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Abstract: Objective To evaluate the proliferative toxicity of test substance on PA-1 cells by high content screening technology, and

to establish a rapid screening method for drug embryotoxicity by combining with pluripotency genes (Oct4, Sox2 and Nanog) as

evaluation indexes. Methods Vitamin C, penicillin G and vitamin E were selected as negative test drugs without embryotoxicity, and

methotrexate, S5-fluorouracil and cyclophosphamide were selected as positive test drugs with embryotoxicity. The dosing

concentration was set based on the maximum blood drug concentration (C,, ) under the clinical therapeutic dose of the test drug, and
2C,. 3C

max? max?

the concentration gradient of the negative test drug was 1/2C,,, C, ..,
drug was 1/8C,, 1/4C, ., 112C, ., C

max? max> max> "~ max>

4C,,.. The concentration gradient of positive test

2C,,... The test drug was incubated in the maintenance medium (the medium was added with
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1x10° U-L™" leukemia inhibitory factor) in PA-1 cells for 24 h. Based on the high content screening technology, PA-1 cells were co
stained with DAPI, Calcein-AM and PI. The fluorescence intensity was detected by confocal imaging and the cell survival rate was
calculated. After the test drug incubated with PA-1 cells in differentiation culture medium (without leukemia inhibitory factor) for
24 h, the expression changes of pluripotent genes Oct4, Sox2 and Nanog were detected by real-time fluorescent quantitative PCR
(qRT-PCR). Results The CO staining of DAPI, Calcein-AM and PI can distinguish living cells from dead cells. Vitamin C, vitamin
E and penicillin G had no effect on the proliferation of PA-1 cells. Compared with control group, the positive test drugs 5-

fluorouracil, methotrexate of 1/4C

max

and above concentrations significantly decreased the survival rate of PA-1 cells (P < 0.05).
Cyclophosphamide of 1/8C, . and above significantly decreased the survival rate of PA-1 cells (P < 0.05). The negative test drugs
vitamin C, vitamin E and penicillin G had no effect on the expression of pluripotency genes Sox2, Oct4 and Nanog in PA-1 cells.
Compared with control group, the positive test drug 5-fluorouracil of 1/8C,, and above significantly decreased the expression of
pluripotent genes Sox2, Oct4 and Nanog in PA-1 cells (P < 0.05). Methotrexate of 1/8C,, and above significantly increased the
expression of Oct4 and Nanog (P < 0.05), but when the concentration reached 2C,

max?®

it still had no effect on the expression of Sox2.
Cyclophosphamide of 1/8C,, and above significantly increased the expression of Sox2, Oct4 and Nanog (P < 0.05). Conclusion

High content screening technology (DAPI, Calcein-AM, PI co-staining) combined with detection of pluripotent genes can establish a

rapid screening system for drug embryotoxicity.
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DAPIFRICAN A% 5 2 ; Calcein-AM AR TS A S 40 6 PIARIC I 40 R 40 6
A, B-DAPI and Calcein-AM labeled viable cells; C, D-DAPI and PI labeled apoptotic cells; E-DAPI and Calcein-AM/PI-labeling both viable and

apoptotic cells; DAPI labeled nuclei in blue; Calcein-AM labeled viable cells in green; PI labeled apoptotic cells in red
El1 DAPIF Calcein-AM/PI R & BRUEEK

Fig.1 DAPI and Calcein-AM / PI confocal microscopy images
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A-DAPI and Calcein-AM labeled viable cells; B-DAPI and PI labeled apoptotic cells; C-DAPI and Calcein-AM/PI-labeling both viable and apoptot-
ic cells; DAPI labeled nuclei in blue; Calcein-AM labeled viable cells in green; PI labeled apoptotic cells in red
B2 DAPIF Calcein-AM/PI & i A &
Fig.2 DAPI and Calcein-AM/PI high-connotation imaging
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Fig. 3 Gene expression of pluripotency after induced
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differentiation in PA-1 cells
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Table 1 Effect of negative test drugs on proliferative capacity of PA-1 cells (xxs, n=3)
411 W 2% A5 W Y% 41 i 2%
(umol'mL ™" (umol'mL ™" (umol'mL ™"
X — 96.87+2.31 X e — 97.01+2.43 | X — 97.2442.66
YR C 45 96.8242.61 | H#HHG 67.30  96.73+2.26 | 4L HKE 22.20 96.72+1.93
90 96.78+2.58 134.60 97.06+2.09 44.39 97.78+2.73
180 96.74+2.59 269.20 97.07+2.18 88.78 96.59+2.10
270 96.56+2.60 403.80 96.84+2.38 133.17 96.90+2.41
360 95.84+1.77 538.40 97.30+2.60 177.56 96.83+1.74
£2  PAMEMLRZ53T PA-1 AREIETEEE TR (2t 5,n=3)
Table 2 Effects of positive test drugs on proliferative capacity of PA-1 cells (z%s, n=3)
41 W 1% 2H 51 i T % 253 T T %
(umol-mL™") (umol-mL™") (pmol'-mL™")

