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glucagon-like peptide-1 (GLP-1) ZZ&EMAKNEE)FE T 2 liraglutide A%,

TNFa (2 & V) 338 E 172 interleukin-6 (IL-6) % #If§ 2 22 & Wat L 720 & I EFIR A B2 AR
Human umbilical vein endothelial cell (HUVEC) % W, @ E#E@EOAD T Y Pa—)b CH#E, @ lira-
glutide 300 nM & L 72 L &, ® 10ng/ml TNF-a #F 01 L 72 T #E. @ 10 ng/ml TNF-o B £ O liraglu-
tide 300 nM #RAN L 72 TL #E D 4 BEZHI L, BT L7z IL-6 mRNA BL U ¥ /X7 05BlLid & b 12, C
BEEHB L CTRETERICHM L., TLH#E CTHEIZIMES L 720 cAMP/cAMP-regulated guanine nucleotide
exchange factors-1 (EPAC1) £ X UF cAMP/cAMP-regulated guanine nucleotide exchange factors-2 (EPAC2)
& suppressor of cytokine signaling-3 (SOCS3) @ mRNA B L% » /37 588iE, CHEELILKL CLHET
FEICHE L 72 SOCS3 Tidy /87 B THEE L CTL HETHEICHEIR L 720 PKA mRNA (£
BECHEAZ RO ONL D> 720 Liraglutide 13 IL-6 DFI % 0] L 7245, PKA FHKFMRE CH 2
EPAC % /1L, SOCS3 % #F#4 % Z & T IL-6 FEBHIHIZ %5 L 72 W REIE AR IE S iz,

& U & I

127 LF VIFEFEIUAE - THLE D S 55
SHRNVESTHY . BROMBEE LA ZIR 5HE
ZeWE B MRER T TH L, 127 LTV RIVE
> DV EDTH 5 Glucagon-like peptide-1 (GLP-1)
/N T o Ll s 550 S, BB AT O
GLP-1 ZHEEE AL TT FofECHi s A~
AN 2oy BEIET HVEM 2o, §CIC. GLP-1
ZEARMEEEE TH 5 liraglutide % exenatide 13 FfR D
BB LTHE 0. 2 AERGEEICB W THER L
EREO 12 LTHEHINTW S, GLP-1 121
BEAMER ORI S, O B HRIEBHIHIE .

@ EHMEER. @ 7N h I EnEIE .
@ MENEREERZEDR DD O I1XE OIES)E
BIIHENC L 28 e LCasny, @ 13 B B )
B Y GLP-1 Hll 3 o 2k =t sk g & /- L 7238
FIHY B X ORISR AN O GLP-1 T2 HES
BENTIOTMREMEATRIESNTVEY, @ IZELT
¥, GLP-1 DY Y MAF F U afr LIz v h
I IR ORFE S EE SN TWS, &IETIE
@ OIMBEBNEREERHIZOVWTLHSNSE L)1
o729 GLP-1 25 & D X 5 % ¥ TIMAE N
PREIZAER S 2 O E 502 S 9 Tld e ve

P PRI M A PEAE O FSRE RIS BT, B RAE
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* —7— K : human umbilical vein endothelial cell (HUVEC), interleukin-6 (IL-6) ,cAMP/cAMP-regulated guanine nucleotide
exchange factors-1(EPAC1), suppressor of cytokine signaling-3 (SOCS3) ,glucagon-like peptide-1 (GLP-1)
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TIIRII AR RS (2 2B 2 2 LB N T\ 5. 20D
F% % 12 1% Tumor necrosis factor-o. (TNF-a.) . Mono-
cyte chemoattractant protein-1 (MCP-1) 7 & @ %K HE
WA S A A OGS TR 9%, T/,
Interleukin-6 (IL-6) &, & b TldZ ML 22 4
HOMEHTLEA RO IL-6 /v 7T 7 b~
A CIZEIRIEAL 2 J L 72 & o s asd 510, &
D7z, 1L-6 [ FBEIRFELIZIEAERT 128 < EE 2 K
FO—DLLTEZLNTWVD, Fald, (HHEA
GLP-1 #5128 ), & MEHIRA M (Human
umbilical vein endothelial cell : HUVEC) 2 B8 \» C
nuclear factor- kappa B (NF-kB) D&z T B L UM%
ST BEBAWETT H L R FERE L T b (IFE
H)o GLP-1 (XML A & cyclic AMP (cAMP) % I
5 &4, protein kinase A (PKA) KEMEI/EHT %
#E 1 D 13 2>, cAMP/cAMP-regulated guanine nucleo-
tide exchange factors (EPAC) % /i L C PKA FEKAF
BICERT 2B M5 N TWw S, EPAC I sup-
pressor of cytokine signaling-3 (SOCS3) 3§ %
i L. SOCS3 & IL-6 DI 2§ 5 & & H3Hs
ST,

