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Abstract. Angiotensin II (AngII), the main peptide of the 
renin‑angiotensin system (RAS), is involved in the prolif-
eration of different types of cells, normal and pathological as 
well. The protein tyrosine kinases (PTKs) play an important 
role in the growth, differentiation and apoptosis of cells. AngII 
action depends on the hormonal milieu of the cell, and on sex 
steroid influence. Angiotensin 1‑7 (Ang1‑7), metabolite of 
AngII, shows opposite action to AngII in cells. The present 
study aimed to examine the influence of 17β‑estradiol and 
testosterone on AngII and Ang1‑7 action on PTK activity 
in androgen‑independent humane prostate cancer cell line 
DU145. Cell cultures of human prostate cancer DU145 cells 
were used as a source of PTKs. Cultures were exposed to 
different concentrations of AngII (5x10‑11 to 5x10‑9 M). The 
incubation with hormones lasted 15 min to limit the genomic 
effects of steroids. In the phosphorylation reaction, we used 
γ32P‑ATP as a donor of phosphate and a synthetic peptide, 
Poly(Glu, Tyr) (4:1), as a substrate. The specific activities of 
PTKs were defined as pmol of 32P incorporated into 1 mg 
of exogenous Poly(Glu, Tyr) per minute (pmol/mg/min). Our 
findings suggest that testosterone and 17β‑estradiol may 
change the effects of angiotensins in a rapid non‑genomic way, 
probably via membrane‑located receptors. The most signifi-
cant change was caused by testosterone, whose effect was 
most significant on changes caused by Ang1‑7. AngII‑induced 
changes in phosphorylation appeared to be insensitive to the 
presence of testosterone, but were modified by 17β‑estradiol.

Introduction

The renin‑angiotensin system (RAS) is known for the control 
of blood pressure and fluid homeostasis but also for its 
engagement in the development of prostate cancer (1). The 
main peptide of RAS, angiotensin II (AngII) acts via G‑protein 
coupled AT1 and AT2 receptors (AT1R, AT2R). AT1R is 
present in the healthy prostate and is upregulated in prostate 
cancer cells (2,3). Expression of AT2R is commonly lower 
than AT1R and its upregulation is related to tissue damage, 
due to its role in protection and regeneration of tissues (4). 
AngII may transmit signals through protein tyrosine 
kinases  (PTKs), enzymes involved in cell proliferation as 
well as cell apoptosis (5). Moreover, inhibitors of tyrosine 
kinases have been recently developed as molecular‑targeted 
drugs for prostate cancer (6). The physiological effects of 
AngII are dependent on the receptor type. Vasodilatation, 
cell cycle arrest, antiproliferation and apoptosis are 
mediated by AT2R, whereas action via AT1 causes vascular 
contraction, proliferation and cell growth (7). AngII affects 
the proliferation of prostate cancer cells (8) mainly due to the 
local tissue RAS, also depending on receptor type. Synthesis 
and function of AngII can be regulated by androgens in the 
prostate gland (2).

Another RAS component, angiotensin 1‑7 (Ang1‑7) is a 
product of AngII proteolysis (9). Ang1‑7 can bind to the AT1 
and AT2 receptor or to its specific G‑protein coupled Mas 
receptor (10). The physiological effects of Ang1‑7 are gener-
ally opposite to the effects of AngII (9), and it has been shown 
that Ang1‑7 displays an antitumor effect in vivo and attenuates 
cytopenia. Thus, it has potential in chemotherapy, and does not 
cause hematologically toxic effects (11,12).

