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Abstract
This study aimed to investigate if Telmisartan as a novel N- cadherin antagonist, can 
overcome cell migration of cancer cells. We investigated the mechanism and influ-
ence of Docetaxel and Telmisartan (as an analogous to ADH- 1, which is a well- known 
N- cadherin antagonist) on cancer cells. The effect of ADH- 1 and Telmisartan on 
cell attachment in PC3, DU145, MDA- MB- 468 cell lines using recombinant human 
N- cadherin was studied. Cell viability assay was performed to examine the anti- 
proliferative effects of Telmisartan, ADH- 1 and Docetaxel. Migration was examined 
via wound healing assay, and apoptosis was determined by flow cytometry. The ex-
pression of AKT- 1 as a downstream gene of N- cadherin signalling pathway was as-
sayed by real- time PCR. Treatment of PC3, MDA- MB- 468 and DU145 cells with 
Telmisartan (0.1 µM) and ADH- 1 (40 µM) resulted in 50%, 58% and approximately 
20% reduction in cell attachment to N- cadherin coated plate respectively. It shows 
reduction of cell attachment in PC3 and MDA- MB- 468 cell lines appeared to be 
more sensitive than that of DU145 cells to the Telmisartan and ADH- 1 treatments. 
Telmisartan (0.1 µM) and Docetaxel (0.01 nM) significantly reduced cell migration in 
PC3 and MDA- MB- 468 cell lines compared with the control group. Using Real- time 
PCR, we found that Telmisartan, Docetaxel and ADH- 1 had significant influence on 
the AKT- 1 mRNA level. The results of the current study for the first time suggest that, 
Telmisartan, exerts anti- proliferation and anti- migration effects by targeting antago-
nistically N- cadherin. Also, these data suggest that Telmisartan as a less expensive 
alternative to ADH- 1 could potentiate Docetaxel anticancer effects.
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1  |  INTRODUC TION

Prostate cancer (PCa) is one of the most common solid tumour and 
globally the frequent cause of cancer- related death in men, after 
lung cancer.1,2 Chemotherapy by docetaxel (DTX) is commonly used 
to treat a broad range of human malignancies, including lung cancer, 
breast, head and neck, stomach and PCa.3 DTX belongs to the tax-
anes class and is the standard first- line treatment against metastatic 
PCa; however, its use for long term, results in many side effects and 
drug- resistance. Therefore, exploring new drugs with less side ef-
fects and potential to inhibit migration and metastasis of malignant 
cells is valuable.4

PCa commonly metastasizes to organs such as liver, brain, lymph 
nodes and bone, which is one of the major causes of deaths related 
to this malignancy.5 This process involves several steps, includ-
ing cell- extracellular matrix and cell- cell attachments and detach-
ments that allows the invasive cells disseminate from the primary 
tumour and migrate to the other organs.6 In normal epithelium, 
cell- cell adhesion is maintained by many distinct junctions, such as 
tight junctions, which are composed of the complexes of cell adhe-
sion molecules (CAMs), including selectin and cadherin proteins.7 
Epithelial to mesenchymal transition (EMT) is often associated with 
loss of E- cadherin expression level and increased the level of N- 
cadherin expression, leading to enhanced cell migration and inva-
siveness in various types of cancers.7 Many studies have indicated 
that EMT plays a fundamental role in tumours development and pro-
gression, suggesting that new drugs targeting EMT and its mediators 
might be effective against different cancers. Many small molecules 
have been established for inhibiting EMT by targeting the mediators, 
such as the commercial drugs and nature- based compounds. Small 
molecules, which is composed about 75% of the anticancer FDA- 
approved drugs, have an extended history of using as drugs for the 
treatment of many diseases including diabetes, hypertension, infec-
tions, heart failure, rhinitis and cancers.8,9

Previous study reported a novel peptide, ADH- 1, that inhibit N- 
cadherin (a marker of EMT) function.10 Yarom et al.11 showed that 
ADH- 1 was commonly well tolerated up to a dose of 1000 mg/m2 
when administered every three weeks in patients with incurable 
solid tumours. Other researchers demonstrated that significant re-
duction in tumour growth and lung metastasis by ADH- 1 in a mouse 
model of pancreatic cancer.12 Although ADH- 1 has high specificity 
and tolerance, the oral administration of it, as the most convenient 
and comfortable way, is a difficult challenge for this drug. Based on 
the Lipinski's Rules, peptide and protein drugs are difficult to passing 
through the gastrointestinal mucosa and easily degraded by gastric 
acid, and resulting in poor bioavailability of oral delivery (less than 
1%). Currently, most peptide and protein drugs are administered 
by invasive techniques such as subcutaneous or intravenous (IV) 
injection that require professional medical personnel.13 Compared 
with peptides, the small molecules dominate the global drug mar-
ket due to their advantages such as small size, oral availability, low 
cost, membrane- penetrating ability, ready synthesis and stability.14 

Therefore, the use of new drugs with less invasiveness administra-
tion route, controllability and high bioavailability is very efficient.13 
In previous in silico studies, after deep analysis of N- cadherin/ADH- 1 
interaction, we screened for FDA- approved small molecules which 
can act as potential inhibitors for N- cadherin protein.15,16 Among 
seven screened candidate drugs, we decided to use one of these 
inhibitors, Telmisartan (Tel) in the current study. Our hypothesis 
was that Tel prevents cell migration and inhibits attachment of PCa 
and breast cancer cells to recombinant N- cadherin coated wells by 
suppressing N- cadherin. Tel is a specific and selective blocker for 
angiotensin II receptor, which is widely utilized as an antihyperten-
sive drug and recently have been used for their anticancer effects.17 
Moreover, studies have demonstrated that Tel can inhibit the prolif-
eration and growth of tumour cells. Moreover, it possess cytotoxic 
effects on different cancer cells when prescribed alone or in combi-
nation with other antitumor drugs.18 To the best of our knowledge, 
no study has reported the effects of Tel on N- cadherin- mediated 
cell migration yet. Therefore, the aim of the present study was to 
investigate the potential anticancer effects of ADH- 1, as a known 
N- cadherin antagonist, DTX, as the first line chemotherapy agent in 
PCa treatment, and Tel, as a novel small molecule, on cell viability, 
apoptosis, migration and cell attachment. In previous studies, the 
anticancer effects of Tel have been reported18- 21; so, in the current 
study, in addition to the N- cadherin antagonist function, we decided 
to investigate the anticancer effects of Tel in comparison to the first 
line chemotherapy drug for treatment of prostate cancer, DTX.

