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Abstract

Introduction: Angiotensin Il (Ang Il) is multifunctional peptide that plays an important role in blood pressure regulation
and maintenance electrolyte homeostasis. It shows biological effects by activating two main receptors: AT, and AT,. The
aim of the present work was to investigate the effect of Ang Il on NRK-52E cells in in vitro studies. Furthermore, an
attempt was made to determine the effectiveness of the AT, and AT, receptor blocker activity (respectively, losartan
and PD123319).

Methods: The study was carried out using adherent NRK-52E cell line. Imnmunofluorescence and Western Blot method
were used to confirm the presence of AT, and AT, receptors in the cells. The SRB and MTT tests showed decrease in
the viability of NRK-52E cells incubated with Ang Il in comparison to the control (without Ang Il).

Results: The blockade of the AT, receptor caused an increase in cell viability in comparison to cells incubated with Ang
Il only. The blockade of AT, receptor also triggered statistically significant increase in cell viability in comparison with cells
only exposed to Ang Il. Combined administration of blockers for both receptors (losartan and PD123319) decreased Ang
Il cytotoxicity against NRK-52E cell line. The apoptosis was only observed in cells incubated with Ang Il in comparison
with control cells. However, simultaneous use of both blockers caused statistically significant decrease in apoptosis.
Conclusions: The result of our study indicates that Ang Il causes damaging effect on NRK-52E cells by directing them
to programmed cell death. It seems that not only does the AT, receptor itself play an important role in the induction of
apoptosis, but also its interaction with AT, receptor does as well.
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such as cell growth, cell division, cell death via apopto-
sis, or cell differentiation.’

Ang II causes multi directional biological effects on tar-
get cells via activation of two main types of receptors: AT,
and AT,. The receptors are located in the membrane of
cells in many organs, but their distribution is uneven.? The
most physiological effects of Ang II are signaled by AT,
receptor that belongs to the family of seven-transmem-
brane domain receptors related to G proteins.* Cellular
responses to the activation of AT, receptor pathway include
inter alia: smooth muscle contraction, adrenal steroid hor-
mone production, as well as cell growth, and proliferation.'
The AT, receptor as less known. They show antagonistic
effect for AT, receptors by exhibiting for example, prolif-
eration inhibitory activity and thus promoting cellular dif-
ferentiation process.’

As Ang II is known to affect the development of some
diseases (e.g., hypertension), one of the first angiotensin-
inhibiting drugs were Ang II convertase inhibitors (ACE:i),
for example, capropril. However, attempts to find com-
pound that would be effective in Ras system inhibition
were concentrated on discovering blockers of Ang II recep-
tors, mainly AT, receptor that is responsible for most of the
biological effects caused by Ang II peptide.®’ This was due
to the fact that in many organs there are alternative path-
ways of Ang II production (e.g., with other enzymes such
as chymase, trypsin, chymotrypsin, cathepsin G, or tonin).
Losartan (LOS), which belongs to sartans group, was the
first drug effectively blocking AT, receptor. LOS is a spe-
cific, non-protein AT, receptor antagonist. Nowadays, the
AT, blockers are commonly used as antihypertensive
medications.® Therefore, declined research interest in dis-
covering novel AT, receptor blockers is not surprising.
PD123319 is one of the most selective, non-protein angio-
tensin AT, receptor antagonists. Also, the first non-protein
agonist of AT, receptor— C21 was synthesized.’

Already in 2004 r. Zhang et al. showed the effect of Ang
IT on cell proliferation, differentiation, apoptosis, and
regeneration in renal proximal tubules.'? It was shown that
concentration of Ang II in urine of renal proximal tubules
is much higher than in blood plasma, which can have a
significant effect on the development of local lesions in the
cells of renal glomeruli and tubules, as well as in intersti-
tial renal cells. One of the histological features indicating
chronic renal damage caused by Ang II is renal tubular
atrophy, which can be caused by the damage and apoptosis
of renal tubular epithelial cells.!" This process can be
induced by various factors. In their research, Garrido et al.
proved that Ang II is NAD(P)H oxidase activator in the
cells of renal proximal tubules, which leads to the forma-
tion of oxygen free radicals responsible for DNA damage
and thus initiation of apoptosis.'? Also, Podhorska-Okotow
et al. showed the effect of oxidative stress on cell apoptosis
in renal tubules of rats subjected to intense physical
activity.'> On the other hand, the group of Qin showed that