In Western countries prostate cancer is one of the most 
common malignant diseases among men over 50 years of 
age (13). In vitro tests of potential treatments are frequently 
carried out using the hormone‑independent human prostate 
cancer DU145 human cell line  (14). Nevertheless, to date, 
hormonal therapy for prostate cancer is possible only in the 
case of androgen sensitivity of the tumor. Steroid hormones 
can evoke changes in cells by binding to their own or other 
receptors both intracellular and membrane. Thus, steroids can 
exhibit both genomic and non‑genomic action. The biological 

Effects of testosterone and 17β‑estradiol on angiotensin‑induced 
changes in tyrosine kinase activity in the androgen‑independent 

human prostate cancer cell line, DU145
Kamila Domińska1,  Antoni Kowalski2,3,  Tomasz Ochędalski1  and  Elżbieta Rębas2

Departments of 1Comparative Endocrinology and 2Molecular Neurochemistry, 
Medical University of Lodz, 92‑215 Lodz, Poland

Received April 19, 2017;  Accepted August 24, 2017

DOI: 10.3892/ijmm.2017.3149

Correspondence to: Dr Elżbieta Rębas, Department of Molecular 
Neurochemistry, Medical University of Lodz, Mazowiecka Street 6/8, 
92‑215 Lodz, Poland
E‑mail: elzbieta.rebas@umed.lodz.pl

Present address: 3Department of Molecular Biology and Genetics‑ 
DANDRITE, Aarhus University, 8000 Aarhus C, Denmark

Key words: angiotensin II, angiotensin 1‑7, DU145, human prostate 
cancer, tyrosine kinases, angiotensin receptors 

https://www.spandidos-publications.com/10.3892/ijmm.2017.3149
https://www.spandidos-publications.com/10.3892/ijmm.2017.3149


Domińska et al:  Effect of steroids and angiotensins on PTK activity1574

activity of testosterone occurs mainly through binding with the 
intracellular specific androgen receptor affecting gene expres-
sion but data indicate the possibility of rapid, non‑genomic 
action of testosterone, including prostate cancer cells (15,16). 
These effects are considered to be non‑genomic, because they 
appear within minutes, too rapidly to involve changes in gene 
transcription, and occur often in cells that lack a functional 
AR, similar to DU145 (17). Additionally, testosterone can be 
converted to its metabolite 17β‑estradiol, which can be active 
in prostate cells and can act both in genomic and non‑genomic 
manners, involving specific estradiol receptor or receptors of 
other factors including angiotensin family peptides (18).

In the present study, we examined the effects of testosterone 
and 17β‑estradiol on angiotensin‑induced changes in human 
metastatic prostate cancer DU‑145 cells. This line is androgen 
receptor‑negative, and does not respond to androgen hormones 
in a classical way. We focused on the potential non‑genomic 
action of testosterone and 17β‑estradiol, using short periods 
of exposure. We verified changes in the activity of PTKs, as 
they are important factors in cancer development and their 
activity is upregulated in tumors, such as prostate cancer (19). 
Furthermore, we elucidated the participation of AT1 and AT2 
receptors in 17β‑estradiol‑induced or testosterone‑induced 
changes in the angiotensin effect. We used losartan and 
PD123319, specific antagonists of AT1 and AT2, respectively.

Materials and methods

All chemicals used were of analytical grade. If not stated, 
chemicals were purchased from Sigma Aldrich (St. Louis, 
MO, USA).

Cell culture . The DU145 cell line was purchased from the 
American Type Culture Collection (ATCC; Manassas, VA, 
USA). The cell line was authenticated by short‑tandem repeat 
(STR) DNA profiling. Cells were cultured in Dulbecco's modi-
fied Eagle's medium (DMEM; Sigma‑Aldrich; Merck Millipore, 
Darmstadt, Germany) supplemented with 10% heat‑inactivated 
fetal bovine serum (FBS; Biowest, Nuaille, France), 2 mM 
L‑glutamine, penicillin (50 U/ml), streptomycin (50 µg/ml) 
and neomycin (100 µg/ml) in a humidified atmosphere under 
5% CO2 at 37˚C.

