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GLP-1 Can Protect Proinflammatory Cytokines Induced Beta Cell Apoptosis through
the Ubiquitination

Dong Mee Lim*, Ju Young Kim*, Kang Woo Lee, Keun Young Park, Byung Joon Kim

Department of Internal Medicine, Konyang University Myunggok Medical Research Institute, Daejeon, Korea

Background: Proinflammatory cytokines are one of the causes of diabetes mellitus. However, the exact molecular mechanism by
which proinflammatory cytokines induce p-cell death remains to be clearly elucidated. Glucagon-like peptide-1 (GLP-1) affects the
stimulation of insulin secretion and the preservation of -cells. Additionally, it may exert an antiapoptotic effect on 3 cells; however,
the mechanism underlying this effect has yet to be demonstrated. Therefore, we investigated the protective effects of GLP-1 in endo-
plasmic reticulum (ER)-mediated B-cell apoptosis using proinflammatory cytokines.

Methods: To induce ER stress, hamster insulin-secreting tumor (HIT)-T15 cells were treated using a mixture of cytokines. Apoptosis
was evaluated via MTT assay, Hoechst 33342 staining, and annexin/propidium iodide (PI) flow cytometry. The mRNA and protein
expression levels of ER stress-related molecules were determined via PCR and Western blotting, respectively. Nitric oxide was mea-
sured with Griess reagent. The levels of inducible nitric oxide synthase (iNOS) mRNA and protein were analyzed via real-time PCR
and Western blot, respectively. iNOS protein degradation was evaluated via immunoprecipitation. We pretreated HIT-T15 cells with
exendin (Ex)-4 for 1 hour prior to the induction of stress.

Results: We determined that Ex-4 exerted a protective effect through nitric oxide and the modulation of ER stress-related molecules
(glucose-regulated protein [GRP]78, GRP94, and CCAAT/enhancer-binding protein homologous protein [CHOP]) and that Ex-4
stimulates iNOS protein degradation via the ubiquitination pathway. Additionally, Ex-4 also induced the recovery of insulin2 mRNA
expression in f3 cells.

Conclusion: The results of this study indicate that GLP-1 may protect [} cells against apoptosis through the ubiquitination pathway.
(Endocrinol Metab 26:142-149, 2011)
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leukin-1B (IL-1B), tumor necrosis factor-o. (TNF-o), interleukin-6 (IL-
6) G2 AP =71 1] F7I= AFRE-e-& A=51H, oo uhE
T Al ZAIS}= ThA] TNF-q, interferon-y (IFN-y) Z-& Alo]E7}2]
wHHIE AF=50] Aol HPAIE M 9] A AHapoptosis)E
St HAEA ALIEFILE A Amitric oxide, NO) 4347}
ABIAEH A 71 Bl XA AEH A F7F S o 7] 713
OJa HEpA|E FAle R Eiy Bt 7R ARA A e,
AN g oA Aol = helu wiEl ofe] 7 9% whg W w
& ihg-o] TAIE O] QLo SR 717 LA QA FTHIL
| A= 7 glucagon-like peptide-1 (GLP-D-2 218l &
BEEOR Yol HH HolM FEe 59 3P|l A 2]
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< 7HITH2] 2 AGEe] o] ATHBAlollA JIAE R HEbA
ZFo 2-t) LA FFEF A (2-deoxy-D-glucose) XEE E3F A A A
EAE FUste] WA 2 AAAME FE51. 0, GLP-12 A
et WA= A XA AEYAS HAaAA HEAEZ B
SRS Hof QIAYY T 20| AXA AEHAE BT AR
o] 9182 ZHHAcE

GLP-19] A7} ARStAEd Ao Ot a2A] AEA HhE-9
st o] ot ARtAEY AL sjao e Hofslrlof] 2 A
A9 =4 5 shel AESA At E7HRlo] HEl
ozl 713 Ame S AEAR GLP19] A}
o|E7}Rlof| o5t HH & g} o Fo} 7] dro ALz} sl

