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Abstract

Insulin resistance (IR) in pregnancy is an adaptive physiologic phenomenon, but excessive IR can
lead to gestational diabetes mellitus (GDM) and increase the risk of maternal and infant complica-
tions. Studies have shown that inflammatory factors (e.g., TNF-a, HMGB1), adipokines (e.g., leptin,
lipocalin), and vitamin D affect the expression and function of GLUT through the modulation of insulin
signaling pathways (e.g., the PI3K/Akt and Ras-MAPK pathways), which are then involved in the oc-
currence and development of GDM. This paper systematically reviews the regulatory mechanisms of
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glucose metabolism and its influencing factors during pregnancy, provides a theoretical basis for
the prevention and treatment of GDM, and points out the direction of future research.
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1. 51§

TEZA R, JG) LA KR S W Bl I G 8 BRI — e B iR AT 0, T A 24020 I R DR 2
RLEEEC P, Bk, 282 IR RS vT BERS A T 22 i s I b . B2 a0 B i B R N aRE s Ze ot
m EARRIURFEI R[], WP K. 105 R 22 i, e AR R R Rm YU R
WAFLER . MEER . B KRR SR WTIE 2, I R S A A i B A ZART IR B 2R 1 BUBRPEFEAIR,
ZAl xR P — A IR 5 23R BT (Insulin Resistance, IR)” o BF 5 & [2] W 22 33X Fib fi &% AR B/ T
%1 24~28 JH I PR IE5E, 32~34 Fik I, JEREE IR JEIRETE . SRR TP IR AE FRE IR AR
H S AR A S0 — P& NSO, DAGRIE BRI R AR A RS R S R G )L, R S R A K 5 2L
R BE ) IR 2 S BBk & MM 5 B0 2 BE A0 AL 308 17 184 00 M 4 5 0 v I 5 JXUI s bk &7 T 5 3
RpE EAKE 2 AR ARG Sl SRR LAE AT IS DL . AN SC B AE R GRS R SRR AR 1) R
ML R M R &, VUL GRIARE R (GDM) I TR 5 697 3R 8T B A3

2. lRERAEREEENF

IAEFF R, BERVA - BEER - B RAE KR ARBEER ) LA K R CEIER, ik
£ %) Bl 4% 12 B (A (Glucose transporter protein, GLUT)Z %, Jud @ GLUTL, & REAR R & 5 18 i 0
EERUNS

21 REFEREEEEA

WA IS AR — RO T UM BB A, vl s — BN I A 4 B % 12 14 (Sodium-
dependent glucose transporter, SGLT), it 33N ia WLl IR EH Bz, T2HFttE: &S
WA BRI BT S R (GLUT), VR bR B L I8 R A0, ANTHFERE R . RE A A fr) IR R 52 e T 1f,
BRI - A4 - Y IR AT S5 ie, il ey B if i, SR f LI E A GLUT. Bl A
RIUPGIATIE SGLT, BFIATH 41 BE K 54318 R R IATAE E B LIS ML o 38 3 0] I LS80 4 Bl 02 25 A S 2R 1R
ARS8, &I GLUT 4324 13 Ml A, AHM 1) 8 H BRI GLUT1~GLUTI12 A1 HMIT. & il it 22 [A]
I RERIR, AR, (HEAA AL, ARk, RIMAF IS 1A BRI RThEE. 25N
1k, ANERRE P OURI GLUTL. GLUT3 Al GLUTA [I477E. AWFCIER GLUTL & & H e st ik E 21
BB IZER[3], BARATRFRIL GLUTL 7RG R B0 0 220 5 5 B I oy T 6 JRBEI), o
GLUTL s findit b f F B AT S 300k, ORIUE T #0 % N BEA B RG JL IR BEBR % is, B IGH 4
PEHe IS () RO A BR[4]. GLUT3 & E5UD HAarHl, 0 D0k w6 &1 i IR A b 218 2 I ik [5]. GLUT4
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SEBERRD, HHERSRE TR BRI, 20 7SR AE T I a i, TR
B A RS R, 2 GLUTA FRIK PRI b & ZRBURERE 2 T B, ki A A= B i 3R ARPL[6] [7]
HERERE B R E - MU AL A2 R, B il SR A AR T

22. RERTREY TS LFER

JoREy 2 RS B ARy Wh, I MVRIEI s ZAHRI AR B SRS R 2 Es G, Bl —RAIES
PN S 2 MARER . B RZERNESESFEESE WSS, WEEIRRILIEE 3 Bl (P13K/AKY)
122 24 535 b B A I (Ras-MAPK) i 12 [8] [9]. P13K/Akt #:4% Hl IRS-1-PI3K—PKB/Akt—GLUT-
LUGLUT-4 {55 1%, S R -FEACH 17 1 32 242 [10]-[12]; Ras-MAPK &2 7E4ifitE K. 71k 17
TEABE TS Z P A o R R AR G E L PRSI IRAH BB ST, MREAH ELOE . BN Z T 7 R I,
UEUR IR PR Ip 3 MR AR #2023 1 IRS-1. GLUT-4. PKB Z5&ik B B/ [13] [14], M SBUE S %=
AUHEER ) N ARG, B S ECE AR R RS . B RS S A R .