Western blot analysis. Cells were incubated for 24 h with 5 nM 
AngII or Ang1‑7 with or without 1 h preincubation with 100 µM 
17β‑estradiol or testosterone. Cells were then washed once in 
PBS and lysed in 60‑100 µl of RIPA buffer supplemented with 
protease and phosphatase inhibitors for 30 min at 4˚C. Lysates 
were centrifuged at 14,000 rpm for 20 min to remove insoluble 
material. Protein concentration was measured using Bradford 
Protein Assay kit (Bio‑Rad, Berkeley, CA, USA). Lysates were 
incubated with Laemmli buffer at 95˚C for 5 min. Protein 
samples (30 µg) were separated on a 10% polyacrylamide 
gel and transferred to nitrocellulose membranes using a 
Mini‑PROTEAN Tetra system (Bio‑Rad). Non-specific protein 
binding sites were blocked for 1 h at room temperature, using 
5% BSA in TBST buffer. Nitrocellulose membranes were 
then incubated overnight at 4˚C with anti‑AT1, anti‑AT2 and 
GAPDH primary antibodies (Santa Cruz Biotechnology, Inc., 
Santa Cruz, CA, USA) and in alkaline phosphatase‑labelled 

secondary antibodies (Sigma) for 1 h at room temperature. The 
positive bands were revealed using Sigma‑Fast BCIP/NBT 
reagent (Sigma‑Aldrich). Blots were analyzed by densitometry 
using Quantity One software (Bio‑Rad). The relative expres-
sion of AT1R or AT2R was determined by comparing their 
protein expression level to those of GADPH.

PTK activity. Cells were suspended in medium containing 
32 mM sacharose, 50 µM EDTA, 10 mM Tris/HCl pH 7.4, 
50 µM PMSF and aprotinin 25 KIU/ml at 4˚C. Samples were 
pretreated with 10 µM testosterone or 17β‑estradiol for 15 min 
at 37˚C. After preincubation, AngII or Ang1‑7 were added to 
both types of samples. Concentrations of angiotensins were 
50 pM, 500 pM and 5 nM (5x10‑11 to 5x10‑9 M). Following 
15 min, the samples were lysed with 0.1% Triton X‑100 for 
15 min at 0˚C. PTK activity was assessed according to the 
method of Hirano et al (20,21) with modifications. γ‑[32P]‑ATP 
(200 mM; DuPont NEN, Boston, MA, USA) and Poly(Glu, 
Tyr) (4:1) were used as substrates for phosphorylation by PTKs 
or phosphorylation reaction. Poly(Glu, Tyr)‑free samples were 
taken as phosphorylation control. All samples were incubated 
for 7 min at 30˚C. Radioactivity of 32P binding to the substrate 
was measured as Cerencov radiation using a liquid scintilla-
tion analyzer (Canberra‑Packard, Bucharest, Romania). The 
activity of PTKs was defined as the amount in pmol of 32P 
incorporated to Poly(Glu, Tyr) per 1 mg of protein per 1 min 
(pmol/mg/min). Results were compared to the basal activity 
of PTKs (control) obtained from the samples containing only 
cyclodextrin which was a carrier of steroid hormones. The 
degree of 32P incorporation to specific substrate by PTKs in 
the control group (basal activity) was taken as 100%.

The inhibitors of angiotensin receptors, losartan (Adamed 
Group, Czosnów, Poland) or PD319131 were added to samples 
before tested hormones at the final concentrations during 
preincubation 10‑8 M (21).

Statistical analysis. Data are expressed as mean ± SEM of 
independent experiments from at least 3‑4 cultures; from 
each culture we obtained 4‑6 results. Statistical analysis was 
performed with the t‑test, using Statistica 12 software. P<0.05 
was considered to indicate a statistically significant difference.

Results

We used cyclodextrin‑conjugated 17β‑estradiol and testos-
terone. Thus, in each experiment, the control culture medium 
contained cyclodextrin. Cyclodextrin alone does not affect any 
parameters which are subjects of the present study.

