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The role of Nrf2-Keapl-ARE signaling pathway in the development of insulin resistance
in the offspring of patients with gestational diabetes
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[Abstract] Objective To conduct an in-depth study of the mechanism of Nrf2-Keapl-ARE
signaling pathway in the offspring of patients with gestational diabetes mellitus (GDM), and to
pay special attention to its regulatory role in the occurrence of insulin resistance. Methods Sixty
successfully modeled rats were randomly divided into an empty lentivirus group (20 rats), an
Nrf2 siRNA group (20 rats), and an insulin intervention group (20 rats). Rats in the three

groups were intervened on the 5th day of pregnancy. After the empty lentivirus group completed
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modeling, 200ulL of blank virus vector was injected into the tail vein. The Nrf2 siRNA group was
injected with 200ulL of Nrf2 siRNA vector. The insulin intervention group was injected with
4 U/kg of glargine insulin daily in the lower right abdomen of the rats. Three groups were all
intervened for 2 weeks, and the glucose tolerance and insulin resistance, insulin tolerance,
oxidative stress indicators in pancreatic tissue, Nrf2, Keapl, and ARE protein content and
mRNA levels in pancreatic tissue of offspring rats were analyzed at 8, 16, and 24 weeks after
birth. Results
1.034+0.31, and 2.814+0.65, respectivelyin the empty lentivirus group, 0.9740.22, 1.7440.77,
and 2.98+0.95, respectivelyin the Nrf2 siRNA groups, and 1.0840.39, 2.66+0.92, and 4.42+

The insulin resistance indexes at 8, 16, and 24 weeks after birth were 0.65+0.13,

1.04, respectively in the insulin intervention group. The blood glucose concentrations at 8, 16,
and 24 weeks after birth were (2.18 20.09), (3.05%0.35), and (4.34 4+ 2.10) mmol/L,
respectively in the empty lentivirus group, (2.58+0.37), (3.184+0.77), and (4.924+2.08) mmol/L,
respectively in the Nrf2 siRNA group, and (2.89+0.39), (4.69£1.47), and (6.18£2.33) mmol/L,
respectively in the insulin intervention group. In the pancreatic tissue of offspring rats, the empty
lentivirus group showed higher levels of oxidative stress, while the insulin intervention group
showed lower levels of oxidative stress (P<C0.05). The mRNA levels of Nrf2, Keapl, and ARE
in the empty lentivirus group were lower than those in the Nrf2 siRNA group and insulin
intervention group (P<C0.05). Conclusion Nrf2-Keapl-ARE signaling pathway may affect
insulin sensitivity by regulating the level of oxidative stress, thus affecting the glucose
metabolism of diabetic offspring during pregnancy. Activating this signaling pathway is expected
to become a potential therapeutic strategy for the treatment of GDM and its related
complications, providing new ideas for personalized clinical treatment.
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FHOCHR 190 A A6 N B R B JT 1 (nuclear factor
2-Kelch-like ECH-
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Nrf2-Keapl-ARE) 5 518 s J2& 4 il N — > 1 2 1 Bt
SN AR G B S AR 22 Fh Az BRI B0 b R B
HH X 2 R 2 B N RS B AR Y, SR, T
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12 h, M 25 & [l B (fasting blood glucose, FBG) , £
Fk FBG=6.67 mmol/L M K. 40K Rk R
WERE 22 109 B9 5 28 O 76 OR 38 i B 3 Uk R B A
BIHKE T ARic MR IR S 1 K, i — R
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J& 72 h. iy P& FBG FUETE 6.67~16.67 mmol/L, %
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60 H 43 R a8 4 Nri2-siRNA 41/l 5 R
T, Hal 20 R, FEEWRME 5 KPR T, =
8 4R BB 5 200 pL 23 R i AR A,
Nrf2-siRNA 21 B # ki 5 & A Nrf2 siRNA # &
200 pL. RS E T WA H 17:00~18:00 7£ K K
AR S H R B (4 mg/ke) . B 41k
TR 2 T,

