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[Abstract] Objective:To establish a murine model of neural tube defects (NTDs) by inhibition of thymidylate synthase (TS) via a
specific inhibitor, raltitrexed(RTX). Based on the model, The role of DNA damage, cell apoptosis and proliferation in RTX-induced
NTDs were investigated. Methods: The adult C57BL/6] pregnant of 7.5 d mice were randomly divided into six groups: one was for
control and the other five were RTX-treated groups. NTDs were induced by intraperitoneally injection of various doses of RTX(5.0,
10.0, 11.5, 13.5, 15.0 mg/kg body weight) on gestational day 7.5. Control mice were injected with 0.9% NaCl at equal volume.
Neural tube closure was examined by hematoxylin-eosin (H&E) staining on gestational day 11.5 and TS activity was measured by
radioactive method following RTX treatment. Levels of thymidylate (dTMP) and uridylate (dUMP) were detected by high performance
liquid chromatography (HPLC). Western-blotting was performed to analyze the expressions of replication protein A2 (RPA2), y-H2AX and
caspase-3 in NTDs embryos induced by RTX. Cell proliferation was analyzed by immunohistochemical method. Results; At 11.5 mg/kg bw,
RTX induced the highest incidence of NTDs(30.56% ). TS activity was significantly reduced by RTX treatment. Besides, levels of
dUMP were increased associated with decreased dTMP levels after RTX treatment. Furthermore, phosphorylation of RPA2 and +-
H2AX were significantly increased in RTX-induced NTDs. The expression of caspase-3 was significantly increased and cell
proliferation was significantly decreased. Conclusion: Murine model of NTDs was successfully established by inhibition of TS via
RTX. DNA damage and imbalance between apoptosis and proliferation were important events caused by impairment of dTMP
biosynthesis, which may be one of the key mechanisms underlying the development of NTDs.
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RTX(5.0,10.0,11.5.13.5.15.0 mg/kg) . [RIHF, Xf R
2 i s e S IR SRR 0.9%NaCl, 22 11.5 d i, i
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EIAEHATE,
122 TS iEhm &

A TS 5 dUMP fi#E4k A dTMP A= i S Arn
CK AR E TS W1k, 22 7.5 d /NERTE ST RTX
JEANEI T A (0,3.9.,24 .48 .96 h) WA XS RRZH
RTX TR L, 75513 G2 vl h A ke
R o) 3 B B0 (105 000xg,4°C, 60 min), |
HWRWE 23] EP &, 4 5-[°*H]-dUMP (10
pmol/L)  Tris-HCl Z% #h % .5, 10-CH-FH, 4351 A
3|4 EP 4 30°CHEE 1 h, BhfG , iNAVK 25% =4
JTR (TCA)FT 10% G P e, At RO 452 0k B
i 50, WA T L A VR AR DR R Y 3 A SN e
CHE, SIS 3 IR,

1.2.3  FHa& A8 &% (HPLC) A

2275 d /NS RTX J5 AR 1] 250,39,
24 48 96 h)HPLC i if i 2021 dTMP 1 dUMP
T, CO, 2 EIRA BN, B A VK [ 2 IR
FEVK LAV oy B IR IR ALY, B8 VR B L 2R i A
’ﬂéﬁ, K= BERIEE 20~30 min, A MBSO
(3 000 g, 10 min,4°C) I A B FE =l
L2 WA 20 T HPLC R, (i A
A Polaris Cis-A # (4.6x150 mm,5 pmol/L;Agilent
ol EED . B EEVEIGIEXT dTMP Fl dUMP #47
VMR LA Ak 3T o s A s 22 il A FNEE vl
B[ ZE WK A A5 7K 10 mmol/L DU T J S A L%
(TBAH) A1 10 mmol/L KH,PO,; Z&iifk B 143k TP
(CH:OH) A1 10 mmol/L ) TBAH |, #2117 A] ; 0~
27 min H 95%~50%A ,27.1~32.0 min H 5%~95%A ,
Ui 1.5 mL/min, Kl 7R Z R T ST, XSGR A Ak
BTG EE I R , PR 254 nm,,

