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The diagnostic value of serum GATA6 and SMAD3 expression levels for fetal
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[Abstract] Objective To explore the diagnostic value of serum GATA binding 6 (GATA6) and SMAD homolog 3 (SMAD3)
expression levels in the second trimester of pregnancy for fetal cardiovascular malformations. Methods A total of 203 pregnant
women with high-risk fetal cardiovascular malformations in the second trimester who were admitted to the General Hospital of
Northern Theater Command from June 2017 to June 2023 were selected as the study objects. According to the follow-up results,45
pregnant women's fetuses were diagnosed with cardiovascular malformations (disease group),and 158 pregnant women’s fetuses
with normal heart development (control group).The expression levels of GATA6 mRNA and SMADS3 in the serum in the second
trimester of pregnancy were detected using fluorescence quantitative PCR and enzyme-linked immunosorbent assay (ELISA)
methods . respectively. The receiver operating characteristic (ROC) curve was used to analyze the diagnostic value of serum GATAS6
mRNA and SMAD3 in the second trimester of pregnancy women for fetal cardiovascular malformations. Results The expression
levels of serum GATA6 mRNA and SMADS3 in the disease group were lower than those in the control group,and the differences
were statistically significant (z =4.210 and 7.185, respectively, P <_0.05); The area under the curve (AUC) of the combined
diagnosis of fetal cardiovascular malformations by serum GATA6 mRNA and SMAD3 in the second trimester was 0.95, which was
better than the respective individual diagnoses (Z = 5.41 and 5. 23, respectively, P <C0.05). The sensitivity and specificity of
combined diagnosis were 97.78 % and 79.11 % , respectively. Conclusion The expression levels of serum GATA6 mRNA and SMAD3

in pregnant women with fetal cardiovascular malformations in the second trimester are low.and the combined detection of the two
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has a good diagnostic value for fetal cardiovascular malformations.

[Key words] GATA binding 6; SMAD homolog 3; second trimester of pregnancy; fetal cardiovascular malformations; diagnostic

value

L I35 IR R I R B2 2 2 WL R JLSE R
WY 2 — . HaA CHHE , iR L G i 55 W I 24 15 5k
RS H M ILIET: R 30% , H &S HIMGILIET 1
FEEFHZ -, WAEGR FEZERA B
PR ARG T 7 325 %k B L O L A W IR E AT 7R RIS 0T
ELR I 25 4 A K V- 25 By 2 i iz Wi 25 51 . — 2 1 R
PR ELA RIRG LG i A8 W B AR B 4 R B, 2 5 B0k
BMIEZSY, I B TS 19 4 W) 24 48 bR 2 B iR
JLO B WIE T FEAKIR 2% . GATAG & — M 4E4R
e SR P W WL DL AR HE S W R o A b X 4
AL B Nk R EAE Y. GATASG
ERWIIRG R BB A RK I EE IR LT
Job i e S T e VR 2 A0 AT P B A e, W 7E S | il
FLONER & ¥ % 2 6, H GATA6 K485
ZFh 5 KM IR B0 % DDA OGN, SMAD3 J§ T
SMAD Z 6 1) — Bt o 78 5% WO 15 3R G2 T8 0819 IR TG
RE R E AR T, SE AT £ 05 & W,
SMAD3 {555 1645 58 0 IE 1) £ 2 16 5 90 rp K 45 ¢
PEAE IS, BT GATA6 . SMAD3 7E 242 th il 22
SIS S ORI T 5O A S s A N 01 S W20 N 1L (1R
GATA6 mRNA,SMAD3 % ik K ¥, it — 44 # —
g Lo i A5 W Y 1432 W 1

1 57%

L1 RIK

PEHL 2017 4E 6 A & 2023 4F 6 A Jbf kg X 4 =
Bt T I A R S R L O L AE WA D DRI 1) 22 vh 31 22 1
203 B R B FE 0T G2, Bl VT 45 w45 B 22 10 iR L
W12 0O ILAS TR (e 41D 5 158 B2 i i L ik %
HIEW A, HABRHE: OFr A BN R A
o R Lo IS W TR DR 3R (AT 5 IR 1k O O 9 5% 1
S BT Al sl AN R A E L I
WEKH AT 5 55D s @ 42 10 Ry IR AR Ok s © 1 A 58 % 1
A RAIG R R, HS i Z ES Ui, R
P - O G LG I A A8 A7 TR s @ i L3 i A

