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BIEVIBRIESLIE Lig3 dp UG ek T s *
FEA' T BT OREF®RT Eafr IHE®
(1A URHIRGE A JL A BEBEIEERY 7 100020;2 8 LRHRFAEAT L 71 e LI i S0 A6 100020)

@E BAY:DNA i£ 45 II(DNA ligase IIl, Lig3 ) A B 2 BA RS HB R PR AR, AL F IR P RET LR, @
WHR Lig3 AR AT RARMEFRES TORXEL, LD IR ZELF OZw, Fik: KA LK R R K (specific
pathogen free, SPF )28 C57BL/6J s/~ R (8-9 5] ,18-20 g) , A 1:1 &% , B R AL A F I o sf FBLL, B 7.5 R LR AE M=%
5t 4.5 mg/kg 1k £ T A HE % (Methotrexate, MTX , = £t 82 38 JR B 3 4] F) )5 5 7= £ oF BRAR 2 5564 ) RAY 2 4 %5 (neural tube
defects, NTDs) #EA!, stRBLARE IS iz 4R ARag A2 3K, 5 10.5 XA B 4s T R0 A FH oL, FlEA A 200 nM #
MTX # 5ot B R IE AT 0/ RAY 2 T IR, AR & SR hey ek b A 520 5k 2 2 IR 6844 2 (Real time quantita-
tive PCR,RT-qPCR) & %, 5% ¥ &t ( Western blot ) 5 75 i BF 50 s A by 16 H i %40 % L B Lig3 #9 R A KT, B R 45 mgkg h &
MTX 432 2 32 )5 #6 % NTDs #9% 4& % % 31.1%(19/61) , i % 5+ B840 K JLAS A NTDs 694 4 . AR E A48 T T L NTDs 5 &,
A 2% KA, EFH I RAF ©4F, RT-qPCR A & Iet B A R A% B, NTDs JERGAY 22042 F Lig3 mRNA &9 & A K-F 01 2
AR T 3 B 28(P<0.05), Western blot A& & 3L, 5 sF FLL4LAR L, v+ BR AKX 2 43 NTDs 5 R AP 2488 F Lig3%& & /K-F ¥ 2 B4R (P<0.
05), BB, /£ MTX 432 84940 22 F e, Lig3 %4 &3k K 90 A& T 2T B 40(P<0.05) . 24 A =40 % & & Cleaved caspase-3 #4742 M)
R I MTX & 225 69 NTDs fs RAY Z A L8R sm g A o JL A 3400 R 38 & O sa B 38 e, B5i0 & vP BRI 233748 F , Lig3
Fk WAk, DNA 15 2 2h #6855, 4m BL B T= 38 A | %5 NTDs 9 % % |, % NTDs & i %4 5k [ 0 By 3 42 437 9%

KT F RS T B A 2 B W s DNA 15
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ABSTRACT Objective: DNA ligase III (Lig3) gene as a key gene of the base excision repair pathway plays an important role in the
process of embryonic development. Here, the study was to evaluate the effect of Lig3 gene on the mice embryonic neural tube develop-
ment in the state of folate metabolism disorder. Methods: C57BL / 6] adult mice (8-9 weeks, 18-20g) with specific pathogen free (SPF)
were used. The pregnant mice were randomly divided into experimental group and control group, At 7.5 days of gestation, the experi-
mental group was intraperitoneally injected with 4.5 mg/kg methotrexate (MTX, dihydrofolate reductase inhibitor) to induce the mice
model of neural tube defects (NTDs) with folate metabolism disorder, and the control group was intraperitoneally injected with equal vol-
ume of normal saline. The development of fetal mice was observed under stereomicroscope on 10.5 days of gestation. At the same time, a
mice neural stem cell model with folate metabolism disorder was established by using 200 nM MTX. Based on the successful establish-
ment of the model, the expression level of base excision repair pathway related gene Lig3 and cleaved- caspase3 were studied by real
time quantitative polymerase chain reaction (RT-qPCR) and Western blot. Results: The incidence of NTDs in embryonic mice was 31.1%
(19/61) after 4.5 mg/kg body weight MTX treatment, while there was no occurrence of NTDs in normal control group. Under the stere-
omicroscope, it can be seen that the neural tube of NTDs embryonic mice were not closed, while the normal embryonic mice were well
developed. RT-qPCR showed that the expression level of Lig3 mRNA in NTDs embryonic neural tissue of mice with folate metabolism
disorder was significantly lower than that of the control group (P<0.05). Western blot showed that compared with the control group, the

level of Lig3 protein in the neural tissue of NTDs embryonic mice with folate metabolism disorder decreased significantly (P<0.05).