AT, receptor blockade decreases cell damage by inhibiting
NADPH oxidase pathway.'*

The aim of the present work was to determine the effect
of Ang II on rat renal proximal tubular cells, as well as
potential involvement of AT, and AT, receptors in apop-
totic lesions of these cells in in vitro model.

Materials and methods

Cell culture

A cell line of rat renal proximal tubular epithelial cells
(ATCC, Washington, CO, USA) was cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM, ATCC), supplemented
with 5% Calf Bovine Serum (CBS), 4mM L-glutamine,
penicillin  (100L.U./ml) and streptomycin (100 pg/ml)
(ATCC). The culture was maintained at 37°C in a humidi-
fied atmosphere containing 5% CO,. At confluence, the
cells were washed and maintained in serum free DMEM for
48 h prior to the experiments. Viability was checked using
the trypan blue exclusion method. The following reagents
were used in the experiments: Angiotensin II (1072 M),
PDI123319 (10® M), and losartan potassium (107 M)
(Sigma-Aldrich, Darmstadt, Germany). In some combina-
tions, losartan (107 M), PD123319 (10°® M) or both block-
ers simultaneously were added to the cell cultures 1h prior
to the experiment. The experiment was divided into five
groups: (1) control, (2) Ang I1 (107° M), (3) Ang I1 (10° M)
+ LOS (10 M), (4) Ang I1 (107° M) + PD123319 (10°¢
M), (5) Ang II (10° M) + LOS (10°¢ M) + PD123319
(10® M). The incubation was stopped at selected time
points (6, 12, 24, and 48 h).

Detection of AT, and AT, receptors

Immunofluorescence. The NRK-52E cells (9 X 10* cells/
vessel) were grown in eight Chamber Polystyrene Ves-
sel—Culture Slides (Becton Dickinson, Franklin Lakes,
NJ, USA). Following the experiment described above,
the cells were washed in PBS and fixed in wells with the
use of 4% paraformaldehyde in PBS for 12 min at room
temperature. Cell membrane permeabilization was per-
formed with 0.2% Triton-X100 in PBS for 10min in
room temperature. Cells were incubated overnight at
4°C with primary antibodies: rabbit polyclonal anti-
ATIR N-10 (dilution 1:50; Santa Cruz Biotechnology
Inc., Dallas, TX, USA) and goat polyclonal anti-AT2R
C-18 (dilution 1:50; Santa Cruz Biotechnology Inc).
Next, the slides were incubated for 1h with Fluorescein
(FITC)-conjugated AffiniPure Donkey Anti-Rabbit IgG
(for ATIR antibody) and Rhodamine (TRITC)-conju-
gated AffiniPure Donkey Anti-Goat IgG (for AT2R anti-
body) secondary antibodies (Jackson ImmunoResearch
Laboratories, West Grove, PA, USA) diluted 1:50 in the
reagent with  background-reducing components.
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Preparations were mounted using Vectashield with
DAPI Mounting Medium (Vector Laboratories Inc.,
Burlingame, CA, USA). The slides were analyzed using
BX microscope (Olympus, Tokyo, Japan) coupled with
CellF software (Olympus).