89

EH QO EAR T EH O E A EHE DA 2]
WL S @ ARG =5 & ©F A 7w wifs
R, BEPARPEERE 20~38 2,2 156~26
JE o e A 137 i, & 5743 66 B fa R R A
B+ B 5 RO I s ZE M s 3 56 M8, A TSR 0 I
Hefih 5 79 0], A A RAEH S 45 B, 2 R o
AT ) A WA s 53 6, AT T R 48 . R id K
JE RGO F W BB, AV C o R R &
B W GR AL . 1706046)

1.2 AR 7%

1.2.1 f2 % GATAG6 & ik K 4l

RARAT R fE G )L O 48 e B XU 1 22 v 48 2 1
25 EEHBK I 4mI, L 3 500r/min B0 8min J5 . B B
I3 T JC B0 P, BT — 80°C UK A IR A
GATA6 N2 GAPDH I, FiHfs|¥Faland 1 fiF
RS GATA6 77 ) v Be K/ 593bp, 1B K i B2 R
65°C . SEHF O A it i % 5 PCR (realtime fluores-
cence quantitative PCR, RT-qPCR) % & i 1k & H
20pL.f1 % SYBR Premix Ex Taq 1[I (2>X) (X Bl H
YR A RS FD 10pL, ROX Reference Dye 11
(50 X)) (VL75 FE T A= Wy BB A FR A F]) 0.4pL, cDNA
(50ng/plo2pL, #5149 FUESH (10pmol /L) £
fn 0.8l FEIA ddH, O #] 20pL., &3 2% 95°C
A ME 305,95°C 55.60°C 345,72°C 5s, B3k 40 Mg
;K A Bio-Rad CFX manager 3 IEE G155 .
KM 272 (Co 1l B B {E) 5 4 I 7 GATASG
mRNA ) F 35KV 17 & & 5017 .

1.2.2 fo% SMAD3 % i K F 4l

K FF 6 3K 47 92 % [ (enzyme linked immunosor-
bent assay, ELISA) ¥& # Wl Ifil 7§ SMAD3 % ik,
SMAD3 ELISA {51 &4 A 3¢ 8 Biolegend 24 W], B
R ERAE L TR S AR i 15

1.2.3 B5 U o 8 Wi T 6 ) 1y

WEMRZ R AT 51 AR AR IR LA BE A 2k Ay



TEZE A M ik hetp: //mchchina. xjtu. edu. cn

JA A ) 5 G W 2 2 2 B U 28 00 0 0 SR T R 0 Bl
PR A= JLEAT R A o R 517 e AR s 0 O A

JLCy ML A8 A A 45 2R A Dy A o, B8 31 iR L O I A8 R
e,

&1 qRT-PCR 5| ¥ FE %
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Table 2 Comparison of general information between the two groups [ x +s,n(%) ]
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271 15(33.3) 51(32.3) 0.018 0.894
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2 i 5 0y o 18(0.4) 61(38.6) 0.029 0.866
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Table 5 Diagnostic value of maternal serum GATA6 mRNA and SMAD3
in the second trimester for fetal cardiovascular malformations

A5 T AUC S5 A AT 95%CI RYPUE 0 RS (90 Youden $§ %%
GATA6 mRNA 0.76 0.95 0.71~0.83 86.67 60.76 0.47
SMAD3(pg/mL) 0.73 45.64 0.67~0.79 82.22 59.49 0.42
THRBE 0.95 — 0.91~0.97 97.78 79.11 0.77

S A LE L 2% 4, E AT PR E R SR
AL 755 R R AR 8 W M L O AFL 5 3% 1L

N T 52 I i 42 24 3 5 702 AR A AR & RS G R JLFE T A LG A T
R B Z —1 G L0 i 48 e & S BUlR LM B A RO R I R b SRR 1 $E
B JLFE T AR TR A E R O B L i I A1 W7 s L L TR TS 95 55 » R A0 7 A DL B L
o R R R ARG R R SR BOBE T2 AT B35 28 4 2 B AR5 S