3. IRBREREAFEHLS

WEFCUESE,  SEGRIIIEACS 72 R A B R e 2 R AC AR : SORER T BRITIR - 4EE R
D AR5 K i R SR SR K 3, BT PISK/AKE 1 Ras-MAPK 5% 0V i B R 5 57 S84k, s
GLUT JE¥eAr KA AR FEiEE, RASBURS RIDT. Hb, JOER 55 15 0 1 (K0 R Ow e -
H, MR R T AL 5K 51 R R SRR B VR A AR AL, IR ) B A IR R, BE—
A U 200 LR TR S R DT R M AR IR, TR RAE — MR PR 5 GO OR ” SBAEA3E, U Rk — 2D R
e
3.1 KEERF

E WA 2 SR, RIER 2 IR RAERBMIGEIHF . GDM ZEfE/E RIEN KA, 5
HRIAEZEVIRR[15]. IBRALEE LRI N WIIRE, ReE B2 P IEA MR 1, =gk
RNE S BRA AR FEPE,  FLFT o3 W (1) J0E K 1 A& MR AN -a =T R4 EE B, AN %-
6. AN ER-8. HAIMEANEK-18 I NK-xB (Nuclear Factor kappa-light-chain-enhancer of Activated B cells)
S, IXELJORE Rt 22l AR s e R B 28 B 2 RIS K T RE .

3.1.1. PhEIRTEEF-a (TNF-a)

TNF-o & —Ff 0B 1 AORE AR DK 7, 6 20 A4 ORTG Be 5 Rt b b o S M O, AT IR i3 2 RE S
VAT G AN AR TS AR, RSN A TR R R AT . R TNF-o 2522 R B B RRE 7 421
FRAN G UA[16] o PRI H BAG BELAG e & A5 S A% 1k . BT RERL IS S5, 082 GDM KA RS fa b R 3%
Kirwan 5[ 171K SR B8 IE S U GR G IR A ) TNF-a K820 328 N BHARE I B BHA MAEIR, 1R/ BE R
JUIMLAERR, 177 EHLAE B TNF-o 7K (3240 /2 Tl fige & 22 Utk (1 B 248 by, B0 5 B & ot 5544, TNF-
o AP 2RIR B, XARER WS IR W IR —. B drHALEH], AR TNF-o 7] 58 42 BT R 24
IR IRS-1 F R I #Rk[18]

3.1.2. EiXBELHEH B1 (HMGBI)

HMGB1 St I1E N Gt 4544 B (A 40 b gl R B0, E L SCRT IR 5 e I N AN SE I R, A A2
FEEWIIEMBR T W RRAIGEARN - HMGBL {575 m3#R 1A S5 GDM (A A 5<[19]. EA W7
WER, HHE S R G S 2B IRS-1. GLUT-4. PKB %[k #HI4FE FH[20] [21].
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3.2. BEEBAFAF

IEAERVEFZ W TUIG AR T REE L A 0l . il B 55 0 Wb 22 18 A%, Rt JORE N LA IR, [+
I 2 GDM AR E R K. HATPEAM AN s WIRER. @R, R, a5 EA-
4. WIEER-1. MR, PIRER-1 55

3.2.1. B/ (Visfatin)

Visfatin, WFR A HHEE BB AZ B L AL RS G (NAMPT), & — ol 32252 Hy oA G 5 2EL 20 43 Wb R R 7 1R 1
ETEZ M A BRI B R AEVE L, R e N SRR LA FE . BFFERIA, Visfatin 7]
PAEZA . )L ZIFG LI @ = R i, X2 U8 L e R A D& R R AR LA KR B 1 E 2
WAFI[22]. FLBEE BAH 3 hn He ik b in[23] . Visfatin AMGET 55 5 5 2400 TR KIERN, &
2R RIER T RREA R, 0 TNF-a. IL-148 F11L6 [24]. AW LI, Visfatin (£ IETE GDM i
519 B AP OC[25] . R, Visfatin 757 %78 1% 12 WL i B /E A 7 i — 2D 5t

3.2.2. #{k3E(Chemerin)

Chemerin & — Mt KL NEINTE 7, 52 AEE&FAERTIRN 246, P AEMRE . S5 R, ek
G2 AR 7 T R AR AV A FH[26] AHRIALEI AT RE & PKBIAKt [ AR S 8O T i & i % is
F GLUTA [ 4 i i (5% 3 i [27] -

3.2.3. &R (Leptin)

