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GNMT mRNA FI#E KB FFE(P<0.05) o if 3Rk GNMT AIREAIL TUA K BT 7 A 2L 40 AH 5 53
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Collagen I A1 FN ) mRNA Fl#E H K- (P<0. 05) , 3 [ TGF-B1 T i) Smad3 5 H B B 1k /K °F
(P<0.05) ; TGF-B1/Smad3 {5 53 {475 )5 , LV-GNMT+SRI-011381 41+ TGF-B1/Smad3 {55 i# i M T
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GNMT inhibits intrauterine adhesion fibrosis through TGF-31/Smad3 signaling

pathway and its mechanism
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LI Changjiang, CHEN Qiuhong, HUANG Jinglin, LIU Qi, WEI Ling, SUN Congcong Department of Obstetrics and
Gynecology, University-Town Hospital Affiliated to Chongqing Medical University, Chongqing, 401331, China

[ Abstract ]| Objective  To investigate the effect of glycine N-methyl transferase ( GNMT ) on
intrauterine adhesion (IUA) fibrosis and its related mechanism. Methods In vivo experiment: A total of
36 healthy female SD rats ( SPF grade, 6 ~8 weeks old and weighing from 180~220 g) were subjected in this
study. TUA model of SD rats and TUA model of GNMT overexpressed rats were established. RT-qPCR and
immunofluorescence assay were applied to detect GNMT expression level in normal uterus and model group.

RT-qPCR and Western blotting were used to detect the mRNA and protein levels of fibrosis-related molecules
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and the activation of TGF-B1/Smad3 signaling pathway in each group. The number of endometrial glands in
each group was observed by HE staining. Masson staining was used to analyze the severity of endometrial
fibrosis in each group. In vitro experiment: transformed human endometrial stromal cells ( THESCs) fibrotic
phenotype model was constructed using TGF-B1, and THESCs stably transfected with GNMT overexpression
lentvirus were treated with TGF-B1. RT-qPCR and Western blotting were used to detect the mRNA and
protein expression of fibrosis-related molecules. The expression of TGF-B1/Smad3 signaling pathway was
detected by Western blotting. TGF-B1/Smad3 signaling pathway was activated by TGF-B1/Smad signaling
pathway activator (SRI-011381), and the expression of TGF-B1/Smad3 signaling pathway and key molecular
proteins of fibrosis phenotype was measured with Western blotting. Results In vivo experiment, the mRNA
and protein expression levels of GNMT were significantly decreased in the IUA rats than the control rats
(P<0.05). Overexpression of GNMT decreased the mRNA and protein levels of fibrosis related molecules,
Collagen [, Collagen Il and FN in the IUA rats (P<0.05), and decreased the phosphorylation levels of
TGF-B1 and its downstream Smad3 protein ( P<0.05). HE and Masson staining showed that overexpression of
GNMT could increase the number of endometrial glands and reduce the severity of fibrosis in the TUA rats
(P<0.05). In vitro experiments: overexpression of GNMT decreased the mRNA and protein levels of Collagen
I, Collagen Il and FN associated with fibrotic phenotype of THESCs ( P<0. 05), and reduced the
phosphorylation level of Smad3 protein, downstream of TGF-B1 (P<0.05). After activation of TGF-§1/
Smad3 signaling pathway, the protein levels of TGF-B1/Smad3 signaling pathway and downstream fibrosis
phenotype molecules, Collagen III and FN, were significantly decreased in the LV-GNMT+SRI-011381 group.

Conclusion
pathway, thus achieving therapeutic effect on TUA.
[ Key words |

Overexpression of GNMT can inhibit endometrial fibrosis by regulating TGF-B1/Smad3 signaling
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9 — P CLLAEPT B TgG I 44 TeG) $90 B I =T
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Wi #E (LV-GNMT) Fixt B 4855 8 (LV-GFP) , I LAV FBE
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J& , AT EE R IR A AR 57 48 ho B, WA
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FH i F TGF-B1/Smad {3 538 & 1% 1% 71 ( SRI-011381)
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B1/Smad3 {55, DL — H FEEH ( DMSO) /E Ry % I,
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PUIMAFS5IEAE 4 C FE 12~16 h, ITHR 5550 25
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T{)&?B’J%?’Mﬁ%ﬂﬁﬁﬁiiﬁ 7K - 247 B I A

