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Telmisartan Exerts Cytotoxicity in Scirrhous Gastric
Cancer Cells by Inducing G/G; Cell Cycle Arrest
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Abstract. Background/Aim: This study aimed to assess the
effects of telmisartan (TEL), a potential antitumor agent, and
its mechanism of action in the regulation of apoptosis,
autophagy, and cell cycle in scirrhous gastric cancer (SGC).
Materials and Methods: The effect of TEL on the viability and
chromatin condensation of OCUM-2M and OCUM-12 cells
was assessed. Protein expression and the cell cycle were
analysed using western blotting and flow cytometry,
respectively. Results: TEL inhibited cell proliferation in a dose-
dependent manner and increased chromatin condensation and
autophagy marker LC3-1I levels in OCUM-12 cells. TEL also
increased the proportion of cells in the Gy/G phase transition.
Conclusion: Apoptosis and autophagy are partially involved in
the inhibitory effect of TEL on cell proliferation. Additionally,
TEL caused Gy/G cell cycle arrest. Therefore, TEL could be
a promising treatment for SGC.

Gastric cancer is the fifth most common cancer (5.6% of the
total cases), and the fourth leading cause of cancer-related
deaths (7.7% of the total cancer deaths) worldwide (1).
Among the different cancer types, scirrhous gastric cancer
(SGC) grows diffusely in the submucosa; therefore, its early
detection is difficult, and the prognosis remains poor (2).
Gastric cancer is mainly treated by surgery, but in advanced
cases, radiation therapy and chemotherapy agents such as
fluorouracil, cisplatin, oxaliplatin, and paclitaxel are used.
Recently, molecular-targeted agents, such as human
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epidermal growth factor receptor 2 inhibitors and immune
checkpoint inhibitors, have been used for its treatment,
improving patient outcome (3). However, these strategies are
not adequately effective, and novel therapeutic approaches
are required to improve the outcome of SGC patients further.

Angiotensin I receptor blockers (ARBs) exert
antihypertensive effects by selectively inhibiting angiotensin II
type 1 receptors. Moreover, ARBs promote cardioprotection
and renal protection. ARBs have also been reported to exert
protective effects against various cancers (4, 5), and telmisartan
(TEL), an ARB, has been reported to exert antitumor effects
on several cancers, including lung (6), prostate (7), and
oesophageal (8) cancers. However, the antitumor effect of TEL
on SGC is unclear.

Peroxisome proliferator-activated receptor (PPAR) is a
member of the nuclear hormone receptor superfamily and
has three subtypes: o, v, and 8. PPARs form a group of
transcription factors that are involved in controlling the
intracellular metabolism of hydrocarbons, lipids, and
proteins, as well as in cell differentiation. Furthermore,
PPARYy and PPARO regulate cell proliferation and
differentiation, and have been reported to exhibit antitumor
effects on many cancers (9). Importantly, TEL has been
shown to activate PPARy and PPARS (10, 11).

The present study aimed to examine the antitumor effects of
TEL on SGC and elucidate the mechanism of action of this
ARB. To this end, we investigated the effect of TEL on SGC
cells and examined its involvement in the regulation of
apoptosis, autophagy, PPARY and PPARS, mitogen-activated
protein kinase (MAPK) pathway, Akt pathway, and cell cycle.

Materials and Methods

Chemicals and antibodies. TEL and irbesartan (IRB) were purchased
from Wako Pure Chemical Industries (Osaka, Japan) and LKT
Laboratories (St. Paul, MN, USA), respectively; they were dissolved
in dimethyl sulfoxide (Nacalai Tesque, Kyoto, Japan). GW9662 (a
PPARY inhibitor) and SP600125 (a JNK inhibitor) were obtained
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from Sigma-Aldrich (St. Louis, MO, USA). GSK3787 (a PPARS
inhibitor), U0126 [an extracellular signal-regulated kinase (ERK) 1/2
inhibitor] and Akt inhibitor IV were provided by Merck (Darmstadt,
Germany). Rabbit monoclonal anti-human antibodies against LC3A/B
(D3U4C, product no. 12741), phospho-SAPK/JNK (Thr183/Tyr185,
product no. 4668), phospho-p38 MAPK (Thr180/Tyr182, D3F9,
product no. 4511), phospho-ERK1/2 (Thr202/Tyr204; D13.14 4E,
product no. 4370), phospho-Akt (Ser473, DOE, product no. 4060),
cyclin D1 (E3P5S, product no. 55506), CDK2 (78B2 product no.
2546), CDK4 (D9G3E product no. 12790), CDK6 (D4S8S product
no. 13331), B-actin (13ES5, product no. 4970), mouse monoclonal anti-
human antibodies against cyclin E1 (HE12, product no. 4129), and
rabbit polyclonal anti-human antibodies against Bax (product no.
2772), Bcl-2 (product no. 2876), and cyclin E2 (product no. 4132)
were procured from Cell Signaling Technology (Danvers, MA, USA).

