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Resistin is a recently described novel adipokine that has been
suggested to play an important role in the development of insulin
resistance and type 2 diabetes by inhibiting insulin receptor signaling
in myocytes and adipocytes, In the present study, we evaluated the
direct effect of resistin on insulin secretion in pancreatic beta-cells,
After treatment with recombinant resistin for 30 min, changes in
glucose uptake, intracellular ATP and calcium levels, and insulin
secretion were measured in glucose-stimulated INS-1 cells, The
number of insulin granules morphologically docked to the plasma
membrane was measured using a total internal reflection fluorescence
microscope, Resistin significantly inhibited glucose-stimulated insulin
secretion in INS-1 cells, Although resistin had no effects on
intracellular glucose uptake, ATP and calcium levels, it caused a
significant decrease in the number of docked insulin granules, In
addition, the expression of rab3A was decreased after treatment with
resistin, These results suggest that resistin can inhibit insulin secretion
through inhibition of insulin granule docking via downregulation of
rab3A in pancreatic beta-cells, The present finding may also be an
important mechanism of resistin for the development of type 2
diabetes,
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1. M=

Fetal bovine serum (FBS)¥} RPMI-1640 v A=

& ] A 2 99

Gibco (Carlsbad, CA, USA)olA T3}ttt
Resistine Cayman Chemical (Ann Arbor, MI,
USA) oA T3k, 1 9 BE 3gHEES Sigma-
Aldrich (St, Louis, MO, USA) ol 4] F+43}4iHt.

2. MIZ b

Rat insulinoma INS-1 A £+ RPMI 1640 Hlj#|o|
10% FBS, 2 mM L-glutamine, 1 mM sodium
pyruvate, 50 pM B-mercaptoethanol, 50 U/ml
penicillinﬂ} 50 U/ml streptomycing 7}t 5%
CO, % 37C 27l A w3l it

INS-1 AEA dEd LHFe 2oy
B2 (Mercodia, Uppsala, Sweden)S ©]-&3}¢
=434t INS-1 A|EE 35-mm tissue culture
dishell 1 x 10° A E 4/dish9] F=& wFst 5, 2
mM XE9& ¥3}3F Krebs-Ringer phosphate-
HEPES &< [KRPH -&<H: 10 mM phosphate buffer,
pH 7.4; 1 mM MgSO,, 1 mM CaCl,, 136 mM NacCl,
4,7 mM KCI, 0.2% bovine serum albumin and 10
mM HEPES, pH 7.6]o] 3043} resistind} $}7
=AY oA INS-1 AIEE 16,7 mM E=TS
235 KRPHE N 307 =& A AT 302 &,
A E vjfdS AE F 1000 rpm FAA 5EZE
QAR E A5 AUw F, 4FAL 2o}

-20°Ce) B3kt

E
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4, M= LY 2-deoxy-PH-ZEY S5 X

INS-1 A|ZZ 35-mm tissue culture disho]] 1 x 10°
M E F/dishe] =2 e $ 2 mM L33 E33H
KRPH &-9o] 30%7} resisting} 317 =27}, o] %
2-deoxy-[’H] 50,1 mM, 0.5 pCi/ml; PerkinElmer
Life and Analytical Science, Waltham, MA, USA)&
A Ee =2AATh 102 3, 0.2 M NaOHEZ 0|83}

N EE &33F scintillation counterE o]-&-3}e] A|3E
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6. M=Z Lf Z& sE([Ca']i) X

[Ca*]i ¥sh=
EXCITER; Carl Zeiss, Jena, Germany)E& ©]-&3}¢]
ZAsttt, S 543871 A3l excitation?
emission 3L z+7 488 nm9} 516 nm=
AR FF o AE 3% A2 E Rol LSM5
software (Carl Zeiss) & o] &3&}o] B89}, A Lo
e AgE 98 1 ml/min F&3 37C 249
flow system< F-Z3}SIt}. INS-1 A 25 Z W74
Aekol fluo-4/acetoxymethyl ester (3 pM;
Molecular Probes, Eugene, OR, USA)¢} 2 mM
TS E3e KRPH &0l 3023t =E3 A2t
o]F AMEE 2087 Mol §l= KRPH &0
EEAA fluo—4/ acetoxymethyl ester?] esterase
cleavageZ} WA E 4= QT2 39T}, [Ca?'li =A%
kg sts el &, AE 5EI 16.7 mM]
Feds Agstan. 23 =7 FF WU
#(FO)E 7lEo =2 ot 3 W] o HsE
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confocal laser microscope (LSM 5
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7.Total Internal Reflection Fluorescence Micro-
scopy (TIRFM)E 0|23t 24

ol el-GFP7} W& % INS-1 A|¥£E 10 mg/ml
laminin (Sigma-Aldrich)o] Z® ¥ high-refractive-
index glass coverslip (Olympus, Tokyo, Japan)l 1
X 10° A|E 4/dish T2 Hjkst & 2 mM
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IedS T3 KRPH £A¢ 247 Fot
=ZAZth oA INS-1 A EE 16,7 mM 253S
23 KRPHE Yol 3027 =%A]7]WA TIRFM
ags Qled
=733t
B 5

= 0]’93\1:]'.