Leptin 72 /I [ 48 i A DR 355 BE B~ 4 WA ) — PRI 3=, 24 Ob ZE[XI (Obesity Genes) it I & 1 i r=4) »
HZ 505 a . iR LR s, 5 eI S5 8 2 70 WA [28] . Leptin 727 22 950w A AL
PRI 5 AF B H R o 1 R 5 AW A . A E R R INAK N AEAE “Hal - R - RS R,
8 R 5 3 RAFER ) 47 S B, TE AR R R N A7 7 e 2R IUAE 8 KRN 2 2R PR 1 g
SRICPUHIAT, RPEREES SRS R JRIFE IR E[29]. AHFEIBFFLICH Leptin ] BRAKEE S
RN T HVE S PR ICR 5 8UR B B [30]. tBA AR RE S S SRS RESEFARLN, Fit
AT LAE PR S RE SR SIER, HAEME IRS-1 (B ER (b ok SEa i & ZAKHT[31] -

3.2.4. MEELEAERA-4 (RBP4)

RBP-4 24> 7ty 21kDa (BN FR[32]. 1R FIRITI T, 2 54765 A KIS, S5
SEAGL WSS LI, IR B4 [33][35]. TERRVI[36]-[38], RBP-4 A3 iRl
A, 5 IR AR AT X, T AR BLLE ] IRS-1 HIBERRLE.

3.2.5. ABEE,-1 (Nesfatin-1)

Nesfatin-1, >4 82 NG EEFRAH I 2 K, EFTELER TR T b R Wik, FERIEN &)
AE[39]. Nesfatin-1 CLifise S 5 RUHI FEMAENI R T, HEAME KBRS RN, SRk =
()53, HERFIBERSAS, PRAK GDM2 BUKE PR 1) XK [40] . 6T~ B (1) 18715, Nesfatin-1 & w] DL i o4z
AKT BERACFD GLUTA JEAEAT, S8 IATLAAR R i & 25 3 FOGT J 5 2R PR RURR AR [4 0], AT 53 LA ] 2657 R4
T 0 DA 3098 Ifp - E

3.2.6. BREXZR(APN)

APN 2 i 7 L 2R S 20 A 1 30KD HINE 4R Al -, FEAEE T M, MK I R E
BT, AR . BRI S R BURME IR . DU RERELL . R I W R 40 S 2 R AE )
IhRE SO ML R RS B E VIS TFRR 42 IeB R E ML S 2R 4B )5, TTIREs
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X IRS-1 P EFER, IEARRECERE @ T Re SR RE S @AM B X HEKR. &4
R, NRBCERIE S B B IVUR 5 R BUR M K AR 2L 2 — T BR R B TR AL AMPK B2 SEEL, i T
GLUT4 [f13RIA[43].

3.2.7. MEEZE-1 (Omentin-1)

Omentin 4324 Omentin-1. Omentin-2, Omentin-1 FH [ A5 7 2 23 r 14 i 57 368 S5 4 i 23 b N I, B84
FAT 6 i i A B A ¥ L AR AR . A RSB RkaE, BE4H Omentin-1 T {23 R T A IR S iy 248 B ke
AT R TR, B R B R, RS R BT, HEARNLE] A B R[44]. S5 A TR I
Omentin-1 A GEE R AR BIE IEE T IRS-1 FIBERRAY., AT B2 50 g 17 240 B xl 480 225 W (R BRI, R 4 Lk
By =B EH[45].

3.3. HftE=

3.3.1. 44 % D(VD)

VD & —FhRRE BB E, Ak VD K% 80%~90% H A FHG B S 7 ik JE AT A, /b 8ok B AR /s 254
78 . VD KT R B BB, WA SR, M VD KRR 2 BB PR XU G A7 72
FHIEE o IRPRAF FERIZEZE AT R I, M8 VD JA 77 W] LA BB, PRAR S BE UK F o B WA,
VD XHiES g A A R ER[46], EWBTRKIL, VD i&rdd L GDM /MNRIGELAZIH PI3K,
GLUT-4 #ik, MifitizE GDM /BRI & IR [47],

33.2. BREHEKETF-2 (IGF-2)

SLPRFRIB M EE R IGF-2, HREE 2 S8R L EAK . HAEKE F, Rk IG)LNRIY
A K2 BR[48] [49]. FELEHRI, IGF-2 £ T B NI E R IGF-1 1¥) 10 i/ 4, AT DU E o 2 R R[50
EUFEARN G ERRERE, A TREERNSH. R, W, Hien (2L g 4
MO AR, EE RS REEELENER . Bl KET K EREEHAL IGF-2 & & 55 ML IGF-2 & &
KM, HEWTIR AL RIA I IGF-2 MELLIE IS A B R . WC 3 U IR AL 1GF-2 3Rk & ml RE e 4
PELERA L )& M is, o ia R Thae. M)LK K &6 EEAEH[51]. HAES S SOl 78 k3L, G
#EIGF-2 SRR 2 2 BEAAR 38 B0 B 3 SN BURE, kR IR LI BT R E A 2, A SEGILK & 52
PR AR ILRE, (RN FEZ I a0, SR IGF-2 (¥ SE 36 4 5 ARG 2 #0 4 g R N iR 5 AP [52] . (HIL R Ak
L1 % N S P i s 1