122 BERMIE AFARREE AN 8 .
16 JEA A 24 JRBE AR | 12 h, #E47T B ER KR M0,
JFH a8 Az IR 4SO 5 23 IRV B L T2 A0 min” i
[B) 5 ARG 4% 2 g/ kg VAR H 100 4 2 M 0 L AT HE
A3 SIAES 15.30.60 F1 120 min i, A LB {SCR i 46
oM wE e BEL 3R OB R R HK BT 1 HOMA
( homeostatic
resistance, HOMA-IR) ,

123 BERmWENE EFARORE M AES 8.
16 JE AT 24 JAEE 8 /N B AT R i Dk R i, FH 5 A2 il
WEASCIN 52 2 10 0 v B2, 9T 10 20 min” B[] £
SRIGHE 1.25 U/ kg M 0T L 347 I s 3 S5 AT ¥ 1P e
53 AESS 15.30.60 A1 120 min B, %8 42 1f
R ASCRGE 00 7 B 1 M e

1.2.4 JREEHZMEIER S FAURBIE AR
B 1 KLES 8 FAL 16 FEAN 24 FAE, 43 5 D45 2H b ik
W5 HPRRRRL28 8 12 h e 4B 58 K R BUsE & 4
LN

1.2.4.1 W[ (malondialdehyde, MDA) Il & 1k
Yy 15 L. (superoxide dismutase, SOD)/K¥  fES
A 2 SR AL SN ER A ) R T B A R 2L TR
9 A5 R R A BER IK L 7E 5T AL o A R B 4H 2
HWL B0 JE AR E L R AR AR L 2 R A A U
MDA 7K, R U b 2 450 SOD 7K F-
1.2.42 Western-Blot Jll & i & 2H 21 Nrf2, Keapl,
ARE HH & MBS A SUh B AR A, IR 2
fi 14) 24 e 2 A v R AR 1 A ) R0 aE AT 34 B Ak R
LGRS AT A MR 6 . B S L B B0 i T
WO BVEWAE B I REAS i AR D ) ke
FEA B B kR R AT R . HE A LR AR O RE AR T
A SDS-PAGE F i G2 Wil , i 85 ik B2 1 5. 0K 05
TE 100 CRK H &3k 10 min, DU A B9 28,
BE IS . AT UK A B R AR A I 85 SDS-
PAGE BERCAE . 4y 85 )5, i IR W 8k Tk iR
17 3% 21 208 TN M ot e B 1. O T ol e IR R R Tk 4
B ol AL B R B A AL . FERL B3 )5 .
&Y Nrf2  Keapl ARE f£ 4 CHHE &%, BT,
JH TBST ZZ v W DR L, 25 Bk R 455 W bR, Jf it 47

model assessment of insulin

BRI E . B TBST 2% whil v i . 25 Bk
REE P, N T UEE N KW NIOLES
JH#E BUE ECL R I W, 22 & 43 A R & 40 41
Nrf2 . Keapl \ARE tE H Y & 1 .
1.2.4.3 Nrf2-Keapl-ARE {553 # ) mRNA 4 #r

TR £5 2H 2 B A O AL 8 1% 4 i 24
FR R 5 IR 20 8RB 2% AT 1 Bk AR 4 RNA 4
O & A48 5, I 3G AR AR LR RNA, H
P& RNA ) 5 Fl4l B (o FHDOG BT H I E RNA 1k
JEFNAG L LU DR AE AT & S0 0 20K . 1 ] S e s
KA E0R 3 BUAY B RNA 3 57 5% 8 cDNA., 3% B K
R & m UL B AT EAE . fE R RS L #E 4T qPCR
SRt A SH T B bR (Nrf2 | Keapl .
ARE) RN 2 % 3L (B-actin) 519, WL 1, Fifi
JG % qPCR RN AK &, 4% cDNA # i . SYBR
Green qPCR Master Mix. 5| ¥4, #E47 55 05 2¢ Y6 5E
it PCR N i ] 52 1) 2 56 E i PCR K s 98
FE IR Ze . THE A R A AR X Rk, il
NS % 3 K (B-actin) #E A7 bR L, PCR /B
%A.94 °C 5 min, 94 °C 30 s,55 C 30 5,72 C
5 min, AIEFF 36 K.,