3T

TR VE N 8 VB ) R AR W R LR B 3.1GATAG6 Fnfa L. I & B %
e AR ™ HE HLA RT3 A o S RO i AR R E GATAG6 & GATA K 5.  GATAL ~

91



TEZE A M ik hetp: //mchchina. xjtu. edu. cn

GATAG6 i Hi GATA4~GATA6 Z5.000E
T AN A Ak 0 & R s AT, WF s 2 E L GATAG
FENZS RO NE il I R VE LIR P M R
GEEFEETEEEXLEZEMERY . AR
KI5 XA AE e, G R A IO BE e 22 1A I v
GATA6 mRNA /K125 T B O U RE 3 O F & . I
i GATAG6 RRIEFTBE S LIk IF O NEMR 22 0 A B
LR 45 R B/ BBk R, R GATAG
mRNA KKK T B AT B8 5 45 IRk & JF 0 WE ik 42 1
O WU A 6. R WU 5 B 5T & B A IR A O
O MG BB M3 GATA6 mRNA KL T 4 B4,
GATA6 mRNA 5 4F 9 K B 40 20 2 A ¢ HE,
GATA6 mRNA EFZ0 A R AT IRES R i AH SR &K .
HEMGATA6 S5 K722 4k 7T fig X i L A& 2 o0 I W
B —E R, AW S IR LA 14 R Y 24
FIZE 0 1 GATA6 mRNA 235 /K 2 i #1{%
FxEREAL, R 22 10 1 GATA6 mRNA /KF48
FE T fig 5 16 L O I 8 W T AH OG5 22 b W 22 1A 1 T
GATA6 mRNA 35 KX i Lo L5 165 7% 12 8 1
AUC K 0.76, H R HUEE B¢ 5 B2 40 50l o 86.67 %,
60.76 %, 4 I 2 A 7 GATA6 mRNA K FIK
T 0.95 B G L I 45 W R BRI RE R R, TR I IR
N A —E WS HNE.

3.2 SMAD3 & GATA6,.SMAD3 Bt &2 Biis )L
i I B B 7

SMAD3 J& TGF-B ¢ % 1Y 241 i N 8 2 A it
TGF- J& — F 4y s 40 L B 7, ] 3 7% SMAD2 Al
SMAD3", SMAD3 fi& % 75 5 47 & 1 4Hl fifL 25 50 A
MR 7 3% s o7 o LA 0 IOk o 9 vp B 4 T AR
AWMLY, TGF-B e 32 H AP B S . 5
HoAZ 25 G 1 8 2 BTG A2 1 SMADS 41 Jif 4 8500 £
KGRI A5 5, v REAE.O I & 8 o &
ECS S C (Y RN N I I | L 1= 7
928 o B 2 T LT SMADS 263k 7K F i 2% T ) 1
AR IE SMAD3 R £ AT 62 5 i JL.O i 4
WA T 1) & JR ek R L 2 I A 2 v ) R A iR L I A
JE Al fg 5 SMAD3 /K F = 8 Rk A X, IMLiH
SMAD3 £l AUC 4 0.73,24 SMAD3 £ ik K A%
T 45.64pg/mL B}, W & A 8 7 ol g A PR kA% A
L 75 A O I W, DL I GO 2B L A Rk
W HE AR R ARBFSE ROC M4 it — 2404 o L 22

92

22 19 17 GATA6 mRNA ., SMAD3 3 ik 7k
A2 W R LG I 4 BB i AUC 2 0.95, H R 8
BE RS RE A B 97,7896, 79. 11 % ¥ T U
— AW, ph R B K G RES SE A A2 K iR L
O IS RO, BT BE X 22 b R LAE TR By
VIRIER

g5 B TR R L I A8 T Y 28 b 4 28 0 il T
GATA6 mRNA,SMAD3 2 ik /K 2 W] i FE A%, —
I A RS I K i L 1M W T 1) K A A A2 W
(B, X I A 15 M 46 X6 i L O I 555 W T 10 ) R A —
ZEZMAE., B, I GATA6 mRNA,SMAD3 7¢
A iR JLoCo i A8 W T A I PR 149 I P A 75 3 5 R
BARFEAR S — 2L B UE, A AE T A AR Z
b, TRAESE .

(&% k]

[1]Ryd D,Fricke K,Bhat M,et al.Utility of fetal cardiovas-
cular magnetic resonance for prenatal diagnosis of com-
plex congenital heart defects[J].JAMA Netw Open,
2021,4(3):e213538.