*ILATH - ER A REEIL ST H (81600984 581700777 ; &R JLEMIF ST i B 4 3k4: 101 H (FX-2018-05/04; CXYJ-2021-03 )
VEZ A 2R AT (1984-) , 4 AHRFSE2E , BF58 05 1 - JURLS , M3 : 15611580862, E-mail: jocelynbj@126.com
o JEIRVER : LHME, 2, WAEBEST AR, 0 BF5E 07 I« 1 AR B 9 43 A 025 B 43 - A T 2 9T, E-mail: fywjh@163.com;
EFH, L R RIS 5L BRSO I < AR B 1 4 AR 2 5T, E-mail: wangxiuweil010@126.com
(IR H 9 :2022-01-10 45237 H 1 : 2022-02-05)



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol22 NO.11 JUN.2022

- 2009 -

Meanwhile, the expression of Lig3 in neural stem cells treated with MTX was significantly lower than that in the control group(P<0.05).

The expression of apoptosis related protein cleaved caspase-3 in NTDs embryonic mice neural tissue and cell model after MTX treatment

were increased significantly, which suggest that the apoptosis was increased. Conclusion: The low levels of Lig3 causes the decreased

DNA repair ability and the increased apoptosis that results in NTDs induced by folate metabolism disorder, which could offer new insight

for preventing and controlling NTDs and birth defects.
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1 22 45 W (neural tube defects, NTDs)J2: L To i JL % 1%
W B R R R A I L R A A R A A B
PR , P E R R [ AL R RN, FRT, BN E R
EEE X NTDs (B iR AT T R EST, BX) NTDs &ALl IA
BUHITAEA R NTDs R ACRIF AT = AN R 1 3 S A LR
R A REXT IR LS MR 12 W, IR L4228 25 T NTDs BRI
SR AR, S Z 318 5 RO EIME L, R ABFSE NTDs
BRI ML, B8 % NTDs & A= 43 FHLEIA T, 3 B2 Y
BRI, FEAEAN 2 M BN T 3 B 40 2 i 48 T35 M T AT
W B ZE N T RS R BRI AN O R R A T4rE
BE Lo

WLV B 16 & (base excision repair, BER )JE#ILIA PN ¢ il Bk
i) DNA #iiE 2545 , A FLE I E# & & i, ke
PR 55 e 22 ZE L AF B AR OGP AR R, YL B Z it
ft, BER AYTIRE T IH M 145 DNA i/ R ¥, Tintmeez 5
NTDs [ &£ ZYIFHSE, SR MRREZ BT S 300 NTDs &4 7]
5 BER RYIIREH A G, DNA JEHERRIIIELR (DNA ligase
I, LIG3 ) & F 17 By aik(17q11.2-q12), 4ifis—A4~ 1009 4>
B LR R AL 0B T, J2 BER 38 6 P i) SC AR RS, 6 Mrhygs
WFFE R AT VR I A TR T A 52 BIF ST 3 (R DG RS, A
ZH AT HA AR R B 2 I AREREAS SR FR 481 - X BRI vk
X Lig3 3 A R Z B AEHAT T 4001, 4558058 k3
Lig3 151052536 SNP 5 NTDs {5 @A 56, H T/T R A m]
B INARNIG % AR NG NTDs i KBS ©, 457 g B = 45 1
T, Lig3 5 NTDs Bk LB (HA IR R IRIER D, A
5% R &0 R 3 T i 0 1 7] - PR 220U 74 (Meethotrexate,
MTX), AP FRERZ ¥ N 3 BE HESr AR Y /N B NTDs 3l
YA A R DML . FE LR L HRV) Lig3 7 NTDs & Az il i
TP FRIA B, A 2 A BB A2 B2 NTDs M4kt
J7 SRR S AL IR AR

| AR i

1.1 /7GR NTDs #28Y%E 57

TG4 5 95 JELA (SPF) B 4F CSTBL/6T(7-8 J,18.5-20 g) /Iy
BT AR, SR 8 AT, K B R 2 0.5
K, 2275 KNSR ST AT IR, S0 20 29 BRI
T 4.5 mg/kg P 1) — AU BRI R R IR -MTXU, X BR 26
T BV M S S AR B AR B K, 25 Ab BIS L A 10.5 KA
JERGGE TG AL, TR IR A, A AR = AL A K R F
IS

1.2 #pmiEsr

IYEA13.5 RANRIRIG G A L, R BB A 5, 6
i PBS TSR PR , 55 65 0 BE AR, I AR AL, A S TR
FoorRAT 2 TR A W HUE , #E B UIE, 3¢ HiE.
AMS T RFEERZ G TSR, T 37C,5% CO, 1;
FE¥ETE. AL S 3 RIATIRESLE . FIH MTT #7525t
MTX {5 T4 A S 2 A TR
1.3 LS EE PCR

