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Effect of ERa Expression in Adipose Tissue of Gestational Diabetes Mellitus on Insulin Resistance. ~ Xu Ning, Zhang Wei. Department of
Obstetric, Affiliated Hangzhou First People's Hospital, Zhejiang University School of Medicine, Zhejiang 310006, China

Abstract Objective To study the relationship between estrogen receptor expression in adipose tissue and insulin resistance,and its
possible mechanism. Methods  From January 2016 to March 2017, 40 pregnant women with gestational diabetes mellitus ( GDM) were
selected as GDM group and 41 normal pregnant women as control group. Subcutaneous, extraperitoneal and greater omentum adipose tis-
sues were collected at the time of caesarean section. The expression of ERa RNA in adipose tissue was detected by RT — PCR and the ex-
pression of ERa protein was detected by Western blot. 3T3 — L1 were induced differentiation into mature adipocytes and stimulated with
178 - estradiol at different concentrations(0,0.1,1,10,100nmol/L). The expression of ERa and GLUT4 in mature adipocytes was meas-
ured by RT - PCR method. The protein expression level was detected by Western blot. The activity of JNK, ERK1/2, P38 in MAPK
pathway and PI,K, Akt activity in PI,K/Akt pathway were detected by Western blot method after high concentration 178 - estradiol stimu-
lation. Results The level of E, and HOME - IR in GDM group were significantly higher than those in normal pregnancy group (P =
0.000). The expression of ERa in subcutaneous, extraperitoneal and omentum adipose tissues in GDM patients was significantly lower
than that in normal pregnant women (P <0.05). With the increase of 17 — estradiol concentration, the expression of ERa was gradually
inhibited, and the expression of ERa reached the lowest level at the concentration of 10nmol/L. The difference was statistically significant
(P <0.05). The expression of GLUT4 was similar to that of ERa. Conclusion The decrease of ERa level in adipose tissue induced by
high estrogen level during pregnancy is closely related to the occurrence of insulin resistance. ERa may aggravate the occurrence of insulin
resistance by inhibiting PI, K/ Akt pathway and activating JUN pathway.

Key words ERa; Estrogen receptor; Insulin resistance; Signaling pathway

Ji &5 2R HR T A R I PR 1) 32 2 A0 IR 2

(ZOIiizﬂj??B:)ﬂﬁfT‘é‘ﬁJ‘l‘lTUJiEEﬂ&ﬁ)‘?I’JF‘?%iﬁ?ﬂ?ﬁlﬁE e H BT LR T D G HL 5 R A A W
YR HAAL 310006 VLK 2 B 2 Bt B A M Tl 48 — AR B2 g ZRERAT G Hrh S MEROR 19 00 A 0 )
W IAEE 5K Bk, BB T {5 46 : zhangwei_hz1983 @ 163. com %%ﬁ]“ j‘ lﬁxﬁi AIK&/TEEHEIH]‘J‘ l:jEﬂAV\] QE. %%%%

- 109 -



J Med Res,Nov 2019, Vol. 48 No. 11

EEE 4(GLUT4) YR8, IR S ZRBURE. 7
A, E R 52 AR AR B L TT I T 4H ML B GLUT4 (1) 7KF,
M2 5 4T Uk 51 AR 1 9 & R HCHT DL B 4 I S0 6 IR
Wt MR G R e RARPU B T
— 2 BEIE R R, G 07 2 SR 43 A B4 X B S R
HEHT A 52 G 0 300 ) Hy T O 3R /K1 | el s D) K
RERE ML Z A, SR N BRI 8L o 1ii , B &
12 RT3 o XoF WG A0 4 R 0 DR s A8 A T R U R IR
U 20 SUME B 3R AR AN DL 5 IR S R R
HEBT I A S M AR ] BRI AE FH AL
MR 57HE