N- cadherin expression and homophilic ligation of N- cadherins 
between adjacent cells by activation of PI3K/AKT signalling path-
way promotes growth regulatory events which was associated with 
angiogenesis, metastasis, programmed cell death and EMT in vari-
ous cancers.22,23 Therefore, the effect of aforementioned drugs on 
AKT- 1 gene expression as a downstream gene of N- cadherin signal-
ling was also investigated.

The two main types of prostate cancer cell lines (PC3 and 
DU145) and a breast cancer cell line (MDA- MB- 468) were used for 
the present study. DU145 cell line lacks the N- cadherin expression, 
while PC3 and MDA- MB- 468 cell lines highly express N- cadherin.24 
We evaluated the response of each cell lines to the aforementioned 
drugs.

2  |  MATERIAL S AND METHODS

2.1  |  Materials

Recombinant human N- cadherin protein was obtained from R&D 
Systems. DTX, ADH- 1 and Tel were obtained from MedChem 
Express. All drugs were prepared in dimethyl sulfoxide (DMSO; 
Sigma- Aldrich) and diluted with media before each experiment. 
RPMI- 1640 medium, fetal bovine serum (FBS) and penicillin– 
streptomycin were purchased from Invitrogen Life Technologies 
(Gibco, Life Technology).
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2.2  |  Cell culture

The PC3, DU145 (Prostate cancer) and MDA- MB- 468 (Breast can-
cer) cell lines were obtained from the National Cell Bank of Iran 
(Pasteur Institute, Iran). The cells were cultured with RPMI- 1640 me-
dium supplemented with 10% FBS, 1% penicillin– streptomycin anti-
biotic solution and maintained in humidified incubator with 5% CO2 
at 37°C. All experiments were carried out at passage number 2– 4 
after reaching 70% confluency.

2.3  |  Cell viability assay

The viability of PC3, DU145 and MDA- MB- 468 cells was deter-
mined using 3- (4,5- dimethylthiazol- 2- yl)- 2,5- diphenyltetrazoli
um bromide (MTT) assay.25 Briefly, 2 × 104 of PC3, DU145 and 
MDA- MB- 468 cells were seeded into 96- well plate and cultured 
for 24 hours. Then, the cells were treated with various concentra-
tion of DTX (0.001– 100 nM), ADH- 1 (0.001– 500 µM), Tel (0.001– 
500 µM) for 48 hours. Thereafter, MTT solution (contains 0.5 mg/
mL MTT) was added to each well. After incubation at 37°C and dis-
solution the formazan crystals in DMSO, absorbance of each well 
was measured at 570 nm using a microplate reader (Mikura Ltd.). 
Percent cell viability was determined with respect to the control. 
All concentrations were tested in quadruplicate wells and the ex-
periment was repeated three times.

2.4  |  Cell migration assay

Monolayer wound healing assay was used to determine cell migra-
tion according to described protocols.26 PC3, DU145 and MDA- 
MB- 468 cells were seeded on 24- well plate and incubated at 
37°C to grow about 70%– 80% confluency. A vertical scratch was 
created by a plastic sterile 10 μL pipette tip followed by wash-
ing the cells with 1X PBS (phosphate buffer saline) to remove the 
loose cells and debris. Then, cell culture media (for control cells) 
or media contain the drugs (for treated cells) were added, and the 
plates were incubated in a CO2 incubator at 37°C. All wounds were 
photographed in three different locations with 40X magnification 
using a MicroOptix microscope at zero- time point and by interval 
of 6 hours over a span of 24 hours after treatment. All images were 
taken with a camera (Microscopy vision, CAMV1200SC, Canada) 
equipped with vision capture software. The experiments were re-
peated three times, and each experiment was performed in trip-
licate wells. Because the created wound in the control group of 
PC3 cells completely closed after 24 hours, the DU145 and MDA- 
MB- 468 cells were also examined at the end of 24 hours. The area 
of each wound was measured at each time point using Image J 
software (NIH), and the percentage of wound closure was calcu-
lated compared with the control cells.

2.5  |  Cell attachment assay

Cell attachment assay was carried out in the adhesive 96- well 
plates as described previously.27 Briefly, the wells were coated 
with 5 µg/mL of recombinant human N- cadherin, and then, 50 μL 
of cell suspension (4 × 105/mL) were loaded to each coated well 
together with 50 μL of drugs diluted with cell culture medium 
and incubated in 37°C. In the next step, unbound cells were 
removed, and the adherent cells were fixed by glutaraldehyde. 
The fixed cells were stained with crystal violet (0.1% (w/v) in 
methylethanesulphonic acid (MES)), and finally, the optical 
density of each well was measured with a microplate reader at 
570 nm.

2.6  |  Reverse transcription- quantitative 
polymerase chain reaction (RT- qPCR)

Total RNA was extracted from cells by the Tripure reagent, and 
concentration of RNA was determined by a Nanodrop 1000 spec-
trophotometer. RNA was converted to cDNA using the cDNA 
synthesis kit (Fermentas; Thermo Fisher Scientific, Inc.), based on 
the manufacturer's protocols. Quantitative real- time PCR (qPCR) 
was performed by the SYBR Green PCR Master Mix with the fol-
lowing set of specific primers: GUSB- β- Glucuronidase –  (as an 
internal control); forward: 5′- TCGCTCACACCAAATCCTT- 3′, 
reverse: 5′- GGCTTCTGATACTTCTTATACCA- 3′ and AKT- 
1; forward: TTGTTATTGTGTATTATGTTGTTCA, reverse: 
AAGTGCTACCGTGGAGAG. qPCR amplification was performed for 
95°C for 10 minutes, then 40 cycles using the following program: 
95°C for 15 seconds, 60°C (AKT- 1) or 58°C (GUSB) for 30 seconds, 
72°C for 30 seconds. Data analysis was carried out using Rotor- 
Gene Q Series Software. The expression of AKT- 1 gene was normal-
ized to the level of GUSB expression within each sample, and the 
relative expression of AKT- 1 was calculated using Pfaffl method as 
described previously.28