FIH Qiagen RNA 2 Bzt 7] £ $2 W20 201 400 fifd o 7y L
RNA, nanodrop2000 i 43 J6 76 % RNA ff ik i 15470
FE o ¥ RNA 355 1 cDNA J5 , ##47 qPCR 41§, BOE ROV IR £
I : 95°C, 2 min; 95°C, 155,60°C, 30 5;72°C, 30 s, & 40
W3R 20 TR H RN B AR RS . BIYRITEE R
T :Lig3: B34 GCTTACTTGTCTGGCTCTATC, T i3]
¥ CAGACTGAATGTTGCCTACTC,Gapdh: 1= Ui 51 ¥
GAGATTGTTGCCATCAACGACC, TFiit5|% CGTTGATGA-
CAAGCTTCCCATT,
1.4 Western blot

FI AT SRR S R M i SR, FH BCA Lk
T B R B T8 FBTRE 5 AT e B IR A - SR
IR EERC YK . FVKES R H &R i T T4 & PVDF
- FH 5% WAe 9 = 3 1 h 5 4 Ca i E | it Lig3.
cleaved caspase-3(Fi & LU 1: 1000), ZiRBEE 1 HT(FRE LA
1:2000)2 h,, KRR F O 2 0, 88 R s & SRS
HH T R A RIATEOL, L GAPDH N2,
L5 St

I H] SPSS20.0 #R A HEATHUAE /AT, BdlE L x5 FoR . 4K
PR TR ¢ K30 207 LEES P2 I 22 5, LA P<0.05 Ay 22
SEAGIHRE

2 BR

2.1 MTX IMEREHZR A B

PR Sk foleBs T LR A B IR IE i R & R4, AME A
i, A Aot 4, SR NTDs i B &8 R A4, 450
ZEEL, AIULSIETETE, SE I ES SR EURE TR
(FE1). SRR NTDs (&2 4: 350 31.1%(19/61) , ZEX] 1
P AR ERE] NTDs 1y &4, vl Wi Je & iR (%K 1),
2.2 Lig3 ¥£ NTDs FRBRHEZHEAFHRIEER

TR G BN Lig3 B IR1E DLUET TR DU 25 51 & 31
NTDs it 2121 Lig3 mRNA JK-F- (9255 B AR T HoAe
IR B FRIK (P<0.05), R T i — i X —245
BHERAKT X Ligd E47 TR, 45 R R A B, 5% g
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AR L, FHAR I FA AT W] R (P<0.05, 51 2) .
2.3 Lig3 TEMERR IS FERS MM T R AR ER

M TARIEH KB RMEE WA 1. RYE MTT &
S5 B0 58 200 nM i MTX R RfEl e, %7 s 3
LT 24 h J5 K00 Lig3 AYFRIATEIL, 4558 & BTE T R i
EALAY AT, Lig3 AUFRIE TS 2 7E mRNA /KB B TE
T KT 2 0 i A (P<0.05, [&] 3), 3 — 45 5 53 # K

A B

3
2.4 MTX xf NTDs FRRa#&4H £LA TR RN

NTDs ik A5 S AN ARG G IR 1% VI AH 5% . DNA &5 68 )1 %
AT M T kA . RILFRATXT NTDs fiffifi #f 2 20 41
MTX b 3R #2540 H cleaved caspase-3 Y ik L iEA T
T, 2550 IAE NTDs IRt 220 ZUR MTX Lb 3 i pf 21
4HfiE T cleaved caspase-3 [ 38BN HALH A B WG (& 4),

€

B 1 MTX 33/ RARRG Y2200
Fig.l Effect of MTX on mice embryos

Note: A: Normal embryonic mice in the control group; B, C: MTX-treated NTDs embryonic mice; The scale is | mm.

1 MRASIERANRHEREFER

Table 1 Embryonic development of mice in control group and experimental group

Abnormal embryos (%)
Normal embryos Resorption
Groups Number of embryos Other
(%) (%) NTDs . Growth retardation
malformations

Control 43 38(88.4) 3(7.0) 0(0.0) 0(0.0) 2(4.7)
MTX 61 12(19.7) 15(24.6) 19(31.1) 6(9.8) 9(14.8)
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Fig.2 Expression of Lig3 in embryonic neural tissues

Notes: A: the expression of Lig3 mRNA in mice embryonic neural tissue detected by RT-qPCR; B: the expression of Lig3 in mice embryonic neural

detected by western blot.
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AR A R A S S, A IR (neural tube defects,
NTDs) /R & B WL ™ 5 A0 A B v 2 — , T E 5