3.3.3. MiEE#

Jor i BBV E N AR I R 3R AE AR A S R GE, CWHIESE S 2 R0 10 R A2 R FE 5 DA 26,
FLRE ) R 4% DR N SR B VA MO E B AT 5 . AEAEARAE TR FE A, IE W R v R il R A
FATs 5 f B RS R AN BEARALL, LS BE ] (Firmicutes) FI9UUFT i | (Bacteroidetes) Jy 4t 34 B ¥ [53] . Crusell 25
[SA1FIRTREPERF TN, SRR IR PR % (GDM) B3 22 e 1 I 7= 5 8 /N A AT B FARAE S 2 ZYWH JR s i
HAEAE R E RN, RIS AT # (Bifidobacterium) A1 7L AT 12 (Lactobacillus) 25 4 2 14 = 5 . 25 P&, 1M
TR ] (Actinobacteria) S AH < 1 JB LB X & 5. R GDM 35 i B RS R 70 THLH] oK 58 42 19
B, B s o el g v SRS . R P AR WS ERA S 5onitE,
AR = 015 5 5 AR JU N o8

3.3.4. RMBRESE
T EAL oI DNA 3L, HE A & IEgmIS RNA B MR o 3L R RIA, ity
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A B R B AP T S A EHE B R AL OME R . IE R AR R SRR M IGFBPL A F b i i 1 5
JiE S R ARPUSR IR LB FR A4S, TS AR K PR (GDM) 3 U A7EAE INS 3 [R] 7oy R Ak 00 Jik & 2% A Bl
MiR-29 S 1 a5 2 AU R IR AL M [55] s it Bl T W Ik A5 1A 48 P2 ROBL TR 28 EL N 285,
Crusell Z5[54]#7~ 1) GDM B BUEA B k> S BUT BRERACE TR, @ il 4 8 1 2 LA M FH
% GLUT4 YLt i FF ik, RIS @ AR = A = W iE v] 0% DNMT3A 55 IRS1 R F 34k,
FIREACER KL X P RE - RMBAL R 5 B AR AR B UIAH G, BRAR & UBE PR B 51 R iR )L PPARy
e AR AT B 0 AT IR DU, 177 26T R W358 A b 6 0 I B O 90 2 8 1) 25 2R W TR A GDML B
(038 77 1A o

4, BEh

IN=A

i LR, MRILRIRE BRI, M A2 LRe B YRR, )L A e s s
FEARAGKR. FRKERMRE. 6 LIE SRR T BHA R ML, BHAR & i8I GLUT HrH
RIS LARR, FHA Pl GLUTL BEoNEE. i FRiEid PI3K/AKt# YT GLUTL, R4k, JlE
D] - B At PR 2 AT R T R L ) R i T e BN R B A (AT R 2 5 T R Ay it — B
F, GG GLUT SV BYTE 2 ¥ B 2= 3 A R A B FCAE o0 BRSO VE R AL, LUK G D5 PR % (an
NEEX R 2 HAE) 1E 9 GDM FEITIIN bR &P B 2 O BB IR UE 5555 o AR AT RE T HaA: - I8N - 1
TEHh 1) 2 4L BE VR X2 AT, RS BT BOR T BUSE ML IR R BNIGIR AL S8R, 25 GDM HHRSHE
B v R L RN

&E 3k

[1]  BREUR. Z2fpE. JRAEKE 86 ] #r[J]. gk =%, 2009, 21(6): 270.

[2] Buchanan, T.A, Xiang, A, Kjos, S.L., Lee, W.P., Trigo, E., Nader, I., et al. (1998) Gestational Diabetes: Antepartum
Characteristics That Predict Postpartum Glucose Intolerance and Type 2 Diabetes in Latino Women. Diabetes, 47, 1302-
1310. https://doi.org/10.2337/diab.47.8.1302

[8] =W, hE, &8, 5. PREBIGR S5 G BRE O A0 41 08 3% 18 B 1 7R S O U108 FROs i 285 20 23 b i 3208 JAH S M 0]
o E E R K2R 4R, 2015, 44(1): 5-9.

[4] LSS, #EE. EIREGHERW R 208 N H A IS E O RA R RA]. R E k&, 2008,
11(6): 373-376.

