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Abstract
Background: Insulin receptor substrate 2 (IRS-2) is a key regulator of beta cell proliferation and apoptosis.
This study was aimed to investigate effect of the glucolipotoxicity on apoptosis in INS-1 cell, and the effect
of Exendin-4, a GLP-1 receptor agonist, on IRS-2 expression in the glucolipotoxicity induced INS-1 cell. The
goal was to discover the new action mechanism and function of Exendin-4 in beta cell apoptosis.
Method: INS-1 cells were cultured in glucolipotoxic condition for 2, 4 or 6 days and were categorized as G
groups. Another group in which 50 nM Exendin-4 was added to INS-1 cells, cultured in glucolipotoxic
condition, were named as Ex-4 groups. We investigated the expression of IRS-2 by RT-PCR, phosphorylated
IRS-2 and phosphorylated Akt protein levels by western blot. We measured the apoptosis ratio of INS-1 cell
in glucolipotoxic condition by TUNEL staining in both groups.

Result : IRS-2 expression of INS-1 cells decreased with correlation to the time of exposure to glucolipotoxic
condition. pIRS-2 and pAkt protein levels decreased in the similar pattern in glucolipotoxicity group.
However, this effect of glucolipotoxicity on INS-1 cell was inhibited by the Exendin-4 treatment. In the Ex-4
groups, IRS-2 expression, pIRS-2 and pAkt protein levels remained at the similar level to low glucose
condition state. Also, apoptosis induced by glucolipotoxicity was suppressed by Exendin-4 treatment
significantly.

Conclusion: We showed that the long-term treatment of Exendin-4 inhibited the apoptosis of beta cells
significantly in glucolipotoxic condition and that this effect of Exendin-4 was related with IRS-2 and Akt
among the beta cell’s intracellular signal transduction pathway. (KOREAN DIABETES ] 32:102-111, 2008)
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1. INS-1 MIZEQ| HjF =A

HERAIESQ] INS-1 AlE(passage 21~30)= 10 mM
HEPES, 5.6 mM D-glucose, 10% fetal bovine serum
(FBS), 1 mM sodium pyruvate, 2 mM L-glutamine, 50 pM
2-mercaptoethanol @} $H4A(100 U/mL penicillin, 100 pg/mL
streptomycin; ©]4 Sigma Chemical, St. Luise, MO)7} %
gxlo] QI RPMI 1640 wiklo & 5% CO,S X3R4
717V S 871 WellA] 37CE uieksisict

2. = 22|(Islet Isolation)2} HIF =2

FH9] AN A=E Eelslr] ¢l Hanks’® balanced
salt solution (HBSS), Dulbecco’s Modified Eagle Medium
(DMEM; ©]% GIBCO, Grand Island, NY), Zg|x
Collagenase P (Boehringer-Mannheim, Indianapolis, IN)E

Agsi9ic
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=
F AlolAgel AT $91E Bol AAZ Bk 7 ke
2 ARe) AZSIE el = A
PE-50 tube (Becton Dickinson)E- 4F{13}l3, collagenase P
(I mg/mL)E 7 mLE A 4719} edzdsto] 231s] 7]
SISl Aol A& i e AolA ZE] A wof
Wo] 50 mL EH(cornical tube, TPP®, Switzerland)ol] 4
3L 37°CellA] 2587 43RA71 Fell 10% FBS7F E3e|o]
P A7 M199 HiA(M199, GIBCO)E 71s}o] 203
AT o g EEQr) o= 500 pm TEHSigma-Aldich)
o I TR AENS s AAZ v

histopaque 1077 (Sigma-Aldich)& Yol HAE3} As]

A2 Foll M199 HiAIE W2 ¥ Al Zelsigieh o]HA
A odofR 71229 A|EE 24| nicotinamide,

HEPES, bicarbonate, L-arginin, 10% FBS, &-A|(penicillin
100 U/mL, streptomycin 100 ug/mL; ©] Sigma Chemical)
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AlE) 52 DMEM (8] %) widlel] x5 F7ts)
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Alalglel. g2 4L 99 7 A SA=AS

shjol FEsisin.

