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Abstract
AT1R has been reported to play an important role in the progression of HIV-associated
nephropathy (HIVAN); however, the effect of AT2R has not been studied. Age and sex matched
control (FVB/N) and Tg26 mice aged 4, 8, and 16 weeks were studied for renal tissue expression
of AT1R and AT2R (Protocol A). Renal tissue mRNA expression of AT2R was lower in Tg26
mice when compared with control mice. In protocol B, Tg26 mice were treated with either saline,
telmisartan (TEL, AT1 blocker), PD123319 (PD, AT2R blocker), or TEL + PD for two weeks.
TEL-receiving Tg26 (TRTg) displayed less advanced glomerular and tubular lesions when
compared with saline-receiving Tg26 (SRTg). TRTgs displayed enhanced renal tissue AT2R
expression when compared to SRTgs. Diminution of renal tissue AT2R expression was associated
with advanced renal lesions in SRTgs; whereas, upregulation of AT2R expression in TRTgs was
associated with attenuated renal lesions. PD-receiving Tg 26 mice (PDRTg) did not show any
alteration in the course of HIVAN; whereas, PD + TEL-receiving Tg26 (PD-TRTg) showed
worsening of renal lesions when compared to TRTgs. Interestingly, plasma as well as renal tissues
of Tg26 mice displayed several fold higher concentration of Ang III, a ligand of AT2R.

Ang II has been reported to play an important role in the progression of HIV-associated
nephropathy (HIVAN) (1–3). Drugs which either blocked the AT1R or inhibited the
production of Ang II also slowed down the progression of HIVAN (1–3). On the other hand,
infusion of Ang II in a mouse model of HIVAN accelerated the progression of renal lesions
(4). Since use of AT1 receptor blockers partially inhibited the progression of HIVAN, it was
suggested that AT1R activation contributing to the progression of HIVAN (3). Ang II exerts
its effects via Ang II receptors (ATRs), AT1R and AT2R (5). Because AT2R and AT1R exert
opposite effects (6–9), it is plausible that down regulation of AT2R may have similar effects
as of the activation of AT1R in the pathogenesis of HIVAN; conversely, up-regulation of
AT2R may have effects similar to the blockade of AT1R. However, the role of AT2R in the
pathogenesis of HIVAN has not been investigated to date. We hypothesize that in addition
to AT1R blockade, the upregulation of AT2R (during AT1R blockade) may contribute to the
attenuation of the progression of HIVAN.

AT2R is a member of the 7 trans-membrane spanning receptor family (10, 11). It shares 34%
sequence homology to the AT1R (7). It is expressed abundantly during embryogenesis, but
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levels decline during post-natal period (6). On that account, AT2R was considered to be
involved primarily in cellular growth and differentiation (12, 13). In adults, the AT2R has
been localized to the heart, kidney, adrenal gland, brain, uterus, pancreas, retina, skin, and
both endothelial and vascular smooth muscle cells (VSMCs) of the vasculature (14–17);
Interestingly, expression of AT2R has also been reported to be increased in several
cardiovascular injuries (18, 19).

Although both AT1 and AT2 receptors bind Ang II with nanomolar affinity, yet display
different outcomes (20, 21). The AT1R contributes to several pathological effects including
proliferation, hypertension, coagulation, and inflammation (21). On the other hand, the
AT2R counteracts these effects of the AT1R by enhancing apoptosis, hypotension, and anti-
inflammatory events (20, 21). Several investigators had suggested that the AT2R was
constitutively active and capable of mediating downstream signaling without any
requirement of Ang II binding (22, 23). This notion was based on the observations- direct
correlation between apoptosis and levels of AT2R protein expression in cultured fibroblasts,
epithelial cells, and VSMCs (22). In addition, Ang II did not modulate the rate of apoptosis
of up-regulated AT2R expressing cells (24). Furthermore, modification of Ang II side
chains, which modulated AT1R function, had minimal effect on AT2R function, suggesting
that AT2R was already in an active state (25).

