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Abstract. – OBJECTIVE: To investigate the ef-
fects of telmisartan on matrix metalloproteinase-9 
(MMP-9) expression in macrophages induced by 
angiotensin II (Ang II) and its mechanism.

MATERIALS AND METHODS: THP-1 cells 
were adopted for research, and phorbol-12-myri-
state-13-acetate (PMA) was utilized to induce 
THP-1 cells to be transformed into macro-
phages, with Ang II as a stimulating factor and 
telmisartan as a therapeutic drug. Cell counting 
kit-8 (CCK8) and lactate dehydrogenase (LDH) 
were applied to detect cell viability and toxici-
ty. Enzyme-linked immunosorbent assay (ELI-
SA) was performed to measure the MMP-9 re-
lease level. Polymerase Chain Reaction (PCR) 
and Western blotting were conducted to detect 
the expressions of MMP-9 messenger ribonu-
cleic acid (mRNA) and protein, respectively. The 
mechanism of action was further studied, and 
the activity of cyclooxygenase-2 (COX2)/macro-
phage-expressed gene 1 (mPEG1) pathway was 
determined via PCR and Western blotting.

RESULTS: The 1 mM Ang II could remarkably 
activate the synthesis and release of MMP-9 
as well as the COX2/mPEG1 pathway in macro-
phages. However, telmisartan could effectively 
repress the Ang II-induced MMP-9 synthesis and 
release in the macrophages, and suppress the 
COX2/mPEG1 pathway in the macrophages acti-
vated by Ang II.

CONCLUSIONS: Telmisartan can inhibit the 
activation of MMP-9 in the macrophages by sup-
pressing the COX2/mPEG1 pathway.
Key Words: 

Angiotensin II, MMP-9, Macrophages, Telmisartan, 
COX2/mPEG1.

Introduction

Angiotensin II (Ang II), as a major component 
of renin-angiotensin system (RAS), plays its role 

by virtue of specific seven transmembrane Ang 
II receptors which are divided into two subtypes, 
namely angiotensin II type 1 (AT1) and AT2, 
and Ang II mainly perform its functions via the 
AT1 receptor in the cardiovascular system. Stu-
dies have proven that Ang II plays an important 
role in atherosclerosis (AS)1,2, and it is not only 
a vasoactive hormone that regulates blood pres-
sure, aldosterone release, and sodium and water 
reabsorption, but also a powerful pro-inflamma-
tory cytokine3. Ang II regulates the expressions 
of many substances, including growth factors, 
cytokines, chemical factors, and adhesion mole-
cules, which are related to cell growth/apoptosis, 
fibrosis, and inflammation4,5. The role of Ang II 
in inducing inflammations may be its primary 
mechanism of participating in AS and acute co-
ronary syndrome (ACS). Ang II can damage the 
anti-fibrinolytic function of endothelial cells and 
increase the adhesion molecules expressed in the 
endothelial cells. It can also induce inflammatory 
responses in the vessel wall, promote circulating 
monocytes to enter the tunica intima and acce-
lerate the macrophages to transform into foam 
cells6. In addition, in the early stage of AS, Ang 
II can stimulate smooth muscle cells to produce 
monocyte chemotactic protein-1 (MCP-1) and va-
scular cell adhesion molecule-1 (VCAM-1), whi-
ch are helpful for mononuclear macrophages to 
adhere to the vessel wall, phagocytize oxidized 
low-density lipoprotein (oxLDL) to form foam 
cells and accelerate the occurrence and develop-
ment of AS lesions7. Several studies8 have demon-
strated that macrophages, as major inflammatory 
cells that are involved in AS plaque, play a vital 
role in the process of the AS plaque rupture. The 
activated macrophages can secrete cytokines, 
promote the degradation and apoptosis of smooth 
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muscle cell and decline the ability to synthesize 
and repair extracellular matrix. They can also se-
crete matrix metalloproteinases (MMPs), degrade 
extracellular matrix and decrease the intensity of 
fibrous caps. MMPs are a category of proteolytic 
enzymes closely correlated with plaque instabi-
lity and rupture, which are mainly synthesized 
in the macrophages. MMPs synthesized by the 
macrophages in local plaque are the most crucial 
enzymes for plaque instability9. Studies have il-
lustrated that the macrophages in unstable pla-
que can induce the generation of MMPs throu-
gh cyclooxygenase-2 (COX2)/prostaglandin E2 
(PGE2) pathway10. It is manifested through rese-
arch that MMP-9 is a primary matrix proteinase 
causing plaque instability as well as one of the 
major factors reflecting plaque stability11. Some 
clinical studies12 have revealed that angiotensin 
receptor blocker (ARB) agents cannot only lower 
the blood pressure, but also decrease the occur-
rence rate of cardiovascular events in the patients. 
It suggests that ARB agents may exert effects in 
the process of stabilizing plaques. In this expe-
riment, human monocytic cell line THP-1 cells 
were adopted to observe the impacts of telmisar-
tan, a type of ARB agent, on the AT1 and AT2 
receptors as well as MMP-9 expression in mono-
nuclear macrophages at the cellular level.