al
=

4. FE HIEM|ZS YEE H|lw X 2&
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Gaithersburg, MD)& ARgslo] A8l 2 7o AlE
kS AR 5 PBS (pH 7.4) 2 APXslle). 22 e
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31, Tris buffer (pH 7.4)& ©]83l0] 33 A3k ¥ 0.05%
3,3’diamino-benzidine tetrahydrochloride®} 0.033% H,0,
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Table 1. PCR primer sequences and their product size
Primer Sequences (5°~3°) Product size (bp) Annealing (C)
IRS-2 Sense AGCTGGTGGTAGTCATACCC 390 54
Antisense CAGGTTCATATAGTCAGA
Insulin Sense CAAGCAGGTCCTCACCCC 151 58
Antisense CACACCAGGTACAGCGCC
GAPDH Sense ACCACAGTCCATGCCATCAC 452 60
Antisense TCCACCACCCTGTTGCTGTA
Spectrophotometer ND-1000, Nanodrop)slitl. Al&Eell < 273 8l Eel AIEE EEd-A =4 249 )
A] 213k RNA 2 pgs Oligo (dT)i215 Primer, dNTP Mix oFoHof|A] 7+ 29 49, 87t =ZAT ThHGT) EEY-
(10 mM each)9F Eele] 65T SR MSAR ¥ o A SHoz Qi ATAE HakE Hle] slelel
Lol AFek o7lell 5 x strand buffer, 100 mM AO/PI AA}S Alefsiolar o]e} 72 z7lellA] uljeket INS-1

dithiothreitol (DTT), RNase OUT™ (40 units/pL), L&]3L
SuperScriptTM II Reverse Transcriptase (200 unit;
Invitrogen) 2 cDNAE TAAZIel. B o985 2I3F PCR
primer A4 Table 13} Zt} Perfect PreMix (Takara
Biomedicals, Kyoto, Japan) 10 pL, template cDNA < 500
ng, 25 pM primerE- ©]-83lo] PCR< A1l RT-PCR
ARES RSB0 ARE 1 5% KANA A7] Fsslo]
Z7813ick. mRNA W 72 v|asl] f1sled GAPDH
ske] el eSStk

7. Western Blot

AZE RIPA 4=89H050 mM Tris-Cl, 1% NP-40,
150 mM NaCl, 1 mM
1 pg/mL aprotinin,

0.25% sodium deoxycholate,
EGTA, 1 mM PMSF,
leupeptin, 1 mM Na;CO,, 1 mM NaF)S o]|-&slo] gzl
<= F%313, Bradford assay s o]-83lo] A5} 3k Foll
SDS-PAGEZ Zo|A7]aL, 5% AR5 ol8slo] nhe-<
ARkl ol F 71kl SolgAE(IRS 2, pAKT, 2%
34 1:1000)= o]8slo] BF-2-A]7]3L HRP-conjugated ©|X}

1 pg/mL

kx| E- Wh-2-A]7] Zof] ECL (Enhanced chemiluminescence)
kitE o]8slo] Xray LEoll =FAF)
8. ETE-X|u=M &2 Z2E U QlsEIRdEAL
45 Him
Aol R A 54 208 333 mMe] Erg

3 06 mMel A EFA wldE A9E GF
(Glucolipotoxicity) & 7|3} HEFCZE 5.6 mM2]
A Tt FEoA vk 7% Li(Low glucose) 25
2718134e

Age 34 FEdAY 54

54 =F 717 A AR

105

AlZ= TUNEL 34 AIs8slSlchFig. 1A). B3F Groll
A 19, 29, 39 B =E3AA el Al AEE A E
53 559 widlollA gt 28 A= AELTHE vl
slo] QlEFlRAAL wEle] wizkE #Rlsly] 918l RT-PCR
< AJs¥eloickFig. 1B).

9. Exendin-4 X2| SE &A: Cyclic AMP Assay

Cyclic AMP Parameter’™ (R&D Systems, TECHNE
Corporation. MN)o]-83}o] ZAs19 o INS-1 A|EE
well ¥HSk&7|(NUNCTM, Roskilde, Denmark)ell 3 x 10°
N AEE EFste] 197 szt oy Al o2 o]
27+ 0 nM, 10 nM, 100
M FEE 1587F Aelslel 7 7o A5E Boq o
Ak Bl FFAE9 A YA AT weA7] o
cAMP®} ZRMAIZIc) o]% 3A17F F}F HESA1Z] ¥ 45 nm