[5] Zhang, B., Jin, Z., Sun, L., Zheng, Y., Jiang, J., Feng, C., et al. (2016) Expression and Correlation of Sex Hormone-
Binding Globulin and Insulin Signal Transduction and Glucose Transporter Proteins in Gestational Diabetes Mellitus
Placental Tissue. Diabetes Research and Clinical Practice, 119, 106-117. https://doi.org/10.1016/j.diabres.2016.07.003

[6] Stanirowski, P.J., Szukiewicz, D., Pyzlak, M., Abdalla, N., Sawicki, W. and Cendrowski, K. (2016) Impact of Pre-Ges-
tational and Gestational Diabetes Mellitus on the Expression of Glucose Transporters GLUT-1, GLUT-4 and GLUT-9
in Human Term Placenta. Endocrine, 55, 799-808. https://doi.org/10.1007/s12020-016-1202-4

[7] Kokk, K., Verajankorva, E., Laato, M., Wu, X., Tapfer, H. and Pollanen, P. (2005) Expression of Insulin Receptor Sub-
strates 1-3, Glucose Transporters GLUT-1-4, Signal Regulatory Protein 1a, Phosphatidylinositol 3-Kinase and Protein
Kinase B at the Protein Level in the Human Testis. Anatomical Science International, 80, 91-96.
https://doi.org/10.1111/j.1447-073x.2005.00091.x

[8] Perrin, AJ., Gunda, M., Yu, B., Yen, K., Ito, S., Forster, S., et al. (2012) Noncanonical Control of C. elegans Germline
Apoptosis by the Insulin/IGF-1 and Ras/MAPK Signaling Pathways. Cell Death & Differentiation, 20, 97-107.
https://doi.org/10.1038/cdd.2012.101

[9] Leiria, L.O., Sollon, C., Bau, F.R., Monica, F.Z., D’Ancona, C.L., De Nucci, G., et al. (2013) Expression of Concern:
Insulin Relaxes Bladder via PI3K/AKT/eNOS Pathway Activation in Mucosa: Unfolded Protein Response-Dependent
Insulin Resistance as a Cause of Obesity-Associated Overactive Bladder. The Journal of Physiology, 591, 2259-2273.
https://doi.org/10.1113/jphysiol.2013.251843

[10] Mi, Y., Zhang, W., Tian, H., Li, R., Huang, S., Li, X., et al. (2018) EGCG Evokes Nrf2 Nuclear Translocation and
Dampens PTP1B Expression to Ameliorate Metabolic Misalignment under Insulin Resistance Condition. Food &

DOI: 10.12677/acm.2025.1541075 1429 I A [ 2 3k


https://doi.org/10.12677/acm.2025.1541075
https://doi.org/10.2337/diab.47.8.1302
https://doi.org/10.1016/j.diabres.2016.07.003
https://doi.org/10.1007/s12020-016-1202-4
https://doi.org/10.1111/j.1447-073x.2005.00091.x
https://doi.org/10.1038/cdd.2012.101
https://doi.org/10.1113/jphysiol.2013.251843

Bl pledi, £ 2%

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

Function, 9, 1510-1523. https://doi.org/10.1039/c7fo01554b

Kubota, T., Kubota, N. and Kadowaki, T. (2017) Imbalanced Insulin Actions in Obesity and Type 2 Diabetes: Key Mouse
Models of Insulin Signaling Pathway. Cell Metabolism, 25, 797-810. https://doi.org/10.1016/j.cmet.2017.03.004
Huang, X., Liu, G., Guo, J. and Su, Z. (2018) The PI3K/AKT Pathway in Obesity and Type 2 Diabetes. International
Journal of Biological Sciences, 14, 1483-1496. https://doi.org/10.7150/ijbs.27173

Wl dkEe, BEAC. WURPEIR B IR 42U IRS-1. IRS-2. Omentin-1 FIASHEHRMPII]. FETLIA
H4RE, 2019, 27(9): 1159-1162.

ML, FHEE, 1HFF, 55 IRS-1 M GLUTA 7EAEARIINE JR 38 iR A 241 23 i) ik K1 S He i R = L[],
P RHER 44 &, 2020, 21(3): 251-253.

BT, GDM 3 R AL I R 1 S SOE R 17K L2 5 BB R AR AR SR T e 9], o [E 1427, 2020, 29(3): 50-54.

Kinalski, M., Telejko, B., Kuzmicki, M., Kretowski, A. and Kinalska, I. (2005) Tumor Necrosis Factor Alpha System
and Plasma Adiponectin Concentration in Women with Gestational Diabetes. Hormone and Metabolic Research, 37,
450-454. https://doi.org/10.1055/s-2005-870238

Kirwan, J.P., Hauguel-De Mouzon, S., Lepercq, J., Challier, J., Huston-Presley, L., Friedman, J.E., et al. (2002) TNF-a
Is a Predictor of Insulin Resistance in Human Pregnancy. Diabetes, 51, 2207-2213.
https://doi.org/10.2337/diabetes.51.7.2207

2P, TNF-a 0 L2230 57 40 ML as o3 i X R 5 245 5 SR FL RS2 W [D]: [l LA 30]. Wa /R iRy
K=, 2007.