17β‑estradiol and testosterone modify the angiotensin‑induced 
decrease in PTK activity. Cells were exposed to 50 pM, 500 pM 
and 5 nM AngII or Ang1‑7. These concentrations were chosen 
since they were previously confirmed to be most efficient in 
altering the activity of PTKs (21,22). Here, administration of 
AngII alone decreased the activity of the PTKs (Fig. 1). We 
observed a slight positive correlation between the concentra-
tion of AngII and the strength of its inhibitory effect. Ang1‑7 
was effective only at higher concentrations (Fig. 2).

Steroids alone did not induce significant change in PTK 
activity (data not shown), but they acted to inverse the inhibitory 
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effect of angiotensin. Moreover, testosterone and 17β‑estradiol 
(10 µM) showed clearly specific interaction; estradiol reversed 
inhibition caused only by AngII  (Fig. 1), and testosterone 
reversed inhibition caused only by Ang1‑7 (Fig. 2). In each case 
this effect was statistically significant or close to achieving 
statistical significance (Fig. 1B). Furthermore, combination of 
50 pM AngII with 17β‑estradiol increased PTK activity above 
the control value (Fig. 1C). The same applied to the combina-
tion of Ang1‑7 and testosterone (Fig. 2A‑C).

Effect of steroid hormones on AngII‑induced enhancement 
of AT1R and AT2R expression. AngII induced expression of 

AT1R, but we observed an additional significant increase in the 
AT2R level in the presence of AngII (Fig. 3). This effect was 
not affected by the hormones. Ang1‑7 increased the expres-
sion of AT1R and this effect was attenuated by 17β‑estradiol, 
but not by testosterone (Fig. 3C). Expression of AT2R was 
affected neither by Ang1‑7 alone, nor by Ang1‑7 together with 
17β‑estradiol or testosterone (Fig. 3).

Involvement of AT1R and AT2R in the effect of steroids on 
angiotensin‑induced PTK inhibition. In order to determine 
the involvement of AT1 and AT2 receptors in the steroids 
we used selective blockers of both receptors. The results 

Figure 1. Effect of angiotensin II, testosterone and 17β‑estradiol on the activity of protein tyrosine kinases. Angiotensin II (AngII) concentrations: (A) 5 nM; 
(B) 500 pM and (C) 50 pM. The activity of protein tyrosine kinases (PTKs) was defined as the amount in pmol of 32P incorporated to substrate per 1 mg of 
protein per 1 min. The degree of 32P incorporation to specific substrate by PTKs in cells treated with cyclodextrin alone (control) was assumed as 100% and 
other results were compared to this basal activity of PTKs in the control sample (relative activity of PTKs). Cyclodextrin alone had no effect on the PTK 
activity. Testosterone (10 µM); 17β‑estradiol (10 µM). Data are expressed as mean ± SEM; *p<0.05; #p<0.05; **p<0.01; ##p<0.01; n=18 (4 independent cultures, 
4‑6 results from each culture). 

Figure 2. Effect of angiotensin 1‑7, testosterone and 17β‑estradiol on the activity of protein tyrosine kinases. Angiotensin 1‑7 (Ang 1‑7) concentrations: 
(A) 5 nM; (B) 500 pM and (C) 50 pM. The activity of protein tyrosine kinases (PTKs) was defined as the amount in pmol of 32P incorporated to substrate per 
1 mg of protein per 1 min. The degree of 32P incorporation to specific substrate by PTKs in cells treated with cyclodextrin alone (control) was assumed as 
100% and other results were compared to basal activity of PTKs in the control sample (relative activity of PTKs). Cyclodextrin alone had no effect on the PTK 
activity. Testosterone (10 µM); 17β‑estradiol (10 µM). Data are expressed as mean ± SEM; *p<0.05; #p<0.05; **p<0.01; ##p<0.01; n=18 (4 independent cultures, 
4‑6 results from each culture).
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presented in Figs. 4‑7 indicate that the use of the selective 
inhibitor of AT2, PD319131 (10‑8 M) caused the inhibition 
of the simultaneous effect of Ang1‑7 and testosterone at all 
tested concentrations of angiotensin peptide. This suggests 
that testosterone inf luences the interaction of Ang1‑7 

with the AT2 receptor. The lack of an inhibitory effect of 
receptor blockers on the action of AngII in the presence of 
17β‑estradiol suggest that the weak action of 17β‑estradiol 
on AngII‑induced inhibition of PTK activity was caused by 
mechanisms independent of the AT1 and AT2 receptors.

