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ERR 53 2= 503k 7R TE AKX R 55 B2H AR A'E AR B9 53 F L

RER EEX AFH IHRT

O KA arRbaE b, YR 110031)

BE  AURRF 0 EHIKEA RS E ik, 3k B Bim Ied & A=37 4) Mk 5 B4m
THEAER . AR E WK B A TS AL T, B AR — TR AR &R &
BV W2 RAE SR g4 T B R BRI A a1 SRR T AR IR B ik iE b kA R B B am it
AR R 4 tm e T AR A R R, h it —F i ATAR KA R SRR A .
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The Molecular Mechanisms of Insulinotropic Peptides on Pancreas Beta Cells

Zhao Chunlin, Huang Jingwen, Jin Lili, Wang Qiuyu*
(Life Science School of Liaoning University, Shenyang 110031, China)

Abstract

insulin secretion, increasing the quantity of islet beta cells, inhibiting the apoptosis of beta cells, etc. The investigation

Insulinotropic active peptides have a series of functions on pancreas beta cells including promoting

of their cell signaling pathways and molecular mechanisms would provide important messages for researching and
developing novel therapeutic agents of type 2 diabetes mellitus, which would be high-efficient with low-side effect.
Here we reviewed the progress of molecular mechanisms of several insulinotropic peptides on pancreas beta cells
to provide the reference for the further related study.

Keywords insulinotropic active peptides; pancreas beta cells; molecular mechanisms; type 2 diabetes

mellitus

B LR 0 A 2 I P A R ON 288 i R 1) A
PEARAL QB 2 —, ORI HR R B E TG
20134FE A ERILAT 51007 NFET 505 R 93 AH G IR 5209,
T AET NELK8.39%, H T4 EkZ45 38145 K i
A, Ho90% &2 8 Wl FR Wi(type 2 diabetes mellitus,
T2DM)™M. Bl PR i A& — > K HAS W n =3 1) 4 2K
) 8, 2 2y R R T 1 A PR, BT
T2DM A I WL A 9T 16 i 2 AR WAE VAT
i) AT EE ARSI E.

T2DM st — i P Fe M afi B T s 1) v HBFPAE,

Wk H 393 2016-03-27 152 H1: 2016-05-31

Al Re 5 E S K AL S5 22 B I AORE . LR R A
R BN I Ty RS2 A 1T U B 3R 0 U R
/DRI XTI B 3 AU B2 PRI, (i R % 25 701
S8 00 5 PR P e LA S Ao e 5 A R T VR T
T2DMIA 4 TB

Jo B A g N AR P9 2 B B R R, o
WAL TR 52 1) PR 1T RS 5 1R %, B IE ST R AN T I
N, RIRVF 2 A E PR R AT (R B B 2= 2 Wb v 1,
] ] B A0S 2R 1 i 12 JBE B 2R ik (glucose-dependent
insulinotropic polypeptide, GIP). Ji & il ## 2 #¢
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Jik-1(glucagon-like peptide-1, GLP-1). Exendin-4.
Amolopin LS A AR bk Bz i R BT AL
IPT B TRAWRKOSE o 156 3 26 375 1 22 I (1) 41 g

H A T2DMZS iR 7 A I B SEEAR 7 1o AL
ERIE TR IR 1 3R 20 WA VR OGS JBf i B J0 A FH F) 2
THURIREERERE, St PR EAT AR SR S %

1 AXEMERKERSREMDRARS T
HLFl

/T X SR B AR 2 2 O T L 70 ¥ GLP-1
EZ IS, HAT (et 1B & 22 7090k, 47 A
ST o I LA SRSV SR S, R B4 i X GIP
(11 25 J T B AR . O T GLP- 1K i & vt
PERIHLH AT 2 5 SCRRIRAE™, 1y Xt GIP A5 I Jr
AIIRTE AR A IX L B I 28 70 i PE R 32
TR R G A P2 AR R A AR T 1Y, 35 AL i 52
A 3 T TR A I o 40 T N 5 A A AMIP )
R AR I A R A S TS T S 1 T
WRE LT, SCBUE IR By 2 b Thhg . FAb, AHOCHT
FULAE IR e 5 c AMPAT R (145 5 38 % A e 1
HLAR, AR AT 40 B 1 RS UEAN R 20 S 1 R
1.1 SEEMIMEE TR RER S =