C2]w Wl 2 4k 3 PMRE SC . MSCT B A 750 3l B /N LS K
P JUE 995 0 108 W T B9 a2 WA 1L 0 ] o 1) 4 40 £t R 5
2022,33(6):86-90.

[3]Yoshizato T,Kozuma Y, Horinouchi T,et al.Diagnosis of
fetal abnormalities during the first trimester[J].Kurume
Med J,2021,66(2) :85-92.

[4]Liu K,Zhu M,Dong S Z.Prenatal diagnosis of fetal ecto-
pia cordis by fetal cardiovascular magnetic resonance im-
aging[J ].Prenat Diagn,2022,42(13) :1636-1642.

[5]Jiang X, Li T, Liu S.et al.Variants in a cis-regulatory
element of TBX1 in conotruncal heart defect patients
impair GATAG6-mediated transactivation[J].Orphanet J
Rare Dis,2021,16(1) :334.

[6]Kodo K, Uchida K, Yamagishi H.Genetic and cellular in-
teraction during cardiovascular development implicated
in congenital heart diseases[J].Front Cardiovasc Med,
2021,8:653244.

[7]Humeres C, Venugopal H., Frangogiannis N G. Smad-
dependent pathways in the infarcted and failing heart
[J].Curr Opin Pharmacol.2022.64:102207.

[8]Gu H,Duan Y.Li S.et al.MiR-96-5p regulates myocardi-
al infarction-induced cardiac fibrosis via Smad7/Smad3

pathway [ J ]. Acta Biochim Biophys Sin (Shanghai),



35 &5 9 W
2024 4F 9 H

& 3 S R AR

Chinese Journal of Woman and Child Health Research

Vol. 35 No. 9
Sep. 2024

2022,54(12) :1874-1888.

[9]Chen B, Huang S,Su Y, et al.Macrophage Smad3 pro-
tects the infarcted heart, stimulating phagocytosis and
regulating inflammation[J].Circ Res,2019,125(1):55-
70.

[10]Tan C M J, Lewandowski A J.The transitional heart:
from early embryonic and fetal development to neo-
natal life[J].Fetal Diagn Ther,2020,47(5) :373-386.

[11]Hopkins M K. Dugoff L. Kuller J A.Congenital heart
disease : prenatal diagnosis and genetic associations[J ].
Obstet Gynecol Surv,2019,74(8):497-503.

[12]Aguet J,Seed M, Marini D.Fetal cardiovascular magnet-
ic resonance imaging[J].Pediatr Radiol,2020,50(13):
1881-1894.

[131Jhaveri S, Berenstein A, Srivastava S,et al.High output
cardiovascular physiology and outcomes in fetal diagno-
sis of vein of galen malformation[J].Pediatr Cardiol.
2021,42(6) :1416-1424.

[ 14 JHeredia-Soto V,Gutiérrez-Sainz L, Ghanem I,et al.The
relationship between the expression of GATA4 and

GATAG6 with the clinical characteristics and prognosis

93

of resectable pancreatic adenocarcinoma[J]. Biomedi-
cines,2023,11(2) :252.

[15]Sun Z,Yan B.Multiple roles and regulatory mechanisms
of the transcription factor GATA6 in human cancers
[J].Clin Genet,2020,97(1):64-72.

(16 T U, 5805, TS 3 W 5 00 M5 22 B S0 A i o miR-
27a Fl GATAG K-V 5 IR ES 7 0C 2 [T ]I R AR 3 22 3
2020,38(9):676-679.

(1704 MU, Wh 8L, & 4 4 4T R &5 JF 0 JJE 5 8 & MMP-1,
GATAG6 PTX3 /KF5 A4 BT P 45 5 19 56 R AT 5E [T ] 0
L5 R, 2022,41(1) :53-57.

[18]Zhang T, Xia W, Song X, et al.Super-enhancer hijack-
ing LINCO01977 promotes malignancy of early-stage
lung adenocarcinoma addicted to the canonical TGF-3/
SMADS3 pathway[J].J Hematol Oncol.2022,15(1):114.

[19]Hanna A.Humeres C, Frangogiannis N G.The role of
Smad signaling cascades in cardiac fibrosis[J].Cell Sig-
nal,2021,77:109826.

RASRIT 1 Fei=sd
L SC i - S OR A s S S0 A - 2 A