2.7  |  Apoptosis assay by Flow Cytometry

The status of cell death was measured by flow cytometry method. 
Briefly, 4 × 105 cells were seeded in 6 well plates and incubated 
with drugs (treated cells) or cell culture medium (control cells) for 
48 hours. In the next step, the cells were detached using cell dis-
sociation buffer (non- enzymatic) and were washed twice with PBS. 
Then, the cells were stained with Annexin- V conjugate (FITC) and 
propidium iodide (PI) (MabTag). After incubation for 20 minutes in 
the dark, the population of apoptotic cells was analysed by flow 
cytometry (BD FACS Calibrator, Biosiences Company). Each experi-
ment was repeated by three independent experiments and the re-
sults analysed by FlowJo 7.6 software.
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2.8  |  Statistical analysis

Data in our study were collected from at least three independent 
experiments. Statistical analysis was determined using One- way 
analysis of variance (ANOVA) with Tukey post hoc test for multi-
ple comparisons using SPSS software (version 22.0). All graphs 
and calculation of IC50 values were performed using GraphPad 
Prism 6.0 software (GraphPad Software). Data were expressed as 
mean ± SD, and values with p < 0.05 were considered statistically 
significant.

3  |  RESULTS

3.1  |  The cytotoxic effects of DTX, Tel and ADH- 1 
against prostate and breast cancer cell lines

The MTT assay was carried out for evaluation of cell proliferation 
at 48 hours time point, and with different concentrations of DTX 
(0.001– 100 nM), Tel and ADH- 1 (0.001– 500 μM). The results indi-
cated that all drugs could inhibit PCa and breast cancer cell pro-
liferation in a dose- dependent manner (Figure 1, p < 0.001). DTX, 
Tel and ADH- 1 decreased the proliferation of PC3 cells with IC50 
of 0.02 nM, 0.10 µM and 30.70 µM respectively. In addition, DTX, 
Tel and ADH- 1 decreased the viability of DU145 cells with IC50 of 
0.66 nM, 1.68 µM and 7.4 µM and decreased the viability of MDA- 
MB- 468 cells with IC50 of 1.03 nM, 0.45 µM and 1.85 µM respec-
tively, as shown in Table 1.

3.2  |  Effects of DTX and Tel on cell migration in 
prostate and breast cancer cell lines

To evaluate the effects of DTX and Tel on metastatic potential of 
PC3, DU145 and MDA- MB- 468 cell lines, in vitro wound healing 
assay was performed. We found that the PC3 cells which treated 
with different concentrations of DTX and Tel after 24 hours ob-
tained slower closure of the wound significantly to compare with 
untreated cells (p < 0.001). As indicated in Figure 2, the inhibitory 
effect of Tel (0.1 µM) on PC3 cell migration was more than DTX 
(0.01 nM, p < 0.001). Moreover, Tel (0.01 µM) and DTX (0.01 nM) 
have the same inhibitory effects on cell migration. Treatment of 
DU145 cells with DTX (0.01– 0.1– 1 nM) could decrease cell migra-
tion after 24 hours significantly compared with untreated cells 
(p < 0.001), whereas Tel (0.01– 0.1– 1 µM) has no significant in-
hibitory effect on DU145 cell migration (Figure 2). Besides, DTX 
(0.01 nM) significantly decreased cell migration in DU145 cells 
compared with different doses of Tel (p < 0.001). Moreover, DTX 
(0.1, 1 nM) and Tel (0.1, 1 µM) could decrease the migration of 
MDA- MB- 468 cells compared to untreated cells after 24 hours 
(p < 0.001). In addition, Tel 1 µM was more effective on reduction 
of wound closure rate compared to DTX 0.01 nM in MDA- MB- 468 
cells. As seen in Figure 2, the effects of various concentrations of 

DTX and Tel on cell migration were examined in all three cell lines. 
Based on these results and IC50 values of both drugs, subtoxic 
concentrations of DTX (0.01 nM) and Tel (0.1 μM) were selected 
for subsequent experiments.

3.3  |  Effects of Tel and ADH- 1 on cell attachment 
in prostate and breast cancer cell lines

To clarify the effect of Tel and ADH- 1 on cell attachment in PCa 
and breast cancer cell lines, we examined the adherence of cells 
treated with the various concentration of drugs (Tel, ADH- 1) to 
N- cadherin- coated plate (data not shown), and then, the effective 
doses were selected. According to many evidences, the function 
of DTX is through inhibition of microtubule depolymerisation and 
has no specific effect on N- cadherin function and cell attachment; 
therefore, in this experiment only the effects of Tel and ADH- 1 
were investigated. Treatment of PC3 and MDA- MB- 468 cells with 
Tel, 0.1 µM, and ADH- 1, 40 µM, resulted in a significant decrease 
in cell attachment compared with the controls (p < 0.001). PC3 
cells treated with 0.1 µM of Tel resulted in 50% reduction in cell 
attachment (Figure 3, p < 0.001) while, 40 µM of ADH- 1 resulted 
in 58% reduction in cell attachment. In addition, MDA- MB- 468 
cells treated with the same concentrations of Tel and ADH- 1 as 
abovementioned, resulted in 53% and 64% reduction in cell at-
tachment respectively (Figure 3, p < 0.001), whereas, the incu-
bation of DU145 cells with 0.1 μM of Tel and 40 μM of ADH- 1 
resulted in 23% and 20% reduction in cell attachment (p < 0.05). 
The attachment of PC3 and MDA- MB- 468 cells to N- cadherin ap-
peared to be more sensitive than that of DU145 cells in the pres-
ence of Tel and ADH- 1.