1.2.4 Western blot 2 #7

H4 CelLytic MT™ ARAEEALFR 35 LT AN HE
ZHIRIEFN RTX T4 NTDs JREINZHZ(11.5 mg/kg) T
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(ANOVA) #1750 0r . Wi Z [RI(E L BCR ¢ K
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2.1 RTX #FAZERHhmER ey 5
A S 55 38 o R [\ ) i RTX (5.0,10.0,11.5,
13.5.15.0 mg/kg tAH ) T4 7.5 d /MR, 7
NTDs 8, 22 7.5 d ZMEETE ) ST | 1
FWAEGL T2 11,5 d B e el s, Hit, &
T 11.5 d MG B IG L, 455 KX a4
#1

WG & B EH (K 1A)  RTX T-Hi5 , B RTX F55
T, WK IR Y HE BB, RTX FHN 15.0 mg/kg I, 1%
WA EER N 84.61%, {HJZE, RTX FHEM 10.0 mg/kg
HafmE| 13.5 me/kg I, NTDs B & 4= % b RTX & 1Y
AN AN, 78 11.5 mg/kg, NTDs (& 1B) &4 Fh
15 (30.56%) , HWWOIG b3 eIk (36 1), Bk, 38471
PR 11.5 mg/kg VE R A7 /INER NTDs A5 i) 44541
T, AHFFEWECE] NTDs /) B3 B Bk 78 il i 1
(JaRph 28 P G ), 1 UL Pt T R (16 1C) il
Wk ERE(E 1D),

HE Jeagh s, xf B4R IR e 5 i 52 4 A
A IR RS U2 (] 2A) ., {H 2, NTDs WG )5 ik
KIEaA (F 2B), 5 X R AH L NTDs IRIR Y 5
IR 2 I R AN HESI AN LS | S5 2L
2.2 RTX 2 TS &M AL

AEFIE RTX FHxt/NRAERR & B #00

Table 1 Murine embryonic development following RTX treatment at various doses

RTX Filfit(mg/kg) ZFRAE(n) WHEE(n) IR (n(%)] KAIBGE (%) ]" NTDs[n(%) ] HAWHE [n(%)] R [n(%)]

0 8 59 1(1.70) 0(0.00) 0(0.00) 0(0.00) 58(98.30)
5.0 7 47 2(4.26) 2(4.26) 0(0.00) 0(0.00) 43(91.48)
10.0 6 40 12(30.00) 4(10.00) 3(7.50) 1(2.50) 20(50.00)
115 6 36 4(11.11) 17(47.22) 11(30.56) 2(5.56) 2(5.56)
135 5 31 19(61.29) 7(22.58) 5(16.13) 0(0.00) 0(0.00)
15.0 4 26 22(84.61) 3(11.54) 0(0.00) 1(3.85) 0(0.00)

SRR/ T (4.21 £ 0.76) mm AR EAL T (9.49 + 3.48)mg,

A

A TEE IR ;B NTDs IR, #F Sk 46 o 88 B TE 30407 ; C . NTDs FERETCIRMIE LG ; D R EIREMI . AR 1 mm,
B 1 IEEBERRF RTX SIEMEE R EKRS

Figure 1 Normal embryo and RTX-induced malformed embryos
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Figure 2 HE staining results of neural tube in normal and NTDs embryos(x50)
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55X B4R L, *P < 0.05(n=6),
B3 RTX XAREERERALR TS iEERI M
Figure 3 Changes of TS activity in embryos at various
time points following RTX treatment