LIl AR B AE 9T < s 191 B 45 < 1B 45 2016 4F 1 H ~
2017 £ 3 JT AT T 20 — A IR BE B 7 46 A7 1 191 )
BRI RSO G, Horh 40 491 4 iR B R PR v AR
Hh GDM 4, B F 4R 32.05 £2.13 % -1 41
1772 ) 38.88 +1.20 i, [A] 1 41 {5 1F 5 4F 9k 22 1014
R, - B AERE 31,25 £3. 12 % P2 0 i R
39.26 £1.02 J& . GDM & Wi = M [E br 4 Uik 5 0% K 0
WEFE AR UE , Bl A S8 TS 7™ G I W4 Ik 3 =
I A W 3 P9 B 3 DR B 4, JC N A RE B IR E G
2 AU DRI IR T e R BT HE AR 25 W RO e
6 LS K S H  TC RN s R A B A B A A R DL R
EZ MR, 105 B JE 7 WewT S R
e MR DL R R R T T ORIl R s I KL
FL A 2 G B 8 1 N I 97 ME — K, O K e
I 7 25 M I KT L3k 2% RO 1 25 T R B R
KAV HEHE S RPIRR S A (HOMA #R) 5
JiE & R AP E (HOMA - IR) = 25 i Ifil 3% JBk 5 3R
(pU/ml) x =3 B I A A HE (mmol/L) /22. 5 DA Ji
BRI, THRE > FARNBENABRFELT.
JEIBE A B R T R AL 14 B M7 2H 2R 45 W/ B, DR A T
-80°C VkHfi o FIr A ARA 4R 15 2] & i) A TR &

2.RT - PCR ¥4 GDM 2H K 1F H i IR 44 A [A)
AL AR I 4140 ERaRNA 1 3235 5 Wi 42 19 g iy 41 41
53 0 ] Trizol ZLF AN, $2 AN EL RNA SR )5 I
RNA & &, 47 S % s i cDNA, fi ] primer 3 i
150 % & it, ERa L i 51 % h: 5" - CTGCCAC-
CCTATCTGTATCTTTTCCTATTCTCC - 3", F 5| 9.
5" = TCTTTCTCTGCCACCCTGGCGTCGATTATCTGA -
3',B —actin F¥#51%#):5 - CATGTACGTTGCTATC-
CAGGC - 3', 5% :5 - CTCCTTAATGTCACG-
CACGAT - 3", 4Kk J5# 17 RT — PCR, L actin b7 7,
# CT HHAT I Z 531 ERa Kk

- 110 -

3. Western blot 5 ERa 8 [ 1 32 15 /K F
WSO 1 R U7 2EL 23 1T 5 T A o R0 ) 2R v B A 2
M, JRBCE B . BCA W 2 A i, W L
HH. #HATEABIK,250mA BB 1T 2. Sh 4 R4
% PVDF B, BTt 53 80 5% iR 4= W5 ] 1h, PRI
3WE L IMA—$i,4C I F . Ve 3 WE, mA
THLEIRARSEIEE Th, SRR RO BUR i
A AT (HRP) JE Y, T 465 &6 BB AL AT 73 o
fifi J] Quantity one (bio — rad) {4 & 16 AH 56 Z% 47 1) &
IR B

4.3T3 — L1 i Jig 5 40 0 55 5% A0 S 4r 4k
3T3 — L1 i A /U 4t i W 18 o [ R 2 e | i A= i B 2
I BE AL e G o B 4 ~ 6 fABY3T3 - L1 Fifig
Wi M AT SE 5 B A T 6 fLAR, o8 A B R AR
[ =B DMEM K5 5% B ( 3£ [E HyClone 2% W] ) w8 0 5
A ECH 10% 1 BSA 10U/L 75 5 2 F1 10U/ L 4 %
RIBF a4 2 X5, & 0. Smmol/L (57T
F B JE B I S (IBMX ) | 0. 25pumol/L M ZE K #i Al
Img/L & R 2 2R R (F gk 1) 5
FR2 Kfa , A& Img/L RS R 22755
oAb sE TR AL ) Ak B o bR 2 R4 1 ISR,
2512 KE| 14 KI5 ,90% LA _E 40851k A B 24 g i 40
L, 240 A BRI O LA A2 (B 5 P i i P