papiist — 97.66+2.35 X I — 97.99+0.64 X HE — 97.5442.66
5-HR 0.53 89.2942.56 | FIZIEW 0.03 93.99:+4.81 I B 68.97 69.21£3.91°
M 1.06 63.53+4.26 0.05 67.41£2.47 137.94 52.09+2.48"
2.13 55.9442.48" 0.10 59.86+1.44 275.89 46.71+4.39"

4.25 46.34+2.55" 0.20 52.53+2.91" 551.77 35.99+3.57

8.50 25.77+1.59" 0.40 34.87+1.96" 1103.54 27.72+1.16

5t b - "P<<0.05
P < 0.05 vs control group
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®3 BRGNS aEEERRIENEE(rLs,n=3)
Table 3 Effects of negative test drugs on expression of

pluripotency genes (r=%s, n=3)

F4 PEENRGN S EEEERRIEHZIN (x5, n=3)
Table 4 Effects of positive test on pluripotency genes

expression (r%s, n=3)

e Fiilh=v] Sox2/ Oct4/ Nanog/
(umol'mL™")  pB-actin p-actin  P-actin

papiist — 1.01£0.20 1.01£0.18 1.01+0.16
$eEEC 45 1.01£0.07 1.01£0.05 0.97+0.07
90 1.02+0.15 1.02+0.06 1.05+0.27

180 1.09+0.14 1.07+0.08 0.98+0.29

270 1.04+0.06 1.03+0.04 1.00+0.32

360 1.04+0.12  1.00+0.22 1.01+0.17
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X HEE — 1.01£0.20 1.010.18 1.01+0.16
HERG 67.30 1.04+0.23 1.01£0.13 1.01+0.24
134.60 1.06£0.14 1.03+0.16 1.01+0.08

269.20 1.01£0.24 1.01£0.16 1.01+0.22

403.80 1.03£0.21 1.03+0.15 1.00+0.15

538.40 1.024£0.14 1.01£0.15 1.00+0.10
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e ERE 22.20 1.01£0.14 1.01£0.24 1.02+0.18
44.39 1.01£0.09 1.01£0.09 1.02+0.08

88.78 0.99+0.18 1.02+0.16 1.02+0.09

133.17 1.03+£0.03 1.01+0.20 1.04+0.07

177.56 1.03£0.11 1.034+0.24 1.01£0.22
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S S RL I, -t T] DUAR B b HE B 4 B AR P 4R

i Sox2/ Oct4/ Nanog/
2
(umolmL " B-actin B-actin B-actin
X e — 1.01£0.20  1.01£0.18 1.01+0.16
5-5UR 0.53 0.83+0.09" 0.88+0.17" 0.84+0.08"
T I 1.06 0.81+£0.26" 0.73+0.07" 0.61+0.10°
2.13 0.65+0.08" 0.63+0.06" 0.6140.04"
4.25 0.46+0.09" 0.57+0.04" 0.51+0.07"
8.50 0.25+0.04" 0.25+0.03" 0.32+0.06"
=& 2,
e Fali=v] Sox2/ Oct4/ Nanog/
(umolmL™"  B-actin B-actin PB-actin
X e — 1.01£0.20  1.01+0.18 1.01+0.16

1.59+0.47" 1.64+0.32"
1.89+0.21" 1.72+0.50"
3.08+0.79" 3.46+0.67"
5.77+0.57" 5.01+£1.43"
8.02+1.30" 7.57+0.93"