(K 6,P<0.05), X—45 %W, id ik GNMT il it
TGF-B1/Smad3 {5538 i 410 il THESCs 2F 4 fb R R
KIPTHIFRIE,

‘@

-—-—-‘

“X&CQ\Q »

p-Smad3(60x10°)— ‘

GAPDH(36x10°)— ’ D G e -‘

Smad3(55><]03)~>|h P ) -—-‘

GAPDH(36x1(7)—> [ susss s ss—

3 it

B IR 1Y) 3 B IR SR R N R A A 4
b, X R BAREAE TUA JR 38 SR R 5 2L A
EP P2 T BARRUESE , IR £F 4 A VR T Rt A AR
AU, L, A RGBE T RS A RS %
J& | R TR AT B TR (% 0 S 1 X
Argr Lo PEAE B g R B A B
TEABIF 5% v, 2R A Si AL 7 5 AR X TUA 411
Sham 4 K7 & #HAT T X L Hr. R EBR: 5
Sham 2 V45, TUA 2R B 75 GNMT Rk B E T
Vo BG5S 50 HE— 25 52 T I &5 SR A o 1
GNMT {2y —Ff B 1 I8 4 R -, 38 2o il 4 il SAM
0 SAH [ L 9], 52 B %) 40 i PR 5 Ak 5k A 1 8
SAM 1Ay — i a0 B AR 76 S A0 7 B s I v &

DMSO SRI-011381

N N
¥ wugwq ey o
RO

B

Collagen ]]I(l39><103)4>| — e W— ‘

FN(263><103)H‘ ..

p-Smad3(60x10°)— ‘ . ‘

TGF-B1(44x10)—

GAPDH(SGX[O‘)H‘ — s aEn W=D ‘

Smad3(55x10°)— | g - - l

GAPDH(36><103)H{ - - — ‘

— 20 -
= iﬁ b 1 DMSO+LV-GFP
& =1 DMSO+LV-GNMT
o a ab @‘: 1.5 1 l
E 1.01 X =3 SRI-011381+LV-GFP
£ o
z abe %55 cd b 3 SRI-011381+LV-GNMT
. QH’; cd
£ i g0 .
s 0.5 £x 2.
[=N ££ a
@l
= A
0 ':_l 27 o t ! !
(‘\% D q)\% (Q Q‘YLL% TGF-B1 p-Smad3/Smad3  FN Collagen Il
RSP 0
- G &:
BT 0 B D
A : Western blot #9) 2m i &40 ¥ Smad3 & G AEBR LK -F;B:Smad3 KRG #H BRI K- FFZTFH5MH a:P<0.05, 55 GsFRBumk

#,:b.P=0.05,5 TGF-B1 #8131 ;¢.P<0.05,5 TGF-B1 201L4k ;C. Western blot # 4m it &40 F TGF-B1/Smad3 13 5 B % A T

A LA A X 5T & G KF; D TGF-B1/Smad3 13 %

BREETHATELEABBLS T EOGRFXEZ NN

a:P<0.05, 55 DMSO+LV-GFP 2135 ;b: P<0. 05, 5 DMSO+LV-GFP 21 b4 ;¢ P<0. 05, 55 DMSO+LV-GNMT 28}t 4% ;d . P<0. 05,

5 SRI-011381+LV-GFP 41ttt

B 6 it3FiE GNMT &5 TGF-B1/Smad3 {5

SIEEAH THESCs 44 REE X5 FRIFRIE



http : //aammt. tmmu. edu. cn

i 25 % R R 224, 2024, 46 (18) 2119

25 AL 2E BB 6 T, A5 B 1 BHL Lk 27 2 £b 0 72 A H
HES L IeAh, SAM X FEF 44k B SR AR T
Bl Z— 3 3 B TGR-B1 1Y 7K -, AT U8 41 4
et . TCF-B fEfR e difbid P R EE X T H
HIVEIT, IETE S AL el 8l b Rk ek ™ L i) 2
TGF-B1, & Je 24 Al B 2 2T 4 AL SR 5k 8 25 (7
Z— HA M E S SR K52 R B LA,
PETTIGE T A Smad 28 [, W 1 76 02 £F 4 Ak i 7 o
PrEE R R E A A Bk, GNMT j# i 845
SAM 5 Fe B3], &A% TGF-B1 /K F-, B il TGF-B1/
Smad3 {553l B , 2k BN 75 AL 4L /EH

