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Antihypertensive drug telmisartan inhibits cell proliferation of
gastrointestinal stromal tumor cells in vitro
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Abstract. Gastrointestinal stromal tumors (GISTs) are the
most common mesenchymal tumors of the digestive tract. The
angiotensin II type 1 receptor blockers, telmisartan and cande-
sartan, are widely used antihypertensive drugs that inhibits
cancer cell proliferation; however, its underlying mechanisms
in mesenchymal tumors, including GIST, remains unknown.
The present study aimed to investigate the effect of telmisartan
on GIST-T1 cells and its underlying mechanism. Telmisartan
and candesartan inhibited the proliferation of these cells
by blocking the GO to G1 cell cycle transition, which was
accompanied by a decrease in cell cycle-related proteins such
as cyclin DI1. Furthermore, telmisartan exposure significantly
altered microRNA expression in vitro. In conclusion, telmis-
artan suppressed human GIST cell proliferation by inducing
cell cycle arrest in vitro.

Introduction

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the digestive tract (1);
the annual incidence is between 11-14.5 per million people,
and the prevalence is estimated to be 129 per million indi-
viduals (1). Moreover, a National Cancer Database reported
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a cause-specific mortality rate of 14.0% and a 5-year survival
rate of ~82% (2). GISTs arise predominantly in the stomach
but also occur in the small intestine, colon and rectum (3).
It is considered a spindle or epithelioid cell neoplasm that
expresses the mast/stem cell growth factor receptor Kit (KIT)
protein and that has a KIT or platelet-derived growth factor
receptor-a (PDGFRA) gene mutation (4,5). KIT and PDGFRA
are receptor tyrosine kinases, and gain-of-function mutations
of the KIT or PDGFRA gene serve central roles in GIST
pathogenesis by activating KIT downstream signals such as
the phosphoinositide 3-kinase/AKT/mTOR pathway (6).

Angiotensin II receptor blockers (ARBs) are widely used
to treat chronic kidney disease, heart failure and hyperten-
sion (7). Previous studies have shown that angiotensin II is
associated with cancer progression and that ARBs inhibit
tumor growth by binding to the angiotensin II type 1
receptor (8-10), including in various common types of cancer
cells such as breast (11), endometrial (12) and stomach (13)
in vitro and in vivo. Furthermore, ARBs have been associated
with reduced incidence and mortality rates in several types
of cancer in patients with hypertension (14,15). Among these
ARBs, telmisartan was reported to inhibit proliferation of
various types of cancer cells, including urological (16,17) and
colon (18) cancers, by inducing apoptosis.

AMP-activated protein kinase (AMPK) is an energy
sensor and a major regulator of cellular energy homeo-
stasis (19). It is hypothesized that AMPK activation inhibits
the mTOR signaling pathway. Since ribosomal protein S6
kinase 1 (p70S6K) is downstream of mTOR, inhibition of
mTOR inhibits its activation, thus leading to reduced protein
synthesis, which is necessary for cancer cell growth (20,21).
Recent reports have demonstrated that telmisartan contributes
to AMPK activation and regulation of the mTOR pathway in
various types of cancers, and it induces a reduction in p70S6K
activation, thus decreasing protein synthesis (22,23). However,
the mechanisms underlying the antiproliferative effects of
telmisartan in GIST remains unclear.

In the present study, the antiproliferative effect of telmis-
artan and its mechanism of action were evaluated in GIST-T1
cells. It has previously been reported that microRNA (miRNA)
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signatures have a role in the antitumor effect of telmisartan
in esophageal adenocarcinoma and hepatocellular carcinoma
by modulating the cell cycle (22,23). In the past 10 years,
increasing evidence has indicated that miRNAs directly control
cell cycle progression by targeting cell cycle regulators (24).
Additionally, miRNAs indirectly control cell cycle progres-
sion by targeting signal transduction pathways in anticancer
therapy (22,23). In the present study it was hypothesized that
unidentified miRNAs have a role in the effect of telmisartan
treatment on GIST and may be targets for novel therapeutic
options. The results revealed that telmisartan inhibited the
proliferation of GIT-T1 cells and induced cell cycle arrest, as
well as altering miRNA expression.