Figure 3. (A‑C) Effect of 5 nM Ang 1‑7, 5 nM AngII, 100 µM 17β‑estradiol and 100 µM testosterone on the expression of AT1 and AT2 receptors by western 
blotting. (A) Changes in AT1R protein level caused by angiotensin II (AngII), angiotensin 1‑7 (Ang 1‑7) and hormones. (B) Changes in AT2R protein level 
caused by AngII, Ang 1‑7 and hormones. (C) Comparison of the effect of steroids on Ang 1‑7‑evoked changes in receptor expression. Results were normalized 
to GAPDH. The protein receptor level in cells treated with cyclodextrin alone was assumed as the control (arbitrary unit=1) (relative AT1R or AT2R protein 
level‑arbitrary unit). Cyclodextrin alone had no effect. C, control; A1‑7, Ang1-7; T, testosterone; E, 17β‑estradiol. Data are expressed as mean ± SEM of three 
different experiments; *, #p<0.05. 

Figure 4. Participation of AT1 and AT2 receptors in AngII and testosterone‑dependent modulation of protein tyrosine kinase activity. Losartan (10‑8 M) 
and PD123319 (PD; 10‑8 M) were used as inhibitors of AT1R and AT2R, respectively. The degree of 32P incorporation to specific substrate by protein tyro-
sine kinases (PTKs) in cells exposed to angiotensin II (AngII) and testosterone (10 µM) were assumed as control (100%). AngII concentrations: (A) 5 nM; 
(B) 500 pM and (C) 50 pM. Data are expressed as mean ± SEM; n=18 (4 independent cultures, 4‑6 results from each culture).
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Discussion

Prostate cancer is one of the most common diseases and 
its mortality rate is increasing. The patient survival rate is 

reduced in cases of late diagnosis when cells acquire meta-
static ability and become resistant to hormone treatment. One 
of the best models in prostate cancer studies is the DU145 
cell line, characterized by lack or very low expression of the 

Figure 5. Participation of AT1 and AT2 receptors in AngII and 17β‑estradiol‑dependent modulation of protein tyrosine kinase activity. Losartan (10‑8 M) and 
PD123319 (PD; 10‑8 M) were used as inhibitors of AT1R and AT2R, respectively. The degree of 32P incorporation to specific substrate by protein tyrosine 
kinases (PTKs) in cells exposed to angiotensin II (AngII) and 17β‑estradiol (10 µM) were assumed as control (100%). AngII concentrations: (A) 5 nM; 
(B) 500 pM; (C) 50 pM. Data are expressed as mean ± SEM; *p<0.05; n=18 (4 independent cultures, 4‑6 results from each culture).

Figure 6. Participation of AT1 and AT2 receptors in Ang1‑7 and testosterone‑dependent modulation of protein tyrosine kinase activity. Losartan (10‑8 M) and 
PD123319 (PD; 10‑8 M) were used as inhibitors of AT1R and AT2R, respectively. The degree of 32P incorporation to specific substrate by protein tyrosine 
kinases (PTKs) in cells exposed to angiotensin 1‑7 (Ang 1‑7) and testosterone (10 µM) were assumed as control (100%). Ang1‑7 concentrations: (A) 5 nM; 
(B) 500 pM; (C) 50 pM. Data expressed as mean ± SEM; *p<0.05 n=18 (4 independent cultures, 4‑6 results from each culture). Ang1‑7, angiotensin 1‑7.