5.RT - PCR ¥ % ERa #ll GLUT4 £ % X I8 B
i RNA (357K F , Western blot 25 46l H 7 25
TP B 23 < 4 53 Ak R i IR 1D 48 B 7E 5 A 20ml/L
62 1L 3% (96 [E Abcam /A ) @B DMEM Hr 85 5% 6h,
TE R 7 240 M Ao AAS [R1 MR B2 A 178 — M — 2 (0
0.1.1.10.100nmol/L) , 3555 12h J5 U &40t , 43 3
RT - PCR £ #il Western blot 3£l 72 ERa ( Z£ [E] Abcam
JNE]) F GLUT4 |y 2k K o

6. Western blot £ #; ] MAPK i@ % JNK ,ERK1/
2 P38 Gk H4 10nmol/L V& FE 178 — M — 5 Al 24
e 7 4 M 3L (R BE  12h J5 WO AR A M, R B R (1,
A8 BCA 8 o i 0 G e B vk B S A LR
50wg A8V, SDS 5 Py v Ik i 358 e B UK IS F 5% B8 2
TR LR N, &5 A 5% 445 TTBS 22 ph il B P4l 1h,
PVDF JE5/NRPTA p - INK(EE CST Al , Rt
A p-ERK1/2(3E CST A H]),p - p38 HrifEHL K
(% E CST A fl,1:1000)4°C F M % 1 %, TBST
15min JE6E 3 W MA DT B (RN HE A ), F
e Zhr (R LA H] L 1:1000) =R FEH Lh,
TBST 15min E ¥k 3 ¥, f#i /| ImmobilonTM Western



BE2EW e 20194 11 7 548 % 45 11 1)

e B

Chemiluminescent HRP Substrate i 5] 2 €, 4 H 3)
BERE B T ERFA IR . W AROE SR AR — 3,
o 5E b A Bl R AL B AR J5 %) BEE A 6 W (100 mmol /L
B — ME,2% SDS,62. Smmol/L Tris - HCL pH {# 6.7)
T 50°C i 30min, ff HHeht A JNK,ERK1/2 p38 £
FLREPTAR (1: 1000) A2 & INK (ERK1/2 ,p38 fE K
Xof BN E A SR S WO, R SR L A 3 K,
p- JNK, p - ERK1/2, p - p38 4L & #¢ ¥ & m)
MAPK '™ [ |77 % 46 W PLK/Akt {5 538 % PLK
Akt 35 PE

7. Geit F I 2 R T SPSS 18. 0 G 2% B/ X 4K
P UEAT e 1T 43 B, BHE R PS8 = hrE 22 (v 2 5) 3
N, 2 R) 25 5ok R 98 A BE AL B DR R T 22 40 A s R 1L
R g #56,A P<0.05 HESAHLGHFE X,

& ES

1.GDM B EHEA 5 IE W MR A A — R
¥ :GDM &4 E, KV HOME - IR B] &8 & T 1E %
SRR, 22 A G L (P =0.000) , P24 42 {0 48
B 2 T A A B (pre — BMIT) (B HLEL, 22 57
BTG 2 L(P>0.05) , FE LK 1,

#1—MAN
EERY I A R 2H GDM 4 P
R (%) 31.25 £3.12 32.05 £2.13 0.220
Za (D 39.26 £1.02 38.88 =1.20 0.650
pre — BMI(kg/m>)  24.76 £4.43 25.42 +4.86 0.060
B (em) 33.13 £1.67 34.23 £1.85 0.060
E, (pg/ml) 6.11 £3.78 22.91 £8.98 0.000
HOME - IR 2.97 £1.29 4.34 +1.37 0.000

2. GDM 8 21 B I AR YR 2 A [ 90 o2 i Uiy 2 21
MEB R Z A o MRIBTEDL :CDM 8% [N E IS K
KRG 3 b i 5 L83, HE R Z A o 75 RNA G
H R IB K] AR TIE W k%, H2E R A 50T