Materials and methods

Chemicals and antibodies. Telmisartan and valsartan were
purchased from Tokyo Chemical Industry Co., Ltd. Irbesartan
was purchased from Wako Pure Chemical Industries, Ltd.
Candesartan was purchased from AdooQ BioScience.
Telmisartan was prepared as a 10 mM stock solution in
dimethyl sulfoxide (DMSO). Valsartan, irbesartan and cande-
sartan were prepared as 100 mM stock solutions in DMSO.
The stock solutions were stored at -20°C. The following mate-
rials were used: Cell Cycle Phase Determination kit (Cayman
Chemical Company), Annexin V-FITC Early Apoptosis
Detection kit (Cell Signaling Technology, Inc.), protease inhib-
itor cocktail (Pro-Prep, complete protease inhibitor mixture;
Intron Biotechnology, Inc.) and Angiogenesis Antibody Array
kits (R&D Systems, Inc.).

Primary antibodies used for western blot analyses were
obtained from the following sources. f-actin antibody was
obtained from Sigma-Aldrich. Cyclin D1 and cyclin E anti-
bodies were obtained from Thermo Fisher Scientific, Inc.
Cdk6, Cdk2, Cdk4 and Rb antibodies were obtained from
Santa Cruz Biotechnology, Inc. Phosphorylated (p)-Rb was
purchased from BD Pharmingen (BD Bioscience). AMPKa,
p-AMPKa Thr172, mTOR, p-mTOR, p70S6K and p-p70S6K
antibodies were purchased from Cell Signaling Technology,
Inc. Horseradish peroxidase (HRP)-conjugated anti-mouse
and anti-rabbit IgG secondary antibodies (Cell Signaling
Technology, Inc.) were used.

Cell culture. The human GIST-T1 cell line was obtained from
Cosmo Bio Co., Ltd. GIST-T1 cells were maintained at 37°C with
5% CO, in DMEM (Gibco; Thermo Fisher Scientific, Inc.) supple-
mented with 10% fetal bovine serum (FBS; FUJIIFILM Wako
Pure Chemical Corporation), 20 U/ml penicillin and 100 ug/ml
streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.).

Cell proliferation assay. Cell proliferation of GIST-T1 cells was
assayed using CCK-8 (Dojindo Molecular Technologies, Inc),
according to the manufacturer's instructions. Briefly, 5x10° cells
of each experiment group were equally seeded on 96-well plates
and cultured in 100 1 DMEM (Gibco; Thermo Fisher Scientific,
Inc.) supplemented with 10% FBS for 24 h. Subsequently, O, 1,
10 or 100 yum ARBs (telmisartan, candesartan, valsartan or
irbesartan) or vehicle were added to each well, and the cells
were cultured for an additional 48 h. CCK-8 reagent (10 pl)
was added to each well, and the plates were incubated at 37°C
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for 3 h, and the absorbance was measured at 450 nm using a
microplate reader (Thermo Fisher Scientific, Inc.).

Cell cycle and apoptosis analyses. Cell cycle profiles were
analyzed after telmisartan treatment to assess growth inhibi-
tion. GIST-T1 cells (1x10° cells in a 100-mm diameter dish)
were treated with or without 100 ym telmisartan for 24-48 h.
Cell cycle progression was analyzed by measuring the amount
of propidium iodide (PI)-labeled DNA in ethanol-fixed cells.
The fixed cells were washed with PBS and then stored at -20°C
for flow cytometry analysis. On the day of analysis, the cells
were washed with cold PBS, suspended in 100 pl of PBS with
10 pl of RNase A (250 pg/ml) and incubated at 4°C for 30 min.
A 110-u1 aliquot of PI (100 pg/ml) was added to each suspen-
sion, and the cells were incubated at 4°C for at least 30 min
prior to analysis. For apoptosis analysis, cells were stained
with FITC-conjugated Annexin V and PI (Annexin V-FITC
Early Apoptosis Detection kit; Cell Signaling Technology,
Inc.), then incubated for 10 min on ice in the dark. Tumor cells
were stained for 24 or 48 h, according to the manufacturer's
instructions. Flow cytometry was performed using a Cytomics
FC500 flow cytometer (Beckman Coulter, Inc.). The percent-
ages of cells were determined using Kaluza Analysis v2.1
software (Beckman Coulter, Inc.). All experiments were
performed in triplicate.

