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({8 ZE] B® :ﬁﬁ‘ﬁfﬂﬁ,ﬁﬂ*ﬁﬁ(ﬁ(gestational diabetes mellitus, GDM) X G #%H PGC-10f PDX 1 FE 357K B H LIRS 5%
Wiy, LA S5 G L MAR AR DG o ik« B 30 461 GDM 2 i 2L L AE R T NG 48 o i S B8 | IR BT B 30 1) TC T iR 3 o
FIRAR S 1 2 2 LA R BOa A A R . 62305 S B MG 853 37 2 4 PO SRR A A1 P 0 R S A vk 2 A
T PGC-1a 1 PDX1 FEPH [ DNA FH ALK, 30 55 52 1 PCR 2 PGC- 1R PDX1 mRNA 7K. [RIBS, 05 R 45 4121 A g
K MAEFEEL M LT 2 1 (HbAle) Ko 855 : GDM 4Lif L HE A (4 F R iR 23 o B 04 W 25 o T B (P <0.05) . GDM 4 JIf 4%
HEUBE S 2 HbA Le FIMMEACT- 1035 & TR RRZH (P < 0.01) o JFafF BE 5 K- 584 JLIL AR R E G R AN HbA Le
SEIEAHOC (1B 43071 0 0.648 .0.795.0.862,0.927, P ¥<0.001) , 5% IRA L3, GDM 41 PGC-1af1 PDX 1 mRNA (7K 441K,
PGC-1a 3t R 3L K55 (P < 0.05) o TR #R A 20rh Mt K SF- 5 PGC- 1/ PDX1T mRNA 19 2835 5 61 4 ¢ (=—0.438, P=
0.002;r=-0.373,P=0.007), £51%: GDM Z21A PGC- 1ot K R WLt A A8 M1 (1 28 A0 T B2 L5 A R i o i S R 2 —
(SRR EURBIFEIRIR ; W E 4 ; PGC-10; PDX 1
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Correlation between expression levels and methylation status in placental tissues of PGC-
1 and PDX1 and fetal blood glucose in patients with gestational diabetes mellitus
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[Abstract] Objective: This study aims to investigate the effects of gestational diabetes mellitus (GDM) on the expression and
methylation status of PGC-1a and PDX1 in placenta, and to explore the correlation between PGC-1a, PDX1 and fetal blood glucose.
Methods: The birth weight and placental weight of 30 pregnant women with GDM were collected. The corresponding data of 30 full-
term neonates without pregnancy complications and umbilical cord abnormalities were collected as control group. DNA and RNA were
isolated from placental trophoblast tissue immediately after delivery. The DNA methylation levels of the PGC-1a and PDX1 genes were
quantitatively detected using sodium bisulfite sequencing. PGC-1a and PDX1 mRNA levels were measured by reverse transcription
quantitative PCR (qRT-PCR). At the same time , placental insulin, blood glucose and HbAlc levels were detected. Results : Fetal birth
weight and placental weight were significantly higher in the GDM group than those in the control group (P < 0.05). Insulin, HbAlc and
blood glucose levels were significantly higher in the GDM group than those in the control group (P < 0.01). Cord blood insulin levels
were positively correlated with birth weight (r=0.648, P < 0.001) , placental weight (r=0.795, P < 0.001) , blood glucose (r=0.862, P <
0.001) , and HbA1c(r=0.927, P < 0.001). The levels of PGC-1a and PDX1 mRNA were lower in the GDM group compared with the
control group, and the PGC-1a gene methylation level was higher in the GDM group than that in the control group (P < 0.05). There
was a negative correlation between blood glucose and mRNA expression of PGC-1a (r=—0.438, P=0.002) and PDX1 (r=-0.373, P=

0.007) in the placenta. Conclusion : The changes of epigenetic modification of PGC-1a gene in pregnant women with GDM may be one
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of the causes of abnormal glucose metabolism in their offspring.
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UF Uz 109 0% JK 9 (gestational diabetes mellitus,
GDM ) 248 B AL A W BRI Y 2 P AR SR YR B 18] & A=
i MU . DFFE 2R A, AR GDM 1T B -5 16 4% 3k R )R
MU A G, I B BEAFER B LB, i T
EFRATA FIEE AR T S B FWast 5 25 1k
A REFEUR R RGBSR , TRREAS R PR 2
Frflibhzy T — U (BRI THLE] MR B E o

ok SR A ) T A B DS 2 AR - R0 PR -
la(peroxisome proliferator-activated receptor g-coacti-
vator la, PGC-1a) J& % s L300 I+, A7 it 58 2
PGC-1ou 3578 S S P K e 5y 2R MR BT K LA
K AR A WS HGE GDM 5 PGC-1a F SR ARAR
BZIAMK R