WERTEIE

1. XM=

HAZA AFO|BEF}OI(TNF-a, INF-y, IL-1B)2 R&D system (Min-
neapolis, MN, USA) A& F3IFIL, MTT (3-14,5-dimethythia-
z0l-2-y1]-2,5-diphenyl tetrazolium bromide)@} hoechst 33342+= Sigma
Chemical Co. (St. Louis, MO, USA) A& F+5F%.2H, exendin
(Ex)-4+= Bachem Bioscience Inc. (King of Prussia, PA, USA), An-
nexin V-fluorescein isothiocyanate (FITC) apoptosis detection kit+=
Becton Dickinson Bioscience Inc. (San Jose, CA, USA)ZHE %]
et A vk 98l € Q3F RPMI-1640, fetal bovine serum
(FBS), trypsin-EDTA % penicillin-streptomycin 52 Gibco-BRL
(Grand Island, NY, USA)9| 4] SFA kATt Y248 &S (western blot)
HAL 93t AAFSHA| 2 mouse monoclonal anti-KDEL (GRP7S,
GRPY4; StressGen, Victoria, BC, Canada), rabbit anti-elF2q, rabbit
anti-Ser51 phospho specific elF2a, (Cell Signaling, Beverly, MA,
USA), rabbit anti-GADD 153 (CHOP), anti-inducible nitric oxide syn-
thase (iNOS) (Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-
ubiquitin @ anti-B-actin (internal control) (Sigma, St. Louis, MO,
USA) 52 AF8-35F91 11, 0] 2F8F4| = Amersham Pharmacia Biotech-
nology Inc. (Tokyo, Japan)ol| A Ft¢]slo] AF8-stct 1 9] A7)
o] I3t AR Bio-Rad Laboratories Inc. (Hercules, CA, USA)

oA stk

2 Aol FAH FEY QleEHAI 2SS HITTIS AlE
(74-80 passage)S AMESFTE AFEE HJA]&= RPMI-16409] 10%
FBS 2 100 unit/mL2] penicillin, 100 mg/mL2] streptomycing 7
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7Fske] ARE-8FAAL, 95%2] S 7t A1 = 37°C 5% CO, 2ol Al
vjeksleIth A E = (confluence)7} €F 70-80%0]] ©]2HH PBSE Al
28Il 0.05% Trypsing Aejsto] Al Fataict. AthufelsiaL 2
Q] Tof 05% FBS7F £90]%)+= RPMI-1640 Bj A2 nA|5ke] 12A4]7F
w5, Fol Ak} 5ol whet A et

3 MZE ME Y FMZ 2N
MTT 542 A3ZFE5 24-well plateo]] 1 x 10° cells/mLE -3}

L, 48A17E SR Hl Rt 5, SRk ARRIETIE Fieo] whet X2
=

Ik Ex-4 (25 nM)E E91H AtoE7R X2 1A17E Aol A]2]s)
of Hh-S-AIZITE Z} wello]] PBS 2hg-2Hof] =<1 MTT (5 mg/mL) -84
< A7kl 4A17E B HhE - well HEEroll P44 formazano]
SojA)7] oAl AEHE AAG T DMSO 250 pLE AH7kste] 83