Western Blot analysis

After the experiment, the cells were trypsinized, centri-
fuged, and washed in PBS. The number of cells was esti-
mated using Burker’s chamber. For each experimental
group, 2 X 10° of NRK-52E cells in exponential phase
were used. Whole protein lysates were obtained from cells
using CellLytic MT Cell Lysis Reagent (Sigma-Aldrich,
Darmstadt, Germany) with the addition of Halt Protease
Inhibitor Cocktail (Thermo Fisher Scientific Inc.,
Rockford, IL, USA) and 0.2 mM PMSF (Sigma-Aldrich).
To determine the concentration of the protein, Pierce BCA
Protein Assay Kit (Thermo Fisher Scientific Inc.) and
NanoDrop 1000 (Thermo Fisher Scientific Inc.) spectro-
photometer were used. Equal amounts of total protein
(40 ng) were mixed with sample buffer and dithiothreitol
(DTT) and resolved by SDS-PAGE."> After electrophore-
sis, the samples were transferred to polyvinylidene dif-
luoride (PVDF) membranes (Immobilon P; Millipore,
Bedford, MA, USA) and incubated in 3% BSA solution in
TBST buffer (0.2 M Tris; 1.5 M NaCl; 0.1% Tween-20).
After blocking, the membranes were incubated for 1h in
room temperature with the primary rabbit polyclonal anti-
ATIR N-10 antibody (dilution 1:200; Santa Cruz
Biotechnology, Inc.) and overnight at 4°C with the primary
rabbit polyclonal anti-AT2R H-143 (dilution 1:500; Santa
Cruz Biotechnology, Inc.). Next, the membranes were
treated with the secondary HRP-conjugated donkey anti-
rabbitantibody (dilution 1:3000; Jackson ImmunoResearch
Laboratories) for 1 h at room temperature, rinsed and incu-
bated with the Luminata Classico Western HRP Substrate
(Merck; Millipore, Bedford, MA, USA). The reactions
were visualized using ChemiDoc Imaging System (Bio-
Rad, Hercules, CA, USA). For each line, the amount of
protein in ATIR and AT2R bands was normalized to
B-actin.

Analysis of cell viability

SRB method. Cell viability was measured using the SRB
method. For the experiment, NRK-52E cells were seeded
at 9000 cells/well in 96-well plates. After experiment, the
cells were fixed with 50% trichloroacetic acid and subse-
quently stained for 30 min using 0.4% SRB dissolved in
1% acetic acid. The unbound dye was removed by rinsing
the cells in 1% acetic acid and the cell protein-bound dye
was extracted with 10mM unbuffered Tris solution. The
optical density of the solution (OD) was measured using
EL X 800 plate reader (Bio-Tek Instruments Inc., Vinooski,

VT, USA) at 562nm wavelength.'® As a control, the
medium alone subjected to the procedure described above
was used.

MTT method. Cell viability was also measured using
MTT assay.'” Reduction of yellow MTT salt to a purple
formazan crystals by mitochondrial dehydrogenases in
viable cells was determined by measuring the light absorb-
ance at 570nm using ELX 800 plate reader (Bio-Tek
Instruments Inc.)

Detection of apoptosis

Terminal transferase dUTP nick end labeling assay. Apop-
totic assay was conducted using ApopTag In Situ Apop-
tosis Detection Kit (Millipore, Billerica, MA, USA).
After the experiment, NRK-52E cells (9 X 10* cells/ves-
sel) cultured on eight-well chambered slides (Becton
Dickinson) were washed in PBS, fixed in cold acetone-
methanol (1:1) for 15 min at 4°C and air-dried. The sec-
tions were washed in PBS and digested using Proteinase
K (Dako, Glostrup, Denmark) for 5 min in room tempera-
ture (RT). The activity of endogenous peroxidase was
blocked by 5min incubation in 3% H,O, in PBS. In the
next step, the sections were incubated first with Equili-
bration Buffer for 10min in RT, and then with TdT
Enzyme and Reaction Buffer at 37°C for 1 h. The reac-
tion was stopped by the incubation with Stop Buffer for
10min in RT. Subsequently, the sections were incubated
with anti-digoxygenin peroxidase conjugated secondary
antibodies and the substrate for peroxidase, diaminoben-
zidine (DAB), was applied for 10 min at RT. Finally, the
sections were counterstained with Mayer’s hematoxylin,
dehydrated in graded ethanol concentrations (70%, 96%,
99.8%) and xylene the preparations were mounted in
SUB-X Mounting Medium (Dako). Percentage of apop-
totic nuclei was evaluated by scoring the brownish-
labeled cell nuclei (positive cells) in selected hot-spots
under 400X magnification (Olympus BX 41 light micro-
scope with visual mode Analysis 3.2 software for com-
puter-assisted image analysis).