FRNX(P<0.05) , FEILE LA 2,
1.2

MERHE Z IR o RNA
e 2 2o =
N (=) ee} o
T T T T
%

o
(S
T

GDM 1E% GDM IE% GDM IE%

BT TS PNCIS
1 MEMEZHE o« £ RNA KFHRIE
5 IE# AR IR AL, T P <0.05

ERo e S S S S a—

HZ - . S G .
1.6

1.4

o
T

{=]
R
e L 2 ¢
A
T T
*

GDM iF# GDM iF® GDM IE%

FF TS PNCS
B2 WHEZE  EEAKFEHRIE
5 IE# AT IR AL, T P <0.05

3.RTFI M 178 — e — Ak B S 8 A IR 7 400
WEB ZE Z R o K GLUT4 By k1500 FEE 178 — M
TEEWR B T R MR 2K o AN IBTE RNA KPR
JETEE HKF, R B &R L Z 2 W, O B 7%
10nmol/L ¥ B T, ML K 2K o 3k K35 3 B I,
ZRAGIEE X (P <0.05), F WE 3K 4,
GLUT4 {323k 1% 5 5 ERa A1, H7E 10nmol /L ¥ i
B Rk ARk, 2R A F ¥ L (P <0.05), 3

WIS & 6,
1.2

MERER Z & o« RNA
e L2 2o =
N (=) ee} o
T T T T
%

o
[\
T

e

& \\\) S S &
& & & N
N} .\\ A9 \Q‘ \QQ“

17— —

N\%

O

9

B3 FAREKRE1T-M BB THSE
FF o 7 RNA K FHRIE
5 10nmol/L %, " P <0.05

4. UREE 17 — ME T RESIECT R R AF S
(PLLK/Akt F1 MAPK) fi{) 23515 00 . 7€ 10nmol/L ¥ &
178 — M — BT, IR 5 40 PLK/ Ake {5 % Jd
FEAY PLK F p - Akt B2 R 5 5 2 F 9, MAPK &
P& p - Erk .p — MAPK 1 p - p38 Y B RILE T
J8 T p — INK By H Rk B (7).

5 it

T R B9 OB JR % ( gestational diabetes mellitus

<111 -



J Med Res,Nov 2019, Vol. 48 No. 11

o\\\) 6‘(‘\\\) o\\\) o\“\\\) 0\0\\\»
Q™ Q-\'\\ A \Q\\ \QQ\\
7B i

4 AERE 178 - b Z BB T MR
ZH o EEAKTFRFRIE
5 10nmol/L L%, * P <0.05

12 -
Y —
< 08F
=
= 06 A
=
= *
3 04t
02
av v L L g
Q™ Q.\x\ A \Q0° \QQ\\O
173t i
BS AEKREITp-_EHRHT GLUT4 £
RNA 7k F 5K E
5 10nmol/L L%, * P <0.05
CLUTH M S S
s e s
12
) —
08 By
£
= 06 -
(&)
04
02|
0
N\ W W N\ N\
0“\0 0\‘\0 0“\0 \\6\0 \\0\0
Q od \ N\ &
17— %
B6 AREREILP-E_EHRHT GLUT4
EEAKEMERIE

5 10nmol/L L%, * P <0.05

- 112 -

PLK 4 « pAkt [0 pErk s s pMAPK [ pp3s 8 pINK M
NZ s 1Akl & & 1Erk @ @ (MAPK sl (33l UNK eeen
1.8
1.6
14

B e e e (e (o
8 IR T T e gl
N \Q\\\ \Q\\‘\

i(\\*“\ O o

E7 BiRE 17 - W BRI T PLK/Akt 1
MAPK FSEHRIEFER

GDM ) 2 5 4 U5 1 71 %2 A= B A0 0 S5 o, 5 2R 1 e 45
FAHCHCAN S U X R B AR O kA R R
KEARER 1% ~14% . FE GDM [ % 4 1 12 1%
A TF R IR R L P U K A A R A
BRI U e 01 00 ) K T 3 A LA 2R K S R
PRI 25 g ) S P SIS G 25 O £ 22 ol 28 7 A £
B0 4 ) O T 300 1 Ay R K A R 0 % g L 4
XF 8 45 2% 110 U ARG, DA T £ G M B % 24 2 U B
IR PR T (GDM ) |, B B s 222 38 s J5U A M R s
RN . B TR L, RS B 5 SR
FRAE NG 07 2 U8 A AR 0 P PR AR, OF B A
ke ik £ F) BT 8 0E S, B 1 2 91 A 2 R 8 AR B AR
{4 s 3

