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[ Abstract |Objective : To explore the role of AKT~-mTOR signaling pathway and SIRT1 in fetal growth and development programming
of gestational diabetes mellitus(GDM). Methods : Fifteen cases of GDM and 15 cases of normal maternal placental tissue were collected
in the First Affiliated Hospital of Chongqing Medical University from December 2014 to June 2015. Western blot was used to detect
the expression of AKT-mTOR and SIRTI in human placenta. Human transformed primary extravillous trophoblast cell line (HTR8/
SVneo) cells were used to establish the model of GDM, which were divided into normal group,osmotic control,and high glucose group.
After the treatment, the expressions of AKT-mTOR and SIRT1 were detected by Western blot; Flow cytometry was used to detect the
apoptosis rate in each group. On day 18.5 of gestation,db/+ mice were anesthetized with pentobarbitone and a caesarean section
was performed. The placentas were excised and frozen immediately for genotyping,and then the wild type placentas were selected
for GDM group. C57 mice placentas were control group(normal). Then the expressions of AKT-mTOR were detected by Western blot.
Results : The phosphorylation of AKT and mTOR in placenta of GDM group was significantly lower than that of normal group
(0.347 0.031 vs. 1.000 + 0.175,P=0.004;0.465 + 0.045 vs.
1.000 + 0.098, P=0.000). Similarly,the expression of SIRT1 was
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(2017-04-26) high glucose could decrease AKT and mTOR phosphorylation
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(0.512 0,056 vs. 1.103 £0.111,P=0.023;0.262 + 0.091 vs. 1.153 + 0.057,P=0.001) and SIRT1 expression(0.472 £ 0.034 vs. 1.013 +

0.098, P=0.040). The apoptosis rate in high glucose group was significantly increased than that in normal group(14.550 + 1.624 vs.
9.547 + 0.685,P=0.032). In the animal model , the phosphorylation of AKT and mTOR also was significantly decreased in GDM group
(0.527 £ 0.080 vs. 1.000 +0.055,P=0.003;0.418 + 0.059 vs. 1.000 +0.084,P=0.001). Conclusion:The intrauterine environment of

high glucose may inhibit placental AKT-mTOR signaling pathways, thereby programming offspring development track.
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GDM) A FE L IR0 & b B IR R I A R AR B 1Y
PR R EY R AR RR ST &Y, PRk
B, GDM FEIEa7E i & A 2 BUBE RS O I B R
(4 JRLFS: B B35 A0, GDM AR IR =10 #) S g
B N E IR R iR LA F B KR LI AU 1
e, A8 SCERIRAE , A JLARRF AR B9 & & vl LU
HA B s A K RS, RSy g RR W,
GDM BRJLARREE XILBFE KM EHREET
IR ERRIEE AR EILH e BN
BB BT %, S BUR ME= BB R B e,
SR B R A FARILE AT T 6DM BEHE
KI5 R4 , AKT-mTOR 15538 B 7E 40 MUy A
K AMEMERRA RS R REESEM, A
5 R R AR R EL G A 5,

MBENFNERY RS REABERERRK
MSBILEREZBT AW, AU S, AKT-
mTOR {558 BAE N EE N EFALRES, HELA
TR AR a SE i 5 A R B 54 2 Th B, &
KEWBIILMEREZT Y RMERBTSHEN
T I X BT A LA R B TR 5 1 oK L4 GE ; SIRT1
BT 2 TIEER) NAD+KEWE R E AR 2 BEBG , 54
22 el 20 B LA S AR R T i AR AR O, R & AR
/NG SIRTL ]38 1t in 53 A P 480 Fh A T 2
/NERAACBZR ALY, AR, X/ SRR PR B STRT1 w]
SEUR PR Z AL EBR I T IE SEH X T B
TR A B B REE A AR 7T H i GDM
6 &5 IE % T 98 B % AKT-mTOR 15 5 3@ i #l
SIRT1 BYZRFAE , FH N A ARG DM
R RLAN A A A GDM /)y B AU Us-16) I A #4583
AKT-mTOR f§ 5 # %5 SIRTI 7F GDM %4 72 5 JL,
AR EEHIEA,