Figure 7. Participation of AT1 and AT2 receptors in Ang1‑7 and 17β‑estradiol‑dependent  modulation of protein tyrosine kinases activity. Losartan (10‑8 M) 
and PD123319 (PD) (10‑8 M) were used as inhibitors of AT1R and AT2R, respectively. The degree of 32P incorporation to specific substrate by protein tyrosine 
kinases (PTKs) in cells exposed to angiotensin 1‑7 (Ang 1‑7) and 17β‑estradiol (10 µM) were assumed as control (100%). Ang1‑7 concentrations: (A) 5 nM; 
(B) 500 pM and (C) 50 pM. Data expressed as mean ± SEM; n=18 (4 independent cultures, 4‑6 results from each culture).
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androgen receptor (23). There are several differences between 
androgen‑insensitive cell lines and androgen‑responsive 
cells e.g., LNCaP, which are more susceptible to hormonal 
treatment. However, the classical receptor‑mediated effect 
is not the only one possible of testosterone action. The 
rapid membrane effect of testosterone mediated through 
unconventional membrane androgen receptors was docu-
mented in LNCaP and DU145 cells (24). Equally important 
is the fact that this can be also mediated by testosterone 
metabolite‑17β‑estradiol. Androgen‑independent DU145 
cells express both classical estradiol receptors, ERα and 
ERβ (25), and show high activity of 5α‑reductase and aroma-
tase (26). ERα is expressed in prostatic tissue mainly during 
fetal and early neonatal life. Invalid activation of ERα causes 
late‑life diseases, including inflammation and pre‑malignant 
pathologies. In contrast, ERβ expression appears later, after 
ERα, primarily in the epithelium. It seems to be an important 
factor of regulation of cell proliferation and regulation of 
differentiation in adult tissue and during puberty (25). This 
isoform predominates in late, metastatic cells of prostate 
cancer such as DU145 cells (27). It is known that although 
the androgen level decreases with age, the level of estrogens 
in males remains unchanged and even increases. Androgens 
(including testosterone) are necessary for normal prostate 
development and function, while in many cases estradiol 
speeds up the development of prostate cancer (28). Yet, it 
appears that both synthetic and natural (including exogenous) 
modulators of ERβ show protective properties against cancer 
progression by inhibition of cell proliferation and migration, 
and can be utilized in the therapy of prostate cancer including 
androgen‑independent cancer (27,29) Therefore, it is impor-
tant to determine the function of both steroids in DU145 cells.

There is evidence of a relationship between androgen and 
RAS. In prostate cells this relationship is additively compli-
cated by the fact that angiotensins can interact with steroid 
receptors and contrariwise steroids may bind to angiotensin 
receptors. Other studies have shown that signaling transmission 
by G‑protein coupled receptors (including angiotensin recep-
tors) can induced androgen‑independent androgen receptor 
activation causing the conversion of androgen‑dependent cells 
to androgen-independent cells (30). On the other hand some 
studies indicate that estrogens affect components of RAS, 
e.g., decrease the expression of AT1R and increase AT2R 
expression (31,32). Testosterone directly leads to upregulation 
of RAS components including AT2 receptor expression (32). 
The overlapping effects of angiotensins and steroids can be 
detrimental to the cell and can be the cause of cancer treat-
ment failure.

Local RAS plays an important role in cancer develop-
ment  (33,34). Elements of RAS exist in both normal and 
cancer cells including cell lines (34,35). Local RAS includes 
angiotensin‑family peptides, enzymes involved in their 
synthesis and metabolism, and angiotensin receptors. RAS is 
implicated in the development of various cancers, and changes 
in the expression of RAS components in most cases are corre-
lated with cancer grade, however they are not consistent and 
depend on tumor type and degree of cancer possibly due to 
various cellular pathways initiated by RAS (35). Elements 
of intracellular signaling pathways, which are activated by 
angiotensins, such as tyrosine kinases, can be also classified to 
RAS (5). RAS and tyrosine kinases are now targets in cancer 
therapies, including prostate cancer (35‑37).