Ji 5 2% 7 6 5 40 L i 1) ATP/ADPLE 5 38 T A7
Ko MLHMLIEE B R WS TR GHR R I A4
48 n, GHR B ol GEE (At — s IR

Insulinotropic

Extracellular active peptide

K*-ATP
channel

Phosphatidylserine| GPCR

Adenylate cyclase
Intracellular

PKC

PLC

|
N
PIP2
DAG/ T 1P3

7t

‘-
f-catenin

PRI, {icAMP S & L TF, 21 7% /L PKA(protein
kinase A), T ZLATPH K 1) 71 1 1& (ATP-sensitive po-
tassium channel, K'-ATP channel)>< [4], 5| A& 41 Jfo [l
Ak, A R O 2T 4 3 38 (voltage-dependent cal-
cium channel, VDCC)FFJift, Jd P i 25 45 2 1 J& Tt
e, 5 R By 25 4y

£ & W10 5T, AT A A0 IEGLP-15¢ i it
CAMP/PKA IS 17 1 45 g &5 BN Jf I K- ATP & 1~ 3 i
(1) G M, 2 J5, LightSFUHIE 52 T A2 JBE 5 B4 5
- IRERE IR 1 (sulphonylurea receptor 1, SUR1T)VE ¥t
P PR AT IR A, 15 T A5 8 3K K- ATP 25 1~ 3l 3 5%
M.

GIPFIGLP-1/F 2y Py Fft g 405, 38 e 471
R (1) 52 A GIPRFIGLP-1R K & # 104 B Iy e, 31X
Tl SZ ARA7AE T B Bl M N F 2 Al 48 B 2 il
GLP-1RIGLP-132 (A 38 1 5 GLP-13%2 Ak 4f 45 ), i
1L cAMP/PK A 42 1 JFL-B A H 7] 428 %5 25 -3l i
(VDCCf i 2 —), 4145 85— PN Ui i 7% 6 i ik 2 1,
T Z A B By 2= o WA ()

SR, JTAMS 251 I cAMP NS 540
TIFAERAPKA. ik, K TPKAKR HAEHFEK -ATP
R TE OC A AR kR 32 AR AR T AT
KR FIUEHE 22 W, Epac2(exchange protein 2 activated
by cAMP) A& 5 HEEK - ATP 25— 18 1 1) ¢ P LA R4
TN ] R R U2, Epact HH ff == Bos %52
T 19984F K HLIKIcAMPAY . P -1, ;32 224 1T 2 A

Ca?

92
Exocytotic b\
protein

Exocytotic
/ protein
Endochylema

Endoplasmic reticulum

B (RAR 8BRS WIE R R S BB A A 5 F AL

Fig.1 The molecular mechanism of insulinotropic peptides on pancreas beta cells
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IRasFK /N5 TG A Rap AR 7 1k 1 e A% 11 1R
LK, EpactiRap4h & [f)GDP & #t 4 GTP 1 0
Rap, MM fi Rap & B 2455 0 F1EH . Kashima
SEBNE HPKABH W1 FIH-89FH WiPKAM) /E H, 1iF 58
Epacth /tcAMPH) i /E T #E 5io Epach] DL EH #:1E
FH T+ 1% 1] W A7 725 38 38 £ [ 52 & (transient receptor
potential melastatin type 2 channel, TRPM2 channel),
K -ATPIl 16 5C ], 51BN SN A AR, {01k
FEEFH 25 7 1 18 (non-selective cation channel, NSCC)
T, FEURAMACa WA, I 5T B & 5 5 i
(B,