Measurement of caspase-3 activity

After the experiment, caspase-3 activity was detected by the
Caspase-3/CPP32 Colorimetric Assay Kit (BioVision, Palo
Alto, CA, USA) according to the manufacturer’s instruc-
tions. Briefly, 1.5 X 10°® NRK-52E cells were lysed in the
lysis buffer to obtain total protein in each sample.
Subsequently, 80 pug of protein in a total volume of 50 pul was
added to 50 ul of reaction buffer and 5 pl of DEVD-pNA sub-
strate (200uM final concentration). After incubation (3h,
37°C), the hydrolysis of DEVD-pNA by caspase-3 released
free pNA that produces a yellow color detected at 405nm
using a microplate reader (Tecan, Mannedorf, Switzerland).
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Figure 1. Angiotensin Il receptors expression in NRK-52E cells. (a, b) Localization illustrated by immunofluorescence reaction:
(2) AT I receptor—cell membrane (white arrow) and cytoplasm (yellow arrows); (b) AT2 receptor—cell membrane (white arrow),
cytoplasm (blue arrow) and nucleus (yellow arrow). Magnification 400X; (c) Representative Western Blot indicated expression of
each receptor. Molecular weights of protein bands are denoted on the left side of the images. Lines: |—control, 2—Ang Il 107° M,
3—Angll 107°M + LOS 10 M, 4—Ang 11 100°M + PD 107* M, 5—Ang Il I0°°M + LOS 10 M + PD 107 M.

Transmission electron microscopy

NRK-52E cells were grown in T-75 flasks (Falcon; Fisher
Scientific) to reach 95% confluence. Cells were harvested
from flasks by gentle scraping, suspended in PBS, spun for
2min at 60 g and then fixed for 24 h with 2% glutaraldehyde
in 0.1 M sodium cacodylate buffer at 4°C. After fixation the
cells were rinsed several times with cacodylate buffer
(4 X 15min), post fixed with 2% osmium tetroxide in caco-
dylate buffer for 1h at 4°C, and then dehydrated through a
series of graded ethanol concentrations and acetone. The
fixed cells were embedded in EPON resin. Ultrathin sec-
tions were stained and examined by a JEOL JEM 1011
(Tokyo, Japan) transmission electron microscopy.

Statistical analysis

The statistical significance of differences between indi-
vidual groups was determined by the Kruskal-Wallis test,
as a non-parametric equivalent of the analysis of variance
and two-way ANOVA with the Bonferroni multiple com-
parison test. Statistical significance was defined as
p<<0.05. All statistical analyses were conducted using
Statistica 7.1 software (StatSoft, Krakow, Poland).

Results

The study showed the presence of both Ang II receptors,
AT, and AT,, in rat renal proximal tubular cells (NRK-
52E). Immunofluorescence method with the use of specific

polyclonal antibodies showed that NRK-52E cells express
both AT, and AT, receptors. Following various periods of
incubation, all cells subjected to the combinations of the
above-mentioned compounds were characterized by the
expression of Ang Il receptors. The AT receptor was found
in the cell membrane and cytoplasm of the cells (Figure
1(a)), whereas AT, receptor protein was observed in cell
nucleus and cell membrane, as well as in small quantity in
cytoplasm (Figure 1(b)).

Western Blot confirmed AT, and AT, receptor expres-
sion in cells incubated with all of the above-mentioned
compounds following each incubation period, as well as in
control cells. With the use of specific antibodies, bands
with molecular mass of 43kDa, characteristic for AT,
receptor, as well as bands with molecular mass of 44kDa
for AT, receptor (Figure 1(c)) were detected.

