net like structure can be found. Scale bar, 500 um
(A-1) and 100 um (J-L); M: The histogram and statistical analyses
of EBs' diameter at days 5, 8, and 11 (D5, 8, and 11). n =5, X  s.
“P < 0.05, P < 0.01 vs control group; ##P < 0.01 vs L-RU486
group
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IR, St HR 4 EBs 41 i 13 £ (38.56 + 4.70) %, fik
W E2H EBs A i - 22 2) 2y (57.62 + 0.80) %, =ik &
41 EBs 4l L 5 T F 414 (82.15 + 7.73) % (& 3J~L).
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Figure 3  Cell apoptosis in EBs after exposure to mifepristone.
A-C: With DAPI staining, many apoptotic bodies were found after
mifepristone exposure, such as cell contraction, chromatin aggrega-
tion, and broken chromosomes. The number of apoptosis cells
increased with mifepristone concentration increasing; D-L: The
results of TUNEL staining were consistent with DAPI staining.
The number of TUNEL positive cells significantly increased in
experimental groups. Scale bar, 20 um (A-L); M: The histogram
and statistical analyses of EBs' cell apoptosis on the exposure of
mifepristone at days 5, 8, and 11 (D5, 8, and 11); n =5, X +s. P <
0.05, P < 0.01 vs control group; #“P < 0.01 vs L-RU486 group
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Figure 4 Differentiation of germ layers after mifepristone exposure at D11. A-C: immunofluorescent labeling with Nestin (green) and
DAPI staining (blue) were performed. Nestin positive cells (green) were radially distributed around neural rosettes. The number of Nestin
positive cells remarkly decreased in experimental groups; D—F: Caspase-3 immunofluorescent labeling (red) and DAPI staining (blue) were
carried out. Caspase-3 positive cells (red) were located in the inside of NR; G-1: SOX2 (green) and CXCR4 (red) immunofluorescence
double labeling were operated. SOX2 positive cells (green) were mostly distributed in the periphery of EBs, and the number of SOX2
positive cells gradually decreased in the treatment group (P < 0.01). While CXCR4 positive cells (red) increased after mifepristone
exposure; J-L: There were some FoxA2 positive cells (red) in EBs, but they had no obvious difference on the exposure of mifepristone.
Scale bar, 10 pum (A-C) and 20 um (D-L); M: The histogram and statistical analyses of differentiation of embryonic stem cells (SOX2
positive cell density); N: The histogram and statistical analyses of differentiation of ectoderm; O: The histogram and statistical analyses of
mesoderm's differentiation; n = 5, x + s. "P < 0.05, P < 0.01 vs control group; “P < 0.05, #“P < 0.01 vs L-RU486 group
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