Recent studies show that angiotensins may modulate the 
proliferation and migration of cells, which promotes cancer 

Figure 8. The possible action of angiotensin II (AngII) and angiotensin 1-7 (Ang1‑7) in (A) normal cells, (B) LNCaP and (C) DU145 cell lines. (A and B) Based 
on the literature data (42,59). (C) Suggested action based on the obtained results. (A) In normal cells the effects caused by the binding of AngII and Ang1‑7 
with AT1R and AT2R are in balance. (B) In LNCaP cells strong activation of AT1R by AngII and increased expression of this receptor lead to enhanced 
stimulation of protein tyrosine kinases (PTKs) which finally causes increased cancer cell proliferation and fast conversion to late, metastatic, more aggressive 
stage. (C) In DU145 cells activation of AT2R by Ang1‑7 can lead to inhibition of PTK activity and reduction in cell proliferation. It can provoke induction of 
protective mechanisms and reduction in the rate of cancer development. Solid line, interaction of angiotensins with AT1 or AT2 receptors; Dashed line, effect 
of angiotensins on receptor expression (increased number of receptor). Thickness of arrows reflects potency of AngII or Ang1‑7 interaction with receptors. 
E, 17β‑estradiol; T, testosterone.
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development and metastasis. Angiotensins can influence pros-
tate cancer cells (PC3, DU145 and LNCaP) in different ways, 
depending on the type of cell (21,38,39). Data indicate the 
importance of the angiotensin peptide type and time of expo-
sure for progression of prostate cancer. In addition, the action 
of angiotensin family peptides in cancer cells is intricate and 
depends on cancer type and development stage.

In most cases, in cancer cells the activity of tyrosine 
kinases is much higher than that in healthy cells (40). PTKs 
play important roles in adverse, very fast proliferation of 
cells. But in some types of cells, including cancer, tyrosine 
kinases can mediate apoptosis or differentiation (41). Previous 
studies indicate that angiotensin peptides modulate the 
tyrosine kinase activity in pituitary (22,42), MCF and MDA 
cell lines (43) in a concentration‑dependent manner. Notable 
is the similarity of the inhibitory effect of AngII on PTK 
activity in hormone‑sensitive cell lines (LNCaP and MCF‑7). 
In hormone‑independent lines (DU145 and MDA‑MB‑231) 
angiotensin had a stronger inhibitory effect (43).

We found that both AngII and Ang1‑7 decreased tyrosine 
kinase activity. We rather expected that the action of both 
peptides would be opposite and that AngII would stimulate 
PTKs while Ang1‑7 would decrease their activity. The DU145 
cell line is more advanced in terms of the development of 
cancer and may show distinct properties and processes 
responsible for cancer development in this line may be upset. 
Inhibition of tyrosine kinases seems to be positive (protective) 
because of possible simultaneous inhibition of proliferation. 
This unexpected inhibition of PTK activity may be explained 
by the interaction of AngII with the AT2 receptor as the 
mechanism of angiotensin action depends on the type of 
receptor. Activation of AT1R causes the pro‑inflammatory 
and pro‑cancerogenic action of ligands, while stimulation of 
AT2R leads to pro‑apoptotic and anti‑proliferative effects of 
angiotensins.

Opposite physiological effects caused by both peptides are 
considered to be associated with different affinity of the two 
types of receptors to AngII and Ang1‑7. T1R can bind both 
AngII and Ang1-7, but has higher affinity to AngII in normal 
cells. AT2R can also bind both peptides, but in normal cells, it 
preferably binds Ang1-7. Aditionally, Ang1-7 can bind to a third 
receptor, specific to Ang1-7 only (AT1‑7/Mas receptor), which is 
also found in testis (44). Commonly, AngII preferably binds to 
AT1R causing unfavorable effects, while antagonists of AT1R 
show strong antiproliferative activity and inhibit angiogenesis in 
prostate cancer cells (45). Ang1‑7 has higher affinity to AT2R, 
thus Ang1‑7 can significantly decrease the size of tumors as well 
as activity of kinases which participate in proliferation (11).