The effect of Ang Il on NRK-52E cells

In the SRB test, Ang Il in 10~° M concentration has a toxic
effect on the cells of NRK-52E line. The decrease in the
number of cells was shown after each period of exposition
to Ang II. The strongest decrease was observed after 6 h—
by 68% relative to control. After 12 and 24 h, the OD (opti-
cal density) dropped by 8%, whereas after 48h the OD
decreased by 7% in comparison with the control. After 6
and 24 h of incubation with Ang II (in comparison with the
control), the differences were statistically significant
(» <0.05) (Figure 2(a)).
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Figure 2. Cell viability of NRK-52E cells incubated with Ang Il 10™° M at different times (6, 12, 24, 48h) (a) SRB method, (b) MTT

method. Untreated cells were considered as a control. *p < 0.05.
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Figure 3. Cell viability of NRK-52E cells preincubated for | h with losartan (LOS) 107 M and then exposed to Ang Il 107° M at
different times (6, 12, 24, 48h) (a) SRB method, (b) MTT method. Cells incubated only with Ang Il were considered as a control.

b < 0.05.

In the MTT test, the NRK-52E cell line is sensitive to
Ang IT in 107 M concentration. Following 6h of incuba-
tion with Ang I, the number of cells decreased by 17%,
after 12h—by 32%, after 24h—>by 12%, and after 48 h—
by 15%. All correlations (relative to the control) are statis-
tically significant p <0.05) (Figure 2(b)).

The effect of AT, receptor blocker (losartan) on
viability of cells incubated with Ang Il

The SRB method, for all cell incubations with losartan
(LOS) at 10® M and Ang Il at 10~° M, showed an increase
in cell viability in comparison with cells treated only with
Ang II. However, only the difference after 48 h was statis-
tically significant (p <0.05) (Figure 3(a)).

In the MTT method, LOS used at a concentration of
107® M together with Ang I1 (10~° M) increased cell viabil-
ity in comparison to the incubation with Ang II only.
Correlations after 12 and 24 h were statistically significant
(» <0.05), (Figure 3(b)).

The effect of AT, receptor blocker (PD123319)
on viability of cells incubated with Ang Il

Following the blockade of AT, receptor with PD123319
(PD) compound, in the SRB test, an increase in the viability

of cells after each incubation time was observed in compari-
son with cells exposed only to Ang II. Administration of
PD123319 at 107° M in the presence of Ang II caused almost
three times increase in the number of cells after 6h of incu-
bation. The results obtained after 6, 12, and 48h of incuba-
tion were statistically significant (0.05), (Figure 4(a)).

In the MTT test, PD used at a concentration of 107° M
together with Ang II (10~° M) significantly increased cell
viability after 6, 12, and 24 h of incubation relative to the
cells treated only with Ang II (p <0.05) (Figure 4(b)).

The effect of concomitant use of LOS and PD
on viability of cells incubated with Ang I

In the SRB method, concomitant use of LOS and PD at con-
centrations of 10°% M together with Ang II (10~ M) causes
an increase in call viability in comparison with cells exposed
only to Ang II. The most significant, almost threefold
increase was observed after 6 h. The values obtained after 6
and 48 h are statistically significant (p <0.05) (Figure 5(a)).

In the MTT test, the addition of LOS (107® M) and PD
(107° M) to the cells incubated with Ang I1 (10~° M) sig-
nificantly decreased Ang II toxicity in comparison to the
cells treated only with Ang II after 12, 24, and 48h of
incubation and was statistically significant (p <0.05)
(Figure 5(b)).
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different times (6, 12, 24, 48h) (a) SRB method, (b) MTT method. Cells incubated only with Ang Il were considered as a control.
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Figure 5. Cell viability of NRK-52E cells preincubated for | h with losartan (LOS) 10 M and PD 123319 (PD) 107 M,
simultaneously and then exposed to Ang Il 107° M at different times (6, 12, 24, 48h) (a) SRB method, (b) MTT method. Cells

incubated only with Ang Il were considered as a control. *p < 0.05.

Terminal transferase dUTP nick end labeling

The effect of Ang Il on NRK-52E cells. The experiments per-
formed by the Terminal transferase dUTP nick end labe-
ling (TUNEL) method showed that incubation of NRK-52E
cells with Ang II at 10° M affects the incidence of apop-
totic lesions within these cells (Figure 6(c)). An increase in
the number of apoptotic cells was observed in comparison
to the control after each of the incubation periods. All val-
ues (in comparison with the control) were statistically sig-
nificant, (p <0.05) (Figure 6(a)).