JER iR 1+ — 48 B [A] J5AE 1 (pancreatic and duo-
denal homeobox 1, PDX1) &5 55 5% s K+, ml L)
PR A K R B LA B AN Ry S S A 11 2R
ik o NFIh AL b W 5T R I, 5t % Rl AR AR 1
PDX1 (14 2 3k % 18 7] 5 O R 9 A1 B 41 it o) B B
fi# > (H PDX1 252 5 GDM &2k LK HBTE Y
AN 3T i ATEAE

R ELVE BRI Z R MR 2, AT 2RI, 1
GDM [ e Fit e rp HAT B 2. ()& PDXT Al
PGC-1afE GDM G EE A 25 R T BEALIRZ5 1 AN
2. P, ASHIESE B ZEBGT PDXT A PGC-1afE i i
rh ) FRA ST EEARAS  PEAL GDM G2 b i) if 4
R 5 320K, LU 2 E 115 16 85 P PGC- 1/
PDX1 FAE LAY CHK

1 X&FAE

1.1 %

T 2017 4F 2—11 H 7B VT 95 K B I itk = e
=R 60 41 2 BT A: LI H AR R i 4
Ll R EE . Hrp ot R ZH 30 9], S JC I LR B IR
3 R I 975 25 G IR A DG & i 22 I R B A L5 S50
2 30, > GDM 22 A8 A= )L, GDM 125 &
I 2014 AF AT YR IAME IR 2 iR Fe i, RIAE 4 R
24~28 JHI LA K 28 JEl 5 B IR B2 A T 75 o H IR A A
i H2 35 (oral glucose tolerance test, OGTT) , AR AR
K NBHE T 1.2 bW 53 i 1 305k B s it 5.1,
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10.0. 8.5 mmol/L. (92 180 153 mg/dL) | 4% 12 Wi Ky
GDM. REFFEABEBEETIZE bt 2ttt , Bk LR R
2B ARG A
12 7%
1.2.1 AAkE

FEF= A5y 060 5 37 BV AR LA T HERA FR B, B fif
BELA SRR, [FIRTELZT 1 emX 1 emx 1 em B9 3% 2
HAUTETCIH 5T B B 2 IR 4805 — M iy v
Je X3 ) , A EBER — £ 1 (diethylpyrocarbon-
ate, DEPC) /b PRI AS , W A3 7R 5 fifi A7 T-70 °C
BYUKAE o JL10 mL JBF bk il O 57 B ik 2= S0 2, /%
10 min 5, LA 3 000 r/min #5:0> 10 min, Y& F 35
FEABAEAE-30 CHIUKEE T .
122 AALIgAatem]

FHCE S e s Aar I e &% 22 7KF-, 8 FH H 57 7600-
110 [ 3l A A0S BT 3R FH 7 28 W S A il 12 D0 AR
JKF-, i B A< TOSOHHLC-723G7 H 3 LAk i 41
F 143 AT S0 3 B i R A P RS DA b i 21 28
F (HbAlc) . RFI LIRS At
1.2.3  DNA ¥ &AL 47

BEHLLEPEAELARE A, I SE P 41 DNA B #0007
i€ PGC-1a M PDX1 A H SEAL K- AR 4% DNA $2
R & (GKO0122, i 6ESG 2 /) Ui, A 2 mL4T
BT I AR B R 20 DNA ., 38 3o i Tk RN 2 413
JECEEHE PR E B ARG AF DNA, G577 T -20 CrkAR
W PR BRR S AR AR UL 13 (Qiagen 24 ] , £
)1 T DNA AR IR SR Ab . PCR Y HEHHH
H PGC- 1o R 5 PE5 4 (IE W] : 5 -GGGTATTAGG-
GTTGGAATTTAATGT-3"; )2 [7] 5'-CTTCCTTCTAAT-
TATTTCCATTTCTCTCA -3", /i BEK B 4 265 bp) il
PDX1 A S5 49 (IE 1] : 5" -GGCACAGCGGAGC-
CTAT-3'; 5[] : 5'-GCCACCC-CTGCAGCTT-3", B
KEEH 354 bp) o FHESEAF AN 295 °C 4 min; 94 °C
305,55 °C 30 5,40 °C 40 s, 40 MER , PCR W
& % (GK8015, il HEEG 2~ ) 1 2 wL it DNA
(1 ng/pl), 1 pLIEM G149, 1 pL W 514,25 pl
2XPCRIR AW 50 pLKH . 20 pLiZiR& Y H
TR, VIT®AFBIEHTESE. ¥ pTG19-T
(GV6021, I 58 K 24 w] ) FAE 8K I 76 16 1L 19
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XL10-Gold JE%3Z 25 41 fifd (Zymo Research A F] , £ [H)
AL KPR RVE 4 2 DI E AR YR A
AT, IF 48 BIQ 43 BT A K 4 (X1L3730, Ap-
plied Biosystems 23 Al , 3¢ &) 73 Hr  SAL Bl o
1.2.4 AR R K5