As mentioned earlier, expression of AT1R and AT2R 
was found in prostate cancer cells (46,47) while expression 
of both types of receptors can differ in LNCaP and DU145 
cells (47). In androgen‑positive LNCap cells AT1R expression 
is higher than in late stage, androgen‑independent DU154 
cells and in healthy cells (34). This may be due to increased 
protein kinase activity, subsequent proliferation and finally 
the rapid conversion to metastatic, aggressive form of prostate 
cancer. Expression of angiotensin receptors at this late stage of 
prostate depends on the state of severity as well. Research has 
shown that in androgen‑nonsensitive cells expression of AT2R 
is lower than AT1R and lower than that in androgen‑positive 

cells (46). Our results indicate that in DU145 cells expres-
sion of AT2R was increased in the presence of AngII. Hence 
we suggest increased binding of AngII to AT2 receptor that 
results in the subsequent decrease in PTK activity.

It is well established that G‑protein coupled receptors and 
tyrosine kinases can crosstalk and modulate each other (48). 
We observed an increase in PTK activity in the presence of 
Ang1‑7 and testosterone or AngII and 17β‑estradiol. This may 
suggest that both steroids have procancerogenic features and 
can contribute to cancer progression. This is consistent with 
the fact that 17β‑estradiol facilitates prostate cancer growth.

It is widely known that the pharmacological effects of 
steroids are linked with changes in gene transcription, but there 
is also increasing data concerning their rapid non‑genomic 
actions. In the present study, we did not observe a significant 
effect of testosterone or 17β‑estradiol on AT1R and AT2R 
expression in the presence of AngII or Ang1‑7. Lack of a testos-
terone effect is not surprising and can be explained by absence 
or low expression of the androgen receptor, that eliminates a 
classical genomic mode of action. Yet, the results indicate that 
testosterone does not modify the stimulatory effect of angio-
tensins on receptor expression in any other way. The inhibitory 
impact of 17β‑estradiol on AT1R expression in the presence 
of Ang1‑7 was possible thanks to the existence of estrogen 
receptors in the DU145 cells. But it seems, that changes in 
angiotensin‑induced inhibition of tyrosine kinases are caused by 
direct interaction of hormones with existing angiotensin recep-
tors rather, not by changes in receptor number. Additionally, 
the appearance of the effect after a quite short time, precluding 
genomic action enforces this hypothesis. Transcription altera-
tion usually takes hours, but the effects of those described as 
non‑genomic direct pathways can be noticed in a few minutes.

Withdrawal of changes triggered by testosterone after 
using specific AT2R blockers (PD19234) indicates the wider 
involvement of the AT2 receptor in this hormone action on 
Ang1‑7‑induced changes. Probably, in the cell line lacking 
androgen receptor, testosterone acts through AT2R char-
acterized by a higher affinity to Ang1‑7. The observed rise 
in PTK activity in the presence of AngII and 17β‑estradiol 
after inhibition of AT2R by a specific blocker probably was 
evoked by rapid interaction of both 17β‑estradiol and AngII 
with other than angiotensin receptors, e.g., membrane recep-
tors of estradiol. All the more so, AT1R, although found 
both in LNCaP and DU145, is only functional in LNCaP. In 
PC3 cells which are similar to DU145, AT1R seems to be 
non‑functional (49).

In conclusion, both our and cited results indicate that local 
action of AngII and Ang1‑7 on processes involved in cancer 
progression depend on: the type of peptide, peptide concen-
tration, tissue, time of exposure and stage of cancer. In late 
stage prostate cancer cell lines (DU145) an observed decrease 
in protein kinase activity caused by both AngII and Ang1‑7 
may protect against further development of cancer. This 
suggests that treatment of RAS inhibitors for prostate cancer 
patients should be prudent. Steroid hormones, testosterone 
and 17β‑estradiol reverse the action of angiotensins leading to 
adverse progression in prostate cancer (Fig. 8).

Due to the high specificity of the described interactions, 
further studies concerning the mechanism of action are 
warranted and may be useful to explain advanced stage cancer 
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therapy failure. Further research is also warranted for the 
development of new cancer therapies.
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