The effect of LOS on the cells incubated with Ang Il. Follow-
ing the use of LOS at a concentration of 107 M together
with Ang II (107 M) the tendency was observed for the
decrease in the number of apoptotic cells for all studied
incubation times in comparison to the cells treated only
with Ang II. The results were statistically insignificant,
(p <0.05) (Figure 6(b)).

The effect of PD on the cells incubated with Ang Il. The use
of 107 M PD with Ang IT (107° M) significantly (p <0.05)

lowered the number of apoptotic cells in comparison to the
cells treated only with Ang II (Figure 6(b)).

The effect of concomitant use of LOS and PD on the cells incu-
bated with Ang Il. Simultaneous blockade of both Ang II
receptors caused significant decrease in the number of
apoptotic cells after each of the exposition times in com-
parison with the controls (p <0.05) (Figure 6(b)).

Determination of caspase-3 activity

The effect of Ang Il on NRK-52E cells. The addition of 10~°
M Ang II to the cell culture caused an increase of cas-
pase-3 activity for each of the analyzed incubation times
(»<0.05) (Figure 7(a)).

The effect of LOS on the cells incubated with Ang Il. The ten-
dency was observed for the decrease in the activity of cas-
pase-3 in comparison to the cells treated only with Ang II
when LOS at a concentration of 107® M was used together
with Ang II (107° M). The differences were statistically
significant (p < 0.05) (Figure 7(b)).
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nuclei (%) in NRK-52E cell line at different times (6, 12, 24, 48h) (*p <0.05); (b) Effect of blockade Ang Il (AT and AT2) receptors

in Ang llI-treated NRK-52E cells on proportion of apoptotic nuclei a

t different times (6, 12, 24, 48h). Cells incubated only with

Ang Il were considered as a control. *p < 0.05; (c) TUNEL technique detected apoptotic nuclei (brown) in NRK-52E cells after

incubation with Ang Il 107 M. Magnification 600X.
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Figure 7. Caspase-3 activity in NRK-52E cells: (a) after incubation with Ang Il 107° M at different times (6, 12, 24, 48h); (b) in
control (Ang Il 107 M) and experimental groups (Ang Il 107" M + LOS 107 M, Ang Il I0°M + PD 107 M, Ang 1l 107 M + LOS

10 M + PD 107¢ M) at different times (6, 12, 24, 48 h). *p < 0.05.

The effect of PD on the cells incubated with Ang Il. The use
of PD at a concentration of 107° M together with 107° M
Ang Il showed the tendency for the decrease in the activity
of caspase-3 for all studied incubation times in comparison
to the cells treated only with Ang II. The results were sta-
tistically significant (p < 0.05) (Figure 7(b)).

The effect of concomitant use of LOS and PD on the cells incu-
bated with Ang Il. In the case of simultaneous use of LOS
(107 M) and PD (107 M) with Ang II (10~ M), for all
incubation periods the values for caspase-3 activity
decreased significantly in comparison with the cells incu-
bated only with Ang II (p <0.05) (Figure 7(b)).
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Figure 8. Morphological alterations of NRK-52E cells showed in TEM after incubation with Ang Il (107 M). (a) fragmentation of
nucleus and nuclear chromatin condensation (arrow); (b) cell fragmentation and forming apoptotic bodies (arrow).

Transmission electron microscopy

Transmission electron microscopy (TEM) observations of
cells treated with Ang II at a concentration of 10° M
showed the presence of features characteristic for apopto-
sis: peripheral condensation of nuclear chromatin, frag-
mentation of cell nucleus (Figure 8(a)) and formation of
apoptotic bodies (Figure 8(b)). The described images were
visible after each period of cell incubation with Ang II.