SEN A B PCR O T 46 0 i 4 PGC - 1 F
PDX1 mRNA [ FHX] ik o AR 4 RNA $2 B0 5 &
(GK3006, - 45/ 7)) Ui I FEHUE RNA, ffi ] 2
pg S RNA VR e Sk A . S it PCR AR
(ABI7500, Applied Biosystems 23 ) , 32 [&] ) F A0 X}
FERIMHT . PGC-1a3 [ #) (IE ] : 5’ -CTACAATGAAT-
GCAGCGGTCTT - 3" ;3 J2 [n] : 5’ - TGCTCCAT-
GAATTCTCGGTCTT-3" ) , PDX1 5| ¥ (1E [7] : 5 -
GGNCTGGCTTCTTAAGGC-3" 5 L 1] : 5" -TATGGTT-
TAGTNCGACTCT-3") FIN# 2% 5K GAPDH 5|
(1E[ :5'-GAAGGTGAAGGTCGGAGTC-3" ; JZ[#] : 5'-
GAAGATGGTGATGGGATTTC- 3" ) iy 3% [ Invitrogen
ISEVE L. FE 3T CAE N ) 15wl i % 5% 0 5
Girp A1 wL RNA #4752 PCR, PCRY™ 3 S
Z%:r1 10 pL SYBR Premix Ex Tap™(214) (Q112-02,
B R IEMERE A ] ) ,2 WL ¢DNA, 1 L 1E i) Fl 52 [ 5
YR 6 WL 258 F KA1 . PDX1 ¥ 3 S5 4k -
94 °C 5 min;94 °C 305,58 °C 60 5,72 °C 60 s, 3401
. PGC-lad #4144 :95 °C 10 min; 95 °C 10 s,
60 C 34 5,9 °C, 3L 40 MFFR, 275 H iy
AYAERTZRIA . P S it A 31K
13 %itssix

K HH SPSS17.0 Ge i+ 514 k47 43 A, £l LA 3y
BbrifE 25 (3 + 5) FoN , IR ST BEAS FL 3SR 1 4
B, A8 22 [A] B AH DG 53 B R H Pearson ZEPEAH G
P<0.05 W 2ZERAGIE L,

2 & R

21 —fFH
WA 27 0 1 A R RN A ] 22 R TR S e X
(P > 0.05) . GDM #H & i 45 %4 (body mass index,

BMI) & 3 & F X} 18 41 [ (24.02 £ 1.21) kg/m® vs.
(22.31£1.37 )ke/m®,1=4.62,P < 0.001 ], JIrA Btk L
HBEH o GDM 4L A L A PR 5 R 77 0 i £ T o
¥ TR (P <0.05,% 1),

2.2 GDM %+ J5 )UKt 69 3% !

GDM ZH % I & 25 L IUARE AT Hb A 1e 7KSF- 5 35 155
TFXFHRAL (P < 0.001, 58 1) A HTEE R BN,
5 1B 5 B KO- 5o A J L AR IR IR S 2R
A0 (r fH 3 91 4 0.648.,0.795, P 37<0.001, & 1A .
B) , B 5 J5% s I Ji & 2K 13 n, BAE JL s AR AR
GER I VRa 0N R e ) | i (1)) e )
LA AN HbA 1 75 52 1EAH O (B3 5124 0.862 ,0.927,
P#<0.001,E 1C.D),

23 A ¥ PGC-lafe PDX1 89 & ik Ao 1 K ALK

GDM 2H PGC-1a 1 PDX1 75 G £ 4H 2 b 1y e 3k
BEMTXTEA (P <0.05,%82), S5XFHEA A,
GDM 21 PGC- 1oy H FEAR R T 57, 22 S A G it
227 L (P=0.037) , PDX 1 {14 F S AR AT 2 mE At o, (5.
ERTG I FE L (P=0.085,72) . JEEAHL Y IM
K5 PGC- 1o PDX 1 Y 3k 5 TAH 56 (r (B N
-0.438 11-0.373, P {H.}y 0.002 £110.007, &1 2) , & W]
Wi 5 J 7 1 it B 7K T i A PGC- 1R PDX
mRNA T,

3 it i

GDM X Jify JL A 52 il o A2 31 G . ship ok
B FIA B P AT R e IR AN A B0 BB AR T B R
T, 100 ELTE AT 301 2 5 550 7 A o A A R
FHAT . Bush Z510 K BUEE SR AT IR MUK ST 5
SRR IE AR B 5 AU . R IR LA R
Z IR E B GE, 0T LR AR LI LS 3% ZE G LY
AR KR EPRETEEEM, AT LA S LE &
HAEER ZFpE" . ARWFIE &I GDM 41710 1)
BMI 5 25 /5 T B2, 457 M () 22 1 ] BEXT GDM
Sy, GDMALRYHT A L A= R E Jif 23k o it R Y
I 2R DL S HbA e MUY & F X0 IR, 3