B ELISA reader (Molecular Devices Emax, Sunnyvale, CA, USA)&
0]-&3}03 540 nm (ref. 650 nm)O|A| SH =S A5 T) Hoechst
33342 G2 6-well plateo] 2 x 10° cells/well 2 48A|7F 5L vk
sko] Ex-45 1A B9k AA2|eh & S3tE Abo]E71RlE Foist
ek PBsSEEl 0 2 23] A8l 10% formaling #]2]3}o] 4A|17F
A3 B ChA] PBSE AH AL hoechst 333422 304 E-0F GANE]
gtk JM 3 pBSE A|2l5lal §53-4n]Z(Olympus BX51: Olympus
Corp., Tokyo, Japan)sof| 4] 4008 = FHZSFTE A2 42 Al
EA x 10° cells/welDE 3]e5to] Y4 Ealat & AlE pellets2
PBSE HEA|Z] F Y4 Eeloto] PAdE pelletsS FITCTF A3
annexin V2} PI @ oo ARlEbA A ok, A2 o)A 155 S
skh. GMEl AEEE-L FACS can (Becton Dickinson, San Jose,
CA, USA).2. 2 2218}, Cell Quest Pro AL EYo]& 7+ MR & <]

A& Anstsck

4, HAZH SEA RIS AAMPS

(Real—time reverse transcription PCR)

Total RNA+= Trizol A|2F(Invitrogen, Carlsbad, CA, USA)O. & 2
T 553 99 total RNAE= ImProm-I'TM reverse transcriptase
(Promega Corp., Madison, WI, USA)2} oligo (dT) primer& A5}
o] CDNAZ FHAISISITE AAICE SlEA} SRR 4SS et
primers= GenBank®] ¥7|A €& 7122 2 100 bp H&|= FAIsIA
o} AAZE AR} S AAEES-2 cDNA 1 g, forward primer
2 pmol, reverse primer 2 pmol, SYBR Premix Ex Taq (Takara Bio
Inc., Otsu, Japan) 10 pLE Z§s}o] & 20 pL HH--H O 2 Opti-
con System (MJ Research Inc., Waltham, CA, USA)& A}-8-5}0] A
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43 %,

Seoul, Korea) 0.2 23| A Z T} Fo2] TR0 ug)S 4-20% SDS-
PAGE geloll 4] 27|355t0] AR T 227] W el e
2o YERagR svo 2 o) AZIch R} Bl 11 vl
2ol A Adsh] §Jste] blocking buffer (5% skim milk in
PBST [0.01% Tween 20 in PBSDOA] A2 147} 59 wRslITh
UR} A E A=A 2417F F<SHanti-

A=

Proprep-protein extraction solution (Intron Biotechnology,

BlockingA]%] membrane-2
KDEL-Z 1:1000, anti-B-actin 1:5000, 1841 9 gE
1:5002. 2 blocking buffero]] 3]4) W-g-A]71 & HRP7} ¢1AEo] 9L
+ A} gA|(anti-mouse IgG, anti-rabbit IgG; 1:500 3J4)E Al-2-0]|
A A7 E2F W elsic W T
cent Substrate Reagent 7] EMillipore Corp., Billerica, MA, USA)E
o1 5:510] Xoray T2 AHAIA Fol ] hand SIS,

HRP Chemilumines-

125 -

100 -

Br

50 |-

25

MTT reduction (% of contorol)

0

Lim DM, et al.

=3
/\‘]T‘:— riess reagent system kit (Promega Corp., Madi-
S0 olgto] W] BHES sk 96-well]
e 'a 1 of HHoE 50 L W ¥,
I A 0 e e AT B 1 01
N-naphthylenediamine 2 HCI®Y 50 uLE 2+ wellof] ¥
ELISA reader (Molecular Devices Emax, Sunnyvale, CA, USA)# o]
£310] 540 nme] spaol A Zgskch Aol AN WAEET

g 710 & AESHitt

sulfanilamide 892 50

r¥ oln

IL-1B (ng/mL) - 5

TNF-a (ng/mL)

10
50
50

20
100
100

IFN-Y (ng/mL)

C)