Discussion

It was already shown 30years ago that Ang II effects pro-
liferation and differentiation processes of inter alia smooth
muscle cells of blood vessels.'® On the other hand, studies
conducted by other authors proved that administration of
Ang II to rats causes an increase in the number of renal
proximal tubular cells expressing PCNA proliferation
marker and apoptotic cells. This, in turn, suggests that Ang
II may affect both opposite processes, that is, cell apopto-
sis and proliferation. However, the use of blockers of both
receptors weakened this action.!” Similarly, Aizawa et al.
showed that administering Ang II to rats affects at the same
time both proliferation and apoptosis of rat renal proximal
tubular cells. However, in this study AT, receptor blocker
(LOS) alone was sufficient to weaken pro-apoptotic and
pro-proliferative activity of Ang I1.2°

Many authors showed the presence of AT, receptor at
the cells of various renal structures in adults as well as in
cultured renal cells, such as interstitial renal fibroblasts.
However, the data on AT, receptor localization in renal
cells are still controversial. Immunohistochemical studies
conducted on rat kidneys by the group of Miyata showed
the presence of AT, receptor in all renal cells, and in par-
ticular in the outer layer of renal cortex. Moreover, very
strong AT, expression in proximal and distal tubules was
observed. On the other hand, the same authors found high

expression of AT, receptor in proximal and distal cortex
tubules, as well as in collecting tubules.?! Most studies are
based on Ang II receptor (AT, and AT,) detection in tis-
sues, however, the reports confirming expression of the
above-mentioned receptors in NRK-52E cell line are miss-
ing. Only Ortega et al. showed the presence of AT, recep-
tor in NRK-52E cells using immunofluorescence method.??
The results of our immunofluorescence studies confirmed
the presence of AT, receptor in cell membranes.
Additionally, the presence of AT, receptor was confirmed
on NRK-52E cells in cell membranes and nuclei. Similarly,
Gwathmey showed this receptor in the nuclei of renal
proximal tubular cells in sheep,”® whereas the group of
Tadevosyan reported nuclear localization of AT, receptor
in canine cardiac fibroblasts.?*

In our studies, the presence of both Ang II receptors
was confirmed by Western Blotting in both control cell
line as well as in the cells from all experimental groups.
Similarly, both Ang II receptors were confirmed in the
cells of rat and mouse renal proximal tubules by other
researchers.'®? Moreover, Shalamanova et al. showed the
presence of both receptors in RPTEC (Renal Proximal
Tubular Epithelial Cells) and HK-2 (human kidney-2)
cells.?® Also, some in vivo studies in animal models con-
firm the presence of AT, and AT, receptors for example, in
renal proximal tubular and mesangial cells.?®

In our studies, SRB and MTT tests confirmed the
decrease in viability of NRK-52E cells caused by Ang II
after each incubation time, however, without correlation
with incubation time. These observations are in line with
Carierre et al., who proved that Ang II cytotoxicity against
NRK-52E cells was independent from its concentration
and exposition time.?’

Many researchers showed also that the role of drugs
belonging to ACE inhibitors or AT, receptor antagonists is
associated not only with lowering blood pressure, but also
affects blockade of local renal RAS, which in turn lads to
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the inhibition of Ang II activity on a cellular level.?* Our
studies on the effect of AT, and AT, receptor antagonists
showed that the use of each one of them separately, as well
as their concomitant use with Ang Il resulted in an increase
in cell viability in comparison to the cells treated only with
Ang II. This may prove that cooperation of both receptors
is important in signal transduction, which may confirm
hypothesis by Cao et al. about so-called cross-talk between
AT, at AT, receptors.'