Other metabolites of Ang II, including Ang III, Ang IV, and Ang (1–7) have also been
demonstrated to carry biologic activities (26). Ang III plays an important role in brain and
cardiovascular physiologic processes (26). Many of the effects originally attributed to Ang
II, such as vasopressin release, are found to be in response to Ang III (27). Other
investigators suggested that Ang III might be involved in several renal pathophysiologic
processes (28–30). Ang III has been demonstrated to increase kidney cell expression of
angiotensinogen, transforming growth factor-β, fibronectin, and monocyte chemoattractant
protein-1 (MCP-1) (29, 30). Ang III binds predominantly to AT2R and displays lower
affinity for AT1R (31). Interestingly, Ang III has 40% of the pressor activity of Ang II, but
100% of aldosterone producing activity. The half life of Ang III in the circulation is around
30 seconds, whereas in tissues it may be as long as 15–30 minutes. Prolonged half life of
Ang III in tissues not only promotes its accumulation but also enhances its effectiveness.

In the present study, we have studied renal tissue expression of AT2R receptors in a mouse
model of HIVAN (Tg26) and control mice. Renal tissues in Tg26 mice showed attenuated
expression of AT2R when compared with renal tissues of control mice. Interestingly,
blockade of AT1R in Tg26 mice not only enhanced expression of AT2R but also attenuated
the progression of HIVAN. Thus, it appeared that enhanced AT2R expression during AT1R
blockade may also be contributing to the attenuated progression of HIVAN. We have also
examined the effect of AT2R blockade alone as well as in combination with AT1 blockade
on the progression of HIVAN. In addition, we have measured plasma and renal tissue Ang
III levels, a proposed ligand for AT2R, in control and HIV-1 transgenic mice.

Material and Methods
HIV transgenic mice

We have used age and sex matched FVB/N (control) and Tg26 (on FVB/N background).
Breeding pairs of FVB/N were obtained from Jackson Laboratories (Bar Harbor, ME).
Breeding pairs to develop Tg26 colonies were kindly gifted by Prof. Paul E. Klotman M.D.,
President and CEO, Baylor College of Medicine, Houston, TX). The Tg26 transgenic animal
has the proviral transgene, pNL4-3: d1443, which encodes all the HIV-1 genes except gag
and pol and therefore the mice are noninfectious (32). Mice were housed in groups of 4 in a
laminar-flow facility (Small Animal Facility, Long Island Jewish Medical Center, New
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Hyde Park, NY). We are maintaining the colonies of these animals in our animal facility.
For genotyping of these animals, tail tips were clipped, DNA was isolated and PCR studies
were carried out using following primers for Tg26.

HIV-F 5′ ACATGAGCAGTCAGTTCTGCCGCAGAC

HIV-R 3′ CAAGGACTCTGATGCGCAGGTGTG

The Ethics Review Committee for Animal Experimentation of Long Island Jewish Medical
Center approved the experimental protocol.

Experimental studies
Protocol A

Control (FVB/N) and Tg26 mice (n=4 for each group) aging 4, 8, 16 weeks were sacrificed
and evaluated for renal tissue mRNA expression of AT2R and renal histology.

Protocol B
Sixteen Tg26 mice aging 3 weeks in groups of four were anesthetized by inhalation
anesthesia (isoflurane + oxygen). The Alzet minipumps (model # 2004, Durect Corp.
Cupertino, CA) containing either saline or Telmisartan (AT1R blocker, 300 μg/day),
PD123319 (AT2R blocker, 3 μg/day), telmisartan + PD123319 were implanted
subcutaneously. Four age and sex matched FVBN mice-receiving saline through minipumps
served as control for Tg26 mice receiving saline. After two weeks of infusion, animals were
sacrificed and renal biomarkers were collected as described below.

At the end of the scheduled periods, the animals were anesthetized (by inhalation of
isoflurane and oxygen) and sacrificed (by a massive intraperitoneal dose of sodium
pentobarbital). After euthanization, both kidneys were excised; one was processed for
histological and immunohistochemical studies while the other was used for RNA and
protein extraction. Three-micrometer sections were prepared and stained with hematoxylin-
eosin and periodic-acid Schiff. Blood pressure (systolic and diastolic) was measured by
DOCA system (Kent Scientific Corp. CT) at the end of the experimental period. Proteinuria
was measured by automated analyzer, which quantified the levels as low as 1.0 microgram/
ml.