1.2 SRR 1R AR B R H

19834, Streb5 I (AR IE, 1 /I Bl 1 5 iR 4
Jio 1, IP3(inositol 1,4,5-trisphosphate) H A3 i HE P Ji
WICa> BB MM N Ca R EEAE - . Bl S (1) —
RYNSEE LW, T3S & 2N T (IP3 32 44 |, 3L
R R AR O, A BT | Ca™ 88 Tl e T, 3
UKL BTCa™ 50, T AR R B 5 2R O k. BT
IR Ca B B A A 5 9 E IR Ca® 2 FB N N i
WA it 17«

Kang%% 93 i i H 8-pCPT-2"-0O-Me-cAMP 1
AR K HE B AMPXTPKA 52 M0, M HIESE T
GLP-1R/cAMP/Epacii i# 71 [} &% 3% 43 WA 1) i 72 v 4
N MR A5 S I A7 AE. fEGLP-1R/CAMP/
Epacfii 5 18 #41, GLP-15GLP-1RAHZ; 7, flfATP/K
fif 31 7E Blic AMP, cAMPAE F F-Epac®. Epact] LA
Rap & # H A4 2% % 1, {1t #EPlee(phospholipase Ce)
& F - PIP2(phosphatidyl inositol 4,5-bisphosphate), M
M ATPIP2 53 fif, 142 — HITP3AE I T~ N 5 9 i 1)
SEAR, RETBOK HECa™, B 5 28 0BT, 55— 1)
DAGHUIHPKCAE 5l % . Tif 46 FIPKCRENS (e 3F 0 45
IR R BEAE A 1) 22 1 503 P I 22 A R
TN TRIRFE WA, AL R PRI B AT B3 1R — I Ml
AT AT [R5 40 N IR AMPIR 5, 51 R 40 it & 2E I
N REAR A (K.

540 M AL T EOIR AR, 5T b A7 A7 3% MR
IRAUPKCo 25 2 i 52 S WO, A e b ke 8 1
T 5 A7 AIDAG, AR & {EPKCE BT 111
gk i Ik 22 2 R &5 &, &5 RPKCX Ca™ I AR M JiE 1l
10°~10* mol/LF% F10° mol/L/K T2, it 4, 13 &
DAGIE 7] 8 ITPKCAf Ca? (1 UK Pk, (FPKCE 5 i&
FEAE107 mol/L ) Ca™ e B2 It 5E 78 70 A A G 1k

20064F LK, NATTZEW K, — RV NiERE
B o3 B BT TR B A (kI & 3 A E R . iR
RS AP AR W AF A B 2 R TR R R A H /N T-100,
WA EEAT . BT PR R 2 IR )
U, AR R AR e RGN B EAL G 5. PUbE
ik Amolopins& — 28 M\ £% 55 it I (Amolops loloensis)
(1) B k73 Wik iy v S 5 B — R A0 PR, H 164>
AFER A B, 10 1 Edman P il 72 500 H— 451 A
FLPIVGKSLSGLSGKL-NH2", % BLASTRLFIE 5L,
LA LR P 1 3 AN [R] T~ I Ath 6 %0 0 412 i % 25 40 Wb
HEUm R . AR B Amolopin AT INS-14H
Jfd(rat insulinoma cell line, — ¥ H T-0F 501 & 2=
3 VA TR A0 ) T 7 A R A B B R A T O AN AR TR
B 219 Y EREN Fluo3-AMAS I & L, Amolopin il
JBE 5 2R Ay WA A WL DT R o 5 [ i Ah Ca® I
SR, ERCAR 1IN I AR 0 A e W, (E T A L
Amolopinf{iE JB 5 25 73 WA I JRL BT rh 39 0 T A 2
AJRERYE T A TR ()45 2

A CAE R JUELISA 45 815 G R H Fluo3-
AM. HEEIEVE SRR T B, g T Pl ik
AWRKG6X] i & 41 FEMINGAE 1 5 25 43 s (1 4725 HL
Hillo A 2 58  BARAE TP R IKAWRKO4E JiR 5
BRI A B 1ok, R I BT IRAWRK6/EMING
S 0 W B 2R B R P A A R S I I AN 5 |
AN F N . 8 i Western blot /7 7%, FiATT K
I, fE48 HAWRK6AL P15 )IMIN6 41 il H1 Epac2 % ik
G, AEEF T Epac2 (RHE ) PR S RE R, UESE T
AWRKG6 I J2: i i GLP-1R/cAMP/Epac/ss 5 i i K 14
SLAR IR 32 0 WAE FL, JEAR 2 PUB IRAWRK 642 i
B 383 WA 20 T ) 0 L P A PR RO S ok L R
JIk ety AT LR TR B 2= (s AR KR