Pl XY, Fexlx GLP-1 O I R BB
RIEET A M AA 2N T 2T EF R 72 0.
Fealde MENTEIRPE A (Human umbilical vein
endothelial cell : HUVEC) % H \» T, liraglutide %%
TNF-a (2 & o THFE I N L IL-6 WD S22
MEME Lz £72IL-6 ST 50 ThHL,
Z OFF 12 EPAC 3 & U8 SOCS3 3B 5- 3 % 2 Had
L7z

MAEME S LUAE

1. #fEEE

I 45 P Bz ML 4% HUVEC (27 9 K, KRIR)
R L 7o B N B A 25 AR Hh -2 (EBM2
YN TGNAFT X8y, B SN BRI
v b2 (EGM2: ¥ 1 34 T x80) iR
L72b 0% L7z, BE2E1E 37°C. 5%C0O, IRET
TAT»720 7B, HUVEC 134 3~6 A F T 1#
L7,

2. TNF-all&2FBETIN—TH5E

HUVEC & poly-L-lysine T2 — 7 1 » 7 &7z 6
RIL—F (U727 /ad— &) of&Y vz,
FNENIXI0CE T D % 3 — 128 L. 37°C
5%CO, B T CHi#E L 720 GLP-1 B REEhHE &

B Fl2E

L T, liraglutide (/ R/ VF 14 A7 77 —<) %
L7z MEPNRMILIC B 2 RIER ERT 572
O EHIERE 10ng/mL @ TNF-a (V77 7V R1) v
F TV x8) % FWvTHUVEC 238 L 72 Mg
5 80% 2> 7V bDIREET, HUVEC * 2 >~ b
O — )b (C) #. liraglutide 300 nM (L) £, 10 ng/
mL TNF-o % 5- (T) #. 10 ng/mL TNF-o 8 & O
liraglutide 300 nM (TL) #2548 L7z TNF-a H#
2 BRR 2 OB (5 T- 583, TNF-o Hli 24 B R 0 B
B EFFR O Y 23y BB L O 2 & O
HUVEC MifE ¥ > /37 % LT OFEBRIHE L 72,0

3. RNA DB LU cDNA &%

TNF-o 3o 2 B 2. HUVECs % V) > PR #% 18
AP AR (PBS) CTEEE L. RNeasy Mini Kit (¥
TV W) AW CRAIGEO T E b a— )iz
HEWN total RNA ZHli L 720 2 @ total RNA lpg %,
cDNA Synthesis with SuperScript® IIl RT ({ > ¥ b1
Vv, By FHVWCGRMICES 7O Fa— iz
HEVY cDNA AL E AT 5 72,

4. )7L L PCR &K

cDNA & Light Cyclerl.5 (O v ¥ 2 - ¥4 77/
ATA Y7 A WKE) WY TV A A PCR
F2C BRI EE TR % AT L 720 IL-6.
PKA. EPAC1., EPAC2. SOCS3. 18SrRNA ® 7 7
A4 ~ — 1%, Gene Bank (http:/www.ncbi.nlm.nih.gov/
genbank/) % FHWTEEETL7ce £7 74 ~— DR
BCH1d Table 1 1278 L 72o LightCycler® FastStart DNA
Master SYBR Green (W 2 - ¥4 77 ) A5 14
7 A) ERMEHLTRHCEO 7T~ a—)uiZfEv,
FZRBIZTOMIEEZHE L2 WRMEa Y bo—)LT
%% 18S rRNA B & 2§ 2 BBHEDOILTIL-6
B L U"PKA. EPACI. EPAC2, SOCS3 ® mRNA %
Bl 25l L. 2h2hiconThiliigat L7z (%