Renal Histology—Renal cortical sections were stained with hematoxylene and eosin and
PAS. Renal histology was scored for both tubular and glomerular injury. Renal cortical
sections were coded and examined under light microscopy. Twenty random fields (20X)/
mouse were examined to score percentage of the involved glomeruli and tubules.

Immunohistochemical staining
The immunohistochemistry protocol used in the present study has been described previously
(33). Briefly, the sections were de-paraffinized and antigen retrieval was accomplished by
microwave heating for 10 minutes at maximum output in 10 mM citrate buffer (pH 6.0). The
endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide in methanol for
30 minutes at room temperature (RT). Sections were washed in phosphate buffered saline
(PBS) thrice and incubated in blocking serum solution according to the primary antibody for
1 hour at RT. The primary antibody was applied in different dilutions: AT1R (1:500, #2971,
Cell Signaling) and AT2R (mouse monoclonal, 1:1000, #7279, Santa Cruz) and then
incubated overnight at 4°C in a humidifying chamber. Each of the sections were washed
thrice with PBS and incubated in the appropriate secondary antibody at 1:250 dilutions at
RT for 1 hour. After washing with PBS three times, sections were incubated in ABC reagent
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(Vector Laboratories, Burlingame, CA) for 30 minutes. Sections were washed thrice in PBS
and placed in VECTOR Nova RED substrate kit SK-4800 (Vector Laboratories,
Burlingame, CA) followed by counterstaining with methyl green. The sections were then
dehydrated and mounted with a xylene-free mounting media (Permount, Fisher Scientific
Corporation, Fair Lawn, NJ). In all the batches of immunostaining, appropriate positive and
negative controls were used. All the immune-stained slides were coded and blindly studied
by two pathologists by a semiquantitative grading score.

Co-labeling of renal cortical sections
The kidneys were perfused in situ and then fixed with fresh 4% PFA and stored in 10%
formalin. Subsequently, paraffin sections(4 μm) were prepared and and de-paraffinated in
xylene and re-hydrated through graded alcohol concentrations. Epitope epitope retrieval was
carried out by heating the samples at 98° C for 2 hrs in Retrieveall-1 (Signet Laboratories,
Inc). Subsequently, cooled samples were permeabilized with 0.1% triton X for 10 min.
Section were blocked with 10% goat serum for 45 min at room temperature followed by
incubated with AT1R antibody (MsmAb ab9391, abcam) and AT2R antibody (Rb pAb
ab78747, abcam) over night followed by incubation with appropriate secondary antibody
and mounting the sections under the coverslips.

Protein extraction and Western blotting
Renal cortical tissue were mixed with lysis buffer (1x PBS, pH 7.4, 0.1% SDS, 1% NP-40,
0.5% sodium deoxycholate, 1.0 mM sodium orthovanadate, 10 μ1 of protease inhibitor
cocktail, 100X (Calbiochem) per one ml of buffer, and 100 μg/ml PMSF), homogenized
with a dounce homogenizer and then incubated on ice for 30 min. The samples were
subjected to centrifugation at 15,000g for 20 min at 4°C. The collected supernatant was
evaluated for protein concentration as determined by a BCA kit (Pierce, Rockford, IL). The
proteins, 20–40 μg/lane, were separated by 10 or 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred onto a nitrocellulose membrane using a
Bio-Rad Western blotting apparatus. After transfer, blots were stained with Ponceau S
(Sigma, MO) to check for complete protein transfer and equal loading. The blots were
blocked with 0.5% BSA and 0.1% TWEEN 20 in 1X PBS for 60 min at room temperature
and then incubated with the AT1R (1:1000, Santa Cruz Biotechnology, CA) or AT2R (Santa
Cruz) overnight at 4°C. A horseradish peroxidase-conjugated appropriate secondary
antibody was applied for 1 hour at RT. The blots were then developed using a
chemiluminescence detection kit (ECL, Amersham, Arlington Heights, IL) and exposed to
Kodak X-OMAT AR film. To reassure equal loading of proteins, the blots were striped and
reprobed for actin.