2 RBRBZE 4 EIKIEMHERA X AR 2 pLH AR
1458 B 22

B ol R JBE B 25 40 WA D R AR, e e B 25 2 Wi
PP LA (1 108 Jok 5 A B 9 B (1 T e, JLAH DG IR 4y
THLHE T
2.1 &I PI3K-PKB(Akt){5 S i@ % 12 i3t ik B2 p4A
iabr |

PRSI I 5 25 Th B 25 W) (R T R A b, 4%
PO IRAE DY 100 25 40 355 0 ok DR 2L 25 B GG P ity 2
VE R 5172 . Exendin-4/2 W 75 57 22 Wi (Helo-
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derma suspectum)WEE T 73 B 11 —Fh 2 IR, H39
AN GEIEMRIRIEA . &5 o e B 2 A K- 1(GLP-1)
1153%IH [, (H P22 ) AP, Exendin-4 21
2005545 [F 21 i A1 2454045 P1LRi (Food and Drug Ad-
ministration, FDA)LHE 17, FH-FT2DM & # 14 Bh
097 . W K I, Exexdin-4 ANV GE il i Epac ok & #
AR By 2R T RE, (L0t I &% BT B 185 JE A Bk &y 22 KR A
(R ZIL T o

B, LinZ5BUIF 5% & 0, Exendin-4RE 5 #T
7N B B A I R R Iy 2% 03 A 4 YL ARINS - 1 Wt {5
SRR, M H RS R XAME SRS TR
MR AF IS o fEIXAME 53l 2% f, GLP-1HIExendin-4
e il 5 GLP-13%2 M AH 45 & i i AL T 1 i IPKA,
TS T ARONT 22 28 Ji 3% A 2 11 0 /40 i A0 U 715 35
. HF5E3 M, GLP-1f1Exendin-4fi % il i Akt 7
MY i, 0 1) % 5% K] -FFoxO1(forkhead transcription
factor OV)PIEPE(EI 1) 78 &) 38 70 Wb 4l o 7% N A
JE IR FoxO 1M e KL /N B, 0 2 e B 25 2R AUL)
Exendin-4K 3 B H 2 1F JBE 5 25 43 0 40 e 8 g ) A
FIP, H IR W], FoxO1 3 1 B 25 43 W 240 1o 14
MIAFEWG . A, GLP-158%% F U FoxO1 1) E H 42 s
Pdx1(pancreatic and duodenal homeobox 1) fll FoxA2
(IR, HorPdx 1 2 X ] 26 B R0k (1) e s DR 1
B A o PISKH % 15 ‘3 PAX 1AL B A7, ik & Pdx 11
BRI AL, B8 e i FR BRI IR B

Hi J-Exendin-4{¢ Ji & 25 ) B8 1) A 44 F AT Akl
MRS, RISl D7) e 2 24t T A 3 S AL A 1) XU
A PP EAR T TR 2595, 1X 4 Exendin-4 i A 4l K
Wi LAY IR AL TR R EE SRR
2.2 jEiIWnt/B-cateninfE = if & {2 i R 52 40 B
1B5E

WnE IR 5 8 Il e IR IG5 A
HHEZEER. B M98 7 /N Bl FL I i R I T
Wnthk IR J5, AT AR R, T I i 28 70 Wb vk PR JIA
A DL Wnt e S S B B s BT A S B D e

