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Tumor necrosis factor- TNF- Mono-
cyte chemoattractant protein-1 MCP-1

6 8

Interleukin-6 IL-6
9 IL-6

10

IL-6

GLP-1 Human 
umbilical vein endothelial cell : HUVEC
nuclear factor- kappa B NF- B

GLP-1 cyclic AMP cAMP
protein kinase A PKA

cAMP/cAMP-regulated guanine nucleo-
tide exchange factors EPAC PKA

EPAC sup-
pressor of cytokine signaling-3 SOCS3

SOCS3 IL-6

GLP-1

Human umbilical vein 
endothelial cell : HUVEC liraglutide
TNF- IL-6

IL-6
EPAC SOCS3

1. 
HUVEC

-2 EBM2 :

-2 EGM2 :
37 C 5%CO2

HUVEC 3 6

2. TNF-

HUVEC poly-L-lysine 6

1 105 37 C
5%CO2 GLP-1

liraglutide

10ng/mL TNF-

HUVEC
80% HUVEC

C liraglutide 300 nM L 10 ng/
mL TNF- T 10 ng/mL TNF-

liraglutide 300 nM TL TNF-

2 TNF- 24
2

HUVEC
3. RNA cDNA
TNF- 2 HUVECs

PBS RNeasy Mini Kit

total RNA total RNA 1 g
cDNA Synthesis with SuperScript® III RT

cDNA
4. PCR
cDNA Light Cycler1.5

PCR
IL-6

PKA EPAC1 EPAC2 SOCS3 18S rRNA
Gene Bank http://www.ncbi.nlm.nih.gov/

genbank/
Table 1 LightCycler® FastStart DNA 

Master SYBR Green I

18S rRNA IL-6
PKA EPAC1 EPAC2 SOCS3 mRNA

n=7
5. ELISA IL-6

TNF- 24
IL-6 EIA IL-6 kit Beckman Coul-

ter
IL-6

n=5

2
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6. 
TNF- 2 NE-

PER® extraction reagent Pierce

HUVEC
7. EPAC1

EPAC2 SOCS3
EPAC1 EPAC2

SOCS3
Nanodrop®

30 g
2 Tris-Glycine SDS 

Sample Buffer 100 C
5 EPAC1

6% Tris-Glycine Gel
EPAC2 10%Tris-Glycine Gel

SOCS3
12%Tris-Glycine Gel

XCell II SureLock Mini-Cell system
100 mV 90

30 m V 60 PVDF
5% 

1 1000
EPAC1

1,000
EPAC2

1,000 SOCS3

1,000
-actin CTS

2 5
IgG GE 10

IgG GE
 Can Get Signal kit

ECL 
advanced GE

EPAC1 104 kDa
EPAC2 38 kDa SOCS3
30 kDa -actin 45 kDa X

EPAC1 EPAC2 SOCS3
n=6

8. 
Stat-

cel-2 software OMS publishing
Bonferoni/Dunn P<0.05

1. Liraglutide IL-6 mRNA

HUVEC IL-6 mRNA C

3

Table 1 Gene- -time PCR

Target mRNA Primer

18S rRNA
5´ 5´-GTAACCCGTTGAACCCCATT-3´

3´ 5´-CCATCCAATCGGTAGTAGCG-3´

IL-6
5´ 5´-CAAATTCGGTACATCCTCGACGGC-3´

3´ 5´-GGTTCAGGTTGTTTTCTGCCAGTGC-3´

EPAC1
5´ 5´-CGGAGGGGACACTACTCAAC-3´

3´ 5´-GGTCTCGGATGAGGTTTGGG-3´

EPAC2
5´ 5´-CACGAACAGGGAATGAACGGCA-3´

3´ 5´-GGAATCCTGTCATTGTTAGAGCCCG-3´

PKA
5´ 5´-CATGGAGTACGTGCCCGGCG-3´

3´ 5´-ACGGGCATGGGGCTCACTGA-3´

SOCS3
5´ 5´-CTTCAGCTCCAAGAGCGAGT-3´

3´ 5´-CAGGTTCTTGGTCCCAGACT-3´



71 2138

TNF- T 11
11.25 6.79 p<0.05 Liraglu-

tide TL IL-6 mRNA C
5.4 T

5.42 2.71 p<0.05 Fig. 1
2. Liraglutide IL-6

IL-6
C T

3.23 0.36 ng/ml p<0.05 TL IL-6
C

T 2.05
0.24 ng/ml p<0.05 Fig. 2

3. Liraglutide EPAC1
HUVEC EPAC1 mRNA T C

Liraglutide
L C T TL

1.76 0.66 p<0.05 Fig. 3a
EPAC1 C

T TL L
2.01 0.25 p<0.05 Fig. 3b

4. Liraglutide EPAC2
HUVEC EPAC2 mRNA EPAC1

4

Fig. 1 Inhibition of IL-6 mRNA by liraglutide
 Compared with group C, increase in the level of IL-6 

mRNA after TNF-  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 .