Reverse Transcription PCR Analysis
Control and experimental renal tissues were used to quantify mRNA expression. RNA was
extracted using TRIZOL (Invitrogen corp.). For cDNA synthesis, 2 μg of the total RNA was
preincubated with 2 nmol of random hexamer (Invitrogen Corp) at 65°C for 5 min.
Subsequently, 8ul of the reverse-transcription (RT) reaction mixture containing Cloned
AMV RT, 0.5 mmol each of the mixed nucleotides, 0.01 mol dithiothreitol, and 1000 U/mL
Rnasin (Invitrogen Corp) was incubated at 42°C for 50 min. For a negative contro l, a
reaction mixture without RNA or reverse transcription (RT) was used. Samples were
subsequently incubated at 85°C for 5 min to inactivate the RT.

Quantitative PCR was carried out in an ABI Prism 7900HT sequence detection system using
the primer sequences as shown below:

AT1R F GCACAATCGCCATAATTATCC
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R CACCTATGTAAGATCGCTTC

AT2R F TTATGGCTTTCCCACCTGAG

R AAGGAAGTGCCAGGTCAATG

SYBR green was used as the detector and ROX as the passive reference gene. Results
(means ± S.D.) represent three animals as described in the legend. The data was analyzed
using the Comparative CT method (ΔΔCT method). Differences in CT are used to quantify
relative amount of PCR target contained within each well. The data was expressed as
relative mRNA expression in reference to control, normalized to quantity of RNA input by
performing measurements on an endogenous reference gene, GAPDH.

Ang III ELISA
Ang III levels were determined in the renal tissue and plasma samples from age and sex
matched control and Tg26 mice using commercial ELISA kits (Peninsula Laboratories, San
Carlos, CA) as described by the manufacturer. Briefly, Ang III was extracted with 20 mM
Tris buffer, Ph7.4 and partially purified and concentrated after filtering through Centricon
Filters (MW cut off 10,000).

Statistical analysis
For comparison of mean values between two groups, the unpaired t test was used. Results
are represented as means ± SD. Statistical significance was defined as P<0.05.

Results
Growing control and Tg26 mice displayed a decrease in AT2R

Total RNA was extracted from renal tissues of age and sex matched control (FVBN, 4 and 8
weeks old) and Tg26 (4 and 8 weeks old) mice. Renal tissue expression of AT2R was
determined by real time PCR studies. As shown in Fig. 1, renal tissue AT2R expression
diminished with age both in control (Fig 1A) and Tg26 mice (Fig. 1B).

Aging control and Tg26 mice showed diminution of both AT1R and AT2R
Total RNA from renal tissues of eight and 16 weeks old control (FVBN) and Tg26 mice was
extracted. Renal tissue expression of AT1R and AT2R was assayed by real time PCR
studies. As shown in Fig 2, Tg 26 mice showed lower renal tissue mRNA expression of
AT1R when compared to control mice at age 8 (Fig. 2A) and 16 (Fig. 2B) weeks. Similarly,
Tg26 mice displayed significantly decreased expression of AT2R at age 8 (Fig. 2C) and 16
(Fig. 2D) weeks when compared to respective control mice. However, decline in AT2R
expression was more prominent than of AT1R expression.

Kidney cells displayed immunolabeling for AT1R and AT2R in Tg26
Both glomerular and tubular cells showed expression of AT1R in Tg26 mice. However,
control mice displayed predominantly AT1R expression by tubular cells only.
Representative microphotographs are shown in Fig. 3A. Tubular cells displayed moderate
expression of AT2R in control mice; whereas, tubular cells in Tg26 mice displayed minimal
AT2R expression (Fig. 3A).