1F # # FyWnt/B-cateninfs 5 1l 4 1, Wikt
i 6 1) 73 Wb 1 R A AT DL o g5 5 i O 20N
Frizzled 32 14, i (I Frizzled 52 /4 i L AR T ) &
2k Db & R &5 #4185 Dsh/Dvl(disheveled) 8 4 i 41
4545, (HDsh/DVIB T B 1 A3 2 W] . Dsh/
DVIIF T V7 A2 T 24 1R T i Le, +& — N 1 715 B-cateninfal
JE [ B TE 45 73 1o T e b) R B I il £ 9 Axin,

A ) N SRR 21, b R
HIHEE P APC K GSK-3B EL 45 75, /BRI (S
5 M\GSK-3p4% 1] B-catenin, 15 B-cateninfil 41 fg N 1) 2
FIBEAR AR . A28 1Y) B-catenin /e U SR AR, TR AZ S
LEF(lymphoid enhancing factor)/TCF(T-cell factor)%
T SR R T AH LA, WS AR RE R PR 0

T2DMI) & 28 5 e I B i 1) £ A ) RE A A
WU, Watfi 5 % ] DO SEHEAT Y. sk
T THAU)2(transcription factor 7-like 2, TCF7L2)
BE PR Wntf5 5 30 B e s R, RS Tl g
iR 2 A2, FLRAL TR 2 35V S B BT &
S T JBR B B L 1Y 1)) RE L 1B By SR AR AEAAR SN E L
X TCF7L23EAT He R e B, PR AR AL 2GR K, KA
JEARBAT i 458 5 B 2 B 1200 M ] Wnt3as) [ & B4
Jf ZBEAT AL B, AT DLW A B Wnt T 3l ) A s AT
pitx2(pituitary homeobox 2)[1J |- i, pitx2 5 cyclinD2
(BT AHE A, T3 deyclinD2 [ &35, 52442
T JER B BN YL (R 1G GEET e AR DY, B BT Y R S
P 3k 2 Gk B-catenin 1] A {i¢ FEBAN A ) 44 5 38 ik %
Wt | I (RIS 2 2 IR 2 1 52 AAH OC 2 11 5 (low-density
lipoprotein receptor-related protein 5, LRP5)JE K47
RIS, A /AN B R T ) B 3R s K
IKPY. IXEERIFIT 45 SRR W], Wit 5 30 55 B B B
JIEL Y 64 BRI & 3R 1 3 WA AH SR K o TTTGLP-1] LATE
I PKA K {2 2 B-catenin (1) Ser6 758 2 14, X IE /&2 5
B-catenin [ 1% N 5 8% DL A 0T #E R PR TA 1A fLZ
. Pelitk, GLP-1 A LA i Wt 30 {1 1 i
PAN AR FE (K 1)

3 RER LR WAXRIEES A RM R

PN ST I A P 355 R R AT SIS BN 5 ) E ) i
AGAE, B, W R A R N RS A R, H
3R A7 R 2 BK 32 W B0 5T 9 B g 1) A R A R
fir, W M Y #(endoplasmic reticulum stress,
ER stress). W T W N 3 5 T2DMIE i K & % V).
elF2(eukaryotic initiation factor 2) & —Fjill H 1 HAZ
A0 BT, N ol B A A O A 5T
li(protein kinase R-like ER kinase, PERK){E H] T &
AR, RS ERTEZ . EREBAE A RT
5 1T JBR B 3R ) 7E B IR AL (felF2a. ATF4 L)
CHOP T3k P i e s 15 3 E AR TR, #4580
By BT Ju g T2,
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I8 I AR GLP- VR R K AR 03E PR LI AT,
NATVR IR, GLP-1FA 8 23 B0 B IR (W AWRK6) ] LA 411
1B S A F IR 10 AT LSS AL B, 8 P
W NS E R, PR IRAWRKG AT L _F i G 5 BR 2 1
THE 45 O 8 (GRPT8) I 3Rk, 4 RF 4 T M 1182 5,
N T A P 5 9 I8, 400 1) 40 900 o (B R R 3R
Ak, AF I T2DMIG I 245 4 1) 3 2E HS Ik (Exendin-3)
OV IE SE 7] DL i cAMPIE 4%k T 40 i 08 T K 1
(22, 00 JB I B B PR 3 T, Kim & 0205 i 2R
P25 AT o0 A, S0 RALAR B, TR TR Ak
FHRINS- 170 Bl 19 5% 25 988 40 i v €0, 45 14 g it 55 STk g
(Thimet oligopeptidase) 7L P 1) #AR v 8 11 618 5 B
I, 6B SCZETR R ik ek 282 P Joit D9 I 854 o e 5 B A
JOFTE T o T B 25 2 W v R IR 5 1A 5 I 3%
Z RN IPE 4TI 0 75 12— 2D IR AR AT