3.4  |  Effects of DTX, Tel and ADH- 1 on AKT- 
1 expression level in prostate and breast cancer 
cell lines

As shown in Figure 4, treatment of PC3, DU145 and MDA- MB- 468 
cells with different concentrations of DTX, Tel and ADH- 1 had a 
significant decrease in the expression level of AKT- 1 gene com-
pared with control cells (p < 0.001). In PC3 cells, DTX, Tel and 
ADH- 1 could decrease the expression level of AKT- 1 by 4%, 70% 
and 61% respectively (Figure 4, p < 0.001). Treatment of DU145 
cells with DTX, Tel and ADH- 1 could decrease the expression level 
of AKT- 1 by 42%, 62% and 76%, respectively (Figure 4, p < 0.01), 
whereas, DTX, Tel and ADH- 1 decreased the expression level of 
AKT- 1 by 9%, 37% and 16% compared to control cells, respectively, 
in MDA- MB- 468 cells (p < 0.001). As seen in Figure 4, treatment 
of PC3 and MDA- MB- 468 cells with 0.01 nM of DTX had more 
effect on the expression level of AKT- 1 compared with 0.1 µM of 
Tel and 40 µM of ADH- 1 (p < 0.001). In addition, the level of AKT- 1 
expression in MDA- MB- 468 cells appeared to be more sensitive to 
Tel and ADH- 1 than other cell lines.
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3.5  |  Effects of DTX, Tel and ADH- 1 on 
induction of apoptosis in prostate and breast cancer 
cell lines

In order to find out if the Tel and ADH- 1 treatment also induces cel-
lular apoptosis compared with the DTX one, flow cytometry analysis 
was performed. The exposition of PC3 cells to DTX (0.01 nM), Tel 
(0.1 µM) and ADH- 1 (40 µM) caused a significant increase in the num-
ber of apoptotic cells compared with the control cells (p < 0.001). 
In addition, treatment of PC3 cells with 40 µM of ADH- 1 had more 

effect on induction of early apoptosis compared with DTX (Figure 5, 
p < 0.001). Treatment of DU145 cells with abovementioned concen-
trations of DTX, Tel and ADH- 1 caused a significant increase in the 
number of apoptotic cells compared with the control cells (p < 0.01). 
However, DTX was more effective on induction of apoptosis com-
pared with Tel and ADH- 1 in this cell line (Figure 5, p < 0.01 and 
p < 0.05 respectively).

The exposition of MDA- MB- 468 cells to DTX, Tel and ADH- 1 
caused a significant increase in the number of apoptotic cells com-
pared with the control cells (Figure 5, p < 0.05).

F I G U R E  1  Effect of DTX, Tel and ADH- 1 on viability of prostate (PC3, DU145) and breast cancer (MDA- MB- 468) cell lines. The cells were 
treated with different doses of DTX (0.001– 100 nM), Tel and ADH- 1 (0.001– 500 µM) for 48 hours. The control cells were treated only with 
the cell culture medium. Data are expressed as the mean ±SD of three independent experiments (n = 12). DTX; Docetaxel, Tel; Telmisartan

TA B L E  1  IC50 values of DTX, Tel and ADH- 1 in different cancer cell lines

PC3 DU145 MDA- MB468 IC50

0.022 (95% CI: 0.008– 0.062) 0.665 (95% CI: 0.054– 8.16) 1.038 (95% CI: 0.361– 2.981) DTX (nM)

0.101 (95% CI: 0.048– 0.228) 1.684 (95% CI: 0.870– 3.25) 0.454 (95% CI: 0.024– 8.48) Tel (µM)

30.700 (95% CI: 0.136– 69.16) 7.400 (95% CI: 0.037– 14.45) 1.853 (95% CI: 0.073– 46.6) ADH- 1 (µM)

Note: Data are expressed as the mean ± standard deviation of three independent experiments (n = 12).
Abbreviations: CI, confidence interval; IC50, 50% inhibitory concentration.
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4  |  DISCUSSION

In the present investigation, PC3 and MDA- MB- 468 cell lines which 
are positive for expression of N- cadherin were studied and DU145 cell 
line which does not express N- cadherin was used as a negative con-
trol to survey the specificity of Tel effects on N- cadherin related cell 
behaviours. Experiments exploring N- cadherin specific interaction on 
Tel were compared to ADH- 1, as an approved N- cadherin antagonist.

We observed the cytotoxic effect of Tel and DTX on DU145, and 
PC3 as well as MDA- MB- 468 cell line. Similarly, ADH- 1, reduced the 

cell proliferation in all three cell lines. Consistent with our results, 
treatment of neuroblastoma cell lines with ADH- 1 has shown the 
strong suppression of tumour cell proliferation by activating apop-
tosis which in turn indicated N- cadherin signalling involvement in 
neuroblastoma development.29 Previous studies have revealed that 
cell- cell adhesion mediated by cadherins, activates cell survival 
signals. Although these survival signals are not completely under-
stood, several pathways have been reported to be activated by 
cadherin- mediated cell– cell contacts, including Wnt and receptor 
tyrosine kinase signalling. Administration of ADH- 1 in animal model 

F I G U R E  2  Effect of DTX and Tel on migration of prostate and breast cancer cell lines. The scratch wound was created using 10 µl sterile 
pipette in 70% confluency of PC3, DU- 145 and MDA- MB- 468 cells. Media containing certain concentration of each drug was added to 
defined wells, and the images were taken at 0 and 24 hours by an inverted microscope (×40 magnification). The lines show the area where 
the scratch wound was created. The scratch wound assay was performed in triplicate wells for each concentration. Data are expressed as 
the mean ±SD of three independent experiments (n = 9). DTX; Docetaxel, Tel; Telmisartan. *p < 0.05, ** p < 0.01, ***p < 0.001
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of pancreatic cancer, demonstrated a significant inhibitory effect on 
tumour growth and metastasis.12 Importantly, the results of a phase 
I/II clinical trial has shown combination of ADH- 1 and Melphalan (an 
antineoplastic drug) could suppress tumour growth in patients with 
advanced melanoma.30 Melphalan, acts as DNA alkylating agent that 
leading to the formation of mono adducts with cross- links in DNA. 
It can cause deformity in DNA by cross- linking and preventing the 
separation of double- stranded DNA for the synthesis or transcrip-
tion that leading to cell apoptosis.31 In agreement with our results, 
Matsuyama et al.19 reported that Tel induced inhibitory effect on cell 
proliferation in PC3 and DU145 cells 48 hours post treatment but 
other angiotensin II type 1 receptor blockers such as Candesartan 
and Valsartan have no significant effects on cell viability. Some re-
searchers demonstrated Tel, by inducing S- phase and G0/G1 phase 
arrest and decreasing cyclin D1, inhibited cell proliferation in esoph-
ageal squamous carcinoma and cholangiocarcinoma.20,32 In addition, 
recent studies have shown that Tel inhibits the proliferation and 
migration of cancer cells in many cancer types in vitro and tumour 

growth in vivo.33,34 Therefore, Tel may disrupt cell– cell contacts by 
inhibiting N- cadherin and promotes apoptosis in cancer cells simi-
lar to ADH- 1. The homophilic attachment of N- cadherin extracel-
lular domains between adjacent cells leads to organization of actin 
cytoskeletal structure and prepares specific outside- in signals that 
caused to stability in Bcl- 2 as a member of antiapoptotic proteins 
and subsequent suppression of cell apoptosis. Therefore, inhibition 
of homophilic linkage between the N- cadherin extracellular domains 
by an antagonist results in a decreasing in Bcl- 2 protein expression 
and induction of apoptosis in cancerous cells.23