ﬁ I’l=7>o
5. ELISA FEIC L3 #patsER L& RTP D IL-6
ZHENDTEE

TNF-o FI# D 24 F§ 12 B L 7 MkgsE 280k
& W@ IL-6 38 3 & % EIA IL-6 kit (Beckman Coul-
ters 7 AV HAEE) X DEIEL . RATCE
D7 b= VI JlIE L 7R IL-6 O
FERAME D S R IR & SR ed . A AR IS & T
K TIVogaicrFB L, 2ot &Y 2 vo
MRBCCRHIE L CIuBRE L7z (B8 n=5).
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Table 1 Gene-specific forward and reverse primer sequences for real-time PCR
Target mRNA Primer Sequence
5 5'-GTAACCCGTTGAACCCCATT-3"
18S rRNA
3 5'-CCATCCAATCGGTAGTAGCG-3’
5 5'-CAAATTCGGTACATCCTCGACGGC-3’
IL-6
3 5'-GGTTCAGGTTGTTTTCTGCCAGTGC-3’
5 5'-CGGAGGGGACACTACTCAAC-3"
EPACI1
3 5'-GGTCTCGGATGAGGTTTGGG-3’
5 5'-CACGAACAGGGAATGAACGGCA-3’
EPAC2
3 5'-GGAATCCTGTCATTGTTAGAGCCCG-3"
5 5'-CATGGAGTACGTGCCCGGCG-3"
PKA
3 5'-ACGGGCATGGGGCTCACTGA-3’
5 5'-CTTCAGCTCCAAGAGCGAGT-3"
SOCS3
3 5'-CAGGTTCTTGGTCCCAGACT-3’

6. HREZEQOHE

TNF-o Fl3 o 2 FEMEICHILE & > 787 1Z, NE-
PER” extraction reagent (Pierce. T v 7 7 #+ — I,
A AN TAYAERE) ZHWT, BMECE
o7 b a—)ViZft-> T HUVEC 7 53H L7z,

7. DIX&Z>2TJT Oy hiEIC &L B EPACL

EPAC2. SOCS3 HIRE D Lb#

MR E % » %27 12 B1F % EPACL. EPAC2,
SOCS3 #HE T A% 7 uy MEICTHIEL
720 FhMH L7-MIREE 4 > 23 7 JE B % Nanodrop® Tilll
EL, ZV o 7IE b 30ug DM Y v 87 % H
W7zo WY TIVIC [F % & @D 2 X Tris-Glycine SDS
Sample Buffer (£ > ¥ 0¥z ¥) %#fl1Z. 100°C
DFREK T 5 5 INBALE % 1T > 720 EPACI {ll5E
MY > 7V % 6% Tris-Glycine Gel (f > ¥ TPz
> ). EPAC2 {ll5E H ¥ > 7'V % 10%Tris-Glycine Gel
(fretrmy=r), SOCS3HEERTF 7%
12%Tris-Glycine Gel ({1 > ErOT ) O )b
[Z7EA L. XCell 1I SureLock Mini-Cell system (A ~
vhayzy) ZHWT 100 mV 90 4 OB KE
. 30mV, 605 TPVDF A > 7L (f ¥
FaYxy) WG L. AT L% 5% AF L
IV T ay R, 1 kPifkE LT 1000
LA T ¥y NEEPIE N EPACI £/ 70— )L
Puik (77 F 40 HWE). 1,000 AR~ 7 A HE
v b EPAC2 £/ 7 U —FUHifk (77 LK),
1,000 {547 € FHERPLE b SOCS3 €/ 7 10—