&1 RT-gPCREI#1F %

Table 1  RT-qPCR primer sequences
ERSE-3] Eik7) 2]
Nrf2 F#E514 5'-CGAGCGAACATGATTTG-3'
TW514¥ 5-TTGGGATGTGGACACCAT-3'
Keapl F#51#H 5-TGGGTCACATACGACGCCC-3'
TH51#¥ 5'-GGCTCATATCTCTCCACGC-3'
ARE F#E514 5'-GCTACACACGCATTC-3'
T#sI#H 5-GCTCTTACCCCACTCAA-3'
B-actin 519 5'-CCATGGATGACGATATCGCCT-3'

TUEEI4 5'-GCCGTGTTCAATGGGGTACT-3'

1.3 Seit2 5 WA SPSS 27.0 Ge it 3k 4 o Br
s, H i R LR A R BRI R T R
SNK-q 5 45 F1 5 52 M 5 (14 T 22 50 87 5 T 590k L A
KK, P<<0.05 NESARIHFEX,

2 & R

21 JEERMMPUELILER ANFEAEBES S
Jil 16 JRIFN 24 JEINE A R S R AR PUAE B bb . ]
P8 7 o A [ 20 75 e 5 2 AP 45 B 7 4 [R] L i R
(B ZHTB] « B 85 MR HARE 22 R B A S XL
(P<<0.05), W# 2,

22 MREFRmE  ONFEAE A 8 JE 16 JE Al
24 A EF 1 I 0 e BE L A TR 2 ] IR S R) L A (R . I
MBI HEAEHZR YA SR E2E L (P<<0.05) ., W
% 3,
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Table 2 Comparison of insulin resistance indexes
among different groups
(n=20,x+s)
A5 8 A 16 J 24 JA
23 B 9 B 4 0.65+0.13 1.03+0.31 2.8140.65
Nrf2-siRNA 21 0.97+0.22 1.7440.77 2.98+0.95
Jige 2 2 T A 1.08+0.39 2.6640.92 4.4241.04
2 (1] F (H=12.487 P {5<C0.001
P 45 ] F {§=18.231 P {<0.001
A [] - i AR F{i=5.616 P {H=0.018

®3 FEMBEREILR
Table 3  Comparison of blood glucose concentrations
among different groups

(n=20,7 +s,mmol/L)

215 8 JH 16 J& 24 J&

®5 &4 Nrf2 Keapl ARE E B & 23 R LB R LR
Table 5  Comparison of relative expression levels of Nrf2,
Keapl, and ARE proteins among different groups

(n=20,7+s5,%)

21 51 Nrf2 Keapl ARE
25 308 R A 72.184£7.09 83.05+9.35 74.34+4.38
Nrf2-siRNA 21 56.58+5.37"  48.18+6.77*  55.9242.94*

o R T A 12.8941.39" % 24.6943.47"% 16.1841.35" =
F1{& 699.369 356.071 1787.880
P {i <<0.001 <0.001 <0.001

* P {H<C0.05 525 4518 % 75 41 H
4 He 5 (SNK-¢ #636)
£ 6 &I Nrf2.Keapl.AREMRNA & E 8 X} & 15 5 tL 5

Table 6 Comparison of relative expression levels of Nrf2,

£ P {H<C0.05 5 Nrf2-siRNA

Keapl, and AREmRNA among different groups
(n=20,7+s,%)