Although both Tel and ADH- 1 reduced the cell viability of cancer 
cells, there was a small difference in the effect of these drugs on 
PC3, DU145 and MDA- MB- 468 cell lines. So that, both drugs have 
more cytotoxic effects on PC3 and MDA- MB- 468 cell lines com-
pared with DU145 cells, which is probably due to the difference in 
expression of N- cadherin. But the effects of DTX as a chemother-
apeutic agent in these cell lines were almost the same. Overall, the 
mechanisms involved in the heterogeneous responses were seen in 

F I G U R E  3  Effect of Tel 0.1 μM and 
ADH- 1 40 μM on PC3, DU145 and MDA- 
MB- 468 cell attachment to recombinant 
human N- cadherin (5 μg/mL). The level 
of nonspecific binding, determined from 
these cells attachment to wells coated 
with BSA alone, was subtracted. Values 
are mean ±SD of three independent 
experiments. Results show representative 
of repeated experiments and normalized 
to 100% binding for untreated cells as 
control. Tel, Telmisartan. *p < 0.05, ** 
p < 0.01, ***p < 0.001
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different cell lines in the current study, which need further investi-
gation. Previous studies have shown that Tel is a partial agonist for 
PPAR- γ and the intensity of PPAR- γ expression in cancerous cells 
and tissues was higher than their normal counterparts, and the use 
of its ligands (Tel) induces apoptosis in cancer cells.17,19,21 It seems 
that Tel not only inhibits cell proliferation through PPAR- γ and cell 
cycle, but also shows antitumor effects by inhibiting N- cadherin 
function. It may explain similar anti- proliferative effect of Tel on 
both N- cadherin expressing and non- expressing cells.

By promoting the capacity of tumour cell migration and invasion, 
N- cadherin has been implicated in various cancers metastasis. PCa 
typically has no clear symptoms in its early stages but it is often fatal 
because of the high migratory nature of its cells.35 Scratch wound 
assay was used in the present study to evaluate the effect of Tel as 
an N- cadherin antagonist and DTX on PCa and breast cancer cell 
migration. As expected, Tel inhibited the cell migration rate in PC3 
cells and 0.1 µM of Tel has more inhibitory effect than other doses 
after 24 hours (p < 0.001). Besides, both DTX and Tel could decrease 
the migration of MDA- MB- 468 cells compared to untreated cells 
after 24 hours (p < 0.001). However, treating DU145 cells with Tel 
indicated different results, so that Tel had no significant effect on 

wound closure after 24 hours but DTX inhibited cell migration sig-
nificantly. Previous studies reported that DTX capable to decreases 
endothelial cell motility through intervention with microtubule dy-
namics, inhibiting Rac1/Cdc42 activation and disrupting the actin 
cytoskeleton. This is correlated with an inhibitory effect on lamel-
lipodia formation and actin polymerization. For many cellular pro-
cesses especially cell migration, the correct function of cytoskeleton 
network, including microtubules, actin filaments and intermediate 
filaments, is essential.36

One of the most important difference between three cell lines in 
the present study is the higher expression of N- cadherin as a pos-
itive regulator of cancer metastasis in PC3 and MDA- MB- 468 cell 
lines compared with DU145 cells.26 These results could imply the 
specificity of Tel inhibitory effect on cell migration through inhibi-
tion of N- cadherin compared with the non- specific effect of DTX. 
In fact N- cadherin contribution on generation of cell– cell junctions 
is less than that of E- cadherin, and its higher expression in PC3 cells 
is closely related to ‘more mesenchymal phenotype’ and increased 
cell invasion capacity of these cells compared with DU145 cells.37 
Based on our previous in silico studies,15,16 we hypothesized that Tel 
could act as N- cadherin antagonist. Therefore, in contrast to DU145 

F I G U R E  4  Effect of DTX, Tel and 
ADH- 1 on AKT- 1 mRNA expression 
following 48 hours of treatment of PC3, 
DU145 and MDA- MB- 468 cell lines that 
performed by RT- qPCR. Level of AKT- 
1 mRNA expression in various cell lines 
following treatment with DTX (0.01 nM), 
Tel (0.1 µM) and ADH- 1 (40 µM) relative 
to the controls. Each experiment was 
performed in three independent times. 
GUSB (β- Glucuronidase) was used as 
the loading control. RT- qPCR, reverse 
transcription- quantitative polymerase 
chain reaction; mRNA, messenger 
RNA; DTX, Docetaxel; Tel, Telmisartan. 
*p < 0.05, ** p < 0.01, ***p < 0.001
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cells, Tel inhibited migratory behaviour of PC3 and MDA- MB- 468 
cells. In accordance with our observations, treatment of breast can-
cer cell lines (MCF7 and MDA- MB- 231 cells) with 10 µM of Tel re-
duced the wound closure rate after 24 hours.38 In addition, Zhang 
et al.39 reported that treatment of A549 cells (lung cancer) with Tel 
as an angiotensin receptor blocker could suppress cell proliferation 
and migration. There are many studies about the effect of Tel on 
inhibition of cell proliferation and migration, and the mechanisms of 
Tel function have been stated as an angiotensin receptor blocker or 
PPAR- γ agonist. However, none of them have investigated the effect 
of Tel on N- cadherin inhibition.19,21,38,40 In the present study for the 
first time, a new mechanism is suggested for Tel by which exerts its 
functions.

Upon EMT, in which E- cadherin switches to N- cadherin, tumour 
cells tend to detach from their primary location. After invasion into 
blood vessels, the tumour cells avoid from anoikis process due to 

their aggregation and attachment to endothelial cells, which is me-
diated by adhesion molecules such as N- cadherin.35 Experiments on 
specific blocking behaviour of N- cadherin confirmed that ADH- 1 
significantly reduced the percentage of cell attachment compared 
with the control cells (p < 0.01) and surprisingly, Tel had a significant 
effect on cell attachment inhibition in PCa and MDA- MB- 468 cells. 
Our data showed that Tel, comparable with ADH- 1 reduced the per-
centage of cell attachment near to 60% in PC3 and MDA- MB- 468 
cells, while using both ADH- 1 and Tel could decrease cell attachment 
up to 23% in DU145 cell line.