TR (T 7 A 5 B L O 1L000 AT € v
NHRPLE b B-actin LR (CTS ¥ v /8, HiT)
L7z 2k E LT s HEHRILT E oy b
IgG Pufk (GENIV AT 7. HE) BLU 10 HiEA
Wi~ 7 X 1gG Hifk (GENIVAZ 7, W) % 1{#
HL7z0 PUROAFUZIE Can Get Signal kit (HTEER)
it KB 2R L7z, ki b 58nic L %
LAY r7Tay s 4y Ity A7 4 (ECL
advanced, GE NV A7 7, W) W/, HIY
5 X7 EDOFBIL, EPACI ¥ ¥ 7% 2 1% 104 kDa,
EPAC2 % > 7% 7 | 38kDa, SOCS3 ¥ > /% 7 |&
30kDa. B-actin ¥ /%7 1L 45kDa TR®O 511, X
W7 4 IV ATHENKR. &30 FOEREILEIT- 72,
ME S o7 12BWCEB 777 ENREMED v
fo—e L, ZRZENICHTL2HEHEOLT
EPACI1. EPAC2. SOCS3 % > /37 O 5 & % |8
L7 (B8 n=6).

8. #rEthiE

K 4 OUEMEIZ I + AR THRIR L. Stat-
cel-2 software (OMS publishing, # E) % FH W T
Bonferoni/Dunn ## TN L 720 P<0.05 THEZEDH
N EHIET L 720

& ES

1. Liraglutide @ IL-6 mRNA 3£35 (x4 3 % #14]
PyES
HUVEC #1® IL-6 mRNA ¥z, 2> ha— )L (C
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) 2L, TNFa 2 MLz THTIX 153 E
ICH IS L7 (11.25%6.79. p<0.05), Liraglu-
tide % /R0 L 72 TL B @ IL-6 mRNA 78313 C B2
L 54fEEMRL 2%, THICHNEREIZIL
7z (5.42+2.71. p<0.05) (Fig. 1)

2. Liraglutide D3E&EK EERDIL-6 2 > /X7

EE T 3 MHIHE

B oEillE ks o8 Lo L6 4
PNZEEX CHICHL . THTAEICEETH-
72 (3.23%£0.36 ng/ml, p<0.05), TL # O IL-6 ¥ ~
IR, BEFREBARKICCHEICHLSET
HolHTHELRD EABEITRMETH -7 (2.05
+0.24 ng/ml. p<0.05) (Fig.2)o
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Fig. 1 Inhibition of IL-6 mRNA by liraglutide
Compared with group C, increase in the level of IL-6
mRNA after TNF-a stimulation was eleven-fold higher in
group T (P<0.05). This upregulation was attenuated in
group TL compared with group T (P<0.05).
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Fig. 2 Inhibition of IL-6 protein level by liraglutide
There was three fold increase of the IL-6 concentration in
group T, compared with group C (P<0.05). TNF-a-
induced increase in IL-6 concentration was significantly
attenuated by liraglutide in group TL (P<0.05).
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3. Liraglutide (C & % EPAC1 FE3R

HUVEC H'® EPACI mRNA Z8LiE, THIZ C L
B0 R VEERTH 572, Liraglutide D & % 71N
L7ZZLBETIE. CHE. THE TLERICHL. AEICHE
Hgms R L7z (1.76+0.66. p<0.05) (Fig. 3a)o

EPACI ¥ > /37 388l b R F3EBLHER 2. C #E.
THL, TLHEICILL, LECHEZICEBEEY R L
7= (2.01+0.25, p<0.05) (Fig.3b)-

4. Liraglutide |[C & % EPAC2 FFEFR

HUVEC '™ EPAC2 mRNA %31 & EPAC1 & [Alkk

* *
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(n=T) (n=T} (n=7) (n=T)

EPAC1 mRNA arbitrary ratio to 18S

Fig.3a  Up-regulation of EPAC1 mRNA by liraglutide
There was no significant difference between group C
and group T. Compared with groups C, T and TL, there
was significant increase of EPAC1 mRNA in group L
(P<0.05).

Relative ratio to control

¥ L T it
(n=6) (n=6) (n=6) (n=6)
C T IL L

Fig. 3b  Up-regulation of EPAC1 mRNA and protein expression
by liraglutide
Similarly, there was significant increase of EPACI pro-
tein expression in group L (P<0.05).