7. 3o 2y
MR A EEEE FE3 5 1,000 pg THAS G B A
A2 713k lysis buffer (20 mM Tris-HCI [pH 75], 150 mM Nacl,
1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 2.5 mM sodium pyro-
125
]
2 100
g ###
o
S 751
=
5
£ 50F
=
-
o
E 25t
=
0
CTYs - + +
Ex-4 - + - + 9
10 Control 10 CTYs
258% 043% 063% 17.22%
10° 10°
g o
q 1T 1
b 7463% 236% | = 3262% 4951%
0] 10
LT T T T T ST T T T T
FL1-H FL1-H
o CTYs/Ex-4 o CTYs/Ex-4/H89
1.16% 1249% 0.97% 9.80%
10° 10°
g ju
j 10° j 10°
= 64.34% 201% | 48.79% 40.44%
10| 10'
o
LR T T T T T T N T ST ST, S
FL1-H FL1-H

Annexin V

(0]

Fig. 1. After exposure to mixture of cytokines, HIT-T15 cells apoptosis increased by doses of cytokines mixture. A. Cells viability was measured with the MTT as-

say. HIT-T15 cells were pretreated Ex-4 for 1

hour before mixture of cytokines treatment. B. After treated of mixture of cytokine, effects of the Ex-4 on cell viability

were measured by MTT assay. C. Proinflammatory cytokines induced apoptotic nuclei reduced via Ex-4. Fixed cells were stained with hoechst 33342 D. Flow cyto-

metric analysis of apoptosis of HIT-T15 cells exposed to 72 hours. ™
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<0.001 vs. control cells; ##<0.001 vs. CTYs alone.
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phosphate, 1 mM-glycerol phosphate) 200 pL2} Protein A/G ©F7}
E A(Santa Cruz Biotechnology, Santa Cruz, CA, USA)E 4o] 14]

7t ZoF HegA kst A vRSAIZTE 5000 rpmoflA] 187F
welsto] AHES AATL 2N ok 2oof HIE0A O = A}
= TS A AT 11 & A E-L 13} 3| (anti-ubiqui-
tin Sigma St. Louis, MO, USA], 1:50002} 4°Coll A 12417t &<t vk
AZ1 3 Protein A/G OFFREAS Yol TA] 4ol A 1AI7F RS A
o} A1 3 2500 rpmof|A] S FoF YAl Eelske] dojWll immune-
complex®]| 2 protein sample buffer (300 mM Tris [pH 6.8], 4% iDS,

uz

ol

20% glycerol, 10% mercaptoethanoDE 231 100°Col|A] 557t 331
B Anti-INOS A2 Y28 B3 BAL 19t g2E %% 24
= o A= gl R o] ARt 2} FUsHA stttk

8.8/ &4

RE 27 9] 2= SPSS-PC+ 4| package (Version 14.0, Chi-
cago, IL, USA)YE AHE-8to] A2fagitt 2t AEe 33 o4} Whes
How, o] vie} 983} FRAE + REUACDE To12 2
Z}o| ZZof| A v]mwsl7] 8l FAREH@nalysis of variance, ANOVA)
S AFste] ZHe 8L posthoc & &ttt 2 7o) §-0)4]
kol 5 HE st SAA 7948 P<0.05 ol 4] ksl

2 1o
4 -
3_

OJiﬁil

‘Jiii
0

8 r

—_

Relative expression
of GRP78 mRNA
N

Relative expression
of GRP94mRNA
N

4

éJiii

CTKs -

Ex-4 - - +
Fsk - - -
H89 - - -

Protein expression ratio (%)

Relative expression
of CHOPmRNA

[ S B
+ 1+ +

A

Fig. 2. HIT-T15 cells were pretreated with Ex-4, forskolin, H89. After

145
Z o
1. MASH AO|E 7210l oISt HIEIM|ZZO| RIHALO]| L Ex—4
[=kk=n)
AFZA AL EFIQIS ZH2F A% (TNF-: 25 ng/mL, INF-y: 25

ng/mL, IL-1B: 5 ng/mL), 5{Hs=(TNF-a: 50 ng/mL, INF-Y: 50 ng/
mL, IL-1B: 10 ng/mL), 2-55%=(TNF-0;: 100 ng/mL INF-7: 100 ng/mL,
IL-1B: 20 ng/mDE 18A7F 59F 42|31 wf, 212} 98%, 59.4%,
38%%] WEES Ho| Xt FEE A2 AZAPE S ¢
3t T &2 A5 tkFig. 1A).