Mechanistically, to explore the effect of Tel on downstream 
gene of N- cadherin signalling pathway, AKT- 1 expression level 
was studied. The PI3K/AKT signalling pathway was reported to 
be a fundamental pathway regulating EMT in various cancers.22 
Our results showed Tel, DTX and ADH- 1 inhibited the expression 
of AKT- 1 gene at mRNA level in PC3, DU145 and MDA- MB- 468 

F I G U R E  5  Effect of DTX, Tel and ADH- 
1 on cell apoptosis following 48 hours 
treatment of PC3, DU145 and MDA- 
MB- 468cell lines that performed by flow 
cytometry. Percentage of early apoptosis 
in various cell lines following treatment 
with DTX (0.01 nM), Tel (0.1 µM) and 
ADH- 1 (40 µM). Each experiment was 
performed in three independent times. 
DTX, Docetaxel; Tel, Telmisartan. 
*p < 0.05, **p < 0.01, ***p < 0.001
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cells (p < 0.01). Therefore, it could be inferred that in addition to 
inhibiting N- cadherin, Tel and ADH- 1 act as inhibitors of AKT- 1 in 
these cell lines, as well. In agreement with our results, Singh and 
colleagues demonstrated that treatment of DU145 and C4- 2B cells 
with combination of DTX and Thymoquinone (a phytochemical of 
black cumin) reduced the expression level of PI3K and AKT- 1.41 
There are several mechanisms by which Thymoquinone could exert 
its anticancer activity including, inhibition of JAK/STAT signalling 
pathway, epidermal growth factor receptor, Wnt signalling pathway 
and activation of PTEN, P53, caspase- 3,9 as well as induction of 
reactive oxygen species production that resulting in DNA damage. 
In general, Thymoquinone via these actions can induce cancer cell 
apoptosis.42 Zhang et al.39 reported that treatment of A549 cells, 
a lung cancer cell line, with 20 μM of Tel significantly decreased 
the phosphorylated form of AKT- 1 but had no significant effect on 
the total protein level of AKT- 1. The difference among our data and 
those of Zhang et al. may be because of using the cancer cell lines 
from different tissues in the studies. Some researchers indicated 
that 10 µM of Tel or 2 µM of this drug in combination with 2 µM 
of Gefitinib, a selective inhibitor of epidermal growth factor re-
ceptor tyrosine kinase, via upregulation of phosphatase and tensin 
homologue (PTEN) transcription can inhibit the PI3K/AKT pathway 
in cancer cells.43,44 To inhibit the PI3K/AKT pathway, novel agents 
have been developed and most of which are small molecules with 
reported adverse effects such as hyperglycaemia, insulin resistance 
and mood alterations.45,46 While Tel has significant efficacy and low 
side effects with a good tolerability when administrates as an anti-
hypertensive drug.47

Our results demonstrated treatment of PCa and breast cancer 
cells with DTX, Tel and ADH- 1 increased the population of dead 
apoptotic cells compared with the control cells after 48 hours in-
cubation. As seen, Tel and ADH- 1 have the same or more effects 
on induction of early apoptosis in PC3 and MDA- MB- 468 cell lines 
compared with the effect of DTX, while in DU145 cells DTX has 
more effect on cell apoptosis compared with Tel and ADH- 1. In 
line with our results, Shintani et al.12 indicated that ADH- 1 induces 
apoptosis in endothelial cells by inhibiting cadherin- mediated acti-
vation of fibroblast growth factor receptors (FGFR) signalling. Other 
researchers also, reported Tel and DTX could promote apoptosis in 
different cancer cell lines.19,36,40,48

The fact that Tel not only inhibited cell attachment and cell mi-
gration but also suppression of AKT- 1 expression, reduced cell pro-
liferation and increased apoptosis in PC3 and MDA- MB- 468 cell 
lines, indicates the potential of this small molecule to exert its multi-
modal antitumor effects in vitro.

In conclusion, based on our results it could be concluded that 
Tel, as a small molecule, is specifically interact with N- cadherin and 
it might be the mechanism by which Tel exerts its effects in addition 
to the previously reported mechanisms such as its partial agonist 
role for PPAR- γ. This study highly implicates N- cadherin as a valid 
target for treatment of human PCa, and suggests that N- cadherin 
antagonists such as ADH- 1 and Tel that target its adhesive function 
should be developed for use in treatment of human PCa. Results 

of the present investigation could suggest Tel as a less expensive 
alternative to ADH- 1 which potentiate DTX anticancer effects, al-
though many functions and interactions of Tel inhibitory effects on 
N- cadherin needs to be explored in vivo in the future studies.

ACKNOWLEDG EMENTS
This study was a part of PhD thesis of Marjan Khorsand (Department 
of Biochemistry, Recombinant Protein Laboratory, School of 
Medicine, Shiraz University of Medical Sciences) for PhD degree 
in clinical biochemistry. This project was financially supported by a 
grant (no: 17412) from the office of Vice Chancellor for Research and 
the Committee for Advanced Biomedical Sciences, Shiraz University 
of Medical Sciences.

CONFLIC T OF INTERE S T
The authors confirm that there are no conflicts of interest.

AUTHOR CONTRIBUTIONS
Marjan Khorsand: Investigation (equal); Methodology (equal); Project 
administration (equal); Writing –  original draft (equal). Sahar Khajeh: 
Conceptualization (equal); Investigation (equal); Writing –  review & edit-
ing (equal). Mahboobeh Eslami: Conceptualization (equal); Investigation 
(equal). Navid Nezafat: Conceptualization (equal); Investigation (equal). 
Younes Ghasemi: Conceptualization (equal); Investigation (equal); 
Project administration (equal). Vahid Razban: Conceptualization 
(equal); Investigation (lead); Project administration (lead); Supervision 
(lead); Writing –  review & editing (lead). Zohreh Mostafavi- Pour: 
Conceptualization (lead); Investigation (lead); Methodology (lead); 
Supervision (lead); Writing –  review & editing (lead).

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available within 
the article.