4 BRES5RE

8 05 2% 3 O 57 e X 9 5% B M £ J 4 32 4
WL HEGRURE T B B hak, A
ST LI DR AT T M B . A 5T 2 BB
PRI 2540l XU A7 A8 6 428 Hh S b 2 B3I L
2555 KRR A6 ARG IR A% I I A R A T
ThcE . R R IO R AT 2. Rk, Bt
B, ORI B F I GLP-124 4
FIGLP-15Z (A3 7, FFIR AT FEH T % i 40 i 4
TR, Kot 2B R 6T 2 T R RN B
LS RIS X

S Z ik (References)

1 Swedberg JE, Schroeder CI, Mitchell JM, Durek T, Fairlie DP,
Edmonds DJ, et al. Cyclic alpha-conotoxin peptidomimetic chi-
meras as potent GLP-1R agonists. Euro J Med Chem 2015; 103:
175-84.

2 Jia X, Brown JC, Ma P, Pederson RA, McIntosh CH. Effects of
glucose-dependent insulinotropic polypeptide and glucagon-like
peptide-I-(7-36) on insulin secretion. Am J Physiol 1995; 268(4
Pt 1): E645-51.

3 Pederson RA, Brown JC. The insulinotropic action of gastric
inhibitory polypeptide in the perfused isolated rat pancreas. En-
docrinology 1976; 99(3): 780-5.

4 Vilsboll T, Krarup T, Madsbad S, Holst JJ. Both GLP-1 and
GIP are insulinotropic at basal and postprandial glucose levels
and contribute nearly equally to the incretin effect of a meal in
healthy subjects. Regul Pept 2003; 114(2/3): 115-21.

5 Drucker DJ. The biology of incretin hormones. Cell Metabol
2006; 3: 153-65.

6 Baggio LL, Drucker DJ. Biology of incretins: GLP-1 and GIP.

10

11

12

13

14

16

18

19

20

21

22

23

Gastroenterology 2007; 132(6): 2131-57.

Doyle ME, Egan JM. Mechanisms of action of glucagon-like
peptide 1 in the pancreas. Pharmacol Ther 2007; 113(3): 546-93.
Yu Z, Jin T. New insights into the role of cAMP in the production
and function of the incretin hormone glucagon-like peptide-1
(GLP-1). Cell Signal 2010; 22(1): 1-8.

Leech CA, Chepurny OG, Holz GG. Epac2-dependent rap1 acti-
vation and the control of islet insulin secretion by glucagon-like
peptide-1. Vitam Horm 2010; 84: 279-302.

Nie Y, Ma RC, Chan JC, Xu H, Xu G. Glucose-dependent insu-
linotropic peptide impairs insulin signaling via inducing adipo-
cyte inflammation in glucose-dependent insulinotropic peptide
receptor-overexpressing adipocytes. FASEB J 2012; 26(6): 2383-
93.

Kashima Y, Miki T, Shibasaki T, Ozaki N, Miyazaki M , Yano
H, et al. Critical role of cAMPGEFII-Rim2 complex in incretin-
potentiated insulin secretion. J Biol Chem 2001; 276(49): 46046-
53.

Seino S, Shibasaki T. PKA-dependent and PKA-independent
pathways for cAMP-regulated exocytosis. Physiol Rev 2005;
85(4): 1303-42.

Novkovi¢ M, Simuni¢ J, Bojovi¢ V, Tossi A, Jureti¢ D. DADP:
the database of anuran defense peptides. Bioinformatics 2012;
28(10): 1406-7.