Materials and Methods

Cells and Materials
The monocytic cell line THP-1 cells were pur-

chased from the Cell Center of the Institute of 
Basic Medical Sciences of the Chinese Academy 
of Medical Sciences (Beijing, China). Dulbecco’s 
Modified Eagle Medium (DMEM) was bought 
from Gibco (Rockville, MD, USA), AT1 and 
MMP-9 antibodies were purchased from CST 
(Danvers, MA, USA), enzyme-linked immuno-
sorbent assay (ELISA) kit was provided by R&D 
Systems (Minneapolis, MN, USA), Polymerase 
Chain Reaction (PCR) kit was purchased from 
Beyotime, and fluorescent antibody was bought 
from Abcam (Cambridge, MA, USA).

Cell Culture
The cell suspension was transferred into a 10 

mL centrifuge tube and added with 5 mL DMEM 
containing 10% fetal bovine serum (FBS; Gibco, 
Rockville, MD, USA). After centrifugation at 
1,000 rpm for 10 min, the supernatant was discar-
ded, and an appropriate amount of DMEM con-

taining 10% FBS was added, pipetted and mixed 
evenly, so as to adjust the cell density to 1×105/
mL. Then, the cells were seeded into a 25 mL 
culture flask for culture in an incubator with 5% 
CO2 at 37°C, and the medium was replaced after 
24 h. 100 ng/mL phorbol-12-myristate-13-acetate 
(PMA) was applied to induce differentiation for 
48 h, and the differentiation level was determined 
under a light microscope.

Polymerase Chain Reaction (PCR)
The treated cells in each group were collected 

to extract the total ribonucleic acid (RNA) using 
TRIzol (Invitrogen, Carlsbad, CA, USA). After 
the concentration of the samples was measured, 
the reverse transcription system was added accor-
ding to the concentration to perform the reverse 
transcription. The former 40 cycles were utilized 
to synthesize the complementary deoxyribonu-
cleic acid (cDNA), and the reverse transcription 
reaction conditions were set for PCR amplifica-
tion. Real-time fluorescence signal was collected 
after each cycle, and the amplification and mel-
ting curves were recorded.