AHE7 AbelE71I0l 8l F-iekl= HetA|Z &FeAAtol vt
GLP-19] B3 a7}2 rolH 117}, GLP-1 4297 24101 Ex-4 (25
nME 147 ol AA]2|ske] MTTE-A], hoechst 33342 G} &
Az A AlgsEGITh MTT 4] At AHS/ AFolE7R] A
2] &t 2tof| Hlal 55.4%9] AEES Hol=t] Whef| Ex-4 Fof A|
879%= ool AEEo| 7= A & 4 UTHEg. 1B).
Ex-49] A|ZZAPHo] gt B & g 7H5 thA] ERlIsE7] 9J8f hoechst
33342 M AP, AAE/ AFlE7RIel sl 2 Hl
EPA3E ZFAA} Ex-4 A 2|okolS o) FolmS ThAl ghH helsial
ThFig. 10). A2 AF$IAF 9 TARS: B &FA5] EQISIaLA} Annexin
Vi} Pl o|F AM & fA|E B4 AR At 2] ALt

& 25.37%019 o AAFA

APOIEZIRI A2] £ 6736%2 ST}
- - - - + H89
- - - + + Fsk
- - + - - Ex-4
- + + + - CTKs
<— GRP%
<— GRP78
<— CHOP
<— B-actin
200 [ GRP7g/p-actin
I GRP94/B-actin
Il CHOP/B-actin
150 [ =
. $
100 - -l ,
$
50 N #
0 \ \ X Q
{0 AL o ¢ o
co O e e e

1 hour, HIT-T15 cells were treated with mixture of cytokines for 48 hours. A. After treated of

mixture of cytokines, effect of the Ex-4, forskolin, H89 on GRP 78, 94 and CHOP were determined by densitometry analysis. B. Western blotting of GRP78,94 and

CHOP "<0.05, "< 0.01

DOI: 10.3803/EnM.2011.26.2.142

,""<0.001 vs. contral cells; < 0.05, #< 0.01 vs. CTYs alone; < 0.05, %< 0.01, %< 0.001 vs. Ex-4 in treated CYTs.
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stglon], Ex-4 Ag] 3 A|Z AFAA} 34.66% 2 745HATHFig, 1D).

Ex-49] 35 729l PKAS Aa)al= HI9S 7<d 229 Abo| B}l

I} Ex-45 o] Aejst Aol Ex-4 #]2] A<] Aol 51.21%=2 A

SEAPHO| ThA] F7F810], Ex-49] HIERZ B3 A 7}= PKA =S
FolA] o] Fo RS gelskelth(Fig. 1D).

L]_ o

A 2k st Il A3 S el vsk e 5
49924 AlolE7elo] ofef Skl 2
A B2 Eﬁﬂ 4-4 Ho g5 29I517] 918) Ex-4 25 nM)
£ WARE Aol AA2] 3 & AHFA Ao E71e1E Aejste] 423

A sedag et oay %ﬂ% WgJE, Bxed o] A, Aol
7Felell ofsl S7Hel GrP CHOP?] Hh3lo] Tz a} u]4=3t
e o, oL G b e i
Ex-49] % 720l cAMPS A5} forskolinS- Ex-4 Al A&
3+ A% GRP 78, 94, CHOPS] ¥3lo] Ex-4 £Eoi3)L |9} H|2=5}7
TaslglaL, el W o] ZRasho] Ex-49] HEp|E Ho At

3

Relative expression
of INOS mRNA

m
x
S
1
o+
1
o+ +
+ 1+ +
o+ +

Nitrite concentration
(uM)
=N

2

0
CTKs - - + + + +
Ex-4 - + - + + -
Fsk - - - - - +
H89 - - - - + -

(C]

Lim DM, et al.