Gromada J, Bokvist K, Ding WG, Holst JJ, Nielsen JH, Rorsman
P. Glucagon-like peptide 1 (7-36) amide stimulates exocytosis in
human pancreatic beta-cells by both proximal and distal regula-
tory steps in stimulus-secretion coupling. Diabetes 1998; 47(1):
57-65.

Light PE, Manning Fox JE, Riedel MJ, Wheeler MB. Glucagon-
like peptide-1 inhibits pancreatic ATP-sensitive potassium chan-
nels via a protein kinase A- and ADP-dependent mechanism. Mol
Endocrinol 2002; 16(9): 2135-44.

Seino Y, Yabe D. Glucose-dependent insulinotropic polypeptide
and glucagon-like peptide-1: Incretin actions beyond the pan-
creas. J Diabetes Investig 2013; 4(2): 108-30.

Kasai H, Hatakeyama H, Ohno M, Takahashi N. Exocytosis in
islet beta-cells. Adv Exp Med Biol 2010; 654: 305-38.

Leech CA, Chepurny OG, Holz GG. Epac2-dependent rapl acti-
vation and the control of islet insulin secretion by glucagon-like
peptide-1. Vitam Horm 2010; 84: 279-302.

Chepurny OG, Kelley GG, Dzhura I, Leech CA, Roe MW, Dzhu-
ra E, et al. PKA-dependent potentiation of glucose-stimulated
insulin secretion by Epac activator 8-pCPT-2'-O-Me-cAMP-AM
in human islets of Langerhans. Am J Physiol Endocrinol Metab
2010; 298(3): E622-33.

Seino S, Shibasaki T, Minami K. Dynamics of insulin secretion
and the clinical implications for obesity and diabetes. J Clin In-
vest 2011; 121(6): 2118-25.

Bos JL. Epac: A new cAMP target and new avenues in cAMP
research. Nature reviews. Mol Cell Biol 2003; 4(9): 733-8.
PRI, g, WA, 9N #K. cAMP-Epac-Rap 1538 % {5
JE S99 R AT 7 1k . Hh 42 S 95 %35 (Yang Shikun, Xiao Li,
Liu Fuyou, Sun Lin. The research of cAMP-Epac-Rap! signaling
pathway in kidney disease. Chinese Journal of Nephrology) 2012;
28(6): 498-501.

Kashima Y, Miki T, Shibasaki T, Ozaki N, Miyazaki M, Yano H, et
al. Critical role of cAMP-GEFII-Rim2 complex in incretin-potenti-



1030

24

25

26

27

28

29

30

31

32

33

34

ated insulin secretion. J Biol Chem 2001; 276(49): 46046-53.
Yosida M, Dezaki K, Uchida K, Kodera S, Lam NV, Ito K, ef al.
Involvement of cAMP/EPAC/TRPM2 activation in glucose and
incretin-induced insulin secretion. Diabetes 2014; 63(10): 3394-
403.

Streb H, Irvine RF, Berridge MJ, Schulz I. Release of Ca** from a
nonmitochondrial intracellular store in pancreatic acinar cells by
inositol-1,4,5-trisphosphate. Nature 1983; 306(5938): 67-9.
Kang G, Joseph JW, Chepurny OG, Monaco M, Wheeler MB,
Bos JL, et al. Epac-selective cAMP analog 8-pCPT-2-O'-Me-
cAMP as a stimulus for Ca?"-induced Ca?" release and exocytosis
in pancreatic B-cells. J Biol Chem 2003; 278(10): 8279-85.
Reimann F, Tolhurst G, Gribble FM. G-protein-coupled receptors
in intestinal chemosensation. Cell Metab 2012; 15(4): 421-31.
0O-Uchi J, Rice JJ, Ruwald MH, Parks XX, Ronzier E, Moss
AlJ, et al Impaired IKs channel activation by Ca®*-dependent
PKC shows correlation with emotion/arousal-triggered events in
LQT1.J Mol Cell Cardiol 2015; 79: 203-11.