ELISA
The cell suspension was aspirated into an Ep-

pendorf (EP) tube, followed by centrifugation at 
12,000 rpm for 5 min, collection of supernatant 
and preservation in a refrigerator at -20°C for 
detection. ELISA was performed to measure the 
MMP-9 concentration in the supernatant. The 
operations were conducted in strict accordance 
with the steps in the instructions of the kits and 
microplate reader. All the reagents, working stan-
dard solution and samples were prepared. The 
bands with excessive plate frames were removed, 
which were placed in a foil pouch with desiccant, 
and then the pouch was sealed. 100 mL diluent 
RD1-34 was added into each well. Then, 100 mL 
of standard substance or sample was added into 
each well, which was covered by adhesive tapes. 
After that, the plate was placed on a horizontal 
shaker at (500±50) rpm for incubation at room 
temperature for 2 h. The substances in each well 
were aspirated and washed for 4 times. 200 mL 
affinity MMP-9 was added into all wells to detect 
the antibodies. Next, the plate was sealed with a 
new piece of sealing paper, which was washed 
again after incubation on the shaker at room tem-
perature for 1 h. Then, 200 mL substrate solution 
was added into each well, followed by incubation 
away from the light on the horizontal shaker at 
500±50 rpm for 30 min. After that, 50 mL stop 
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buffer was added into each well. The optical den-
sity at 450 nm was read, and that at 570 nm was 
calibrated for every well using the microplate re-
ader within 30 min. The MMP-9 concentration 
was calculated on the basis of the MMP-9 stan-
dard curve.

Western Blotting
Cells in each group were fetched and washed 

twice with D-Hank’s solution, which was then ab-
sorbed clearly using absorbent paper. Next, 150 mL 
ice-cold lysis buffer was added into each group and 
then placed on the ice for lysis for 30 min. The pro-
teins in each group were collected into an EP tube 
using a cell scraper, followed by centrifugation at 
12,000 rpm and 4°C. After that, the supernatant 
was sucked and transferred into a new EP tube, 
and 5× loading buffer was added and mixed after 
the protein concentration was determined via bi-
cinchoninic acid (BCA) method (Pierce, Rockford, 
IL, USA), followed by heating at 100°C for 6 min. 
Then, 30 mL proteins were added into prepared 
separation gel and spacer gel loading wells, which 
were subjected to electrophoresis in the electropho-

resis buffer under a proper voltage. After that, the 
gel was stuck closely to polyvinylidene difluori-
de (PVDF) membrane (Millipore, Billerica, MA, 
USA), followed by transfer in transmembrane solu-
tion at 0°C under a constant voltage of 100 V for 60 
min. After the PVDF membrane was blocked in 5% 
skim milk powder at room temperature for 1 h, it 
was clipped according to the molecular weight and 
then blocked in primary antibodies in the refrige-
rator at 4°C overnight. The PVDF membrane was 
taken out the next day and rinsed with Tris-Buffe-
red Saline-Tween 20 (TBST), followed by addition 
of secondary antibody immunoglobulin G (IgG) 
(1:5000) for incubation at room temperature for 1 
h. After that, the membrane was rinsed with TBST 
again, and Tanon 5200 immunofluorescence de-
velopment system was applied for development as 
well as measurement and calculation of grayscale.

Statistical Analysis 
The results were presented as mean ± varian-

ce, and Statistical Product and Service Solutions 
(SPSS) 16.0 software (SPSS Inc., Chicago, IL, 
USA) was utilized for statistical processing and 

Figure 1. Activation of MMP-9 in macrophages via Ang II. A, MMP-9 release levels induced by different concentrations 
of Ang II (0.1 mM, 1 mM and 10 mM) in the macrophages detected by ELISA. B, MMP-9 messenger RNA (mRNA) synthesis 
induced by different concentrations of Ang II (0.1 mM, 1 mM and 10 mM) in the macrophages detected by PCR. C, MMP-9 
protein synthesis induced by different concentrations of Ang II (0.1 mM, 1 mM and 10 mM) in the macrophages detected by We-
stern blotting. D, Analysis of grayscale value of Western blotting for MMP-9 protein in each group. *p<0.05 vs. blank group
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analysis of the data. Homogeneity of variance test 
was performed for all the data measured, and one-
way analysis of variance was adopted for compa-
rison among groups, followed by Post-Hoc Test 
(Least Significant Difference). p<0.05 suggested 
that the difference was statistically significant.