ITAFEFGE FE B, GNMT Xof - JIEE 1B JUE ) &F 4 £k g
o LA B 14 et kR, L R A T ML 7E 3 5 s
> ECM (TR I 27 e b i A2 . % F TUA 1Y
o BIURRAIF 2 755 POBRET 44, 4% GNMIT 33k ]
AEN TUA B35 97 BB 42 U8 A S0k . A T
TEAIFTE GNMT 5 LUA 2[Rl AE I 2R, IR A 7
TR 7 S0, S5 5B R - 2 GNMT i3 3%
KE, TSR N IE 2R S 3145, Collagen T | Collagen
I F1 FN ) mRNA J 8 HKE R E T IE. sesh,
i HE Jeta k31, 5 I B S 7E GNMT i F ik J5 5
AR, T B B i BB A I B A 36 i, Masson 2
CMPE— 2 7R T 15 PN R ) £F 4k AL AR B #E GNMT
HREGEHTEFNER, & Bk, i E£E
GNMT BEME I 15 N BELF 4L AH 550 F 1) mRNA Al
EHKPRR, AU B N RE R .

FANG %" {58 R B, i3 £ 15 CNMT 7] fig T4t )T
YA Y TGF-B/Smad {5538 % , M1 BHL L1 JFF 200 i 15
ToHAEHE T AN A . SALMA 260 (g fF 58 % 3, 7
TUA £ # 1 TUA K il op TGF-B1 A1 Smad3 [
mRNA S (/K F- 35 8 3w T X Al 45 Lk it
7%, $EI GNMT w] G i #1 ] TGF-B1/Smad3 {553l
HER IR TUA L e AR RE o O TR — e, (A2
Bt TR RSN S5 . (RPN IR 25 B, it &
ik GNMT i}, TGF-B1 J H F i Smad3 2 (B iR 1k
YA R B RANSZI0 A T AL A 4538
GNMT jd 1k )5, TGF-B1 R Smad3 & (8RR 1L K
SRR, AEfd F TGF-B1/Smad {5538 [ 3% 1% 7] ( SRI-
011381) 3475 i B% 5 , 1 3235 GNMT 4] TGF-B1/Smad3
B REACFTAN K5 T BB K8 BT R M. L,
13456 2 F635 GNMT 2t 41 TGF-B1/Smad3 {3
S BRI TUA 2R AL TR

2 bk, i ot ik GNMT, W 22 21 H: 40 i
TGF-B1/Smad3 5538 B PRI TUA T8 IR ZF 4 Ak
HHSE5rF mRNA R HKF . X — B AU #E T

BRI B R E B A0 A A2t 4
PR AL, A RA YT TUA MR . X — R BN
TR TUA 1 A2 BIL ] 42 (1 R R A, 38 O AR R T
B FIGTT TUA WFFEHE R 1807 10

SE

[1] WUFL, LEINJ, YANG S Y, et al. Treatment strategies
for intrauterine adhesion; focus on the exosomes and hydrogels
[J]. Front Bioeng Biotechnol, 2023, 11. 1264006. DOI.
10. 3389/bioe. 2023. 1264006.

(2] Bite, Uis. TE WS SRR AL

HLI]. PESEHAR S RHAE, 2022, 38(9): 865-
868. DOI: 10. 19538/j. {k2022090101.
DUAN H, GAN L. Problems in endometrial injury and repair
and the standardized management[ J]. Chin J Pract Gynecol
Obstet, 2022, 38 (9). 865 - 868. DOI. 10. 19538/j.
k2022090101.

