
Abstract. Aim: To study if the angiotensin receptor blocker
olmesartan reduces levels of plasminogen activator inhibitor 1
(PAI1), a risk factor for oral cancer, in a mouse model and
therefore whether it could be used in the treatment of this
malignancy. Materials and Methods: Twelve transgenic PAI1
mice aged 16-20 weeks were divided in two groups each
containing six animals. One group was given olmesartan every
day for 30 days in drinking water in an amount corresponding
to their weight, 0.005 mg/g, while the second group did not
receive any medication (control group). Blood samples were
obtained from animals of both groups, before and after one
month of olmesartan administration and plasma PAI1 levels
were measured using enzyme-linked immunosorbent assay.
Results: In the olmesartan-treated group, a significant decrease
of PAI1 level was found after 1 month of treatment (11.9±8.6 vs.
21.7±7.2 ng/ml, respectively; p=0.028). However, no
statistically significant difference was observed in PAI1 levels
between the olmesartan-treated and control groups after one
month, (p=0.177). Conclusion: Olmesartan did not significantly
affect PAI1 levels in this mouse model.

Oral cancer remains the sixth most common type of cancer
and one of the leading causes of death, particularly in

developing countries. Oral squamous cell carcinoma
encompasses more than 90% of oral malignancies and has
been reported in all parts of the oral cavity (1).
Approximately 350.000 people are diagnosed with this
disease annually worldwide, while the 5-year survival rates
are poor, ranging between 30-50% in different studies and
have not changed during the past two decades (2, 3). 

The development and progression of carcinogenesis in the
oral region is a multistep process in which mutations in
oncogenes and tumor-suppressor genes are involved, influenced
by certain chemical factors such as plasminogen activator
inhibitor-1 (PAI1). PAI1, also known as serpine, is emerging as
a potential factor with an active role in oral carcinogenesis (2,
3). Many authors have correlated plasma PAI1 levels with the
progression and development of oral cancer, although the
mechanisms of its action are not yet fully understood (4, 5). 

Olmesartan is an angiotensin II receptor antagonist
indicated for the treatment of hypertension. Administration
of olmesartan to patients with hypertension significantly
reduced levels of PAI1 after 6 months of treatment (6). In
addition, when olmesartan was administered at 10 mg/kg in
drinking water of mice with subcutaneous tumors, inhibition
of tumor growth was observed, thus the drug has been
assigned a supporting role in anticancer therapy, especially
in pancreatic cancer (7).

In an effort to examine the possible therapeutic role of
olmesartan in PAI1-induced oral cancer, we studied an
experimental animal model by administration of the
angiotensin receptor blocker to transgenic mice
overexpressing PAI1. The aim was to study the possible
effect of olmesartan in reducing the PAI1 level in mice so
that it could be used as a treatment model for oral cancer.
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Materials and Methods

Twelve transgenic PAI1 mice (Mus musculus; aP2 - PAI - Poly A 388,
50% FVB, 50% Bl6; Heverlee, carrying human PAI1 gene), ranging
from 16 to 20 weeks of age, were transferred to Attikon Hospital
Experimental Surgery and Surgical Research laboratory of Athens
Medical School, from the Laboratory Animal Centre of the Catholic
University of Leuven, Belgium. The animals were handled according
to Greek legislation for the Care and Use of Laboratory Animals (P.D.
160/91 and Law 2015/92, conforming to European Directive 86/609)
under controlled conditions with a 12-h light/dark cycle and
maintained on a standard laboratory animal diet with constant
nutrition (Mucedola s.r.l., Milan, Italy) and had free access to water.
All animals were supervised by an experienced veterinary surgeon. 

The mice were divided into two groups of six. The allocation to
groups was random and both were matched with age, sex and race.
The first group was given olmesartan, while the second group was
not (control group). The drug was administered at the same time
every day for 30 days in drinking water. In humans olmesartan is
administered at a dosage of 0.5 mg/kg, hence the drug was
administered to mice at a dosage of 0.0005 mg/g weight. A 20 mg
tablet (olartan; Menarini International Operations Luxembourg SA,
Luxembourg) was ground it and dissolved in water. Each mouse
weighed an average of 500 g and was administered on average 
0.25 mg olmesartan once a day dissolved in 0.2 ml of distilled
water. After sedation with ketamine in dosage that did not hinder
ingestion, the olmesartan solution was orally administered with an
insulin syringe. Blood samples were taken from both groups, at the
beginning and after a month of olmesartan administration. Samples
were centrifuged and plasma PAI1 concentrations were determined
with a commercially available sandwich enzyme immunoassay
following the manufacturer’s instructions (Cusabio Biotech Co. Ltd,
College Park MD, USA). The assay’s mean minimum detectable
dose was less than 0.46 ng/ml and the detection range was between
1.87-120 ng/ml (Figure 1).