Results

Ang II Induced MMP-9 Expression and 
Release in the Macrophages

The Ang II-induced (0.1 mM, 1 mM and 10 mM) 
MMP-9 expressions in the macrophages were de-
tected via ELISA, PCR and Western blotting. Ac-
cording to ELISA, compared with that in control 
group, MMP-9 release in the macrophages was 
not significantly increased by 0.1 mM Ang II, but 
remarkably increased by 1 mM and 10 mM Ang II 
(Figure 1A, p<0.05). However, there were no dif-
ferences among the groups. The PCR results indi-
cated that the MMP-9 RNA level in macrophages 
could be elevated through the action of Ang II. 
In comparison with control group, 1 mM and 10 
mM Ang II had statistically significant differen-
ces in the MMP-9 RNA level (Figure 1B, p<0.05), 
while the difference between the two groups was 
not significant. The MMP-9 protein expressed in 
the macrophages was detected, and it was reve-
aled that the changes were consistent with those 
of MMP-9 RNA. After the action of 1 mM and 
10 mM Ang II, the MMP-9 protein expressions in 
the macrophages were increased, with significant 
differences compared with those in control group 
(Figure 1C and 1D, p<0.05), but there was no dif-
ference between 1 mM and 10 mM Ang II. Ang 
II could not only induce the MMP-9 RNA and 
protein expressions in the macrophages, but also 
increase the MMP-9 release.

Ang II Induced COX2/Macrophage-
Expressed Gene 1 (mPEG1) Activation 
in Macrophages

The Ang II-induced (0.1 mM, 1 mM and 10 mM) 
COX2/mPEG1 expressions in the macrophages 
were detected by means of PCR and Western blot-
ting. The results manifested that the RNA levels 
of COX2 and mPEG1 in the macrophages could 
be enhanced after the action of Ang II. Statistical-
ly significant differences were observed between 
1 mM and 10 mM Ang II and control group (Figure 
2A and 2B, p<0.05), while the difference betwe-
en 1 mM and 10 mM Ang II was not significant. 
Similarly, it was discovered through protein level 

examination that the expressions of COX2 and 
mPEG1 proteins were improved after Ang II tre-
atment, of which more prominent elevation was 
detected after the action of 1 mM and 10 mM Ang 
II, displaying differences compared with those in 
control group (Figure 2C, 2D and 2E, p<0.05). 
These results suggest that Ang II is capable of 
inducing the activation of the COX2/mPEG1 pa-
thway, activating the RNA expressions as well as 
protein synthesis of COX2 and mPEG1.

Telmisartan Exerted a Toxic Effect on 
Macrophages

The toxic effects of different concentrations of 
telmisartan on the macrophages were detected via 
cell counting kit-8 (CCK8) and lactate dehydroge-
nase (LDH). CCK8 results showed that compared 
with control group, 0.1 mM and 1 mM telmisartan 
could not remarkably inhibit the cell prolifera-
tion, but 10 mM telmisartan had prominent inhi-
bitory effects on the cell proliferation (Figure 3A, 
p<0.05). LDH release test indicated that 10 mM 
telmisartan produced more notable cytotoxicity 
than control group, and the LDH released by cel-
ls were increased evidently (Figure 3B, p<0.05). 
However, no significant cytotoxicity was produ-
ced by 0.1 mM and 1 mM telmisartan. Therefore, 
the experiments were performed using telmisar-
tan at experimental doses of 0.1 mM and 1 mM.