Western blotting. Western blotting was performed according
to a previously described method (22). The cells were lysed
in a protease inhibitor cocktail (‘complete’ protease inhibitor
mixture; iNtRON Biotechnology, Inc.) on ice for 20 min.
Protein concentrations were measured using a NanoDrop 2000
fluorospectrometer (Thermo Fisher Scientific, Inc.). Protein
aliquots (1-10 ug) were resuspended in sample buffer and sepa-
rated on 10% Tris-glycine gradient gels via SDS-PAGE (25).
After blocking in 5% dry skim milk in TBS with 0.05%
Tween-20 (TBST) for 1 h at room temperature, the membranes
were incubated with primary antibodies against cyclin D1 (cat.
no AHF0082; 1:2,000), cyclin E (cat. no. MA5-14336; 1:1,000),
cdk6 (cat. no. sc-177; 1:5,000), cdk?2 (cat. no. sc-163; 1:5,000),
cdk4 (cat. no. sc-749; 1:1,000), Rb (cat. no. sc-50; 1:4,000),
p-Rb (cat. no. 558385; 1:1,000), AMPKa (cat. no. 5832;
1:5,000), p-AMPKa (cat. no. 2535; 1:1,000), mTOR (cat.
no. 2983; 1:1,000), p-mTOR (cat. no. 5536; 1:1,000), p70S6K
(cat. no. 2708; 1:1,000), p-p70S6K (cat. no. 9205; 1:1,000) and
B-actin (cat. no. A5441; 1:5,000) overnight at 4°C, followed
by HRP-conjugated secondary antibodies (cat. nos. 7074 and
7076; 1:2,000) in 5% dry skimmed milk in TBS for 1 h at
room temperature (26). The proteins were visualized on X-ray
film using an Enhanced Chemiluminescence Detection system
(PerkinElmer, Inc.). Band intensities were semi-quantified
using ImageJ software v1.52q (National Institutes of Health)
and normalized to [3-actin.

Analysis of angiogenesis-related protein profiles using an
antibody array. A Human Angiogenesis Antibody Array
(R&D Systems, Inc.) was used according to the manufacturer's
protocol. This method is a dot-based assay that enables the
detection and comparison of 55 angiogenesis-specific cyto-
kines. Each array membrane was exposed to X-ray film using
a chemiluminescence detection system (PerkinElmer, Inc.).



MOLECULAR MEDICINE REPORTS 22: 1063-1071, 2020

miRNA array. miRNA array analysis was performed as
described in a previous study (17). Total RNA was extracted
from the cancer cell lines using a miRNeasy Mini kit (Qiagen
GmbH), according to the manufacturer's instructions. RNA
samples typically exhibited A, g, ratios between 1.9 and 2.1,
as determined using an Agilent 2100 Bioanalyzer (Agilent
Technologies, Inc.). After performing RNA measurements
with an RNA 6000 Nano kit (Agilent Technologies, Inc.),
the samples were labeled using a miRCURY Hy3/Hy5 Power
Labeling kit and subsequently hybridized to a human miRNA
Oligo chip (v.21.0; Toray Industries, Inc.). The chips were
scanned with a 3D-Gene® Scanner 3000 (Toray Industries,
Inc.), and the results were analyzed using 3D-Gene Extraction
software, v1.2 (Toray Industries, Inc.). Differences in miRNA
expression between the telmisartan-treated and untreated
control samples were assessed using GeneSpring GX v10.0
(Agilent Technologies, Inc.). Quantile normalization was
performed on the raw data that were above the background
level. Differentially expressed miRNAs were determined
by the Mann-Whitney U test. The false discovery rate was
computed using the Benjamini-Hochberg method for multiple
testing (27). Hierarchical clustering was performed using
the furthest-neighbor method with the absolute uncentered
Pearson's correlation coefficient as a metric. A heat map
was produced with the relative expression intensity for each
miRNA,in which the log2 of the intensity was median-centered
for each row.