Maintenance of cell lines and cell cultures. OCUM-2M (12) and
OCUM-12 (13) human SGC cell lines were provided by the
Department of Surgical Oncology, Osaka City University Graduate
School of Medicine (Osaka, Japan). OCUM-2M and OCUM-12
cells were maintained in a continuous culture in Dulbecco’s
modified Eagle’s medium (DMEM, Wako Pure Chemical Industries)
supplemented with 10% heat-inactivated foetal bovine serum (FBS,
Invitrogen, Thermo Fisher Scientific, Carlsbad, CA, USA) and
penicillin (50 U/ml)-streptomycin (50 ug/ml) (Nacalai Tesque) at
37°C in a humidified atmosphere containing 95% air and 5% CO,.

Cell viability assay. A total of 5.0x105 OCUM-2M cells or 8.0x105
OCUM-12 cells per well were seeded onto 96-well plates (Asahi Glass,
Tokyo, Japan) with TEL, in the presence or absence of inhibitors for
48 h. Cell viability was determined as previously described (14).
Briefly, a Cell Quanti-Blue™ (BioAssay Systems, Hayward, CA, USA)
Cell Viability Assay Kit was used for this assay, and fluorescence was
measured using a CytoFluor® Series 4000 Fluorescence Multi-Well
Plate Reader (PerSeptive Biosystems, Framingham, MA, USA) at
excitation/emission wavelengths of 530/580 nm. The 50% growth
inhibitory concentrations (IC5,) were calculated according to the
sigmoid inhibitory effect model. TEL was used at approximately the
ICs value in each cell line in the co-treatment experiments.

Detection of chromatin condensation using fluorescence microscopy.
Cells were seeded at a density of 3.3x105 (OCUM-2M) or 5.2x105
(OCUM-12) onto a 60-mm dish and incubated with TEL for 48 h.
Chromatin condensation was observed as previously described (14).
Briefly, the cells were stained with 80 pg/mL of Hoechst 33342
(Dojindo Molecular Technologies, Kumamoto, Japan) and observed
under UV excitation using a fluorescence microscope (VANOX;
Olympus, Tokyo, Japan). The cells were imaged at 20x magnification.

Western blot analysis. Cells were seeded at a density of 7.0x103
(OCUM-2M) or 1.39x106 (OCUM-12) in a 100-mm dish and
incubated with TEL for 48 h. Western blot analysis was performed
according to a previously described method (14). Briefly, 10 pg of
protein (per lane) were loaded onto 6.5 or 12.5% SDS-PAGE gels
and electrophoresed. Proteins were then transferred to a
polyvinylidene difluoride membrane (GE Healthcare, Chicago, IL,
USA) and blocked with Tris-buffered saline, 0.1% Tween® 20
containing 2% ECL Advance™ Blocking Agent (GE Healthcare),
for 1 h. The blocked membranes were incubated with primary
antibodies (1:10,000 dilution) at 4°C overnight. The membranes
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were then incubated with the secondary antibody (1:25,000 dilution)
for 1 h at 20°C, and chemiluminescence was detected.

Cell cycle analysis. Cells were seeded at a density of 7.0x105 (OCUM-
2M) or 1.39x106 (OCUM-12) onto a 100-mm dish and incubated with
TEL for 48 h. The cell cycle was analysed as previously described
(15). Briefly, cells were stained with propidium iodide (Nacalai
Tesque) in the dark at 4°C for 30 min and analysed using FACSCalibur
HG™ (BD Biosciences, Franklin Lakes, NJ, USA).

Statistical analysis. Statistical significance of the difference between
groups was established using the Student’s or Welch’s t-test for
comparisons of two groups and ANOVA followed by Dunnett’s
post-hoc test for multiple comparisons. Statistical significance was
set at p<0.05. Data are expressed as the mean+standard deviation.