(ix70; Olympus)S o]-&a}o] A Euto

He] Fof oled Iyl Eu|kds
A ZEere] 4 200 nm Azl el Y=
G HAT Ty o] 2 Flste] BAF

8. Western blot &4

INS-1 A E AL SDS-PAGES] Fatx 3
rab3A 84| (Abcam, Cambridge, UK) 2} 8} beta-actin
A (Sigma-Aldrich) & o] &3}¢] immunoblot&
A 885}4t}, Western blot T2 ¥l == horseradish
peroxidase’} ZAg¥ 23} A (Abcam)$} 3}shik3

Al9¥(Amersham Biosciences, Little Chalfont, UK)-<

o g3te] AZs T,
0, SAIEE £

A= mean + SEMOE T334, SPSS
version 20,0 (SPSS Inc., Chicago, IL, USA) &
o] 83l B84 B 6]—031:} Area under the
curve (AUC)+= Microcal Origin software version 9, 1
(Northampton, MA, USA)& o]-&3}e] £431c} 5+
% 7+e] ¥ E Student’s two-tailed t-testE

o] &3FA, F 1F o]Ae] M|+ Bonferroni
T4& 7k ANOVAE o] &sto] E43 3,
AR Fo S p < 0.0502 HAsHT.
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1. Resistine] ZE& A=A Ql&2] 2H| (glucose-
stimulated insulin secretion, GSIS) 21 ®| & 1}

INS-1 27 WERA ol A] resistino] GSISel| 1] 2] &=

groll s ZAFeFGIT). Resisting 3087F A A 23t
YIEGE 2 mM BF 16,7 mMe] =2 A ]3}e]
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Fig. 1. Effect of resistin on glucose-stimulated insulin secretion in INS-1 cells. Dose-
dependent effect of resistin on GSIS levels. The values represent the mean + SEM, n =
5. #p <0.05 and **p < 0.01 vs cells treated with 16.7 mM glucose alone.

T = gEF o7 GSISE JAEATHFig, 1).
e Eo 2= A resistine ¢l<d] By E
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Fig. 2. Effects of resistin on cellular glucose
uptake and ATP levels in INS-1 cells. Cells were
stimulated with 10 nM resistin for 30 min,
followed by 16.7 mM glucose for 10 min. Cellular
glucose (A) and ATP (B) levels were measured in
INS-1 cell lysates. The values represent the mean
+SEM, n=>5.
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Fig. 3. Effect of resistin on glucose-stimulated [Ca?*]i increase in INS-1 cells. Cells were stimulated with 10 nM
resistin for 30 min, followed by 16.7 mM glucose for 5 min. (A) Representative data from five independent
experiments are shown. Solid line, control; dotted line, resistin. (b) The area under the curve (AUC) is depicted as the
percentage of the values in the presence of 16.7 mM glucose alone. The values represent the mean + SEM, n = 5.

Mz ZAFA Ao #Ast=AE &2lstr] H3)
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W E INS-1 A Eof| resisting 30%-7F A 2 g]sF &=
F

ded FHgo BuIFES #FFALS H(Fig.
4A&B), tlZz7ol v 194 <ledd Eujukgol
FrofshA At 29 A ey EHukE
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W3l 99t} (Fig, 4C). o)1= =3 resisting 197
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Fig. 4. Effect of resistin on the insulin secretion phase in INS-1 cells. Cells were infected with adenovirus
carrying the insulin-GFP fusion protein. The cells were preincubated in 2 mM glucose buffer with or without 10
nM resistin for 30 min. At 30 sec after acquisition of the image, the cells were stimulated with 16.7 mM glucose
for 20 min. The histogram of the fusion events at 30-sec intervals in a cell-surface area of 200 pm? was
generated (A, B). The data are representative of four independent experiments. (C) The sum of the fusion events
in each phases induced by glucose stimulation is presented. The values represent the mean + SEM, n = 4. *p <

0.05 vs control values.
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Fig. 5. Effect of resistin on the number of membrane-docked insulin granules in INS-1 cells. Cells were infected
with adenovirus carrying the insulin-GFP fusion protein. The cells were preincubated in 2 mM glucose buffer with
or without 10 nM resistin for 30 min. (A) Representative data from four independent experiments are shown.
Scale bar, 10 ym. (B) The number of docked granules was measured in a cell-surface area of 200 um?. The values
represent the mean + SEM, n = 4. **p < 0.01 vs control values. White bars, 2 mM glucose. (C) The expression of
rab3A was detected by Western blot analysis of whole cell lysates.
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Fig. 6. Proposed mechanism to explain the effect of resistin on insulin secretion in pancreatic beta-cells. K pp:
ATP-sensitive potassium channel, Mito: mitochondria, AW: membrane depolarization, VDCC: voltage-dependent

calcium channel.
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