To determine temporo- spatial relationship between AT1R and AT2R in glomerular and
tubular cells, renal cortical sections were co-labeled for AT1R and AT2R. As shown in Fig.
3B, some glomerular and tubular cells displayed expression of both AT1R and AT2R
(merged); whereas other cells displayed expression of either AT1R or AT2R. Renal cells in
Tg26 mice displayed enhanced labeling for AT1R and diminished labeling for AT2R.
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To determine quantitative expression of AT1R and AT2R by renal tissues in FVBN and
Tg26 mice, renal tissue lysates were electrophoresed and then labeled for AT1R, AT2R and
actin. Representative gels are shown in Fig. 3C. Renal tissues of Tg26 mice showed
enhanced (P<0.01) AT1R expression (Fig. 3D) and diminished (P<0.05) AT2R expression
(3E).

AT1R blockade not only attenuated progression of HIVAN but also increased renal tissue
AT2R expression

Tg26 mice receiving AT1R blocker (telmisartan, TRTg) displayed attenuated glomerular
and tubular lesions when compared with saline receiving Tg26 mice (SRTg). Representative
microphotographs showing glomerular and tubular lesions in a TRTg and a SRTg are shown
in Fig. 4. Cumulative data displaying percent of glomeruli developing sclerosis and
microcysts are shown in Fig 5.

To determine the effect of AT1R blockade on blood pressure of Tg26 mice, blood pressure
was recorded in SRTgs, TRTgs and TRTgs receiving PD123319. AT1 blockade in TRTgs
and TRTg receiving PD123319 was associated with significant decrease both in systolic and
diastolic blood pressure levels (Table 1).

To determine whether AT1R blocker-mediated attenuation of renal lesions was the sole
outcome of AT1R blockade or was also contributed partly by the upregulation of AT2R, we
studied renal tissue expression of AT2R in TRTgs by immunohistochemical studies. As
shown in Fig. 6, renal tissue of TRTg displayed increased AT2R expression when compared
with SRTg.

To further confirm the occurrence of enhanced renal tissue expression of AT2R in TRTgs,
we carried out immunoblotting studies in renal tissues of TRTgs (n=3) and SRTgs (n=3).
Representative gels of SRTgs and TRTgs are shown in Fig. 7A. Cumulative data in the form
of bar diagram is shown in Fig. 7B. All renal tissue samples from TRTgs showed several
fold increase in expression of AT2R when compared with SRTg (Fig. 7B).

Blockade of AT2R in TRTgs accelerated the progression of renal lesions
We hypothesized that enhanced expression of AT2R might have contributed to slowed
progression of HIVAN in TRTgs. To test our hypothesis, TRTgs were administered either
normal saline or AT2R blocker for two weeks. Blockade of AT2R in TRTgs accelerated the
progression of both glomerular and tubular lesions. Representative microphotographs of
renal cortical sections from a TRTg mouse and a mouse receiving TRTg + AT2R blocker are
shown in Fig. 4. Cumulative data of severity of renal lesions in TRTgs and TRTg + AT2R
blocker are show in Fig. 5. These findings indicated that enhanced renal tissue expression of
AT2R has also contributed to the attenuation of the progression of renal lesions in TRTgs.

Tg26 mice showed enhanced plasma and renal tissue levels of Ang III
Ang III is a metabolic product of Ang II and has been considered to act as a ligand for AT2R
(31). To determine the status of plasma Ang III and renal tissue Ang III, proteins were
extracted from plasma and renal tissue samples of age and sex matched four control (FVBN)
and four Tg26 mice. Plasma and renal tissue concentration was assayed using Ang III
ELISA kits. As shown in Fig. 8, mean plasma concentration of Ang III in Tg 26 mice was
28 fold higher when compared with control mice (Fig. 8A). Similarly, mean renal tissue
concentration of Ang III in Tg26 was 3.8 fold higher when compared with control mice (Fig.
8B).
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Discussion
In the present study, aging Tg26 mice showed attenuated renal tissue expression of AT2R
when compared with control mice. Although AT1R expression in Tg26 mice was also
diminished in aging mice, but diminution of renal tissue AT2R expression was more
pronounced than the AT1R when compared to control mice. On the other hand, both plasma
and renal tissue concentrations of Ang III were higher in Tg26 mice when compared to
control mice. Since Tg26 mice displayed attenuated expression of AT2R despite overt renal
injury it appeared that HIV-1 had compromised cellular response- AT2R expression in
response to an ongoing injury. Interestingly, telmisartan-receiving Tg26 mice not only
showed enhanced expression of AT2R but also displayed attenuated progression of HIVAN.
On the other hand, administration of AT2R blocker in telmisartan-receiving mice accelerated
the progression of HIVAN. These findings indicated that upregulation of AT2R in
telmisartan-receiving Tg26 mice might have partially contributed to the attenuated
progression of renal lesions.