The results of our studies prove that incubation of
NRK-52E cells with Ang II affects an increase in the num-
ber of apoptotic cells detected with the use of TUNEL
method, independently from the incubation time.
Bhaskaran et al. also showed that Ang II is associated with
the activation of apoptosis in RPTEC (Renal Proximal
Tubular Epithelial Cells) cell line.?® Similar results were
reported by the group of Zhu with the human renal proxi-
mal tubular cells (HK-2 cell line).”? However, these
authors, in the contrary to our results, found pro-apoptotic
activity of Ang Il correlated with dose and incubation
time. In turn, Pang et al. incubated rat neonatal cardio-
myocytes with 1077 M Ang 1. They observed an increase
in the number of apoptotic cells by 14% relative to the
control cells (after 48 h), which largely confirms our find-
ings. Our results also confirm the observation by
Zimpelmann et al., who reported that 1077 M Ang II
causes apoptosis in swine renal proximal tubular cells
(LLC-PK1).3%3! In our research, the apoptosis of NRK-
52E cells treated with Ang II was also confirmed by the
analysis of the ultrastructure of renal proximal tubular
cells with the use of transmission electron microscope
(TEM). The presence of typical apoptotic features was
observed (nuclear chromatin condensation, fragmentation
of nucleus and the whole cell, the presence of apoptotic
bodies) in the cells incubated with Ang II, which clearly
support the hypothesis of the induction of apoptosis by
Ang 11 in the analyzed cells. Administration of blockers of
Ang 1II receptors, AT, and AT, as well as simultaneous
administration of both their antagonists showed a decrease
in the number of apoptotic cells in all combinations and
exposition times. Statistically significant results were
obtained both in groups with single administration of Ang
I receptor blockers and in group with concomitant admin-
istration of both blockers. In the study conducted by Ning
et al., incubation of cells with Ang II considerably
increased the number of apoptotic cells from NRK-52E
cell line, whereas the administration of losartan inhibited
apoptosis induced by Ang IL** Similar anti-apoptotic
effect was obtained by the group of Zha with the use of
the blocker of AT, receptor—telmisartan, and the NRK-
52E cell line.*>* Our findings confirm the results obtained
by the above authors, however, in our studies the strongest
inhibition of Ang II pro-apoptotic activity was observed
with concomitant administration of antagonists of both
receptors, AT, and AT,.

The strongest anti-apoptotic effect obtained with simul-
taneous blockade of both Ang II receptors may be a mech-
anism that protects proximal tubular cells against the
damage. These cells have an important function in urine
concentration, as they carry out intensive absorption pro-
cesses. From the point of view of renal physiology, devel-
opment of protective mechanisms in these exact cells
seems justified and understandable.

Ang II is known to have pro-apoptotic properties.
Previous studies show that pro-apoptotic activity of Ang
II leads to the activation of intrinsic (mitochondrial)
apoptosis pathway, for example, by affecting MAPK
and ERK kinases, as well as proteins from Bcl family or
caspases.®!3* Additionally, Bhaskaran et al. confirmed
changes in the expression of apoptosis-regulating pro-
teins: Bax and Bcl-2 in the cells incubated with Ang I1.28
Independently from the type of induction, in the execu-
tion phase of apoptosis during apoptotic cell degrada-
tion, the most important role is played by caspase-3.2%%
Our study confirms that the exposition of NRK-52E
cells to Ang II resulted in an increased level of active
caspase-3 in comparison to the control cells after every
incubation time. Similar increase in the level of cas-
pase-3 in cultured cardiomyocytes was previously
reported by Pang et al.>°

Research by Kagawa et al. showed that AT, and AT,
receptor antagonists exert an anti-apoptotic effect by
inhibiting caspase-3 activity.® The above observations con-
firm our findings that the strongest inhibition of caspase-3
activity triggered by Ang II results from an interaction
between both receptor antagonists.

Our study showed damaging, pro-apoptotic activity of
Ang II on renal proximal tubular cells of rat NRK-52E cell
line in an in vitro model. The strongest anti-apoptotic
effect against NRK-52E cells was observed with the use of
antagonists (respectively: losartan and PD123319) of Ang
II receptors, AT, and AT,. The exact mechanism of apop-
totic death signal transduction by Ang II receptors is not
yet fully known and requires further study. Most probably,
antagonistic activity commonly attributed to AT, and AT,
receptors at the cellular level is a major simplification.
Results of our research showed the most potent apoptosis-
inhibitory activity in rat NRK-52E cell line when both
receptors were blocked simultaneously. This might be an
indirect evidence for the interaction between these recep-
tors in intracellular signaling.
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