Results

Effects of TEL and IRB on cell viability. TEL inhibited cell
proliferation in a dose-dependent manner with an IC50 value
of 36.9+2.7 uM in OCUM-2M and 78.7+4.4 uM in OCUM-
12 cells. In contrast, IRB, another ARB, did not inhibit cell
proliferation; the ICs, values of IRB were higher than 100 uM
(Figure 1).

Involvement of apoptosis and autophagy in the effect of TEL
on cell viability. Next, we investigated the role of apoptosis and
autophagy in TEL-induced inhibition of cell proliferation. We
stained cell nuclei with Hoechst 33342, and observed
chromatin condensation, an indicator of apoptosis. TEL
significantly increased the proportion of OCUM-12 cells
showing chromatin condensation from 4% to 11% (p<0.05),
while no significant increase was observed in OCUM-2M cells
(Figure 2A). We also detected Bax, the pro-apoptotic protein,
and Bcl-2, the anti-apoptotic protein in OCUM-12 cells. TEL
did not increase the Bax/Bcl-2 expression ratio, indicating that
the mitochondrial apoptotic pathway was not involved in TEL-
induced inhibition of cell proliferation in OCUM-12 cells
(Figure 2B). These results suggested that TEL caused apoptosis
that did not involve the mitochondrial pathway.

We next detected the presence of LC3 protein, which has
been widely used as a credible autophagy marker (16, 17).
When autophagy is induced, LC3-I is converted to LC3-II;
however, TEL treatment did not markedly change the levels
of LC3-II in OCUM-2M or OCUM-12 cells (Figure 2C).
These results suggest that autophagy has limited involvement
in TEL-induced cell death.

Involvement of PPARy and PPARO in the effect of TEL on
cell viability. The effects of TEL, in combination with
GW9662 (a PPARYy antagonist) or GSK3787 (a PPARJ
antagonist), were examined to evaluate whether TEL
activated PPARYy- or PPARO-mediated cytotoxicity. TEL-
induced cytotoxicity was not blocked by GW9662 or
GSK3787 in both OCUM-2M and OCUM-12 cells (Figure
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Figure 1. Cytotoxic effects of TEL and IRB on the SGC cell lines OCUM-2M and OCUM-12. Cell viability was assessed using a fluorescence-based
assay; the data are presented as the mean+SD (n=4). Statistical significance was assessed using Dunnett’s test (control vs. each concentration of
TEL or IRB). ¥¥p<0.01 vs. control (for TEL). Tp<0.05 and Tp<0.01 vs. control (for IRB). TEL: Telmisartan; IRB: irbesartan; SGC: scirrhous

gastric cancer.
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Figure 2. Involvement of apoptosis and autophagy in TEL-induced cell death. (A) Chromatin condensation induced by TEL. Representative
fluorescence microscopy images of cells stained with Hoechst 33342 and the proportion of cells showing chromatin condensation. The data are
presented as the mean+SD from three independent experiments. The statistical significance was assessed using t-test. *p<0.05 vs. control. (B) Bax
and Bcl-2 protein expression. Bax and Bcl-2 expression levels were normalised to those of B-actin and analysed from three independent experiments.
*p<0.05 and **p<0.01 vs. control (t-test). (C) LC3 protein expression. LC3 expression was normalised to that of B-actin and analysed from three

independent preparations. TEL: Telmisartan.

3), suggesting that TEL induced cytotoxicity in a PPARYy-
and PPARJ-independent manner.

Involvement of the MAPK signalling pathway in the effect of
TEL on cell viability. To clarify whether the MAPK
signalling pathway was involved in TEL cytotoxicity, we
examined the expression and phosphorylation levels of the

representative MAPK subfamily proteins (JNK, p38, and
ERK1/2). Phosphorylation of p38 was not affected by TEL
treatment in both OCUM-12 and OCUM-2M cells (Figure
4A), suggesting that the contribution of p38 to TEL
cytotoxicity was minimal. TEL upregulated JNK and
ERK1/2 phosphorylation in OCUM-12 and OCUM-2M cells,
respectively (Figure 4A).
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Figure 3. Effect of PPARy inhibitor (GW9662) and PPARO inhibitor (GSK3787) on TEL-induced cell death. Cell viability was assessed using a
fluorescence-based assay (n=4-6). The statistical significance was assessed using Dunnett’s test (control vs. inhibitors, TEL vs. TEL + inhibitors).

TEL: Telmisartan.