The AT1R has been reported to function as a dimer; however, both homodimers and
heterodimers have also been reported (34). AT2R has been demonstrated to function as an
antagonist of the AT1R (35). In these studies, AT2R bound directly to the AT1R, and its
AT1R antagonistic property was independent of downstream signaling. It was speculated
that AT1R could not bind with other activating G proteins coupled receptors (GPCRs) and
to G proteins because AT2R altered AT1R conformation, which prevented its self
dimerization.

Several investigators demonstrated that AT2R was functional in the absence of ligand
binding (22, 24, 36). AT2R over-expressing fibroblasts, epithelial cells and VSMCs not only
displayed the activation of p38 MAPK and caspase-3 signaling but also induction of
apoptosis (22); interestingly, the degree of apoptosis correlated to AT2R expression rather
than to the levels of Ang II or AT1 receptor blockade (22); moreover, AT2R over-expressing
cultured VSMCs showed down-regulation of AT1R in a ligand-dependent manner (24).
These investigators demonstrated the role of bradykinin/nitric oxide signaling for the
reduction of AT1R expression in AT2R over-expressing cells (24); interestingly, VSMC
down regulation of AT1R in WKY was also associated with diminished DNA synthesis both
under basal and Ang II-stimulated states (36).

Multiples studies demonstrated that Ang II levels modulate only AT1R expression but not
the expression of AT2R (37–39). AT1R and AT2R expressing human embryonic kidney 293
cells neither displayed any alteration of AT2R surface binding in the presence of higher Ang
II levels (38) nor internalization of AT2R after agonist exposure (39); whereas, AT1R was
rapidly internalized (37, 39). Thus, it appears that AT2R effects may remain un-interrupted
during the sustained higher Ang II levels.

Usually AT2R expression is higher than that of AT1R expression in the fetal kidney (40, 41).
However, the relative proportion of these receptors reverses during post-natal and the later
time periods. AT2R are barely detectable in adult kidney. AT2R mRNA and protein are
uniformly expressed in tubules and vascular segments but there is a significant variability in
their expression in glomeruli (42–44). These discrepancies between studies may be related
to species differences (45, 46). Observations on age related diminished renal tissue AT2R
expression in the present study, are consistent with the findings of other investigators.

In the present study, attenuated progression of HIVAN in telmisartan-receiving Tg26,
indicated the activation of RAS in HIVAN. These findings are consistent with other
investigators’ observations (3). Interestingly, Tg26 mice also displayed a decrease in renal
tissue mRNA expression of AT2R. Contrary to the observations in the present study, AT2R
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had been reported to be invariably up-regulated in the models of overt renal damage, such as
induced by renal ablation and subtotal nephrectomy, or kidney damage caused by protein
overload (44, 47–51). In these studies, ex vivo analysis indicated that increased AT2R
expression was associated with enhanced renal vasodilatation in perfused kidneys (48); in
addition, persistent proteinuria was associated with enhanced tubular cell apoptosis (50).
Similar to AT1R blockade, blockade of AT2R with PD123319 was associated with
diminution of proteinuria (47). These results suggested that both AT1R and AT2R provided
reno-protection in the subtotal nephrectomy model (47); however, recent data using the
same model disputes those findings (51–53). There was a time-dependent increase in AT2R
expression in a renal ablation model (51). In this study, blockade of AT2R by PD123319 not
only exacerbated renal ischemia/damage but also caused a marked increase in blood
pressure (51). Moreover, mice treated with PD123319 as well as AT2R deleted mice
displayed accelerated renal fibrosis (52, 53). Similarly, vascular over-expression of AT2R
ameliorated glomerular injury in the mouse remnant kidney model (49). Thus, majority of
studies indicate that AT2R provides renal protection. However, in the present study, neither
renal injury increased renal tissue AT2R expression nor PD123319 administration
modulated the course of HIVAN in Tg26 mice. We speculate that PD123319 did not alter
the course of HIVAN because of the attenuated renal tissue expression AT2R in Tg26 mice.
On the other hand, Tg26 mice-receiving telmisartan displayed enhanced renal tissue
expression of AT2R; therefore, administration of PD123319 in these animals accelerated the
progression of HIVAN.