Mk, BiE, AN, & BRE AR H SR HMGBL K05 5 1 5 R PUFE R X Ja WA W S 8 R AH DG A 7
[J]. " ETHRIAE A8 2022, 14(3): 84-88.

Jiang, Y. and Steinle, J.J. (2018) HMGBL1 Inhibits Insulin Signalling through TLR4 and RAGE in Human Retinal Endo-
thelial Cells. Growth Factors, 36, 164-171. https://doi.org/10.1080/08977194.2018.1539393

Liu, L., Jiang, Y. and Steinle, J.J. (2017) Inhibition of HMGBL1 Protects the Retina from Ischemia-Reperfusion, as Well
as Reduces Insulin Resistance Proteins. PLOS ONE, 12, e0178236. https://doi.org/10.1371/journal.pone.0178236

Peng, H., Li, H., Lin, S., Zeng, W., Lin, C., Lin, K., et al. (2018) Caveolin-1 Was Required for Glargine to Improve
Insulin Sensitivity and Activate PI3BK/AKT Pathway in Visceral Adipose Tissue of Type 2 Diabetic Mice. Diabetes, 67,
2423-PUB. https://doi.org/10.2337/db18-2423-pub

Jayabalan, N., Lai, A., Ormazabal, V., Adam, S., Guanzon, D., Palma, C., et al. (2018) Adipose Tissue Exosomal Prote-
omic Profile Reveals a Role on Placenta Glucose Metabolism in Gestational Diabetes Mellitus. The Journal of Clinical
Endocrinology & Metabolism, 104, 1735-1752. https://doi.org/10.1210/jc.2018-01599

TMALHE, EETY, T B, BRIET visfatin BT 5 ThEEL FEIE[I]. A S AV B HERE, 2008, 35(12): 1351-
1357.

O, WEGRIARE IR AT visfatin AR 40 UK S R B R ARG AT 5T [D]: [l 226018 3C]. B WL
K, 2012.

Rowan, J.A., Rush, E.C., Plank, L.D., Lu, J., Obolonkin, V., Coat, S., et al. (2018) Metformin in Gestational Diabetes:
The Offspring Follow-Up (MiG TOFU): Body Composition and Metabolic Outcomes at 7-9 Years of Age. BMJ Open
Diabetes Research & Care, 6, e€000456. https://doi.org/10.1136/bmjdrc-2017-000456

TA, 5KkER, WE. EIRMERM S MLIE . B & Iaa 2% Visfatin 1 Chemerin 13815 5 k5 = H BT K AL
H IR T[], AR IG L 32 40 &, 2022, 37(1): 21-27.

T, RIRAE, BEERE, & MiFHER. 25 B4E4ER D /KPS 2 BUERA N MEHRAE R AL = E
JRIR A&, 2016, 24(4): 328-330.

gk, FRNN, VEREEE, S B 2 BB IR B E PRI A KT IR RS R EUBRME L R[] hEEZFES
Z: &, 2017, 37(6): 1378-1380.

AR, BREZE, MR R, & ORI RP &5 IR AR R 75 RAE AR AT 3], 22 BB R R 2% 224k,
2012, 47(7): 842-845.

BRI, BENE IR AHNRR B R A BRE R 2R -1 R SR AL [D]: [0 3] R =
TR K%, 2011

Miehle, K., Stepan, H. and Fasshauer, M. (2011) Leptin, Adiponectin and Other Adipokines in Gestational Diabetes
Mellitus and Pre-Eclampsia. Clinical Endocrinology, 76, 2-11. https://doi.org/10.1111/j.1365-2265.2011.04234.x

Phillips, A. and Cobbold, C. (2014) A Comparison of the Effects of Aerobic and Intense Exercise on the Type 2 Diabetes

DOI: 10.12677/acm.2025.1541075 1430 I A [ 2 3k


https://doi.org/10.12677/acm.2025.1541075
https://doi.org/10.1039/c7fo01554b
https://doi.org/10.1016/j.cmet.2017.03.004
https://doi.org/10.7150/ijbs.27173
https://doi.org/10.1055/s-2005-870238
https://doi.org/10.2337/diabetes.51.7.2207
https://doi.org/10.1080/08977194.2018.1539393
https://doi.org/10.1371/journal.pone.0178236
https://doi.org/10.2337/db18-2423-pub
https://doi.org/10.1210/jc.2018-01599
https://doi.org/10.1136/bmjdrc-2017-000456
https://doi.org/10.1111/j.1365-2265.2011.04234.x