Telmisartan Inhibited the Increase in 
MMP-9 Release and Expression in the 
Macrophages Induced by Ang II

The levels of MMP-9 release and expression in the 
macrophages in blank control group, Ang II group 
and telmisartan (0.1 mM and 1 mM) + Ang II group 
were determined by virtue of ELISA, PCR and We-
stern blotting. ELISA indicated that MMP-9 release 
in the macrophages was suppressed significantly by 
0.1 mM and 1 mM telmisartan compared with tho-
se in Ang II group (Figure 4A, p<0.05). There were 
no significant differences between groups with dif-
ferent concentrations of telmisartan. The results of 
PCR and Western blotting revealed that telmisartan 
could repress the MMP-9 RNA level and protein 
synthesis in the macrophages, showing significant 
differences compared with those in Ang II group 
(Figure 4B, 4C and 4D, p<0.05). The differences 
between groups with different concentrations of 
telmisartan were not significant. Those results im-
ply that telmisartan can inhibit Ang II in inducing 
MMP-9 release and expression in the macrophages 
and decrease the expression and release of MMP-9 
in the macrophages.
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Telmisartan Inhibited COX2/mPEG1 
Expression in the Macrophages Induced 
by Ang II

The COX2/mPEG1 expression in the ma-
crophages in blank control group, Ang II group 
and telmisartan (0.1 mM and 1 mM) + Ang II 
group were measured through PCR and Western 
blotting. It was shown that in comparisons with 
those in Ang II group, the RNA levels of COX2 

and mPEG1 in the macrophages were inhibited 
markedly by 0.1 mM and 1 mM telmisartan, with 
statistically significant differences. However, the-
re were no differences between groups with dif-
ferent concentrations of telmisartan (Figure 5A, 
5B). Similarly, it was discovered through protein 
level examination that the expressions of COX2 
and mPEG1 proteins were suppressed after tre-
atment with telmisartan, displaying differences 

Figure 2. Activation of COX2/mPEG1 pathway in the macrophages via Ang II. A, COX2 mRNA levels induced by different 
concentrations of Ang II (0.1 mM, 1 mM and 10 mM) in the macrophages detected via PCR. B, MPEG1 mRNA levels induced 
by different concentrations of Ang II (0.1 mM, 1 mM and 10 mM) in the macrophages detected via PCR. C, COX2 and mPEG1 
protein expressions induced by different concentrations of Ang II (0.1 mM, 1 mM and 10 mM) in the macrophages detected via 
Western blotting. D, Analysis of grayscale value of Western blotting for COX2 protein in each group. E, Analysis of grayscale 
value of Western blotting for mPEG1 protein in each group. *p<0.05 vs. blank group
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compared with those in Ang II group (Figure 5C, 
5D and 5E, p<0.05). All these suggest that telmi-
sartan can inhibit the activation of COX2/mPEG1 

pathway induced by Ang II and suppress the syn-
thesis of COX2 and mPEG1 proteins.

Figure 3. Effects of telmisartan on the macrophage viability. A, Changes in the macrophage viability after treatment with dif-
ferent concentrations of telmisartan (0.1 mM, 1 mM and 10 mM) detected via CCK8. B, Cytotoxicity in the macrophages after 
treatment with different concentrations of telmisartan (0.1 mM, 1 mM and 10 mM) detected via LDH. *p<0.05 vs. blank group

Figure 4. Telmisartan inhibits MMP-9 activity in the macrophages. A, Levels of MMP-9 release in the macrophages in blank 
control group, Ang II group and telmisartan (0.1 mM and 1 mM) + Ang II group detected via ELISA. B, MMP-9 mRNA syn-
thesis in the macrophages in blank control group, Ang II group and telmisartan (0.1 mM and 1 mM) + Ang II group deteced 
via PCR. C, MMP-9 protein synthesis in the macrophages in blank control group, Ang II group and telmisartan (0.1 mM and 
1 mM) + Ang II group detected via Western blotting. D, Analysis of grayscale value of Western blotting for MMP-9 protein in 
each group. *p<0.05 vs. blank group, **p<0.05 vs. Ang II group
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Discussion

THP-1 cells were adopted in this research, 
and PMA was utilized to induce THP-1 cells to 
be transformed into the macrophages. According 
to the results of this experiment, the MMP-9 and 