We then treated OCUM-12 cells with the JNK inhibitor
SP600125, and OCUM-2M cells with the ERK1/2 inhibitor
U0126. SP600125 and U0126 did not suppress TEL-induced
cell death (Figure 4B and C). These results suggest that
although TEL activates JNK or ERK1/2, they are not
involved in TEL-induced cytotoxicity.

Involvement of the Akt pathway in the effect of TEL on cell
viability. To examine the involvement of the Akt pathway,
we analysed the expression and phosphorylation of Akt
protein. Akt phosphorylation was elevated in TEL-exposed
OCUM-12 cells (Figure 5A). We then investigated the effect
of Akt inhibitor IV on TEL-induced cell death. Akt inhibitor
IV significantly decreased the viability of TEL-exposed cells
(p<0.01, TEL vs. TEL + Akt inhibitor IV) (Figure 5B).
However, this was not thought of as a meaningful difference.
These results indicated that Akt is not involved in TEL-
induced inhibition of cell proliferation, although Akt may be
activated by TEL.
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Involvement of cell cycle regulation in the effect of TEL on
cell viability. We examined whether TEL affected cell cycle
progression and found that the proportion of cells in the
Gy/G phase was significantly increased after TEL exposure
(»<0.01, control vs. TEL) (Figure 6A). TEL increased cyclin
D1 levels and decreased those of CDK2 and CDK6 in
OCUM-2M cells. In OCUM-12 cells, cyclin D1, CDK2,
CDK4, and CDKG6 levels were decreased (Figure 6B). These
results suggested that TEL induced Gy/G cell cycle arrest.

Discussion

In this study, we showed that TEL treatment inhibited
proliferation of SGC cells in a dose-dependent manner, with
ICs values ranging between 37-79 uM. IRB did not inhibit
proliferation in the examined dose range (Figure 1). In
support, TEL has been previously reported to inhibit
proliferation of non-SGC cells (18). Furthermore, we showed
that TEL was cytotoxic to SGC cells, which have some unique
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Figure 4. Involvement of the MAPK signalling pathway in TEL-induced
cell death. (A) JNK, p38, and ERK1/2 expression in cells treated with
TEL. Characteristic bands showing the phosphorylation of JNK, p38, and
ERK1/2 are observed on the western blot. 3-actin was used as a loading
control. (B) Effect of a JNK inhibitor (SP600125) on TEL-induced death
in OCUM-12 cells. (C) Effect of an ERK1/2 inhibitor (U0126) on TEL-
induced death in OCUM-2M cells. Cell viability was assessed using a
fluorescence-based assay (n=4). The statistical significance was assessed
using Dunnett’s test (TEL vs. TEL + inhibitors). MAPK: Mitogen-
activated protein kinase; TEL: telmisartan; JNK: c-Jun N-terminal
kinase; ERK1/2: extracellular signal-regulated kinase 1/2.

characteristics compared to other gastric cancer types. It has
been previously shown that the relative binding affinity of IRB
to the angiotensin II type 1 receptor is stronger than that of
TEL (19). Furthermore, ARBs have been reported to both
increase and decrease the risk of cancer (4). The antitumor
effect of TEL seems to be independent of its capacity to block
angiotensin II type 1 receptor, which is the typical
pharmacological effect of ARBs.

In the present study, to reveal the detailed mechanism
underlying TEL-induced cytotoxicity, we first investigated
the morphological changes that occurred during cell death.
An increase in the proportion of OCUM-12 cells showing
chromatin condensation was observed after TEL treatment
(Figure 2B), indicating that apoptosis was involved in TEL-
induced death in this cell line. However, no change in the
proportion of cells with condensed chromatin was observed
in OCUM-2M cells (Figure 2B). TEL has been reported to
induce apoptosis in various cancer cells, such as lung (6),
prostate (7) and renal cancers (20), but not in oesophageal
cancer (8, 21), cholangiocarcinoma (22) and non-SGC (18).
The involvement of apoptosis in TEL-induced cytotoxicity
appears to depend on the cell type. We then investigated the
possible role of autophagy in TEL-induced cytotoxicity. TEL
had no or minimal effects on the expression of the autophagy
marker LC3-II (Figure 2C), suggesting that TEL inhibited
cell proliferation without inducing autophagy. We conclude
that autophagy does not strongly contribute to TEL-induced
cytotoxicity in SGC.