Statistical analyses. In vitro experiments were performed
in triplicate and results are expressed as the mean + SD.
All statistical analyses were performed using GraphPad
Prism 6 software (GraphPad Software, Inc.). Non-parametric
Wilcoxon/Man-Whitney U test was utilized to examine statis-
tical significance between the two groups, and Kruskal-Wallis
test followed by Dunns post-hoc test was performed to analyze
multiple comparisons. P<0.05 was considered statistically
significant.

Results

Telmisartan inhibits human GIST cell proliferation and
viability by inducing cell cycle arrest at GO/GI phase.
GIST-T1 cells were treated with 0, 1, 10 or 100 gm of the
ARBs (telmisartan, candesartan, irbesartan or valsartan) for
48 h. Telmisartan and candesartan inhibited the proliferation
of GIST-T1 cells (Fig. 1). No other ARBs affected GIST-T1 cell
viability. These results revealed that telmisartan and candes-
artan inhibited cell proliferation dose- and time-dependently
in the GIST-1 cell lines (Fig. 1).

The effects of telmisartan on the cell cycle in GIST-T1 cells
was further investigated by flow cytometry. When
GIST-T1 cells were incubated with 100 #m of telmisartan, the
number of cells decreased in S and G2/M phases and increased
in GO/GI phases for 48 h compared with the control group
(Fig. 2A and B). To investigate how telmisartan influences
GIST-T1 cell growth, apoptosis was analyzed. The apoptotic
effects of 0 and 100 ym telmisartan were measured by flow
cytometric analysis of annexin V-FITC/PI staining. According
to previous studies (18,28), 100 ym telmisartan induces apop-
tosis at first 24 h, but not for 48 h at treatment. As shown in
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Fig. 2C, telmisartan did not induce a significant change in the
proportion of apoptotic GIST-T1 cells at 24 h post-treatment.
Furthermore, the expression of cyclin D1 decreased in GIST-T1
cells after treatment with telmisartan compared with the
control group (Fig. 3). There were no notable changes in the
protein expression levels of cyclin E, Cdk2, Cdk4, Cdk6, p-Rb
and Rb in telmisartan-treated GIST-T1 cells. These results
suggested that telmisartan may inhibit cell cycle progression
from GO/G1 to S phase by decreasing the expression levels of
cyclin D1.

Telmisartan induces AMPK phosphorylation but does not
suppress the AMPKa/mTOR pathway in GIST-TI cells. To
examine the mechanism of telmisartan-induced cell cycle
arrest, AMPK/mTOR signaling was studied. Telmisartan
significantly induced phosphorylation of AMPKa in GIST-T1
cells compared with the control group, and this activation lasted
for at least 48 h (Fig. 4). Conversely, p-mTOR and p-p70S6K
protein levels did not change in the GIST-T1 cells following
treatment with telmisartan (Fig. 4). These results suggest that
telmisartan activated AMPKa, but did not suppress mTOR in
GIST-T1 cells.

Association between telmisartan and angiogenesis of GIST-T1
cells. To identify angiogenic factors that may be affected by
telmisartan, a human angiogenesis array kit was applied to
GIST-T1 cells (Fig. 5A). The 55 angiogenesis-related proteins
on the antibody array remained unchanged after telmisartan
treatment (Fig. 5B).

miRNA expression signatures are different in telmis-
artan-treated and untreated GIST-1 cells. A miRNA
microarray was used to examine the expression levels of
2,555 miRNAs in GIST-T1 cells treated with or without
100 ym telmisartan. After normalization and removing
miRNAs with missing values, 14 miRNAs were identified
to be significantly differentially expressed. Of them, 7 were
found to be significantly upregulated and the other 7 were
downregulated (Fig. 6; Table I).