(4)



2013 £ 4 A
75
oo
o *
i)
o 35 |
2 .
E 3
& 25
|
< 1
g o . : "
IS c L T T
@]
g (=7 (n=7) (=7 (n=7)
S}

=
as

. 4a  Up-regulation of EPAC2 protein expression by liraglu-
tide
There was no significant difference between group C
and group T in the same way as EPAC1. Compared
with group C, there was significant increase of EPAC2
mRNA in group L (P<0.05) (Fig. 4a).

| *
]

Relative ratio to control

L

Fig. 4b  Up-regulation of EPAC2 mRNA and protein expression
by liraglutide
There was significant increase of EPAC2 protein expres-
sion in group L compared with groups T and TL
(P<0.05) (Fig. 4b).

W, THIZCHEEXRDO R WIERTH -7, CHE
WL, LETIRARICEHEM®RE R L (220
0.84. p<0.05) (Fig.4a).

EPAC2 7 > /3 7 ZEBIZB L Tld. L #F1E T A%,
TL # 2 L A BB 2 /R L7z (2.01+0.25,
<0.05) (Fig.4b).
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Up-regulation of PKA mRNA by liraglutide

There was tendency of increase in PKA mRNA expression
by liraglutide. ~ However, there was no significant differ-
ence among these 4 groups.

5. Liraglutide (C & % protein kinase A (PKA) %
BHR

HUVEC #' @ PKA mRNA &3 (2B L T\ liraglu-
tide ZRML7-LEIICREE, TLHEIZ THEE 21
Z 7L PKA mRNA Z 312 B L CHi 98 % 78 3 @17 12
BoTzh EHEM TATIE 223 e Do 72 (Fig. 5)o

6. Liraglutide |Z & % SOCS3 F&Ex)R

HUVEC ' ® SOCS3 mRNA FEH & 1L TNF-a D%
A (T # ). TNF-a 8 X O liraglutide 7% Bl (TL ¥ )
IZH L. liraglutide 5 (L #) THEIZZEH MR
R L7z (1.34+0.44, p<0.05) (Fig. 6a)o

SOCS3 ¥ Y7 3B Tidar ra— ) (CHE).
TNF-a O (T #) 12 L liraglutide % 5- 7 CH
EICSEHR A R L7 (2.85+0.83. p<0.05) (Fig.
6b) o

Z =

AWFZETIL HUVEC % f#/ L T, GLP-1 %41k
IOV L DO TH S liraglutide 12 £ 2 FEVMER DT
BYRTEALAE H 25 HaT S 7z TGRS GLP-1 1% %
PIEZHIE L2 BTy S IAE R TNF- 12 & ) 353 &
1% plasminogen activator inhibitor type-1 (PAI-1) <
vascular cell adhesion molecule-1 (VCAM-1) O 5§ Bl
TR L MIREEHEZ AT 5 LMESN TS,
¥ 72, GLP-1 Z HMREH#E TDH 2 liraglutide T H
TNFa (2 & 1) 358 & N 2 M8 N R ML D327 ]+ 0
P IHT 5 2 L ST %, Liraglutide
%% AMP-activated protein kinase (AMPK) % /i L C
endothelial nitric oxide synthase (eNOS) #iEMEAL L.

(s5)
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. 6a  Up-regulation of SOCS3 protein expression by liraglu-
tide
There was a significant increase of SOCS3 mRNA in
group L, compared with groups T and TL (P<0.05).

1!

Fig. 6b Up-regulation of SOCS3 mRNA and protein expres-
sion by liraglutide
There were significant increases of SOCS3 protein
expression in groups L and group TL compared with
groups C and T, respectively (P<0.05).