20 5 Nrf2 mRNA  Keapl mRNA  ARE mRNA
23 0 i 2 4 2.1840.09 3.0540.35 4.3442.10 s R AL 0.95:£0.09 L1610.15 0811018
Nrf2-siRNA#  2.58+£0.37  3.18+£0.77  4.92£2.08 Nri2-siRNA 4l 0.6140.17°  0.72+0.17°  0.5240.24"
Jife &y 2 Al 2.89+0.39 1.69+£1.47 6.18+£2.33 T 5 2 T i 4 0.2140.04" %  0.39+0.08"% 0.1840.05" =
21 18] F {=142.825 P {H<C0.001 F 18 213.264 154.913 70.659
Fif A5, 1] F {i=23.672 P {l<C0.001 P 1A <0.001 <0.001 <<0.001

28] « B[R]
2.3 AL SRR Nrf2-siRNA 20 FBE S 2 T 1
A1) SOD Al MDA 7K1 5 258 T 25 4008 i 1 4
ERAGIFE L (P<0.05), W4,

F4 2 AR HIEIRE

F {H=9.472 P {H<C0.001

Table 4 Comparison of oxidative stress indicators
between the two groups
(n=20,x*£5)
Zigil SOD(kU/L) MDA (mol/L)
R 74.17+£8.67 14.78£5.75
Nrf2-siRNA 4 44,78+7.34" 9.67+2.56"
[ E 32.73+4.45" 7 4.83+1.82" 7
F {8 183.158 34.601
P i <0.001 <0.001

* P {H<20.05 525 418 5 2 20 LU 3¢
41 4 (SNK-g #2350

24 Nrf2 Keapl ARE FHH &  Nrf2-siRNA 41
S R T WA Nrf2, Keapl AREEHA S E R
EMTEHEWGHEH ZRASITFE L (P<
0.05), L% 5,

2.5 Nrf2,Keapl, AREmRNA & & Nrf2-siRNA
LRI 5 R T #4119 Nrf2, Keapl, AREmRNA
HHRERTERERGH. ERAHRITFEXL
(P<<0.05 . 6,

# P {<C0.05 5 Nrf2-siRNA

* PAH<C0.05 S8 BB A L # P {H<C0.05 15 Nrf2-siRNA
2 o8 (SNK-q #03%0)

3 #

REUR G B IR A 18 B0 F L i L2 88 1 & i b
I, e 0 R 5 AT I UK . X P RE R
r R L JBE B 2 43 0 34 0 AR %o B (R g 1 W 1) 5
M), 5 S0 B 2R A 5 3 I A S L I S BB R K
By &Rl ri2-Keapl-ARE {5 5 38 J§ J& — fh &
L1 A0 L AR AR N R SE L Gl R Nrf2 i iE Pk,
DLR T 200 fi P9 A0 3R 5% 1 Ak R 3 R 2 o A
Nri2 JE—F e s 1L BE 45 & ARE, ¥ 1 5 3l —
F GBSk R 33 A 1 238 AL S B SR e A 1 Tl
AN Al 20 B AR B 2R T A A A A A 4
PR S HRPL S Ak 453 405 0 080 A 4R S 2 IV A% 7 TG R
CHEVERNY . PRI R BBE IR AR, TR B R AT
() % A 5 A0 i PN 4Rk R 8 K P 1 e AR 8 DDA K
Nrf2-Keapl-ARE {5 *5-3# 38 £ 38 57 Bt 51k N i 2
Y 2R3k, il e AE GDM 18 J& 44 G 2 1) o8 4% 1
. BFoE R W 0% Nrf2-Keapl-ARE {5 53 I A
DLW e 15 Z AR B, 0 R R T Ak i A
GDM 1 Bl 6 B2 LT 1 3697 SRt