Discussion

The present study focused on the antiproliferative effects of
telmisartan in GIST cells. According to previous studies,
telmisartan inhibits cell proliferation (6-8) and tumor
growth (9-11) in vitro and in vivo. Moreover, epidemiologic
studies have revealed that the use of ARBs may increase the
risk of cancer (29), whereas observational studies have shown
that ARBs may reduce cancer incidence and mortality (30,14).
However, the antiproliferative effects of telmisartan on GIST
cells remains unknown. To the best of our knowledge, the
present study is the first to demonstrate that telmisartan has
antiproliferative effects on human GIST-T1 cells in vitro.
Cyclin D1 and Cdks are important regulatory proteins that
promote the progression of the cell cycle during the crucial
restriction point at the G1/S phase transition (31). In the present
study flow cytometric analyses revealed that telmisartan
induced cell cycle arrest in the GO/GI1 phase. Additionally,
the level of the cell cycle regulatory protein cyclin D1 was
significantly reduced. Cyclin/Cdk complexes are activated at
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Figure 1. Antiproliferative effects of four angiotensin II receptor blockers (telmisartan, candesartan, losartan and valsartan) in GIST-T1 cells. Telmisartan and
candesartan suppressed cell proliferation of GIST-T1 cells. The viability of the telmisartan-treated cells differed significantly. “P<0.01 vs. 0 gm group. GIST,
gastrointestinal stromal tumor.
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Figure 2. Telmisartan induces GO/G1 cell cycle arrest in GIST-T1 cells (A) Representative flow cytometry results showing the distribution of GIST-T1 cells
in GO/G1, S and G2/M phases following treatment with telmisartan (100 #m) or without at 24 and 48 h. (B) Histograms showing the percentage of GIST-T1
cells in GO/G1, S and G2/M phases. "P<0.05 vs. control. (C) Telmisartan did not induce apoptosis in the GIST-T1 cells. GIST, gastrointestinal stromal tumor;
n.s., not significant.
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Figure 3. Representative western blotting images and densitometric analyses demonstrating the protein expression levels of cyclin D1, Cdk4, Cdk®6, cyclin E,
Cdk2 and p-Rb in GIST-T1 cells at 24 and 48 h after addition of 100 y#m telmisartan. The images are representative of three independent experiments, and
protein levels were normalized to f-actin. Values represent mean + SD; “P<0.01. n.s., not significant; p, phosphorylated.
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p-mTOR, p70s6k and p-p70s6k. Telmisartan induced AMPK phosphorylation but did not suppress the mTOR pathway in GIST-T1 cells. The images are
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Table I. Statistical results and chromosomal locations of miRNAs in GIST-T1 cells treated with and without telmisartan.

A, Upregulated miRNAs FC (treated/untreated) P-value Chromosomal location
hsa-miR-4634 2.03 0.0022 5q35.2
hsa-miR-1237-5p 1.79 0.0087 11q13.1
hsa-miR-3663-3p 1.70 0.0087 10g25.3
hsa-miR-4697-5p 1.65 0.0022 11925
hsa-miR-8063 1.63 0.0087 15q14
hsa-miR-8059 1.57 0.0050 21pl12
hsa-miR-128-1-5p 1.52 0.0087 2q21.3

B, Downregulated miRNAs FC (treated/untreated) P-value Chromosomal location
hsa-miR-1307-3p 0.28 0.0087 10q24.33
hsa-let-7f-1-3p 0.54 0.0043 9q22.32
hsa-miR-5739 0.58 0.0022 22ql2.1
hsa-miR-4286 0.59 0.0050 8p23.1
hsa-miR-3135b 0.64 0.0050 6p21.32
hsa-miR-125a-3p 0.64 0.0087 19q13.41
hsa-miR-2467-3p 0.64 0.0050 2q37.3

FC, Fold change; miRNA, microRNA; GIST, gastrointestinal stromal tumor. Upregulated miRNAs with FC >1.5 and P<0.05 are presented.