1 #RTG®

1.1 #4#
L1l B4 SCOReHREL 2014 4F 12 A& 2015486

HEERENKENBE —ERREH GDM B E R &
15 ), 12 Wiks e £ B8 SCRRT TF 41 9 B T) 5 42 B4 i Hs. 1F
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09,ZSGB-BIO) ,

1.2 F&k

12,1 UMK ALBEAM4E HTR8/SVneo AiIEEH MG KBS
K2 Graham FFFEW, & 109854 11135 (Gibeo ) ) D-MEM
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BRI RIE
AKT-mTOR signaling pathway expression in placenta
detected by Western blot

2.3 SIRTI1 &ikKFf GDM A6 H F Ak T

SIRT1 754210 1E 7 G 38 4l 20T HAT 8005 i 4R 1 Kk
I SRTTAE GDM 4L #EH SIRT1 k7K (0.682 + 0.055)
B AT IE 6 BRZH (1.000 £ 0.127) , 25 A G208 L (1=
2.298,P=0.044) , NI¥l 2 FioR .,

F1 BEMRAER
Tab.1 General information of the patients

ORI EHXHEAL (n=15) GDM# (n=15) () PAE
R () 28.87 + 0.80 29.93 + 1.05 0.807 0.430
24| 39.26 +0.23 3931 £0.14 0.176 0.860
i BMI(kg/m?) 21.42 +0.81 22.52+0.92 0.894 0.380
ZE 634 BMI(kg/m?) 28.00 + 1.00 29.00 + 0.91 0.735 0.470
25 B (mmol/LL) 4.49 +0.06 5.53+0.18 5.613 0.000
) 1 h I8 (mmol/L) 7.16 + 0.30 9.87 +0.45 4.974 0.000
)5 2 hoIfBE (mmol/LL) 5.11+0.16 8.84 +0.30 10.940 0.000
ML (mmHg)

&GS 112.10 + 1.79 116.70 + 2.45 1.517 0.140

(SN 68.07 + 1.44 68.20 + 1.41 0.066 0.950
LA (2) 3219.00 + 74.27 4025.00 £ 127.40 5.464 0.000
ST A () 561.30 + 11.08 582.70 + 24.09 0.805 0.430

k2 PREHAAH AKT-mTORES

B E B K FH LB S R

Tab.2 Comparative analysis of AKT-mTOR signaling pathway protein level in placenta

215 AKTE /K F- P-AKTH 17K F- mTORZ ['17K V- P-mTORE 1 /K-
1 X AL (n=15) 1.000 +0.123 1.000 £ 0.175 1.000 + 0.103 1.000 = 0.098
GDM 4 (n=15) 0.957 + 0.058 0.347 £ 0.031 1.224 +0.107 0.465 + 0.045 B
i 0.318 3.686 1.506 4.977
P 0.757 0.004 0.163 0.000
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Fig.2 SIRT1 expression in placenta detected by Western blot
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AKT 85 1RO 525 O IR AL (P=0.713) S8 38 %) 1401
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PR 10 2R 341 b AL 25 1 0 HR A (P=0.049 ) K 38 385 %) 1R
21(P=0.023), [AlFE, mTOR £ 13k K- 525 FO0 AL (P=
0.578) M B3 X 41 (P=0.681) 4 L TCHH & 25 5% . {1 mTOR
S2448 WL AL ACE 75w B ALY &3k H 0 8 AIK T4 1 0T iR 4l

(P=0.001) K iB i 4 I (P=0.001), WLIE 3 4 3.

N O H N O H N 0O H
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~actin m-.muw 37kD

A. IR P=AKT Fl AKT 8 17808 K-

P—mTOR [ -

1 289 kD
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mTOR [ G S
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NLOH 23 &S P 0t B2 78 i X N ZH D e b
B. t5 M2 P-mTOR Fll mTOR & F1 #6157k

3 SHEXTEIFMEM AKT-mTOR 5 5@ EARIXNZNE
Fig.3 Effect of hyperglycemia on the expression of AKT-mTOR
signaling pathway in HTR8/SVneo cells

2.5 FHAEIRILIPH HTR8/SVneo 2 i SIRT1 Fik K F

R 251N SIRT 3K 7KFEAT 25 5 (F=6.857, P=
0.028) , - FLAE R BHALIY 38 I WA T3 100 R A 38 i %ot
WA, 22 S AT BE 127 0% 3L (0.472 +0.034 vs. 1.000 +0.176,
P=0.044;0.472 + 0.034 vs. 1.013 = 0.098, P=0.040) , Wi[%l 4
ﬁﬁ’d;’