Exendin-4 (Sigma Chemical)&

olA S ¢lo] cAMP 55E ANIISICKFig. 10).
10. INS-1 MIZQ| = X2

INS-1 A|EE A3 slolld] TEF-A8) EX=z70z
747t 29, 4%, 697 =FAIT HGIHT ol9h 2 =4
o]l 50 nM Exendin-4Z *2|3} HG + Exd)ollA] IRS-2¢}F
Q=3 W HEE RT-PCRE FRISJIL western blotg ©]
B3lo] QASEE IRS-2 gzt QlikshEl Ake ThHEkRS &
QJslsict. w3t Y Exwd w5 27104 ek AL
DEE 0|9} e 260 29, 49, 6¥7F Exendin-45
Heldk (L + Exah) @] A5} vlaste] IRS-29F Qs3]
W Aol QldslE IRS-2 B Akt thillEks FRlsict
(Fig. 1D). ©]% INS-1 AEE GZF G + ExollA] 2
29, 4%, 647k wiekslar 7F 79 AIEE TUNEL 3443}
o] AuFog AEAPES EsIQIckFig. 1E).
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A | Isolated Isletcell | GLTx. 2day/4day/8day [—> AOPI |
| INS-1 cell | GLTx 2day/4day/8day " TUNEL |
Low 1day/2day/3 day
B Isolated Islet cell RT-PCR : insulin
GLTx. 1 day/ 2 day/ 3 day
C | INS-1 cell }———| Low +Ex-4 (0 nM)
| Low + Ex4 (10 nM) | cAMP Assay |
| Low + Ex4 (100 nM )
D st cen ! Low. 2day/4day/6day | RTPCR
| Low+Ex4 2day/4day/6day | sinsulin; IRS=2
| 6L 2day /4 day/6day | ——
—ﬂ GLTx + Ex-4 2day/ 4 day/ 6 day ‘ : p-IRS-2, p-Akt
E [ iNg-1 cel I Low control |
TUNEL staining
| 6LTx 2 day /4 day / 6 day |
L GLTx+Ex4  2day/4day/6day |

Fig. 1. Schematic of experimental design. A. Apoptosis measurement of isolated islet cell and INS-1 cell in glucolipotoxicity
condition by AO/PI and TUNEL staining. B. Insulin gene expression of isolated islet cell in glucolipotoxicity condition.
C. Confirmation of Exendin-4 concentration for INS-1 cell treatment using cAMP assay in three concentration group (Ex-4
0, 10, 100 nM). D. General scheme of INS-1 cell culture were seperated into four groups: low glucose condition, low
glucose + 50 nM Exendin-4, Glucolipotoxic condition (GLTx.), GLTx + 50 nM Exendin-4. Insulin and IRS-2 gene
expression was measured by RT-PCR and phosphorylated IRS-2 and Akt protein was measured by western blot. E.
Apoptosis of INS-1 cell in GLTx group and GLTx + 50 nM Exendin-4 group were measured by TUNEL staining.

11. SHEN

11.0 Z&722(SPSS Inc., Chicago, Illinois)S A-&&}3ic)
Z+ = 7] B|EE paired t-testE o]83lo] A o
AR Fe] 2 Pgkeol 0.05 mRkeE ek

2 1
L EEg-Xg 54 AN M MEZAED Qlsdl
x| W

Fr A FAdo] AlEAEel njXl= HkE ERIsl] 9
3 Gl A= AIES AO/PI ARY A3} =% A7to] 22t
2%, 4%, 8U& Zrkshy olol] wlzlslel A= AEAEE Z
7¥slgiar 8 dAolls A7) Eed-AHE SA o= <l A=
AIE ZARE AelA 712] B A7} AdsigickFig. 2A).
o= G2l INS-1 AZ2] TUNEL Aol E XA &
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R} A 54 2700 Fe] Zoldarg o 1}
ER = AlEAFHe] Zsl9ickFig. 2B). ololl ulgl], 72& Hh
Hog A T Fhol 2FA vzl Lelkle =
2 A7bo] Zrlslols AIEAL] 71814

esiek
gk Gol Hle AESS

727 19, 29 397 vl

=2 O A
2 wf Lt gl 123 7o) ZolA5% A&l fAA
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2. H&st Exendin-49| s ZA

ZrQ

HEFA|ZollA Exendin-49] oi2] 2§ 7143} Q=]
o] cAMP 50| F7e} Ao] Q52 Ifsled INS-1
AZEE ok vl Exendin-45 *2I3t 7H(G+Ex, L+Ex
o] vl 27107 HAG FEE AR 3l cAMP
AssayE AJ3¥sl9ir). 1 737} Exendin-49] F% 0 nM¥} 10
nMollA= cAMPE] F57F 2 Hpol & HolA] ekgkort 100
nM2] sEelA] F4H cAMP FA= 93] oAl A
< ERIslo(Fig. 4) T2 552 50 nM2] Exendin-45 F
ool 7 AgE Zssisick
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2 day

4 day

8 day

Fig. 2. Apoptosis of the isolated islet cell in glucolipotoxic condition. A. Apoptosis according to the exposure time (2,

4, 8 days) in AO/PIL. B. Apoptosis of INS-1 cell in TUNEL staining (arrow: apoptotic cells). Few islet cells were survived

in glucolipotoxic condition during 8 days in glucolipotoxic condition ( x400).