PAI1 levels were compared at these two times for the same group
as well to the between the two groups. Statistical analysis for this
comparison was performed using the Mann-Whitney U-test, while
for the comparison of PAI1 levels for each group individually (at
baseline and after one month), the Wilcoxon signed-rank test was
used. The significance level was set at p<0.05.

Results
The results are shown in Table I. During the study one
mouse in the control group died, thus group C included five
animals. In the olmesartan-treated group, a statistically
significant decrease of PAI1 level after 1 month of drug
administration was found (p=0.028). A similar significant
decrease of PAI1 level after 1 month was also observed in
the control group (p=0.043). However, no statistical
difference was observed between the two groups (p=0.177). 

Discussion

A significant correlation of high plasma PAI1 levels with the
development and progression of oral cancer has been reported
by our group and others, although the mechanisms of its

action is not much clear (8-11). The plasminogen activator
system consists of tissue-type plasminogen activator (t-PA)
and urokinase-type plasminogen activator (u-PA), their
inhibitors a2-anti-plasmin, PAI1 and PAI-2 and their receptors.
By regulating t-PA and u-PA, PAI1 converts the inactive
proenzyme plasminogen to the active plasmin, which in turn
plays an important role in fibrinolysis and also in the zymogen
activation of matrix metalloproteinases (MMPs), of which
MMP2 and MMP9 have a special role in oral cancer. These
proteases are produced by tumor cells and degrade the major
components of the extracellular proteins. In addition, PAI1
binds to integrins, which are implicated in tumor progression
and metastasis because they play an important role in the
maintenance of tissue integrity and in the regulation of cell
proliferation, growth, differentiation, and migration. Elevated
levels of PAI1 lead to hypofibrinolysis, down-regulation of
MMPs and decreased cellular adhesion (5, 12). 

It is known that the angiotensin converting enzyme, and
angiotensin II receptor type 1 and 2 contribute to cancer
progression and lymph-node metastasis (13). Some studies
have indicated that olmesartan, an effective angiotensin
receptor blocker, significantly reduced levels of PAI1 and
increased fibrinolytic capacity in blood, when administered
to hypertensive patients (6, 11, 14). Therefore, olmesartan
might be used to reduce carcinogenic levels of PAI1, although
the effect of this drug on PAI1 in cancer is unknown. 

Although no animal model applies to any kind of human
cancer perfectly, experimental animal models are of crucial
importance to cancer research in general. The promising
anticancer role of angiotensin receptor blockers has been
previously observed in animal models (15). In particular,
olmesartan administration for 26 weeks in transgenic mice
showed neither de novo lung tumors nor promotion of
background lung tumors (15). In addition, olmesartan
reportedly inhibited growth of pancreatic carcinoma-related
subcutaneous tumors in mice (7). 

In an effort to examine the role of PAI1 in oral
carcinogenesis and further investigate whether olmesartan
could help in its treatment, we studied transgenic mice
overexpressing PAI1. In a pilot study, we examined the effect
of olmesartan in PAI1 levels in transgenic mice overexpressing
PAI1 before inducing carcinogenesis. To our knowledge, there
has been no similar animal study for oral cancer. 

Ιn our study, after one month of daily olmesartan
administration, a statistically significant decrease of PAI1
was observed in the transgenic PAI1 overexpressing mice
(21.7±7.2 reduced to 11.9±8.6 ng/ml, p=0.028). However,
there was no statistically significant difference in the group
treated with olmesartan compared to the control group.

Despite an initial report of tumor growth-inhibiting effect
of olmesartan in mice with pancreatic cancer-related
subcutaneous tumors (7), further studies are needed in order
to determine the anticancer effect of this drug. Especiallly in
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oral cancer, it remains to be seen whether it could be
included in the therapeutic arsenal.
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Figure 1. Observed optical density (OD) versus plasminogen activator inhibitor-1 (PAI1) concentration (ng/ml). The minimum detectable dose was
<0.46 ng/ml and the detection range was between 1.87 ng/ml-120 ng/ml.

Table I. Comparison between olmesartan-treated and control groups.
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At 1 month                                   Olmesartan vs. control                                                                                                                                    0.177

PAI1: Plasminogen activator inhibitor 1.
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