PPARY and PPARS are activated by TEL (11, 23), and
they have been reported to be involved in the antitumor
effects of TEL on other cancer cell lines (7, 24). However,
GW9662 and GSK3787, did not block TEL-induced death in
either OCUM-2M or OCUM-12 cells (Figure 3), indicating
that TEL caused cell death in a PPARYy- and PPAR®-
independent manner. Thus, the dependence of TEL-induced
cytotoxicity on PPARy or PPARS function may vary
depending on the type of cancer.

MAPK signalling pathway regulates cell proliferation,
growth, and survival, and may be a target for cancer therapy
(25, 26). MAPK has been reported to be involved in the
antitumor effects of TEL against some cancers (27-29).
Three MAPK proteins were detected, and although p38 was
not activated by TEL in either OCUM-12 or OCUM-2M
cells, JNK was activated in OCUM-12 cells (Figure 4A).
Interestingly, TEL also activated ERK1/2 in OCUM-2M cells
(Figure 4A), which has been shown to promote cell
proliferation (30). To clarify the involvement of JNK and
ERK1/2 in TEL-induced cytotoxicity, we examined the effect
of the JNK inhibitor SP600125 and the ERK1/2 inhibitor
U0126. SP600125 and U0126 had no impact on TEL-
induced cytotoxicity in OCUM-12 and OCUM-2M cells,
respectively (Figure 4B and C), suggesting that JNK or
ERK1/2 were not involved in TEL-induced cell death,
although both proteins were activated by TEL. Stresses, such
as oxidative and endoplasmic reticulum stresses, have been
reported to activate ERK1/2 (31), and TEL might cause such
stresses. ERK1/2 activation may have been triggered to
protect against TEL-induced stress.

Some studies have reported that TEL affects Akt in certain
cancer types (6, 21, 32); therefore, we investigated the
involvement of Akt on TEL-induced cytotoxicity in SGC.
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Although Akt is known to regulate cell proliferation and be
anti-apoptotic, in this case TEL upregulated phospho-Akt
protein in OCUM-12 cells (Figure 5A). Next, we examined
the effect of Akt inhibitor IV on TEL-induced cytotoxicity.
Conversely, Akt inhibitor IV enhanced the effect of TEL
(Figure 5B). We concluded that although Akt was not
involved in TEL-induced cell death, TEL might have caused
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stress, which in turn activated Akt in OCUM-12 cells. Along
this line, Akt has been reported to be activated by reactive
oxygen species via phosphatidylinositol-3 kinase (33). Thus,
Akt inhibitor IV may have reduced cell viability by
suppressing the cell proliferative effect of Akt.

TEL has been reported to regulate cell cycle in various cancer
cells (8, 18, 21, 22, 34); in SGC cells, TEL treatment resulted
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in an increase in the proportion of cells in the Gy/G; phase
(Figure 6A). Furthermore, TEL reduced cyclin D1, CDK2,
CDK4, and CDKG6 levels in OCUM-12 cells, and CDK2 and
CDKG6 levels in OCUM-2M cells (Figure 6B). Cyclin D and
CDK4/CDKG6, and cyclin E and CDK2 form a complex and are
involved in the transition from G; to S phase (35). Therefore,
our results suggest that TEL caused a decrease in cyclin-CDK
complexes and blocked the transition from G to S phase. TEL-
induced Gy/G; cell cycle arrest also has been reported in
oesophageal adenocarcinoma (21), cholangiocarcinoma (22)
and hepatocellular carcinoma (34) cells. Furthermore, Fujita et
al. reported that TEL arrested non-SGC cells in Gy/G; phase
transition (18). However, the detailed mechanism underlying
TEL-induced cell cycle arrest still needs to be investigated.

In this study, the effects of TEL have only been investigated
in vitro, and the in vivo effects are unknown. In the future, we
plan to uncover the detailed mechanism underlying the
antitumor activity of TEL, including in vivo experiments.

To the best of our knowledge, this is the first study to
demonstrate that TEL had antitumor effects on SGC. TEL
inhibited cell proliferation in a dose-dependent manner in
two SGC cell lines. This study clarified that TEL exhibited
PPARY- and PPAR&-independent cytotoxicity that was partly
mediated by apoptosis. TEL cytotoxicity was also
independent of the MAPK signalling and Akt pathways.
Furthermore, TEL induced cell death by causing G,/G; phase
cell cycle arrest. Therefore, the present study shows that TEL
might be a promising drug target candidate for the treatment
of SGC, which presents an unmet need for therapy.
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