Mo GX, Bai XW, Li ZJ, Ya XW, He XQ, Rong MQ. A novel in-
sulinotropic peptide from the skin secretions of Amolops loloen-
sis frog. Nat Prod Bioprospect 2014; 4(5): 309-13.

Nagayama K, Kyotani Y, Zhao J, Ito S, Ozawa K, Bolstad FA, et
al. Exendin-4 prevents vascular smooth muscle cell proliferation
and migration by angiotensin II via the inhibition of ERK1/2 and
INK signaling pathways. PLoS One 2015; 10(9): e0137960.

Liu Z, Habener JF. Glucagon-like peptide 1 activation of
TCF7L2-dependent Wnt signaling enhance pancreatic beta cell
proliferation. J Biol Chem 2008; 283(13): 8723-35.

Buteau J, Spatz ML, Accili D. Transcription factor FoxO1 medi-
ates glucagon-like peptide-1 effects on pancreatic beta cell mass.
Diabetes 2006; 55(5): 1190-6.

Buteau J, Shlien A, Foisy S, Accili D. Metabolic diapause in
pancreatic beta cells expressing a gain of function mutant of the
forkhead protein FoxO1. J Biol Chem 2007; 282(1): 287-93.
TORTEL, KU, BR NI, XS/NELL 9 e OB 3 R IR 28 AR
I I 5% 43 A A0 M T 0 B ) A A T X R T R R

[ 24 # 2% 55 # P %% 4% & (Guo Lixia, Liu Jianhui, Chen Gang,

35

36

37

38

39

40

41

42

Deng Xiaoxiong. Progress in signal transduction of glucagon-like
peptide 1 on regulation insulin-secreting cell mass and function.
Chinese Journal of Pharmacology and Toxicology) 2009; 23(4):
308-11.

Kwon KC, Nityanandam R, New JS, Daniell H. Oral delivery
of bioencapsulated exendin-4 expressed in chloroplasts lowers
blood glucose level in mice and stimulates insulin secretion in
beta-TC6 cells. Plant Biotechnol J 2013; 11(1): 77-86.

FHE T, RifF . Wntfs 510 8% WP AEY) 2 X
[ 411 o A= 9 *# 2% i(Yin Dingzi, Song Haiyun. Regulation of
Wnt signaling: Mechanisms and biological significance. Chinese
Journal of Cell Biology) 2011; 33(2): 103-11.

Rulifson IC, Karnik SK, Heiser PW, Ten Berge D, Chen H, Gu X,
et al. TCF7L2 polymorphiisms and progression to diabetes in the
Diabetes prevention program. N Engl J Med 2006; 355(3): 241-
50.

Fujino T, Asaba H, Kang MJ, lkeda Y, Sone H, Takada S, et al.
Low-density lipoprotein receptor-related protein 5 (LRPS) is es-
sential for normal cholesterol metabolism and glucose-induced
insulin secretion. Proc Natl Acad Sci USA 2003; 100(1): 229-34.

Xiong X, Shao W, Jin T. New insight into the mechanisms un-
derlying the function of the incretin hormone glucagon-like pep-
tide-1 in pancreatic B-cells. Islets 2012; 4 (6): 359-65.

AT, WA, KO-, SERKEE, 55 A PO A I
FAHGTT BIE . [ g i )% 244 (He Renke, Hu Yuehao,
Zhang Jiaping, Fan Qiuju, Cai Rong. The role of endoplasmic
reticulum stress in insulin resistance. Chinese Journal of Cell Bi-
ology) 2016; 38(1): 91-7.

Dalle S, Burcelin R, Gourdy P. Specific actions of GLP-1 recep-
tor agonists and DPP4 inhibitors for the treatment of pancreatic
beta-cell impairments in type 2 diabetes. Cell Signal 2013; 25(2):
570-9.

Kim MK, Cho JH, Lee JJ, Son MH, Lee KJ. Proteomic analysis
of INS-1 rat insulinoma cells: ER stress effects and the protec-
tive role of exenatide, a GLP-1 receptor agonist. PLoS One 2015;
10(3): e0120536.