2.3 RTX #f dTMP #= dUMP % %%

TS AL dUMP 2B i dTMP (9 CEERE  3 ] TS
TEES SR A N dTMP A1 dUMP A &5, fEMEE
B TS FEVERRARAYIERE I, FRATEES RTX G AH
IFIH] 25 (39,24 .48 .96 h) X} dTMP Fl dUMP f4 & &
PEAFRGIN 2551 R SR L, RTX T HiZH Y
IR RGBE S 25 25 TRl A 4E K dUMP 55 528 ET) TR
i dTMP & 3 P (P < 005), fE96h(Z 1154d),
ARl B W SXF R A G RTX FHi4 dTMP
T TR 50% (] 4), X EZE R RTX
P TS W MESE TR RN dTMP 1) & &

2.4 RTX $8AVZ S0 B2 F DNA 3455 oL

SR T A (RPA)TE DNA & il Fg & vl d
BRMEA ., RPA2 S RPA fl—F3E, 4 DNA it
i, RPA2 K AERERRAE™ H2AX J& H2A 1)—"NE
R fEDNA Z il frh R R EAMEM . 24 DNA i
i, L H: DNA XU BT 4t H2AX KA 0 B A Wi 1R
R AL y-H2AX M2 BFR 45 R WoR, &
RTX F #5242 11.5 d # NTDs IR Jif 20 21 b RPA2
I y-H2AX B KF- T E (B5), xR
RTX A] G 3 52 M dTMP & T4 DNA &l , i
i DNA 473,

2.5 NTDs A= 6 ¥ 2 io 8 = 5 3 5 % el

Caspase-3 JEAN LA T B ML AIFRIC S R T i
YL P T RTX 5 A s 25 8 h I/ E L , AR Bt
FE it — R T caspase-3 RO TE M, 25w,
TE2# 11.5 d 1) NTDs JRJlGH, R 1Y caspase-3 ik
P E R TR R (B 6) , IeAh, Tl X NTDs It fit

2009 Qauwp

1804 garmp x *
160-

140-
1204 x
100 2 I S O
80 #
60
40
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04

dUMP/dTMP &1
{ 3

0 3 9 24 48 96
Ff 1] (h)

53R dUMP ML, P < 0.05; S5XTHRL dTMP AH L, PP <
0.05(n=6),
E 4 RTX XA [ERESRERELR dTMP 1 dUMP 225

-1
Figure 4 Levels of dTMP and dUMP in embryos treated
by RTX at various time points

O Xt iRZH

XFHEZL NTDs 41 0.301 »  ENTDs 41
p-RPA2| T Iﬂg 0.251
B-actin “ Rﬁ 0.204
E‘ 0.154

- T

v-H2AX = 0.101
B-actin . — E&l 0.054
0.00:

p-RPA2 v-H2AX

EXIHLAALE, *P < 005(n=6)
B 5 3tEBARRF RTX T4 NTDs BE s fi 42 8
RPA2 #0 y-H2AX 8L 7k F 2L
Figure 5 Expressions of phosphorylated RPA2 and y-H2AX
in embryonic brain tissues of control and RTX-
induced NTDs

popitcEiel NTDs 41

o | ——
caspase-3

T s em—

6 XTRRAMASHN RTX FHiZH NTDs BRRafaHAH cas-

pase-3 EET{L
Figure 6 Expression of cleaved caspase-3 in embryonic
brain tissues of control and RTX-induced NTDs

IR L dl & 11 PH3 5 LA T 408, S5 R s, 5%
HEZH A EE , NTDs IR J5 i i 28 1 iz 2 2R Wi R 1 41
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Figure 7 Expression of PH3 in hindbrain of control and RTX-induced NTDs embryos
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FEREPEA 7.5 d VBN 2 B T A i) o s

RTX THUS 5 TS i HEFEAR, dTMP K T R
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FEWr LB FRICH ™ RPA2 LK y-H2AX Rk K
PR T E R W] dTMP & 235 2T 72 ) DNA $i
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GINZH 21 | 218 11 RPA2 Il y-H2AX Bz 1kt
ETHE, MR T-FRICY) caspase-3 1 F ik, M4 Y
AR IC Y PH3 LA T, £ L,RTX BESH
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