GAPDH

R

Day 1 2 3 1 2 3
GLTx

Low

Fig. 3. Effect of the glucolipotoxic condition on insulin
gene expression in isolated islet cells. Insulin was

estimated by RT-PCR. GLTx: glucolipotoxicity.

3. Exendin-47} IRS-2 7XX} 260 O|X|= sk

o

INS-1 AIZES L7} L + ExdollAd 27 2, 4, 6
&<} Mgt ¥ RT-PCRE Al3ste] -7 g vl
73} LellAs slell vehA] At uiek 717ke]
oJHE AL el o]z} gledl HEbel L+ExaollAl
Exendin-4o)] thgt =3 7]7to] Zojzlell ule} IRS-29}
Ean i s R e o e el N L

e 7R 59 A% Gt G + ExTolA wlRE INS-1

o

L ()

=3
AEEE vPIAZ RT-PCRES AJe¥8t 27}t G-9] INS-1

AIEE =2 7|710] Zoj7loll wel QA3kE IRS-2 1kl
e de) Addon hashe 9bA 21t le} ol
1§707) uk @A) 7haalsdel. ololl ¥lall G + Ex
AIEES GFollA] Uehd Qgelat RS2 Wl 7h4
7 ejAlElo] Lo} ulsst JEe] 444 il
o 22l3 oleldt EEnkAN Bzlow Qi Q4w
1 JRS-29] W ZHAE K $3= Exendin-42] H3= 7]
7vo] ZolRlel] whe} ) tebl Lreldri(Fig. 5).
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Fig. 4. Effect of exendin-4 concentration on Cyclic AMP
levels in INS-1 cells. There was little difference in mean
value of cAMP levels between 0 nM and 10 nM of
Exendin-4 concentration. But, the mean value of cAMP

cAMP concentration (%)

levels in 100 nM of Exendin-4 was significantly higher
than that of 10 nM of Exendin-4 concentration. * P <
0.05 vs. Ex-4 0 nM.
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O|Xl= st

IRS-22} Akt EHHZH|
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59l uljekl & Western blot 22 INS-1 A|Ze] whullk 1
SHE BRIRE A} LiellA 2, 49, 69 &<t ks
Zholle W37t giglont L+ExellAle Lol ulsl] A7k
o] Aol whel QI4kshEl IRS-29F Akt Thile] FFERE
RNA 7t v 2 7kl o (Fig. 6A) G9l
AEELE ez 7|7be] AR Q3tEl IRS-29F Akt
s AxE FHasledek. 22V G + Exv9] 5 <

ST
e
ul

H

=
ol



KOREAN DIABETES J 32:102~111, 2008

b@%\ b@%\ h@‘g\ ,Lbfeﬁ\ \E‘&ﬁ\ 6@\:‘
SEPFS IO
qj)"-#".})‘b +\M<\.?<,/\b@+
&g o\xa@} @;ﬁ* <+ ’\‘r@}*@'j&
b \f N
IRS-2
Insulin

GAPDH

INS-1 cells
50nM Exendin-4

Fig. 5. IRS-2 and insulin gene expression on glucolipotoxic
condition vs 50 nM exendin-4 treatment group in INS-1
cells. IRS-2 and insulin gene expression were increased
in Exendin-4 treatment group compared with control and

glucolipotoxic condition.

= Low + 50 mM Exendin-4
GLTx = Glucolipotoxieity

4d 6d
100 —_—
a0
S e
40
® " i
0 mim [~ I
Exendin-4 {50 nM}) - - + - +
Glucolipotoxicity - + + + +
4 Day 6 Day

Low LE2 LE4 LE6S Low G2 GE2 G4 GE4 G6 GE6

I BN -
A B

Low = Low glucose

LE = Low + 50 nM Exendin-4

GLTx = Glucolipotoxicity

GE = Glucolipotoxicity + 50 nM Exendin-4

Fig. 6. Phosphorylated IRS-2 and pAkt protein levels in
glucolipotoxic condition and effect of the exendin-4 on
pIRS-2 and pAkt. A. pIRS-2 and pAkt were increased in
Exendin-4 treatment group according to the exposure
duration compared with the control group. B. Protective
effect of the Exendin-4 treatment that inhibited pIRS-2
and pAkt protein reduction in glucolipotoxic condition.

B 120

TUNEL' cells (%)

GE = Glucolipotoxicity + 50 nM Exendin-4

Fig. 7. The effect of Exendin-4 on apoptosis in glucolipotoxic condition. A INS-1 cell apoptosis was progressed in
glucolipotoxic condition according to prolongation of exposure but, Exendin-4 treatment in the same condition inhibited
apoptosis in TUNEL staining ( x400). B. The apptosis rate was decreased in Exendin-4 treatment condition significantly

(*P < 005, ¥ P < 0.01).
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