ARBESE & B Nri2-siRNA 4 Fl ik 5 2 W20 1
B 85 3R BTG B R 5 B A7 M DL R SR AR B K P
SEorm IR B AR BARTF X WAIRITY
1 R I FARHT AR B WA T 25 00 0 7 4 b
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A 17 412 2 J 15 2R A2 AR 28 W 7 1 ARk i R 3k
T % it 2 5 40 . Nef2 76 40 i P 32 3 4804k v
5 Al 240 B A5 5 0 8 2 R L O A AN PR 4
A %] ARE I, )3 8h— & G190 E AL 3 G 5 5%, AT
P2 40 B P9 Bt AR AR B B R 42 Y s B Rnas . i
Keapl J& Nrf2 B9 8 ¥ & 111, 38 5 15 & T, Keapl
W4 G Nrf2 I £2 i FCRE fig , I 255 Nrf2 12
AKCEEE Y A i 3z 3 4k R R kb 4 05 B
Keapl 5 Nrf2 (45 & 32 S0, Nrf2 15 L) ik it f&
fift » I A0 MLAZ I Shbt S Ak B B i S, A
BEAFEDO R BN iR A R] 78 5T T 40 AR R R Y A W 1R 8
I OE Nri2-Keapl-ARE {5538 # , B A R I1EH
A DL ] S A 45 9 Bl 1 Rz 41 BEAS-2B I T
AR Nrf2 Keapl \ARE & FH Al mRNA 1% # 751X
2 AR T 4L 38 D U AT AT BE A A A
Nrf2 . Keapl \ARE 15 *5 3 [ 3 o 36 19 55 K B %
%ﬂ’fﬂtm%bkﬂ? Nri2-siRNA 41 Fl ik & 2 + 4l
SRR BUNIRYT 7 5 A AR BE R R AP
é’ﬁi‘ﬂﬂlﬁﬁ%ﬁmﬁﬁkﬁiﬁﬂ"ﬁﬁﬁ o e 3
PR A T 23l i 4 7 Keapl-Nrf2/ARE {5 5 18 % . i
T3 s N W11 1 = N G R 2 = R AV & TN
A, T RGBS R, A R R
Nrf2 3 iz 18 55 B S8 Ak 3 R 0 26 38 L 38 BB 9 1 2% E A
TR TR S RE SN 14 A A AT el 2 i 5 2R L
M %A= . Nrf2 BT AE 8 f 52 w0 245 5 8 3% 19 4
KT W0 B 55 3R A2 VR R 26 Wl e 38 B 1 R R Y IR
5 ZE AR R 5 AP I K AR AR Sk
Xt Nrf2-Keapl-ARE {5 %5 i [, % 8 T 25 #0018 9% 8
2  Nrf2-siRNA 4 MIE S R T4, £ M F 5
— {55 7E GDM AR PR AL, 3 i

XiF AR PR AN [+ A ] ki A M i i 5 3 IR e L MR
5 ZE T DL R SR Ak R AR RS R I, 4 A T
Nrf2-Keapl-ARE {5 53 % 7 J§ & % UM b iy 1
Ao BARAEA T K BRSO AT g (A 5 N9
AT AEAE 22 5%, BRI 1 F 5% 45 SR 7 I A L 1% B 4%
85 R WG Nri2-Keapl-ARE {5 5 38 #% 7] fig
A B TiRYY GDM K H A ¢ I & A 154)3%EE%}

I PR AE 5% 36 0E HAG I7 ROCR e ek, #E—2 w5l
PR AFRSE Nrf2-Keapl-ARE {5 L%T GDM %

ERES R I HLE, B Nrf2 Ml Keapl 7

GDM 5 # A= L ask B v 1) 3R 35 I % L ARE JE R (1) 3%
TR R P s A, DO 4 T M PR R S 3
Pl &R AER . B UEOE Nri2-Keapl-ARE {5
530 BRI IB T SRS TE GDM IR YT A APE i 4
PE AR YT R 14 I PR N FH 43 Bk BT SR R A
WA

ZE bk AW 5 46 R Ner—KeaplfARE 55
il ER7E GDM %ﬁtlﬂﬂﬁ%a;a; S AR K O 5
i g B 2B M %ﬁumﬁ%ﬁtﬁfﬂ:m 1 T
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