Fli pledi, E5e%

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Mellitus Risk Marker Adipokines, Adiponectin and Retinol Binding Protein-4. International Journal of Chronic Diseases,
2014, Article ID: 358058. https://doi.org/10.1155/2014/358058

Christou, G., Tselepis, A. and Kiortsis, D. (2011) The Metabolic Role of Retinol Binding Protein 4: An Update. Hormone
and Metabolic Research, 44, 6-14. https://doi.org/10.1055/s-0031-1295491

Duggirala, R., Blangero, J., Almasy, L., Dyer, T.D., Williams, K.L., Leach, R.J., etal. (1999) Linkage of Type 2 Diabetes
Mellitus and of Age at Onset to a Genetic Location on Chromosome 10q in Mexican Americans. The American Journal
of Human Genetics, 64, 1127-1140. https://doi.org/10.1086/302316

Graham, T.E., Yang, Q., Bluher, M., Hammarstedt, A., Ciaraldi, T.P., Henry, R.R., et al. (2006) Retinol-Binding Protein
4 and Insulin Resistance in Lean, Obese, and Diabetic Subjects. New England Journal of Medicine, 354, 2552-2563.
https://doi.org/10.1056/nejmoa054862

Aeberli, 1., Biebinger, R., Lehmann, R., I’Allemand, D., Spinas, G.A. and Zimmermann, M.B. (2007) Serum Retinol-
Binding Protein 4 Concentration and Its Ratio to Serum Retinol Are Associated with Obesity and Metabolic Syndrome
Components in Children. The Journal of Clinical Endocrinology & Metabolism, 92, 4359-4365.
https://doi.org/10.1210/jc.2007-0468

Yang, Q., Graham, T.E., Mody, N., Preitner, F., Peroni, O.D., Zabolotny, J.M., et al. (2005) Serum Retinol Binding
Protein 4 Contributes to Insulin Resistance in Obesity and Type 2 Diabetes. Nature, 436, 356-362.
https://doi.org/10.1038/nature03711

MR/, ZEg, SETNEE, S5 WRURHIPEIRE B E ME NUCB / nesfatin-1 7/K-FROAE(L[]. sEAEE 2420 &, 2014,
30(6): 912-914.

Li, X, Yan, C., Fan, Y., Yang, J. and Zhao, S. (2020) NUCB2 Polymorphisms Are Associated with an Increased Risk
for Type 2 Diabetes in the Chinese Population. Annals of Translational Medicine, 8, 290-290.
https://doi.org/10.21037/atm.2020.03.02

Li, Z., Gao, L., Tang, H., Yin, Y., Xiang, X., Li, Y., et al. (2013) Peripheral Effects of Nesfatin-1 on Glucose Homeo-
stasis. PLOS ONE, 8, e71513. https://doi.org/10.1371/journal.pone.0071513

Vu, V., Bui, P., Eguchi, M., Xu, A. and Sweeney, G. (2013) Globular Adiponectin Induces LKB1/AMPK-Dependent

Glucose Uptake via Actin Cytoskeleton Remodeling. Journal of Molecular Endocrinology, 51, 155-165.
https://doi.org/10.1530/jme-13-0059

M4, BT, BFE, 2 EBULEME IR RE 1 p38MAPK {5 53 I 520 B 3 ULEE & R APl b GLUT4
RIS I FL[CHI R BAE B 2 N 43 WA PR 272 28 - DU R AR AR i SO AR BB K 258 — I B R B,
2012: 445-446.

Greulich, S., Chen, W.J.Y., Maxhera, B., Rijzewijk, L.J., van der Meer, R.W., Jonker, J.T., et al. (2013) Cardioprotective
Properties of Omentin-1 in Type 2 Diabetes: Evidence from Clinical and in Vitro Studies. PLOS ONE, 8, 59697.
https://doi.org/10.1371/journal.pone.0059697

R, S HG R Omentin-1. Vaspin SEARIINE R i 17 40 56 & 28 32 A4 SR MBI UL 3 Wil R
B[] ILAREEZ, 2016, 56(35): 9-12.
Mohamad, M.1., EI-Sherbeny, E.E. and Bekhet, M.M. (2015) The Effect of Vitamin D Supplementation on Glycemic

Control and Lipid Profile in Patients with Type 2 Diabetes Mellitus. Journal of the American College of Nutrition, 35,
399-404. https://doi.org/10.1080/07315724.2015.1026427

F. 4R D W EEIRYE R/ IR S AU R A IR IR R IR - 1B . BEARIENLAY 3 Wil [ e i k-4 3%
AL D] [AR L2 An i 5], 8 S 18 L ERER A, 2020.

Wik, BHETT. A AARIRA SR AN IR & 2R AR R IR R R I R [3]. o FE BAX R 42, 2008, 46(36): 1-3,
10.