®1 ALK MAERX TS

Table 1 Comparison of neonates and data related to blood glucose between two groups

ey Xt I8 2H (n=30) GDM 4 (n=30) 8 Pl
AR (g) 3314.46 + 463.35 3 678.00 + 458.82 -2.11 0.043
it E(g) 527.00 + 16.28 632.00 + 13.17 -17.54 <0.001
JB I3 55 2 7K (mU/L) 8.27 +0.72 10.92 + 0.97 -9.06 <0.001
Ji 1fi. HbA 1¢(%) 5.90 +0.42 771 £0.75 -8.76 <0.001
JB% I % (mmol /L) 3.86 +0.62 4.86 £0.51 -7.93 <0.001




40BN BR M AT, SR SRR O L iR PCC-10M PDX T IR/ K AR ZS 5 R L

20204E 1 H A RAEDCHE [T ], Bt BER R 224k ( A SR B R) , 2020,40(01) : 072-076 <75 -
A 5000 6 A b
54500 <P e -
2 4 000 e” g . L S o7
= SPW'O g 49° .24 > = 00 G
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Figure 1 Correlation between cord blood insulin and neonatal birth weight (A) , placental weight (B) , blood glucose (C) ,

and HbA1c(D)

x2 WHPGC-1af0 PDX1 H B EAL SR FN4E 3T B FE &R iE
R
Table 2 Comparison of methylation frequency and rela-

tive expression of PGC - 1o and PDX1 gene in

two groups (xxs)
i mRNA %3k HIJEAL I (%)
PGC-1a PDX1 PGC-1a PDX1
XTHEZH 1.21+£0.14 1.08+0.32 10.10+1.23 0.95 +0.42
GDMZ 0.76 +0.18 0.83 +0.28 19.30 +2.68 2.26 + 1.07
tfE 4.57 2.86 -2.21 1.74
P <0.001 0.008 0.037 0.085
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Figure 2 Correlation analysis between glucose levels and
PGC-1a or PDX1 mRNA

PN e LA RTRE S R G LA A QR AL . HbATe
AR 7K -5 J 5 ZK A SR IE ARG, B A L AR AR
HMUf S ER R IR 5 Z AP R LS I, B e 4
BRI KRR LI A A — e

PGC- 1ot — Pl AL E R, LRI F 4
ik 4p15.1 b, B 134N R F AL PGC-1am] L)
iz AR AE A SR . PGC-1a A 3l
T DNA H 34 5~ =772 bp.—903 bp.—936 bp
M-961 bp, PGC-1afE NP5 43 Wb 9 i R ik Fit v
R AR SRR, I HHZGR 3230 % T A ease 4 [
TP, WFFEFM, GDM AT LU0 R 25 A 1At
AHCE DR ) FE LR SRR DR E A AH B PR
B PGC-1a mRNA [IE R T 90% . Ruchat
SR GDM HE R S AT I PGC- 1o H 34k 7K
SEAN—E, UL R ZH LR AN R R (5174
ARFFTEE R R, GDM =1 JE A Jifi# PGC-1a3E M &2
AR L 31 HL PGC- 10 PR 235 5 A Ak
SRS, 2R PGC- 1o K 1) F 3240 /K- 1T B 7
PRI ELA O, AT REVEN GDM bRES

PDX1 B T A4 13,13q12.1 |, & A6
284 Mg FE . PDX 1Y 5" A i A4 30 3 J ) AN A1
T 1A ITAT X3 A 8 BE DR SF 1Y CpG & o I ABE IR
95 A T TS RS 3T CpG 5 0 F AL ] S8 PDX
FIR B K ATUER , S8 19 5 N 855 ] 800 7 g4
JfL & B I DG B R & AR R s A5 AR Ak, 45 B 4 i
HR) PDX T FREAAMEREAR ", Wa SE AR
U & B, R TR mT AR AIOE I &, SR s R
FEPL, AR IR PDX 1 SER 58 . ABFIT 451
T IR LA PDX 1 35 PR P Ak A4 52 e R A
AT REE T REA /N, R 2 DS PR AL =Z 1)1 22
5o MR, PDX1T SER A9k & s N, B 4
BEAR I 260 A PDXT ARG . I, 78 GDM
PDX1 F Ak m] BEAS & B, T RE IS A HoAb 7
TEMHILH] AN 8 B , X 75 2k — L I ioE .

g5 L rik , GDM i i i75 5 e AL 2 2 iy PGC-
ok PR g R AL, PR L2880 e 2 S BUR U 4
PG ZE LAY KU G, PRI, PGC- 1o [H T 34k
AT RESE G LA i R T 7
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