In the present study, both plasma and renal tissue levels of Ang III were higher in Tg26
mice. Ang III has been reported to act as a ligand for the activation of AT2R (31). The role
of Ang III in the development of kidney disease models in general and HIVAN in particular
has not been investigated to date. In the present study, Tg26 mice displayed several fold
higher plasma and renal tissue levels of Ang III. Since Tg26 mice showed attenuated
expression of AT2R, it appears that enhanced levels of Ang III may be a compensatory
approach. However, it will be interesting to evaluate the direct role of Ang III in the
development of HIVAN in future studies.

We conclude that both up-regulation and or blockade of AT2R in telmisartan-receiving
TG26 mice contributed to the altered course of HIVAN. The present study provides an
insight into the role of AT2R in the progression of HIVAN.
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High lights

Ang II has been demonstrated to play an important role for the progression of HIVAN.
This effect of Ang II has been demonstrated to be mediated predominantly through
AT1R. Since AT2R activation induces opposite action to AT1R activation, we
hypothesized that AT2R up regulation during AT1R blockade may also be contributing
to the AT1R blockade-induced attenuation of the progression of HIVAN. The present
study indicates that AT2R modulates HIV-induced renal lesions in HIV transgenic mice.
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Fig. 1. Aging mice display reduction in renal tissue AT2R expression
Total RNA was extracted from renal tissues of age and sex matched control (FVBN, 4 and 8
weeks old, n=3) and Tg26 (4 and 8 weeks old, n=3) mice. Renal tissue expression of AT2R
was determined by real time PCR.
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Fig. 2. Aging control and Tg26 mice display diminution of renal tissue expression AT1R and
AT2R
Total RNA from renal tissues of eight and 16 weeks old control (FVBN, n=3) and Tg26
mice (n=3) was extracted. Renal tissue expression of AT1R and AT2R was assayed by real
time PCR.
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Fig. 3. Renal cell localization of AT1R and AT2R
A. Renal cortical sections of age and sex matched FVBN and Tg26 were immunolabled for
AT1R and AT2R.
a. A representative microphotograph of a renal cortical section from a control mouse is
shown. Tubular cells displayed AT1R expression as indicated by arrows.
b. A representative microphotograph from a cortical section of a Tg26 mouse is shown. Both
glomerular and tubular cells showed expression of AT1R (indicated by arrows).
c. A representative microphotograph of a renal cortical section from a control mouse is
shown. Tubular cells show moderate labeling for AT2R (indicated by arrows).
d. A representative microphotograph from a cortical section of a Tg26 mouse is shown. A
few tubules show minimal immunolabeling for AT2R (indicated by arrows).
B. Temporo-spatial relationship between AT1R and AT2R in glomerular and tubular cells in
FVBN and Tg26 mice.
Renal cortical sections from FVBN and Tg26 mice were co-labeled for AT1R and AT2R and
then examined under a fluorescence microscope. Representative microphotographs are
shown. Glomeruli are indicated by white arrows.
C. Immunoblots from renal tissues from FVBN and Tg26 mice (n=3) were probed for AT1R
and AT2R and actin. The upper lane displays renal tissue expression of AT1R in FVBN and
Tg26 mice. The middle panel shows renal tissue expression of AT2R in FVBN and Tg26
mice. The lower panel shows renal tissue expression of actin under similar conditions.
D. Cumulative data in bar graphs showing renal tissue expression of AT1R in FVBN and
Tg26 mice (n=3).
E. Cumulative data in the form of a bar diagram displaying renal tissue expression of AT2R
in FVBN and Tg26 mice.
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Fig. 4. Effect of AT1R and AT2R blockade of the progression of HIVAN AT1R
Tg26 mice in groups of four were administered either saline or telmisartan (AT1R blocker,