Mg Pl R N 2R L4k [ A A MUFS A RS R
ez LR R ACITRE % 55 NTDs 1 & A % UIARSG , HAEF 2230
L 2 LA W 4 O I R A 0 R iR, RE R AR 50-70%
NTDs fy A A0 (HUR, IR BB NTDs &A= AL 24 JF A
HAE T ELRE 5 T RRITFS ATR A, A 48 R W PR kh e it
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Fig.3 The expression of Lig3 in MTX-treated neural stem cell

Notes: A: the expression of Lig3 mRNA in neural stem cell detected by RT-qPCR; B: the expression of Lig3 in neural stem cell detected by western blot.
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Fig.4 The expression of cleaved caspase-3 detected by Western blot

ek 2 B IIREAE S5 B 1) R KURE ), AT F A TE )
rhs Ak TR (4 A0 25 S LGS R (4 F A LR AN, DT 538
JEARRS T — B PR A HEPTRE s . PR, TR A SR
R LEAR A B A ANV FH AL, X TE A 5 B ) T o R T
A= B S NTDs S AR HE A S e,
FRAT A BRI MTX AT LARESDLA P IR ok 2 Y A BRSSE , dS7 i
Rt = 5 | IR A I AR NTDs Shipkmien, 7 Emt -
IR A MTX i75-5:1 NTDs fift Bl P A7 ARG E P,
XS5 RGBT — 8 0, IR R AR ES E M2 NTDs
KA EENER . DNA B4 R GEAE (R IE DNA IE# & &
DNA Z5Fgf e el B S 2R, R AR LA SR R 2 A e 1k
PGSR (0, R P GRS B 1k HEES B R P, RILAEM iR
R Z S PR R DNA B 7E NTDs KA R+ ah
WL, ]2}y NTDs HL ) B B S A4 RS A S50 A0
TEARZ A 348 5238 i vy, BEE D) R 12 52 (base excision re-
pair, BER) i 2 AR T2 F DNA &S AL h e 2 A8
gtz — , AWFL SR IE R B BT , IR sk 5
A ZEFLAFBRGARCT, AR R, LA = RIS, BER
FUZRE T R M7 DNA Hifh R 2, mi kit = 5 NTDs #9 %
A UIRHOCR DR, 0 R ik = T B NTDs &4 ] fE
5 BER IJRESEH ARG, LIRS M M e A% R A TG 1/ 48 fhade It
F 1 (apurinic/apyrimidinic endonucleasee 1/redox- factor 1,
APEI/Ref-1)j& BER ¥ /2 B SC SR , AT IS 7% 5 K+, 40 p53,
Pax5,Pax8 45, Hr, CLE AT SL5E S 7 57 55 NTDs 1K
AEARSG, N ps3 B Pax FKE P FEIRIGIE MR B
APE1/Ref-1 $:H 7 225K 44 DNAE S TIHE LS ARIIE AL 5 4f
LA GTEN A B R IE S AT, BETESh S0 &I,
NTDs fAEAAAEIZIE R R R S W TERTIIABIEIE th 3R]

WAESEIZ IR G L2 A5 NTDs fi & L & UIA15609, Ak, 78
BB YIBRAE 52 B R S AR ] - %R o, 7R XRCCI
FEIA Arg399GIn K hOGGI R Ser326Cys £ 251 1T Ha A+
40 R HE RGP, ik SeftaY 3R] BER JE K5 NTDs % UI4H .
AU FT IR R Bk = () NFEREAS TR, SR R 1) - %o BRI AT
TP Lig3 BE M AT BT T 07, 4587 R
R I Lig3 11052536 SNP 5 NTDs Y5 Bt A 56, H T/T %K
HUT] ARG & AR 3 NTDs il XU, Jik T i) 72 -
FRERZ BTG T, BREEYIRRIEE T i SR A Lig3 W fig 5
NTDs [ & 2E BRI G, SR A ATC T Lig3 55 NTDs B4 G &
HHRIE R, S T B — e, A< 5T R A MTX i =&
I TR, AU A PR I R B 2 1 P B, s Sy R i = R
FRACI R A4 NTDs 4 I 40 MR, AEAR R HE Ny 2 i 5L
b ARSI RS B LN Lig3 ZRk 500 . 459 & W Lig3 75
NTDs JRfGZH U I ARk, [RIFTZEZR MO L3R4 b g%
B MTX AP , Lig3 S PURERIRE

Lig3 e HAZA Y 2R A ATP /K gL 8 17K Ui DNA
—SREE D) 1 S ) — 25, 7 DNA & il &5 e 24 55
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