Relative ratio to control
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Nuclear factor-kappa B (NF-kB) % #Ifi|4 2 Z & T,
TNF-a (2 & o TH#HE & 115 VCAM-1. intercellular
adhesion molecule 1 (ICAM-1), MCP-1 % ##l] 3 %
EVo P EES N TV S,

4 ORETTIE. HUVEC (28T TNF-o O Hi%
XD IL-6 IEEETB LY 37 OWiJTHB
SR L. liraglutide $% 5-12 & 0 SEIILA Z I2HIH] &
N7ze TOREERIX. IL-6 12X D IEMEIL S5 signal
transducer and activator of transcription 3 (STAT3) <
mitogen-activated protein (MAP) ¥ ) —+¥ 7% &% 4
L72 MCP-1 7 ED IR A b 71 A ¥ EEETTEDS

liraglutide ¥ /J-12 & D #Hl SN2 W EEEZ /R L T
%o T4 1%, HUVEC |2 3BT TNF-o OFl#IZ ,,t -
T MCP-1 EEAEDTLHE L (A MEEL GLP-1 %512
TR ENLZ ERHERELTEY (J“ﬂyﬁnqﬂ)
liraglutide % 5-12 & % IL-6 O 5B B K O A O
ARG L7 TREIE S B R ST,

e B RIIE ClE. GLP-1 2SS RE D G ¥ » /%
7 W Z KL TH D GLP-1 T HIRICEEST 5 L.
ML cAMP I @ B2 X 1) PRA KA PERERS &
EPAC2 72 & @ PKA IR EE AN LTA > A

Gy EARES A1, EPAC2 7% 312 MR 2 Y

(Mn‘mﬁ’? W23 L T\ b —5 T, EPACI (X1 M
R % B N 2 A 12 B L TV 5. MEMNRE
#iiE Tt EPACI 75%1115@%3%%%3@5 12 8 o> il 40
2B o TEY . 1B IE R M % T E AR
TR NEE R BRI L 7 & OIRREICHET L L E RS
NTW B2 REFZE Tl liraglutide % #%5- L 72 L
BT, CHEIZH L EPACI. EPAC2 ® mRNA B L O
YU EWAFREICHEBL T\, L L, PKA
mRNA ZSHIICHEE LETHEEZEO LN o
720 ARWFZETIE PRKA RO R AT b T e v
728 liraglutide 1 & % PKA KA MERR R~ O FFM 1
iR, ’*t%x Siizhs, e &b IE IS
B W T3, liraglutide 75 PKA JEKF IR CTH 5
EPAC 75: L CTIL-6 ZEHMHNIZE ST 5 2 £ H9R
iz,

IL-6 D/ v 77w b<7 ATIEEIRELAHZE A
Rl s /-2 &nn, IL-6 BIRRAMRH,. &) €
T Y7 BIREE R ISR L 2 EARIB S
TWaAY, F720 IL-6 (RO EREO o7 — |k
Y= =2 ) ) AAEEESER S L Tw Y, 4
FCTOMBTIE, IL-6 (XEIIRFEAL |2 42 A9 12 1E
TLEIENEZLNL, Z1UIx L CTEPAC I, Il
BRHAZIZ BT SOCS3 % FE L IL-6 % ¥ 3
BT ENHE SN TV AW, RIFFETIL. SOCS3
mRNA B X ¥ 287 5L, CHEIZHL LA T,

THIZHL TLHECTENZNEIHMEMmE RO 72, 5t
RoLBY, THIZHL TLHECIEA ZICIL-6
mRNA B L ¥ 237 BEHMK L liraglutide
A EPAC % 41 L C SOCS3 D5 H Mm% 725 L,
IL-6 DFEHAIH L 2bnEEz 5Nz L L,
IEER GLP-1 & 13587 V) | liraglutide (2 & Zoml’ﬂ“ﬁw
FEARE IS BT 2 FLREMER 1L GLP-1 51K % A
TR Tl W EQRENTED., 5!%%[10)&