ORCID
Marjan Khorsand  https://orcid.org/0000-0002-8818-7177 
Zohreh Mostafavi- Pour  https://orcid.org/0000-0002-3779-177X 

R E FE R E N C E S
 1. Welti J, Sharp A, Brooks N, et al. Targeting the p300/CBP axis in 

lethal prostate cancer. Cancer Discov. 2021;11(5):1118- 1137.
 2. Bai T, Liu Y, Li B. LncRNA LOXL1- AS1/miR- let- 7a- 5p/EGFR- related 

pathway regulates the doxorubicin resistance of prostate cancer 
DU- 145 cells. IUBMB Life. 2019;71(10):1537- 1551.

 3. Thambiraj S, Vijayalakshmi R, Shankaran DR. An effective strategy 
for development of docetaxel encapsulated gold nanoformulations 
for treatment of prostate cancer. Sci Rep. 2021;11(1):1- 17.

 4. Lu X, Yang F, Chen D, et al. Quercetin reverses docetaxel resistance 
in prostate cancer via androgen receptor and PI3K/Akt signaling 
pathways. Int J Biol Sci. 2020;16(7):1121.

 5. Wang SW, Tai HC, Tang CH, et al. Melatonin impedes prostate can-
cer metastasis by suppressing MMP- 13 expression. J Cell Physiol. 
2021;236(5):3979- 3990.

 6. Voss G, Haflidadóttir BS, Järemo H, et al. Regulation of cell– cell ad-
hesion in prostate cancer cells by microRNA- 96 through upregula-
tion of E- Cadherin and EpCAM. Carcinogenesis. 2020;41(7):865- 874.

https://orcid.org/0000-0002-8818-7177
https://orcid.org/0000-0002-8818-7177
https://orcid.org/0000-0002-3779-177X
https://orcid.org/0000-0002-3779-177X


2402  |    KHORSAND et Al.

 7. Parol M, Gzil A, Bodnar M, Grzanka D. Systematic review and 
meta- analysis of the prognostic significance of microRNAs related 
to metastatic and EMT process among prostate cancer patients. J 
Transl Med. 2021;19(1):1- 24.

 8. Feng YL, Chen DQ, Vaziri ND, Guo Y, Zhao YY. Small molecule in-
hibitors of epithelial- mesenchymal transition for the treatment of 
cancer and fibrosis. Med Res Rev. 2020;40(1):54- 78.

 9. Hu S, Duan YX, Zhou Q, Wang Y, Lu Q. Nimotuzumab inhibits 
epithelial– mesenchymal transition in prostate cancer by targeting 
the Akt/YB- 1/AR axis. IUBMB Life. 2019;71(7):928- 941.

 10. Williams E, Williams G, Gour BJ, Blaschuk OW, Doherty P. A novel 
family of cyclic peptide antagonists suggests that N- cadherin spec-
ificity is determined by amino acids that flank the HAV motif. J Biol 
Chem. 2000;275(6):4007- 4012.

 11. Yarom N, Stewart D, Malik R, et al. Phase I clinical trial of Exherin 
(ADH- 1) in patients with advanced solid tumors. Curr Clin Pharmacol. 
2013;8(1):81- 88.

 12. Shintani Y, Fukumoto Y, Chaika N, et al. ADH- 1 suppresses N- 
cadherin- dependent pancreatic cancer progression. Int J Cancer. 
2008;122(1):71- 77.

 13. Long L- Y, Zhang J, Yang Z, et al. Transdermal delivery of peptide 
and protein drugs: strategies, advantages and disadvantages. J Drug 
Deliv Sci Technol. 2020;60:102007.

 14. Sun L. Peptide- based drug development. Mod Chem Appl. 
2013;1(1):1- 2.

 15. Khajeh S, Eslami M, Nezafat N, et al. Surveying FDA- approved 
drugs as new potential inhibitors of N- cadherin protein: a virtual 
screening approach. Struct Chem. 2020;31(6):2355- 2369.

 16. Eslami M, Nezafat N, Khajeh S, et al. Deep analysis of N- cadherin/
ADH- 1 interaction: a computational survey. J Biomol Struct Dyn. 
2019;37(1):210- 228.

 17. Mielczarek- Puta M, Otto- Ślusarczyk D, Chrzanowska A, Filipek 
A, Graboń W. Telmisartan influences the antiproliferative ac-
tivity of linoleic acid in human colon cancer cells. Nutr Cancer. 
2020;72(1):98– 109.

 18. Rasheduzzaman M, Moon J- H, Lee J- H, Nazim UM, Park S- Y. 
Telmisartan generates ROS- dependent upregulation of death re-
ceptor 5 to sensitize TRAIL in lung cancer via inhibition of autoph-
agy flux. Int J Biochem Cell Biol. 2018;102:20- 30.

 19. Matsuyama M, Funao K, Kuratsukuri K, Tanaka T, Kawahito Y, Sano 
H, Chargui J, Touraine J- L, Yoshimura N, Yoshimura R. Telmisartan 
inhibits human urological cancer cell growth through early apopto-
sis. Exp Therap Med. 2010;1(2):301– 306.

 20. Samukawa E, Fujihara S, Oura K, et al. Angiotensin receptor 
blocker telmisartan inhibits cell proliferation and tumor growth 
of cholangiocarcinoma through cell cycle arrest. Int J Oncol. 
2017;51(6):1674- 1684.

 21. Koyama N, Nishida Y, Ishii T, et al. Telmisartan induces growth in-
hibition, DNA double- strand breaks and apoptosis in human endo-
metrial cancer cells. PLoS One. 2014;9(3):e93050.

 22. Nalla AK, Estes N, Patel J, Rao JS. N- cadherin mediates angiogen-
esis by regulating monocyte chemoattractant protein- 1 expres-
sion via PI3K/Akt signaling in prostate cancer cells. Exp Cell Res. 
2011;317(17):2512- 2521.

 23. Tran NL, Adams DG, Vaillancourt RR, Heimark RL. Signal trans-
duction from N- cadherin increases Bcl- 2: regulation of the 
phosphatidylinositol 3- kinase/Akt pathway by homophilic 
adhesion and actin cytoskeletal organization. J Biol Chem. 
2002;277(36):32905- 32914.

 24. Wang W, Wang L, Mizokami A, et al. Down- regulation of E- cadherin 
enhances prostate cancer chemoresistance via Notch signaling. 
Chin J Cancer. 2017;36(1):1- 13.