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- -

induced increase in IL-6 concentration was signi cantly 
attenuated by liraglutide in group TL P<0.05 .

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 .

Fig. 3b Up-regulation of EPAC1 mRNA and protein expression 
by liraglutide

 Similarly, there was signi cant increase of EPAC1 pro-
tein expression in group L P<0.05 .
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T C C
L 2.20

0.84 p<0.05 Fig. 4a
EPAC2 L T

TL 2.01 0.25
p<0.05 Fig. 4b

5. Liraglutide protein kinase A PKA

HUVEC PKA mRNA liraglu-
tide L C TL T

PKA mRNA
Fig. 5

6. Liraglutide SOCS3
HUVEC SOCS3 mRNA TNF-

T TNF- liraglutide TL
liraglutide L

1.34 0.44 p<0.05 Fig. 6a
SOCS3 C

TNF- T liraglutide
2.85 0.83 p<0.05 Fig. 

6b

HUVEC GLP-1
liraglutide

GLP-1
TNF-

plasminogen activator inhibitor type-1 PAI-1
vascular cell adhesion molecule-1 VCAM-1

7

GLP-1 liraglutide
TNF

Liraglutide
AMP-activated protein kinase AMPK

endothelial nitric oxide synthase eNOS

5

Fig. 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 signi cant increase of EPAC2 
mRNA in group L P<0.05 Fig. 4a .

Fig. 4b Up-regulation of EPAC2 mRNA and protein expression 
by liraglutide

 There was signi cant increase of EPAC2 protein expres-
sion in group L compared with groups T and TL
P<0.05 Fig. 4b .

Fig. 5 Up-regulation of PKA mRNA by liraglutide
 There was tendency of increase in PKA mRNA expression 

by liraglutide.  However, there was no signi cant differ-
ence among these 4 groups.
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Nuclear factor-kappa B NF- B
TNF- VCAM-1 intercellular 
adhesion molecule 1 ICAM-1 MCP-1

HUVEC TNF-

IL-6
liraglutide

IL-6 signal 
transducer and activator of transcription 3 STAT3
mitogen-activated protein MAP

MCP-1

liraglutide
HUVEC TNF-

MCP-1 GLP-1

liraglutide IL-6

GLP-1 G
GLP-1

cAMP PKA
EPAC2 PKA

11 EPAC2
EPAC1

EPAC1

12 13 liraglutide L
C EPAC1 EPAC2 mRNA

PKA 
mRNA C L

PKA
liraglutide PKA

liraglutide PKA
EPAC IL-6

IL-6
IL-6

10 IL-6
9

IL-6
EPAC

SOCS3 IL-6
14 15 SOCS3 

mRNA C L
T TL

T TL IL-6 
mRNA liraglutide

EPAC SOCS3
IL-6

GLP-1 liraglutide
GLP-1

6

Fig. 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 .

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 .
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EPAC T
TL

SOCS3
IL-6 STAT3 MAP

SOCS3
TNF-

EPAC
T TL

SOCS3 EPAC

liraglutide

HUVEC TNF- MCP-1 mRNA
300 nM GLP-1

MCP-1 mRNA
30 nM

GLP-1 0.01 0.025 nM

GLP-1 GLP-1
liraglutide

GLP-1 liraglutide
HUVEC TNF-

IL-6 mRNA
liraglutide EPAC

SOCS3 IL-6
GLP-1

IL-6
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Inhibition of atherosclerosis by glucagon-like peptide-1 
receptor agonist in endothelial cells
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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 TNF- 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- T , TL group treated with 10 ng/ml of TNF-  and 
300 nM liraglutide TL . We collected HUVECs to evaluate gene expression and protein expression, and culture supernatant to 
measure the level of IL-6 after TNF-  stimulation.
  Result IL-6 mRNA and protein expression in T group were markedly up-regulated in response to TNF-  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-
ni cant 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-  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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