Downregulated miRNAs with FC <0.68 and P<0.05 are presented.

different times during cell cycle progression (32). Cdk4 and
Cdk6 form complexes with cyclin D1, which are required for
G1 phase progression, whereas Cdk2 forms a complex with
cyclin E, which is required for the G1-S transition (31,32). The
expression of various cell cycle-related molecules has been
associated with cancer cell metastasis and is related to cancer
prognosis (33,34). Previous studies have shown that telmis-
artan induces cell cycle arrest in GO/G1 phase by decreasing
cyclin D1 and cyclin E (22,23). Results from the present study
indicated that telmisartan reduces the expression of cyclin D1
and induces cell cycle arrest in GIST-T1 cells.

Previous studies have shown that telmisartan inhibits cell
proliferation by inducing apoptosis in various types of cancer,
including gynecological (12) and urological (16,17) cancer cell
lines. Furthermore, it has been demonstrated that telmisartan
induces cell cycle progression, but not apoptosis in esophageal
adenocarcinoma (22). In the present study, telmisartan did
not increase the rates of apoptosis of GIST-T1 cells, as shown
by flow cytometry, which suggested that telmisartan mainly
inhibits GIST-T1 cell proliferation by inducing cell cycle arrest
but not apoptosis.

Telmisartan has been shown to activate AMPKa in
various cancer cells (22,23). Previous studies have shown
that telmisartan induces antiproliferative effects by phos-
phorylating AMPKa in esophageal adenocarcinoma cells,
suggesting that AMPKo/mTOR pathway activation inhibits
cell cycle regulatory proteins (22,23). In the present study,
proteins involved in the AMPKa/mTOR signaling pathways,
such as p-AMPKa, p-mTOR and p-p70S6K, were evaluated.
Telmisartan treatment led to phosphorylation of AMPK, but it
did not inhibit p70S6K or mTOR phosphorylation in GIST-T1
cells, which suggested that telmisartan induced AMPKa

signaling in GIST-T1 cells but did not affect downstream
mTOR in GIST-T1 cells.

The tumor microenvironment is the product of crosstalk
between different cell types and serves a critical role in
promoting the initiation and progression of malignancy (35).
Okazaki et al (13) reported that candesartan suppressed tumor
growth and angiogenesis in a xenograft mouse model. Although
telmisartan and candesartan are both known as ARBs, telmis-
artan is also a partial agonist of PPAR-y (7). However, in the
present study, the 55 screened angiogenesis-related molecules
had no changes after treatment with telmisartan in GIST-T1
cells. Thus, it was speculated that PPAR-y does not play a
major role in angiogenesis of GIST-T1 cells.

miRNAs are endogenous mediators of gene expression
through site-specific binding at the 3'untranslated region of
target mRNAs leading to degradation or inactivate protein
synthesis (36). miRNAs regulate a number of biological
processes, such as cancer cell proliferation, tumor growth,
differentiation, apoptosis and energy metabolism (37).
miR-1307-3p was downregulated in GIST-T1 cells treated
with telmisartan. miR-1307-3p originates from the 3'end of
pre-miR-1307, but its function remains largely unknown. It
has been reported that miR-1307 is overexpressed in chemore-
sistant ovarian (38) and prostate cancer tissues (39). miR-1307
overexpression has been shown to inhibit levels of the cell
cycle inhibitors, p21 and p27 in prostate cancer cells (39).
Based on these studies and the present data, it is suggested that
the antiproliferative effects of telmisartan may alter several
miRNAs. However, there are some limitations to the current
study. Firstly, the inhibition effects of telmisartan on GIST-T1
cells were optimized only for in vitro growth and proliferation.
Secondary, the in vitro study was conducted using a higher
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dose of telmisartan than that used in human treatments
(1-10 uM) (7). Thus, it may be difficult to translate these condi-
tions in clinical setting, especially as the pharmacokinetics of
the drug may be different in a culture setting and in the human
body.

In conclusion, it was demonstrated that telmisartan treat-
ment inhibited human GIST cell proliferation, which may be
by inducing cell cycle arrest and decreasing the expression of
cyclin D1.
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