 25. Ramezani F, Samadi N, Mostafavi- Pour Z. Sequential therapy 
of breast cancer cell lines with vitamin C and quercetin im-
proves the efficacy of chemotherapeutic drugs. Nutr Cancer. 
2017;69(6):881- 891.

 26. Hoffman A, Sasaki H, Roberto D, et al. Effect of combination ther-
apy of desmopressin and docetaxel on prostate cancer cell (DU145) 
proliferation, migration and tumor growth. J Cancer Biol Therap. 
2016;1:129- 136.

 27. Dehghani M, Kianpour S, Zangeneh A, Mostafavi- Pour Z. CXCL12 
modulates prostate cancer cell adhesion by altering the levels or 
activities of β1- containing integrins. Int. J Cell Biol. 2014.

 28. Pfaffl MW. A new mathematical model for relative quantification in 
real- time RT– PCR. Nucleic Acids Res. 2001;29(9):45e- 45.

 29. Lammens T, Swerts K, Derycke L, et al. N- cadherin in neuro-
blastoma disease: expression and clinical significance. PLoS One. 
2012;7(2):e31206.

 30. Mrozik KM, Cheong CM, Hewett DR, et al. LCRF- 0006, a small mol-
ecule mimetic of the N- cadherin antagonist peptide ADH- 1, syn-
ergistically increases multiple myeloma response to bortezomib. 
FASEB BioAdv. 2020;2(6):339- 353.

 31. Esma F, Salvini M, Troia R, et al. Melphalan hydrochloride for 
the treatment of multiple myeloma. Expert Opin Pharmacother. 
2017;18(11):1127- 1136.

 32. Fujihara S, Morishita A, Ogawa K, et al. The angiotensin II type 1 
receptor antagonist telmisartan inhibits cell proliferation and tumor 
growth of esophageal adenocarcinoma via the AMPKa/mTOR path-
way in vitro and in vivo. Oncotarget. 2017;8(5):8536.

 33. Matsui T, Chiyo T, Kobara H, et al. Telmisartan inhibits cell pro-
liferation and tumor growth of esophageal squamous cell carci-
noma by inducing S- phase arrest in vitro and in vivo. Int J Mol Sci. 
2019;20(13):3197.

 34. Wu TT- L, Niu H- S, Chen L- J, Cheng J- T, Tong Y- C. Increase of human 
prostate cancer cell (DU145) apoptosis by telmisartan through 
PPAR- delta pathway. Eur J Pharmacol. 2016;775:35- 42.

 35. Cao Z- Q, Wang Z, Leng P. Aberrant N- cadherin expression in can-
cer. Biomed Pharmacother. 2019;118:109320.

 36. Hu T, Yang C, Fu M, et al. Cytotoxic effects of docetaxel as a 
candidate drug of drug- eluting stent on human umbilical vein en-
dothelial cells and the signaling pathway of cell migration inhibi-
tion, adhesion delay and shape change. Regen Biomat. 2017;4(3): 
167- 178.

 37. Fontana F, Raimondi M, Marzagalli M, et al. Epithelial- to- 
mesenchymal transition markers and CD44 isoforms are differently 
expressed in 2D and 3D cell cultures of prostate cancer cells. Cells. 
2019;8(2):143.

 38. Rasha F, Ramalingam L, Menikdiwela K, et al. Renin angiotensin sys-
tem inhibition attenuates adipocyte- breast cancer cell interactions. 
Exp Cell Res. 2020;394(1):112114.

 39. Zhang S, Wang Y. Telmisartan inhibits NSCLC A549 cell prolifera-
tion and migration by regulating the PI3K/AKT signaling pathway. 
Oncol Letters. 2018;15(4):5859- 5864.

 40. de Araújo Júnior RF, Leitão Oliveira ALC, de Melo Silveira RF, et al. 
Telmisartan induces apoptosis and regulates Bcl- 2 in human renal 
cancer cells. Exp Biol Med. 2015;240(1):34- 44.

 41. Singh SK, Apata T, Gordetsky JB, Singh R. Docetaxel combined 
with thymoquinone induces apoptosis in prostate cancer cells 
via inhibition of the PI3K/AKT signaling pathway. Cancers (Basel). 
2019;11(9):1390.

 42. Mahmoud YK, Abdelrazek HM. Cancer: thymoquinone antioxi-
dant/pro- oxidant effect as potential anticancer remedy. Biomed 
Pharmacother. 2019;115:108783.

 43. To KK, Tomlinson B. Targeting the ABCG 2- overexpressing mul-
tidrug resistant (MDR) cancer cells by PPAR γ agonists. Br J 
Pharmacol. 2013;170(5):1137- 1151.

 44. To KK, Wu WK, Loong HH. PPARgamma agonists sensitize PTEN- 
deficient resistant lung cancer cells to EGFR tyrosine kinase inhibi-
tors by inducing autophagy. Eur J Pharmacol. 2018;823:19- 26.

 45. Toren P, Zoubeidi A. Targeting the PI3K/Akt pathway in 
prostate cancer: challenges and opportunities. Int J Oncol. 
2014;45(5):1793- 1801.



    |  2403KHORSAND et Al.

 46. Kolinsky M, Rescigno P, Bianchini D, et al. A phase I dose- escalation 
study of enzalutamide in combination with the AKT inhibitor 
AZD5363 (capivasertib) in patients with metastatic castration- 
resistant prostate cancer. Ann Oncol. 2020;31(5):619- 625.

 47. Garg M, Manik G, Singhal A, et al. Efficacy and safety of azilsartan 
medoxomil and telmisartan in hypertensive patients: a randomized, 
assessor- blinded study. Saudi J Med Medical Sci. 2020;8(2):87.

 48. Banerjee S, Singh SK, Chowdhury I, Lillard JW Jr, Singh R. 
Combinatorial effect of curcumin with docetaxel modulates apop-
totic and cell survival molecules in prostate cancer. Front Biosci (Elite 
edition). 2017;9:235.

How to cite this article: Khorsand M, Khajeh S, Eslami M, 
et al. Telmisartan anti- cancer activities mechanism through 
targeting N- cadherin by mimicking ADH- 1 function. J Cell Mol 
Med. 2022;26:2392– 2403. doi:10.1111/jcmm.17259

https://doi.org/10.1111/jcmm.17259