®3 RAMKP AKT-mTOR {5
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4 BFENEIFAA SIRT1 EARIEMNE
Fig.4 Effect of high glucose on the expression of SIRT1
in HTR8/SVneo cells

2.6 SHHEIRBLEF HTR8/SVneo 2wt =

ot =AM AR 25 R, 25 41 Al Ji:‘d-‘d CORAT A5 (F=
13.220, P=0.006) , 75 2L i i 145 116 BRZH K35 i85 %o i
A ATEE 2 L (14.550 + 1.624 vs. 7.263 £0.209, P=
0.006;14.550 + 1.624 vs. 9.547 + 0.685, P=0.032) (%] 5, %4)

)
20 - db/+

~# Normal

1 8% (mmol/L)

0 30 60 90 120
8] (min)
12 55 Normal 2 L4, a: P=0.013 ;b : P=0.020; ¢ : P=0.007 ;d : P=0.009
B 5 2AME%/NR OGTT &RILK
Fig.5 OGTT results between two groups

2.7 GDM rl‘ﬁ-’\ﬂ FE P AKT-mTOR 15 5 il 55 5| 4 4h)
AT 17.5 d 47 OGTT 255 5ok, 2 41 ) (%) afi B AR AT 1
25 If “ (ll)/+/f’ FLA IR (B AE 30 .60 min £1190 120 min

ﬂJEH R TR A 25 S AT ST S R db/+ 2R AT

GDM 119 g IR Y 28 PCR b g AL (R4 80 | ok AT A 280 -7

ROGDM 41) i 38 55 %6 BR 4 148 (Normal 2H) I 85104 7 He AR

Western blot 5% b7k AKT £k 7 2 A AT W it 2% %

(P=0.278) . AKT Serd73 B2 {LACY-1F GDM AL i £k

B S AIC T Normal 4, 22 A G i1 8 X (P=0.003), 1E N

AKT (19 N W5 701 ,mTOR &k ht1E 2 410 % A7 W] &k 25 5%

(P=0.796) , {1 mTOR S2448 2 fL /K F-1r GDM 41/ FUKG 4%

M 4 38 [a] B B 52 AIC T Normal 41, 22 AT 40 i 27 08 L (P=

0.001) (¥ 6,4 5).

SEBREARIENILRSH

Tab.3 Comparative analysis of AKT-mTOR signaling pathway expression in each group

2151 5% AKTH 1K P-AKTH 17K V- mTOREH /K F P-mTORE 1K
sl 3 1.000 + 0.209 1.003 + 0.150 1000 +0.244 1000 +0083
B IR 3 0.925 + 0.208" 1.103£0.111° 1.485 £ 0.121* 1.153 + 0.057

i 3 1.208 +0.113" 0.512 + 0.056" 1.267 +0.150" 0.262 + 0.091"
R 0.646 7.932 ‘ 1829 - 37270
P 0.557 0.021 0.240 0.000
T ra, 25 DU AL LA, P=0.955 5 b2 5525 PN IRZH LA, P=0.713 50 B B HRAL L AL . P=0.550 1 d s 157235 (I B L AE . P=0.8125 e 125 %)
‘..‘thLh 1L0 049 f 'u" MJHH HM& P_().OZB." SEEPONE Hb?ﬁ.l’:():m:h: 5 s (1% A L 45, P=0.578 51 1595 15 % R4 P4

23 P R AL, P=0.00151: 5858 % R4 L4, P=0.001
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Tab.4 Comparative analysis of OGTT between two groups
A5 0 min 30 min 60 min 90 min 120 min

NormalZl ( n=6) 5.033 £ 0.239 11.300 £ 0.562 6.383 + 0.499 5.233 +0.507 4.533 £+ 0.578

GDM 4 (n=6) 6.050 + 0.414* 15.900 + 1.423° 11.100 + 1.636° 7.767 £ 0.561¢ 6.683 + 0.338°
28] b3 F=13.452,P=0.004
B ) 5 4 F=23.002, P=0.000
£H x B F=1.543,P=0.289