[3] RJ58, 25, (HRATE. T ANNE 525 o 14 /O BIF 5 ik

L], BREar=Rlgk i, 2023, 32(6) . 476-478. DOI.
10. 13283/]. cnki. xdfckjz. 2023. 06. 032.
SANG Y C, LIS X, FU ST. Research progress of stem cells
in repairing intrauterine adhesions[ J]. Prog Obstet Gynecol,
2023, 32(6) . 476-478. DOI. 10. 13283/j. cnki. xdfckjz.
2023. 06. 032.

[4] #2, TRA. BEMZERRIRITHIEERLT]. S8
BN AT AR, 2023, 10(20) ; 35-37.

CAO Y, WANG J J. Progress in clinical treatment of
intrauterine adhesions [ J ].
Endocrinol, 2023, 10(20) . 35-37.

[5] Argsk, R, 5. DNA HURLLTELR4E B o o iF
FEUEELT]. B EZeET], 2018, 36(9) : 2177-2181.
DOI: 10. 13193/j. issn. 1673-7717.2018. 09. 031.
YU M S, SHI J, SHENG M X. Research progress of DNA
methylation in fibrotic diseases[J]. J Chin Med, 2018, 36
(9): 2177-2181. DOI. 10. 13193/]. issn. 1673-7717. 2018.
09. 031.

[6] LUKA Z, PAKHOMOVA S, LOUKACHEVITCH L V, et al.

Differences in folate-protein interactions result in differing

Electron J Pract Gynecol

inhibition of native rat liver and recombinant glycine N-
methyltransferase by 5-methyltetrahydrofolate [ J ]. Biochim
Biophys Acta, 2012, 1824(2) . 286-291. DOI. 10. 1016/].
bbapap. 2011. 10. 008.

[7] CHANG M M, LIN C N, FANG C C, et al. Glycine N-
methyltransferase inhibits aristolochic acid nephropathy by
increasing CYP3A44 and decreasing NQO1 expression in
female mouse hepatocytes[ J]. Sci Rep, 2018, 8(1) : 6960.
DOI; 10. 1038/s41598-018-22298-6.

[8] WANGY C, LINW L, LINY J, et al. A novel role of the
tumor suppressor GNMT in cellular defense against DNA



2120

i 25 % R R 224, 2024, 46 (18)

http : //aammt. tmmu. edu. cn

[10]

[11]

[14]

[15]

[16]

damage[ J]. Int J Cancer, 2014, 134(4). 799-810. DOI;
10. 1002/ijc. 28420.

LIU X Q, JIANG L, LEI L, et al.
diabetic nephropathy by targeting GNMT, a key enzyme

Carnosine alleviates

mediating renal inflammation and fibrosis [ J ]. Clin Sci,
2020, 134(23) . 3175-3193. DOI. 10. 1042/CS20201207.
FANG C C, WU C F, LIAO Y J, et al. AAV serotype 8-
mediated liver specific GNMT expression delays progression
of hepatocellular  carcinoma and carbon
tetrachloride-induced liver damage[J]. Sci Rep, 2018, 8
(1): 13802. DOI. 10. 1038/s41598-018-30800-3.
B, Wk, TCF-B 7EF K i £F 4 Ak b i W o0 ik Jig
(J1. R Er=Rk gk, 2018, 27(5) : 394-396. DOI.
10. 13283/j. cnki. xdfckjz. 2018. 05. 021.
GUO L P, SUI L. Research progress of TGF-B in
intrauterine adhesion fibrosis [ J ]. Prog Obstet Gynecol,
2018, 27(5) : 394-396. DOI: 10. 13283/]. cnki. xdfckjz.
2018. 05. 021.
VANDER ARK A, CAO J C, LI X H. TGF- receptors; in
and beyond TGF-B signaling[ J]. Cell Signal, 2018, 52.
112-120. DOI. 10. 1016/]. cellsig. 2018. 09. 002.
MACIAS M J, MARTIN-MALPARTIDA P, MASSAGUE J.
Structural determinants of Smad function in TGF-B signaling
[J]. Trends Biochem Sci, 2015, 40(6) : 296-308. DOI.
10. 1016/]. tibs. 2015. 03. 012.
Widiv B, SKIGEXL, JE7kH, 45, TGF-B1/Smads {5 53 #%
TELFYEAL P I BE S E R LT ], [ v vl R 45 5 AP Bt
i, 2021, 27(2): 351-354. DOI. 10. 3969/j. issn.
1007-6948. 2021. 02. 037.
CHEN X Q, ZHANG X S, ZHOU Y K, et al. Research
progress of TGF-B1/Smads signaling pathway in fibrotic
diseases[ J]. Chin J Surg Integr Tradit West Med, 2021, 27
(2): 351-354. DOI. 10. 3969/j. issn. 1007-6948. 2021.
02.037.
FRVENR, FEde. b BRIl AT o JRG i P R F 5 0k g
(I] P ESH RS B2, 2022, 38(5): 574-
576. DOI. 10. 19538/]. {k2022050122.
GONG Y X, SUI L. Research progress of epithelial-