FR s 0.03 1.01+0.27
0.05  1.02+0.16
0.10  1.09+0.15
020  1.04+0.25
040  1.04+0.07

S b7, Sox2/ Oct4/ Nanog/
(umolmL™)  B-actin p-actin B-actin
papiist — 1.01£0.20 1.01+0.18 1.01%0.16
AN 68.97  2.10£0.44" 2.09+0.47" 2.10+0.17"
137.94  2.93+0.39" 2.88+0.33" 2.95+0.24"
27589  5.46£0.83" 5.79+0.17" 6.84+0.98"
551.77  8.84=1.19" 7.33+1.43" 11.29+3.59"
1103.54 12.93+2.40" 9.67+0.88" 13.48+3.08"

5L LLEL:"P<<0.05
P < 0.05 vs control group

T4, BAG B v (0 U R v A 1 L TR Z R B
BT )32 S 400 i 75 1 RO T 7

AW 52 8 45 7 B DAPIL X i A5 48 i % 3F 47
o, DUIE 26 FLAR R BT A 4 B kAT e AL B, 2R
Jii I Calcein-AM X i 4H i 1 248 o Jofd 647 44 €2, PLXT
HELH O 1 40 i A% 708 4T G4 5, DAPI Calcein-AM \ PI J&
YL PA-1 [X 733 41 B SEAH A , B AR ER 0 20 BT 10 3
P& 1R SO0 A R R . I AL SR 4 R
DAPI. Calcein-AM . PI 3£ 4% PA-1 41 Jifd i] LR 4F #f1 [X
IS A A BE A

AT A IEFE T 3 A B2 (4R AR R CL 4
HEREH R G) L3P FH A I 2 (5- 560 PR W5 E
FH UGS L BA B2 I i ) =% 5% vy VA R S 32 52 AR P A
TR PA-1 20 Ff 184 58 25 14 PR VR 42 o

HHERGHAERCHEAEREADR . KEM
Tk N EEAT AR B S IR B AL A SR R, 3 E AR
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WG R E o« M VEAE I gRIPIA N 5 B & G 4k
ARCHERENMRMNAERKE K S xR
JEAE AT FE R, K 0L 3 3% 76 FDA W 4R A H 2
SR A R, AR AR S AR S B X
B2y,

FH M Sy I R R 11 5] 2R 4 B A 4 ) 40 Pl —
SR 30 it A D 2 L PN P IR AR S IR
F B TIRIT B S % M A& Fh R . I R
ORI 7« B AT OR (12 J8 O A U8 X iR )L
BA SRR, F 2RI Sk i %, U2
VU Je AR 8 R G W T, LR 2008 1) 350
Wep A FH B A 5 &= AH O, 8 KT 10 mg-kg ™ (1 771
B2 RO o 50y I L

TR I 7 P I P 368 3o 40 e €2 3R P4SO BRI 1A
RGN B 2 R 1 P 19 i S 5T R
TR 05 T 53X 2 Bl AR = 4 BRI DNA &5 & i 40 il
DNA 146G %, F 2 T M6 T . 1964 455 I3k
T T I fr o N A B50R 2R, B S 1 — R B B
6 IR ST PRl I i 1) BOm 4 AU, R BRI A
T B T ik (R D B = T IR B ikl = & . 1T B4
KU T TR g o BV i o % B B R B IR A
AT T2 AR, 22 R T IR IR 8 d 45 T4 [
P B IR EE A (5.10415.20 mg-kg™) , & K 1%, i
BEAE 53 4 A BEBE G 5 me kg AR AT 1R 2% L DU
A H BRI S R LB AR 1k 5 10 mg-kg ™ LR AT
HH 5 AR R A i R PR A LD
B EERE A4 15 mgkg 4R AT = 4
KRRz 2 5 BB 55 X K 45 6 8 KB A
A R R0 B S MEE RO W B AN 4 T
Ji2 326 ity B A E K s 20 mg-kg A AR WL R RE R AT
5 HA 45 10 TR B I M K BRUTR I i 22 B B Ok B A B
BREEER.