T RO AT R B S R 7 2 57 ; 55 Normal 4 LA, a: P=0.059;b: P=0.013 ;0 P=0.020; d: P=0.007 ; e: P=0.009

#5 BRBERDH AKT-mTOR ESEBREAKLALBSH
Tat_).5 Comparative analysis of AKT-mTOR signaling pathway protein level in placenta

HF) AKTERKF P-AKTE HKF mTORZE HAKF P-mTORZE FI7KF
Normal#fl (n=4) 1.000  0.066 1.000 + 0.055 1.000 + 0.266 1.000 + 0.084
GDM 4 (n=4) 1.154 £ 0.111 0.527 + 0.080 1.096 + 0.235 0.418 £ 0.059

2 1.194 0.270 . 5.689

P{E 0.278 0.796 0.001

Ijormal?ﬁ

GDM4H

60 kD
@ o kD
oot sl 42 D
A.P-AKT #1 AKT Z 7 GDM Hl Normal /MR HFEIX

Normal 4 GDMZ

p-nror [

B. P-mTOR 1 mTOR ZE H7E GDM F1 Normal £ #1#i%
B 6 Western blot /MRS AL AKT-mTOR 55
BEARIA
Fig.6 AKT-mTOR signaling pathway expression in mice
placenta detected by Western blot
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0.000), HHFFIRE,CDM FRMEREHEB ST
IEFETH e A LR 2 BRSO B R
B HE R ey _ _
RN FHNERYRERERERILERKS

B, MTERIL BEFEEFBENEHEX
HEMEKET ATENRILRFER, TR
R BTN X LAHHLHEREBEND,

AKT-mTOR 5 EHS 5N B4RMEK 7

A A S RS, T SIRT1 7EAg A &% BE W5

SRS S P I EEMA A, eSS CDM
X RBE IS, AT GDM BEHH
HLH KB AKT-mTOR BEFR L /K0 SIRT1 BY%
KK B, RPBEANFEHE BN
REAR , (E AR B R AL R W, R B P s I

PR T RE 2 8 i %] AKT-mTOR %1 SIRT1, 134

GDM FARBIERASER , HEm I E ALK XU

H T #—F B IF AKT-mTOR F1 SIRT1 7£GDM
HEVER , Xt HTRS UMt 1T R b AL 3R 1l GDM
PRGMEIOERY | [RIREAT LAIRER BI7E R4 AKT-mTOR
BEER AL K0 SIRT1 AR KK -5 08 BFEAR, T
AKT 1B R 22 8B/ & R R FI MBS , 7 4R 4 i R 3
BT AR A K M R AR T EEE
Vi e, AR o & B, 40 MR T Rl e S A B
BETFIEE4A,

YRR R Z AR (db/+)/NREFR GDM
B 22 PRI AR R PR 4 R AR I IR 3 /0 BRI A
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ORISR I W, Mot R A o BUGR &% RHKHt & i
WS GDM A 2RI B RY , db/+/MREE WT
/NELIRS-1,PI3K BAERL/K -8 IR AR R
F BB db/+/NREZ, MATOR db/+
£ BB B4 R TR BG4 4 GDM 4, C57 FARHE &%
R PR HAT LB, i — 2B HERR T db/+ XI5
18 [ A RZ IR, T B 6 458 A YA O PR B PN o IR 3
BT , AKT-mTOR #iRL/KFAE GDM
/INER AR £ R 2 BR W PR AIK , R BT GDM /NG &R B
HA MR ST 2B, S ARIREAE A GDM F#Y
KI—E, R,GDM B RILAE AR S
SEA RIBMMEBBEART, AR AEE—
SRR Z AL B i — A B E 2 7 BB 1 VA 1 AK T
mTOR {55 Bk CDM TUIRBE R | 15 2
HCONUER R SR 5L

o2 LR, GDM 553 08 N = IMUBE IR S Ak
i B 8 5 AKT-mTOR 15 538 B Al SIRT1 £ kK
X ATRE S GDM TR R AT X E KLk A
3, Fit, #F—SHEABTT AKT-mTOR 5518 1%
A SIRT1 78 & N 1= MR A5 T X 3 B & i e g
R A AR A, ¥ A W BB RRAR GDM E KL%
AR FIR BB T RS,

2 % x m
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