prevents

mesenchymal transition in intrauterine adhesion[ J]. Chin J
Pract Gynecol Obstet, 2022, 38(5): 574-576. DOI. 10.
19538/j. tk2022050122.

W, e, RIH, % BE RSN
JBE T A PS40 o R 3 A RS LT AR A RO VR S (D).
REPRLK F 244k, 2021, 46(8): 897-902. DOI. 10.

[17]

[18]

[19]

[20]

(21]

[22]

13406/j. enki. cyxb. 002785.
LIMC, PENGJ T, SHI'Y N, et al. Effect of osteopontin
regulating bone marrow mesenchymal stem cells on inhibiting
endometrial fibrosis of intrauterine adhesions [ J ]. J
Chongqing Med Univ, 2021, 46(8) . 897-902. DOI. 10.
13406/]. cnki. cyxb. 002785.

RIS, AL, . NF-kB 5 558 B 7E A F K
) ZE BT AR B R E TP E L) ). =% E R
24, 2020, 42(11); 1101-1108. DOI; 10. 16016/].
1000-5404. 202003065.

GOUY T, ZHANG W W, LI C J, et al. Role of NF-kB
signaling pathway in treatment of intrauterine adhesions by
human amniotic mesenchymal stem cells [ J]. J Third Mil
Med Univ, 2020, 42(11) : 1101-1108. DOI: 10. 16016/].
1000-5404. 202003065.

WANG K F, FANG S H, LIU Q, et al. TGF-B1/p65/
MAT2A pathway regulates liver fibrogenesis via intracellular
SAM[J]. EBioMedicine, 2019, 42. 458-469. DOI. 10.
1016/j. ebiom. 2019. 03. 058.

NIETO N, CEDERBAUM A 1. S-adenosylmethionine blocks
collagen I production by preventing transforming growth
factor-beta induction of the COL1A2 promoter [ J]. J Biol
Chem, 2005, 280(35): 30963 -30974. DOI. 10. 1074/
jbe. M503569200.

SIMILE M M, BANNI S, ANGIONI E,

Methylthioadenosine

5 -
lipid
peroxidation and fibrogenesis induced in rat liver by carbon-
tetrachloride intoxication [ J]. J Hepatol, 2001, 34 (3):
386-394. DOI. 10. 1016/50168-8278(00)00078-7.
Wi, Bk, £k, 4F. TGF-B/Smad {553 o< i
FERTENB LT AE L BERE rp R SHREL T ], FRBT S Ok B2,
2022, 39(7) . 745-751. DOI. 10. 11836/JEOM21599.
YANG H N, LYU D, WANG L, et al. Functions of key
in TGF-B/Smad

progression of pulmonary fibrosis [ J ]. J Environ Occup

et al.

administration prevents

genes involved signaling pathway in

Med, 2022, 39 (7). 745 - 751. DOL. 10. 11836/
JEOM21599.
SALMA U, XUE M, ALI SHEIKH M S, et al. Role of

transforming growth factor-B1 and smads signaling pathway
in intrauterine adhesion [ J]. Mediators Inflamm, 2016,
2016, 4158287. DOI. 10.1155/2016/4158287.
(U5 :2024-03-24; {&[0] . 2024-05-19)
(% KRER)