5- 98 PR 1 g R T e SR PR 254, £ B
JE LT3 DNA R RNA (1A 55 1 & 44 508 7 A
R 1 I T I LR B0 R AR A A R R L R
FREZ MW EARBNEST . WY 3 ER I
NI R B 75 5 NIR NS,

AT sht FE 2 A 14 | AN Tl T Y% S- 9 IR 1% WE /E FDA
SRR 2 55 2R ¥ 9 X B2 TEAR S AR
FH X6 B 24

SEIG 45 BHUR, DAPLCalcein-AM.PIFLL PA - 1 2]
FfL3E A7 v P TRR 7 A T AP A A VA K 245 )
X PA-1 2t i 1) 38 B8 B 1

f& 48 IR G T 40 M 38 (EST ¥ IR iG + 4

L CESC) 734 9 FAT Wi 4 i 0 160 JUL 4 i 1 280 A
RVFAT IR 6T ESC 4340 55 P B FR A, AN BE 4 1
PEAR ) 6 Wi T 2 A B 52, BB M
HARSNEE 77 ESC ) 0 WLAH M 434 35 AR B SR & L
I, 1% 07 AN IE T ORE & R 2 1 IR G B
PE, R, 75 SR A R 4R AT
WEFLCAESE, T4 2 ge e e 2 i T — A
J& R Gy B M HOE B 2 oRE IR DO 4R
2% (PGRN) , PGRN [ #% 0 £ 3 M s R 7 4 e, B
Oct4Sox2 Fl Nanog. Octd % EAE NVF % 3 K 1) 1%
KR TFRER RN RE T 2R, Octd T RAE A
WRE sk = & B 52, 5 BURVE TR BOE H
SRR R, Sox2 T N 4R A 1 T R R R B
B, bR Sox2, TLIETE W Z K AMRZ , S BUR iR
e, Nanog W] LA4ERE 1R 2K &  Nanog it
b SN MR BTN AEE TIRZE A RRTE K b
JEJZ2, Octd Sox2 Al Nanog 3 # 18 M HAEH ,
LR 4% 2 fe JE DR 3R, 4 Sox2 #AE N Octd (1) 5%
AR 5 Octd T8 1% 5% 2 & W) : Nanog 75 E AE
Oct4 fETE I AT IR T A 6 R I& s Nanog WK I R NI Hh
Sox2 [ ZR1E I T FFAK . Oct4Sox2 Fl Nanog 5 H-Ath
% He M 2k DR 2H B — A 9 KT 52 1% ) 2 S 1 DY 4%
EEME KB E 2 etk iR e Fr iR e 1 2
JVE 6 48 il A A AE 2 a1 2 R I R 4 R A T
B5E A B ORUE R IR I TR0 K B, 4 1K SE LA (1)
Fak sz B gz, HORNE R T b SR 32 B 5
Wi o DR E, AS A 7008 4% 2 fE M B ] Oct4 Sox2
Nanog £ 9 VEA X 490 %5 W 6 4 A4 25 PR 19 VR 4 48
Fro TR TR R B AR i« BT R 7“8
W7, nT LA E R A A . ARG RE R E
e M 3L K] Sox2. Oct4~ Nanog 1E PA-1 41 jil 175 5 43 1L
24 hJE Rk SRR PE, s SR A Y) T 24 h
A RS IS 8] 550, B R Hh 4 J6 1 077 25 (1) R[]
AR (AR CEEREFTHERG K
H P 004X 245 (5980 IR 1 g R0 PR B I i) 1 56
I S G 45 3R 7R TG W IR 7 1 25 M) 0 2 e 1 A
Sox2+Oct4~Nanog W ZRIEToF M o T B A WG 55 1%
1259 W) 2 A8 2 e P L K] Sox2 Oct4 - Nanog 113215
FEAE N K . Sox2. Oct4Nanog V£ N Y4EFF T
ZH 2 fe PE Y PGRN H I 3 M %0 B s R AR T
TP H IR Rk (R0 B 0 sl BRI R = R 18D
DR R 5 i R G R B I AR v T Ui R AR I 4
R E =, i SBURI R E 5. Hitk, &t
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AN W AIGAY 73 A 75 PR AN B 48 bR O 5 0 5 1
(VT AH 25 G 2 25 W W i 2 1 0t 7 I A
B R B O I 1T o AW AT R N R PR O Ok
AR VEA MR KT PA-1 41 B i 38 58 25 1, % 2 gk
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