(6)
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HEAET AR D RIS T BY,

ARHWFFETIE BPAC O ZBLICBI L T, THRIZH L
TL HETIIAEREBRIARD LN o 712 b e
H5T. SOCS3 DEIICHE L CIXAZIcHEEE
O 5720 IL-6 1 STAT3 ° MAP ¥ J-— ¥ % {H 4%
L& 513H, SOCS3 & iFHT 5 Z LA BN T
Wb, Tk X TNF-o fl %, WD DR[| T
EPAC DM{EFB L% 387 8B 2 WET L 7225
THE TLHMICEREZBLZ LN TE o7,
ZD72%. SOCS3 DIEHIEIHRIZE L TlX. EPAC D
AOREFETIE R W REME b R o 720 72, ABFFET
& N7 liraglutide D2 5-= 1. 4 F ToOHE L
FEEOHETIEH > 72 A O T,
HUVEC % TNF-o THlJ{# L MCP-1 mRNA O 53l %
S L 72 & 2 AL 300 nM OEPET GLP-1 % iN§
% Z & TMCP-1 mRNA DI % A EIHIH] L 7255,
30nM DT O & TIdA =4 BRI Es
ol GaX#fd). LaL. e bR
GLP-1 B Td 5 0.01~0.025nM (25 L HH 5
MICEHEE o TEY ., EREOBRIKRTHHAINS
HETARIZEL R UERESEHSN L 2EAHTH
%o Z LT, WA GLP-1 & GLP-1 ZHREE) 3
Td % liraglutide TIEHERF 234 < D[R — T\ ]
REMEL RIZENTBY, 5Hb SO R HME 22T
%o

& B

GLP-1 ZEARMEBIFE T 5 liraglutide 13, ME N
Fz 4B HUVEC 12 B\ T TNF-o il # TH R L 72
IL-6 mMRNA B L% VS 7 BB 2 L 720 Z D
e & LT, liraglutide %-5-12 £ 1) . EPAC FEBiHE 8,
SOCS3 FEHIETEAS IL-6 SEHIPHNI DL L L E 2 5
N7z GLP-1 ZEMFIEES T B 5 EH 721 C©
X7 <\ IL-6 Ol & A L BRI LS AE B & O
HERIEIER % DRk L & 2 b/,
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Abstract

Background : Incretin-based agents, especially glucagon-like peptide-1 (GLP-1) receptor agonist agents, have been
used recently to treat type 2 diabetes. Recent reports demonstrated that these agents improved endothelial cell dysfunction in
diabetic patients. Interleukin-6 (IL-6) is a potent inducer of the acute phase response, and is associated with endothelial cell
dysfunction and formation of atherosclerotic lesions. However, it is not well understood how GLP-1 receptor agonist agents
act on endothelial cell dysfunction through IL-6. We investigated whether liraglutide, which is one of the GLP-1 receptor ago-
nist agents, attenuates IL-6 expression induced by tumor necrosis factor o (TNF-o) stimulation.

Methods : Human umbilical vein endothelial cells (HUVECs) were divided into four groups, control group (C), L group
treated with 300 nM liraglutide (L), T group treated with 10 ng/ml of TNF-a.(T), TL group treated with 10 ng/ml of TNF-a. and
300 nM liraglutide (TL). We collected HUVECsS to evaluate gene expression and protein expression, and culture supernatant to
measure the level of IL-6 after TNF-a stimulation.

Result : IL-6 mRNA and protein expression in T group were markedly up-regulated in response to TNF-o stimulation
comparing with C group. This up-regulation was attenuated by liraglutide in the TL group. The gene expression and the pro-
tein expression of cAMP/cAMP-regulated guanine nucleotide exchange factors-1 (EPAC1) and EPAC2 in L group were up-
regulated comparing with C group (P<0.05). The protein expression of the suppressor of cytokine signaling (SOCS3) in L
group or TL group was up-regulated compared with C group or T group, respectively (P<0.05). However, there was no sig-
nificant difference in protein kinase A (PKA) mRNA expression among these 4 groups.

Conclusion : Liraglutide attenuated IL-6 gene expression and protein expression in HUVECs after TNF-a stimulation

through PKA-independent pathway.

{Key words) : Human umbilical vein endothelial cell (HUVEC), Interleukin-6 (IL-6), cAMP/cAMP-regulated guanine
nucleotide exchange factors-1 (EPAC1), Suppressor of cytokine signaling-3 (SOCS3), Glucagon-like peptide-1 (GLP-1)
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