7t cAMPE 3] o] Folx& FRIeHoIT T30 &, PKA FR2E A
3ot H892 AFOIE7IR, Ex-49) Sl A2t 749, 234 Abs|
2o] Ex4 £ Ao 20 2 tiA] Z71819aL, CHOPS] B %A
57l glthFig. 2).

3.INOS Ll & MR St Ex-42| 21t

AAF/ Aro|E7IRl0) Ofgh 42 A AEg o] ARkl
=2 &olH 7] 9J3) NO, iNOS mRNA, iNOS THai 2l o] Hhg
£ AARE QAL S B A vk Al2E B 24

of ZIsISITE Abo]E71Q1 A2] Al tizatol] H]sl iNOS mRNA,
iINOS THill A, NO2J W3-& oju] Q1A £}k Ex-45 TS
A9l iNOS Thill Al NO= 7h2319] o) INOS mRNA= H3} ¢19)
11(Fig. 3), forskolin #]2] Z-o]| &= iNOS mRNA %Fofl= W35 Ho|x]
olo} Ex-49] AZA| AEY A i3l B & 1= iNOS mRNA 4=
Fol| A Yoju7| Brti= iNOS Thild Fafet HeES Ehelatgic

4,iNOS A Falof Chet Ex-42| 1t

Ex-47} iNOS Theidl Bl g 27147 *:‘Eiﬂ AEYAE 7124
71=2] helalaral, iNOS T Al Balol 3w gu|F e st 8¢l
Skt A AlolE7Rle = —ﬂﬂ?i?j INOS THEe- Ex-4
AR A INOS S Ae] uIFEIEp} Z71elo] thado] HaES
- - - - + - H89
_ - - - +  Fsk
- + - + + - Ex-4
- - + + + +  CTKs
<— iNOS
<— p-actin

iNOS/B-action (%)

Vb s ohu® X
o er Q‘\‘G‘\Lség\(;s*“*w\'\ Q’(\@s’f"s (5]

Fig. 3. HIT-T15 cells were pretreated with Ex-4, forskolin, H89. After 1 hour, HIT-T15 cells were treated with mixture of cytokines for 48 hours. A. After treated of
mixture of cytokines, effect of the Ex-4, foskolin, H89 on nitric oxide were determined by densitometry analysis. B. Western blotting of INOS protein. C. After treated

of mixture of cytokines, effect of the Ex-4, forskolin, H89 on iNOS mRNA were determined by densitometry analysis. ™

vs. CTYs alone; < 0.001 vs. Ex-4 in treated CYTs.

http://www.enm-kes.org

<0.001 vs. control cells; *< 0.05, #< 0.001
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119bp — <—Uch-L1
IP: Ubiquitin
W:iNOS 107bp — <—GAPDH
B —
S <
b= | s
< iNOS SE ¢
&3
<SR~
- -+ ¥ + CTKs 23 2+ W
-+ -+ 4 Ex-4 ﬁ 5 # i
- - - - 4+ Hy i
.

\ " )
o Cone® e Qx\ks*"—* Q,"\QS*('S ‘(\s*“:’* A e
250 7 Ubcks 2r "
[ Parkin 5
20 r - B'TCRP 8 < #
5 2=
2 15} %5 r
= ) o .S
5 23 =
2 10t 2= i i
© [
< 0
| |L‘ '. i_l |L‘ CTKS + + :
Ex-4 - - + - +
0.0 Fsk - - - + -
Control CTKs CTKs+Ex-4 (C) He9 - - - - + (D}

Fig. 4. HIT-T15 cells were pretreated with Ex-4. After 1 hour, HIT-T15 cells were treated with mixture of cytokines for 48 hours. A. iNOS protein ubiquitination was
increased by Ex-4. B. Expression levels of deubiquitnation enzyme were examined by real-time PCR and western blot. C. real-time PCR of ubiquitin enzyme after
treatment cytokines or Ex-4. D. Expression levels of insulin2 mRNA were examined by real-time PCR. < 0.01, "< 0.001 vs. control cells; #< 0.01, #< 0.001 vs.
CTYs alone; %< 0.01, %< 0.001 vs. Ex-4 in treated CYTs.