Guo, L., Choufani, S., Ferreira, J., Smith, A., Chitayat, D., Shuman, C., et al. (2008) Altered Gene Expression and
Methylation of the Human Chromosome 11 Imprinted Region in Small for Gestational Age (SGA) Placentae. Develop-
mental Biology, 320, 79-91. https://doi.org/10.1016/j.ydbio.2008.04.025

Morali, O.G., Jouneau, A., McLaughlin, K.J., Thiery, J.P. and Larue, L. (2000) IGF-Il Promotes Mesoderm Formation.
Developmental Biology, 227, 133-145. https://doi.org/10.1006/dbio.2000.9875

Liu, Y., Dong, N., Miao, J., Li, C., Wang, X. and Ruan, J. (2019) Lin28 Promotes Dental Pulp Cell Proliferation via
Upregulation of Cyclin-Dependent Proteins and Interaction with Let-7a/IGF2BP2 Pathways. Biomedicine & Pharma-
cotherapy, 113, Article 108742. https://doi.org/10.1016/j.biopha.2019.108742

Lopez-Tello, J., Yong, H.E.J., Sandovici, I., Dowsett, G.K.C., Christoforou, E.R., Salazar-Petres, E., et al. (2023) Fetal

Manipulation of Maternal Metabolism Is a Critical Function of the Imprinted 1gf2 Gene. Cell Metabolism, 35, 1195-
1208.ES6. https://doi.org/10.1016/j.cmet.2023.06.007

DOI: 10.12677/acm.2025.1541075 1431 I A [ 2 3k


https://doi.org/10.12677/acm.2025.1541075
https://doi.org/10.1155/2014/358058
https://doi.org/10.1055/s-0031-1295491
https://doi.org/10.1086/302316
https://doi.org/10.1056/nejmoa054862
https://doi.org/10.1210/jc.2007-0468
https://doi.org/10.1038/nature03711
https://doi.org/10.21037/atm.2020.03.02
https://doi.org/10.1371/journal.pone.0071513
https://doi.org/10.1530/jme-13-0059
https://doi.org/10.1371/journal.pone.0059697
https://doi.org/10.1080/07315724.2015.1026427
https://doi.org/10.1016/j.ydbio.2008.04.025
https://doi.org/10.1006/dbio.2000.9875
https://doi.org/10.1016/j.biopha.2019.108742
https://doi.org/10.1016/j.cmet.2023.06.007

Bl pledi, £ 2%

[53] Xiao, L. and Zhao, F. (2023) Microbial Transmission, Colonisation and Succession: From Pregnancy to Infancy. Gut,
72, 772-786. https://doi.org/10.1136/gutjnl-2022-328970

[54] Crusell, M.K.W., Hansen, T.H., Nielsen, T., Allin, K.H., Riihlemann, M.C., Damm, P., et al. (2018) Gestational Diabetes
Is Associated with Change in the Gut Microbiota Composition in Third Trimester of Pregnancy and Postpartum. Micro-
biome, 6, Article No. 89. https://doi.org/10.1186/s40168-018-0472-x

[55] Bacos, K., Gillberg, L., Volkov, P., Olsson, A.H., Hansen, T., Pedersen, O., et al. (2016) Blood-Based Biomarkers of
Age-Associated Epigenetic Changes in Human Islets Associate with Insulin Secretion and Diabetes. Nature Communi-
cations, 7, Article No. 11089. https://doi.org/10.1038/ncomms11089

DOI: 10.12677/acm.2025.1541075 1432 I A [ 2 3k


https://doi.org/10.12677/acm.2025.1541075
https://doi.org/10.1136/gutjnl-2022-328970
https://doi.org/10.1186/s40168-018-0472-x
https://doi.org/10.1038/ncomms11089

	胎盘葡萄糖的转运及调控机制
	摘  要
	关键词
	Placental Glucose Transport and Regulatory Mechanisms
	Abstract
	Keywords
	1. 引言
	2. 胎盘葡萄糖转运机制
	2.1. 胎盘葡萄糖转运蛋白
	2.2. 胎盘葡萄糖转运上游通路

	3. 胰岛素通路的调控机制
	3.1. 炎症因子
	3.1.1. 肿瘤坏死因子-α (TNF-α)
	3.1.2. 高迁移率组蛋白B1 (HMGB1)

	3.2. 脂肪因子
	3.2.1. 内脂素(Visfatin)
	3.2.2. 趋化素(Chemerin)
	3.2.3. 瘦素(Leptin)
	3.2.4. 视黄醇结合蛋白-4 (RBP4)
	3.2.5. 内脂素-1 (Nesfatin-1)
	3.2.6. 脂联素(APN)
	3.2.7. 网膜素-1 (Omentin-1)

	3.3. 其他因素
	3.3.1. 维生素D(VD)
	3.3.2. 胰岛素样生长因子-2 (IGF-2)
	3.3.3. 肠道菌群
	3.3.4. 表观遗传学


	4. 总结
	参考文献