300 μg/day), PD123319 (AT2R blocker, 3 μg/day), telmisartan + PD123319 for two weeks.
FVBN mice-receiving saline served as control for Tg26 mice receiving saline.
A. A representative microphotograph of a renal cortical section from a control mouse.
Neither glomeruli nor tubules display any abnormality.
B. A representative microphotograph of a renal cortical section from a Tg26 mouse
displaying proliferating glomerular epithelial cells and collapsed capillary loops (white
arrow) and dilated tubules (black arrows).
C. A representative microphotograph of a renal cortical section from a mouse receiving
telmisartan (AT1B) showing mild dilatation of tubules and mesangial cell proliferation
(white arrow).
D. A representative microphotograph of a renal cortical section from a mouse receiving
telmisartan (AT1B) + PD 123319 (AT2B) showing moderate tubular dilatation (black
arrows) and significant mesangial cell proliferation (white arrows).
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Fig. 5. Cumulative data on the effect of AT1R and AT2R blockade on severity of renal lesions
Percentage of sclerosed glomeruli and number of microcyst were counted in Tg 26 mice
receiving either saline, telmisartan (AT1B), PD123319 (AT2B), or telmisartan + PD123319
(AT1+AT2B) for two weeks.
A. Tg26 mice receiving telmisartan (AT1B) displayed marked attenuation of the
development of sclerosed glomeruli. Mice receiving POD1213319 (AT2B) did not display
any reduction in percentage of sclerosed glomeruli; whereas, mice receiving both
telmisartan and PD123319 displayed enhanced percentage of sclerosed glomeruli when
compared to mice receiving telmisartan alone (AT1B). *P<0.001 compared with NS; **P<
0.05 compared with AT1B; ***P<0.01 compared with AT2B.
B. Tg26 mice receiving telmisartan (AT1B) showed a reduction in number of microcysts.
Mice receiving POD123319 (AT2B) did not show any reduction in number of microcysts;
however, mice receiving both telmisartan and PD123319 showed increased number of
microcysts. when compared to mice receiving telmisartan alone (AT1B).*P<0.001
compared with NS; **P<0.01 compared with AT1B;***P<0.01 compared with AT1B;
****P<0.05 compared with AT2B.
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Fig. 6. Effect of AT1 blockade on renal cell AT2R expression
Renal cortical sections of control mice receiving normal salin, Tg26 mice receiving normal
saline, and mice receiving telmisartan, AT1B) were immunolabled for AT2R. Percentage of
glomeruli and tubules/field showing expression of AT2R was recorded. Increased number of
glomeruli and tubuli displayed expression of AT2R in Tg26 mice. However, percentage of
glomeruli and tubuli showing expression of AT2R was two-fold higher in Tg26 mice
receiving telmisartan when compared to Tg26 mice receiving normal saline.
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Fig. 7. Immunoblotting studies display enhanced renal tissue AT2R expression in TRTgs
Proteins were extracted from renal tissues of SRTgs (n=3) and TRTgs (n=3), Western blots
were prepared and probed for AT2R.
A. The upper lane represent renal tissue expression of AT2R from SRTgs and TRTgs in
tiplicates. The lower panel represent actin content in each variable under the similar
conditions.
B. Cumulative data in the form of bar diagram showing AT2R expression by SRTgs and
TRTgs.
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Fig. 8. Plasma and renal tissue concentrations of Ang III in control and Tg26 mice
Proteins were extracted from plasma (n=4) and renal tissue (n=4) age and sex matched four
control and four Tg26 mice. Ang III concentration in lysates of plasma and renal tissues was
measured by Ang III ELISA kit.
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Table 1

Effect of AT1 and AT2 blockers on blood pressure of Tg26 mice

Systolic (Mean) Diastolic (Mean)

Normal saline 143.0 ± 2.1* 109.1 ± 1.8*

AT1 blocker 130.5 ± 2.5 100.2 ± 1.4

AT1 + AT2 blocker 129.8 ± 1.5 100.1 ± 1.3

*
P<0.01 compared to respective variables
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