W 3840 26 L e A R 0 o 0 [ i
Z— TP A R R T EEAER . R
0 161 P 38 2 K TT S 3 T 5, 15 5% 4K (estrogen
receptor, ER) £5 4 J5 , il v B 2 L1 15 5 1 F iR 12,
7 L Sk T T MR A 2R L A £ R ME S R A
ABFFAR B R CDM 41 A H M Z Kk F B % & T
EWERA, S R ERE LR E ST
TEH IR YR AL, F2W] GDM % I 4 £ 4% W o 2 1)
WO, L AE S M R K O S R R
Yl

W 2% 32 TR (ER) J& 1 3% 1 8 52 16 1) B B 22
— ERa Fl ERB J& H v 3 58 g 7 Ff S0 580, 93 3% phy S [+
DRG0 T 76 A 2 v B IR B i 2 2 50
ERa 76 I8 45 g 5 A% 3 % #4850 T, 3 BT 5 5
36 TIF S 3540 2 o 7 4 AR 9 98 5 0 ] 35 % i ER«
A G, I L5 R 5001 1 2% R R v A N S



BE2EW e 20194 11 7 548 % 45 11 1)

e B

M1 . ERa 3 %40 A5 F ME W AE FH 0 22 S 40 2
A FE R T AL E . G ORI TH] 72 2 I E SR KA
Jif 3% 40 W 2 P PR B R g L (R AR A AR Y s i 4L 2L
BCHE N3 A0 7 A W S AR A, R B R B T T W AE 2 N
WERE T, & =W B A&, B2 30 ERa 7ENE DI
WA RIBEK B S RELH, AR E R, GDM
B BT AN B R P 3 4 R B L2 SR
ZAR o 7E RNA FIHE 1 3R IR7KF B ] I T 1E % 4
R BB E, 2% W i VAR B I HE B 2R K 2 1A A T 4 4
ERa M 3RIE, SRS R LA BV, X5
WP 2 T B0 GLUT4 LM 2 32 (R AR 1) 7 X 8%
B b, T RE AR 2 S R A2 R 5 GLUT4 11y
T 3Ly I

1607 400 L o B T AL 2R 173 ~ 172 SE % 4% 313 -
L1 Hij fig 195 40 B Ak 15 7% 2 A6 Sy G208 D 40 B, 45 7
AR BER) 178 — M 1, K BLFEE 178 — M — FEvk
FE T, M R 2 AR o SIEFE RNA JK P38 2 78 2
K-, H B Y5 40 22 214 i, 3¢ HAE 10nmol/L ¥
FEN MEW R Z AR o F3E KB B RAR, M GLUT4 11
FIRIENE ERo AHRL, 3 — 25 0E 52 T 1 Wk BE 1) e Ui
RIKE2 M e R 2K o ZERG Al i iy ik . oF
9% 2% WIAH % W % iz IR (GLUT) 72 J§8 5 ZAE T vT LA
A2 B0 F 40 I JE - W i it 38 PP R A %R, GLUTA 2 i
9 L 2% 2 e Lk R — A O T,
GLUT4 Rk 3z il , = W R Wi 41 208 Jik 5 22 19 gk
JE FRARG B 5 AT T A I T A P
REVREE 17 — M R34 T ,GLUT4 S5 R Z 1K «
FiRE A Z M, WIEH T B R 2K o £LiX 5K
B Z P R A VI G,

FL R EL 07 6 5 2845 50 % R B PLK/ Ak i
B A1 ERK/MAPK J B0 = #f AR Bl i 19 JUL A3t 75
PLK {6 T 4% 4k S — B B N5 IE LEE , 3006 19 PILK/
Akt BEAEAE [ GLUT4 M 53 5% 137 28 R B, [w] Bsf 248 ff b
9 7 AT 25 th IR IBE b i GLUT4 %% 32 % 40 i iy, A it
T 3 % PV A ST A4 R R 2 A 1% B R, A0 2R
WA 500 e Gk AR R A RS S BRI 4141 R R
By FRH Y EHA TR T m ik E 178 - M
TEEAE R, 6 IS D5 40 i PTLK/ Ak 5 538 Y
S e B LA ] ERo 2838 1 [R] s, #0fi) PT, K/ Akt
{5530 B, WO R 7T RE S8 2 300 6 PLK/ Ake {3
S B IR TS E AR, £ H W EEF] ERa X
MAPK 38 % /5% i & 38 R Ui p — Erk . p — MAPK Al
p - p38 (K Kk T, p - INK (& A £k