SJ91% 4 AL, ol 189S BHAE chAl T SHelalolckrig z
4A). TF-2-0 & Ex-47} 9|83} 9 ehg-u]F]Elskdeubiquitination)

of IS o) DU Bl A Golust i AT MEIERG] HITTIS AIEFE olgdfe] A
S gHH)FES} 4 A(deubiquitination enzyme)Ql  AFOJEZFQI ZEJA] INOSE] Wl F7 W ARSIAAIA Z1E &
uf
=
Sff 4t

[0

2 F7HA INOS TA0] QHIFRISHS 74 &) XA AEHATF fUE, oo ofg] HEpA| 2] AFAAE
SHAATL S7EEO] XA AEHAS fUshL, F7HES WEeRloH, HIEtA| 2 RE At Gl GLP-15-8A4]
Ex4t Evﬂlﬂ'ﬂﬁ} A4 Uch-L1 mRNA &S FAAIA INOS - ARl Ex-45 AARSH0S o AAF/ Ato]E7kele] ot §+
ool LollE S7AA AR A o] mhE HEpA 2] 22 HEpA S0 ZHAATT AR S gRelsteirh EiF AAF
A AEHAE ESTHFg 4B). 0|, cAMP A=AQ forskolino]uh 4d AR =710l OJt HERA| 329 ZpAALof| Qlo] Ex-49] BT A 7}
GLP-19] 2 AAA|Ql H89-& Eali A e ThA] 1 EhelskGict 12] o) 7|Xe 22 A 2B Ao Aptsto] FEslaLat shgick
U, g5 E3E 84201 UbcHs, Parkin® Ex-42] 2] A| Ha}S HEPAE5=0] APHo| gt Abo]E7IRIS] JoFe H7] fleiA=
Holz| °}°*E}(Flo 40). A|SEAFEAL] HhEh Ex-49] Qladl &H] 3] ARO|E7IRI) AR THEolU = 71A] Abo] BRI Aeet= A
EHoJ5LE gRIskarAt insulin2 mRNA AAIZE FAAL 57 B4 A AZAPE §&7F 2483] ookl Al 7] At E71Q1 &35 At
2 HJ%E AJBYBIGITE Ex-40] Fol= Ato] E7IQl A2] & Fol5ql  &oko] A3t A5 A Gsynergy effec)E P& 4= QUTHOL mHebi] 2
EUEHE T S5 AR insulin2 mRNAS 58ff EeIstSl  Atolli= AES/ AtolE7fele] o3t He} A|i2320] AAE
<Fig- 4D). gol8l7] 9]5ke TNF-a, IL-1p2} IFN-yE &3}sto] AL8-819ict
3P APO|EFIRI LA AEH AL I FARR] GRPTS,
GRP 949 W& F7HIA, 0|5 Sl 232 A 2EH A7 FEES]

—Y‘-r“
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3L, proapoptotic 78 2] Hefsh= CHOP WHS F7HA|A H[ERA|
APES SIS TR U Ex4S HEPA 50l HA2Rt A, 4
T AEF A QZHGRPTS, 94)2F CHOPL] ¥Hlo] 7HA 5|9l 1 (Fig.
2), MTT, hoechst 33342 Y F-A| 2 EAo] A% HEp| 22 APHo] 2
ole & 4 thFig D. Ex-49] AHE thA] S8517] 918) Ex-4
o] AE Uel= o)Ak ABAR] cAMPE A4 0 2 A4=55k=
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