COX2/mPEG1 expressions in the macropha-
ges cultured in vitro were increased under the 
induction of Ang II, while the Ang II-induced 
MMP-9 synthesis and release in the macropha-
ges could be efficiently inhibited by telmisartan. 
Such an inhibitory effect may be generated by the 

Figure 5. Inhibitory effect of telmisartan on COX2/mPEG1 pathway in the macrophages. A, COX2 mRNA levels in the 
macrophages in blank control group, Ang II group and telmisartan (0.1 mM and 1 mM) + Ang II group detected via PCR. B, 
MPEG1 mRNA levels in the macrophages in blank control group, Ang II group and telmisartan (0.1 mM and 1 mM) + Ang II 
group detected via PCR. C, COX2 and mPEG1 protein expressions in the macrophages in blank control group, Ang II group 
and telmisartan (0.1 mM and 1 mM) + Ang II group detected via Western blotting. D, Analysis of grayscale value of Western 
blotting for COX2 protein in each group. E, Analysis of grayscale value of Western blotting for mPEG1 protein in each group. 
*p<0.05 vs. blank group, **p<0.05 vs. Ang II group.
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activation of the COX2/mPEG1 pathway in the 
macrophages.

Atherosclerosis is a common pathological ba-
sis of cardiovascular and cerebrovascular disea-
ses, which is one of the most important reasons 
threatening human health at present. ACS is a 
major manifestation of cardiac events in patients 
with coronary heart disease, of which the com-
mon pathophysiologic basis is that the coronary 
AS plaques become unstable and rupture due to 
multiple factors, thus leading to thrombosis. Epi-
demiological studies13,14 have manifested that the 
RAS is an independent risk factor for AS plaque 
rupture and ACS. Further analyses have revealed 
that Ang II in the RAS can increase inflammatory 
factors, such as interleukin-6 (IL-6), tumor necro-
sis factor (TNF), and IL-1, in the vascular tissues 
through several pathways15. These inflammatory 
factors can aggravate platelet aggregation, stimu-
late MMPs production and promote proliferation 
of smooth muscle cells, ultimately increasing the 
plaque instability and inducing plaque rupture16.

The proinflammatory effect of Ang II is achie-
ved mainly by stimulating the macrophages. In 
turn, the activated macrophages can secrete lar-
ge quantities of inflammatory factors, block the 
apoptosis and proliferation of smooth muscle 
cells and damage the synthesis and repair abili-
ty, thereby injuring the integrity of vessel wall17. 
Also, the macrophages can secrete the hydrola-
se MMPs. According to the research of Moreau 
et al18, the expressions of MMP-1, MMP-3, and 
MMP-9 were elevated markedly in the cultu-
red human macrophages after induction with 
oxLDL. Among them, the MMP-9 is a crucial 
predictor of plaque stability. In clinical observa-
tion of the MMP-9 expression during coronary 
atherectomy, the positive expression of MMP-9 
exists in 83% coronary atherosclerotic plaques 
of patients with unstable angina and in 25% pla-
ques of patients with stable angina. However, the 
positive expression is not detected in the normal 
internal mammary artery without any lesion19. 
The MMP-9 in those unstable plaques are ge-
nerated by the macrophages through the COX2/
PGE2 pathway10. It was discovered in this study 
that telmisartan could effectively suppress the 
Ang II-induced MMP-9 synthesis and release in 
the macrophages and inhibit the COX2/mPEG1 
expression at the same time. The results prove 
that telmisartan can protect the plaque stability 
and reduce the plaque rupture, which may serve 
as an important target for the treatment of coro-
nary heart disease.

Conclusions

We showed that Telmisartan can suppress the 
activation of MMP-9 in the macrophages induced 
by Ang II, which is realized possibly by repres-
sing the COX2/PGE2 pathway in the cells.
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