R, 2] ERo AT RE I8 I 0 TNK T8 B 0 B 5 2R
ESE WA A [

ZE LTk, IR 44 ERa R IK KSR S &
BT VIAH G, JF HPT B JE o 4 ] PTK/ Akt £ 5 38
S FCTE TN i % DA T NS R 03 3R IR0 7™ A 5 il

2% 30k

1 Shi ZH, Zhao C, Guo XR, et al. Differential expression of MicroR-
NAs in omental adipose tissue from gestational diabetes mellitus sub-
jects reveals miR —222 as a Regulator of ER_expression in estrogen —
induced insulin resistance[ J]. Endocrinology, 2014, 155(5) ;1982
- 1990

2 Wozniak SE, Gee LL, Wachtel MS, et al. Adipose tissue:the new
endocrine organ? A review article[ J]. Dig Dis Sci, 2009, 54(9) .
1847 - 1856

3 BRAE, AL AR NS, . S5 @R AR 1 4 255 3R 1 IR A 5
[J]. & 3724 ,2015,37(6) :614 -615

4 BHH L ROKZE BT, AF. 3T3 — LI IS 7 40 1 1B 8 R AR BT R
HESE AL By TR bR 4 (1] 2458 25 5 I JK 25 1L, 2018 ,29
(2):225 -231

5 SR, VRRE KA. M — CSE X B 3 50R: 41 i Th Bk R Y K R
BLAI[T]. BE2E0F58 428 ,2016,45(1) :100 - 105

6 SN, A WAL 30T PR A A G G I PR R 43 BT B HC R g B2
Z5RBISE W [T]. thE A4, 2019,34(4) 1476 - 478

7  Sethi JK, Vidal — Puig AJ. Thematic review series: adipocytebiology.
Adipose tissue function and plasticity orchestrate nutritional adaption
[J]. Lipid Res, 2007,48(6) :1253 - 1262

8  Rettberg JR, Jia Y, Brinton RD. Estrogen: a master regulator of
bioenergetic systems in the brain and body[ J]. Front Neuroendocri-
nol, 2014, 35(1) :8 -30

9  Kleiblovaa P, Dostalovab I, Bartlovab M, et al. Expression of adipo-
kines and estrogen receptors in adipose tissue and placenta of patients
with gestational diabetes mellitus[ J]. Mol Cell Endocrinol,2010,34 .
150 - 156

10 HMEPER EMRZEESHSOURT]. Earfs,
2010,30(6) :854 —859

11 Van Sinderen ML, Steinberg GR, Jorgensen SB, et al. Effects of es-
trogens on adipokines and glucose homeostasis in female aromatase
knockout mice[ J]. J Mol Med, 2005, 83(6) : 457 —467

12 Garrido P, Morian J, Alonso A, et al. 17 - Estradiol activates glu-
cose uptake via GLUT4 translocation and PI; K/Akt signaling path way
in MCF -7 cells[ J]. Endocrinology,2013,154:1979 - 1989

13 BOF REHIA T, 5. 98T GLUTA 8% G4k &4 oA K M (5 5
PRI L) ] A AT AL A 2017 ,37(3) 1361 - 366

14 gy, R E . IR 07 40 00 43 AL 5 B o MAPK {5 5 58 8% 19 38 42 AL il
[J]. A= fw itk a#,2016,36 (2) :252 - 256

15 X0, AU 16, B8 B2, 55 . Vaspin il i B & 28 (5 53 B 205 ot 28
KA T 3T3 — L1 i iy 40 i i I 5y R AP LT ] 74 4 3¢ 3@ K
2FAR PR R,2018,39(2) :366 —370

(W Fs H 3 22019 - 02 —24)
(&5 A 3 :2019 - 03 - 18)
- 113 -



