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Mammalian target of rapamycin (mTOR) has been reported to contribute to the development of
HIV-associated nephropathy (HIVAN). We hypothesized that HIV may be activating renal tissue
mTOR pathway through renin angiotensin system (RAS) via Angiotensin Receptor Type II
receptor (AT2R). Renal tissues of Vpr transgenic and Tg26 (HIVAN) mice displayed enhanced
phosphorylation of mTOR and p70S6K. Aliskiren, a renin inhibitor attenuated phosphorylation of
both mTOR and p70S6K in renal tissues of HIVAN mice. Interestingly, Angiotensin Receptor
Type I (AT1R) blockade did not modulate renal tissue phosphorylation of mTOR in HIVAN mice;
on the other hand, AT2R blockade attenuated renal tissue phosphorylation of mTOR in HIVAN
mice. In vitro studies, both renin and Ang II displayed enhanced mouse tubular cell (MTC)
phosphorylation of p70S6K in a dose dependent manner. HIV/MTC also displayed enhanced
phosphorylation of both mTOR and p70S6K; interestingly this effect of HIV was further enhanced
by losartan (an AT1R blocker). On the other hand, AT2R blockade attenuated HIV-induced
tubular cell phosphorylation of mTOR and p70S6K, whereas, AT2R agonist enhanced
phosphorylation of mTOR and p70S6K. These findings indicate that HIV stimulates mTOR
pathway in HIVAN through the activation of renin angiotensin system via AT2R.

Keywords
Renal proximal tubular cells; Angiotensin II type 1 receptor; Angiotensin II type II receptor;
Renin

Introduction
The activation of renin angiotensin system (RAS) has been demonstrated to play an
important role in the development as well as progression of HIVAN (Kumar et al., 2011,
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2012). Modalities which either blocked the production of Ang II or inhibited the effect of
Ang II have been reported to slow down the progression of HIVAN (Bird et al., 1989; Burns
et al., 1999; Kimmel et al., 2003); moreover, infusion of Ang II accelerated the progression
of renal lesions in a mouse model of HIVAN (Ideura et al., 2007). Recently, mTOR pathway
has been demonstrated to play an important role in the development of proliferative HIVAN
phenotype in HIVAN (Kumar et al., 2010; Rai et al., 2013; Rehman et al., 2012). We
hypothesized that renin angiotensin system may be contributing to the activation of mTOR
pathway in HIVAN.
Ang II exerts its effects through its receptors AT1R and AT2R (de P Rodrigues et al., 2006).
The AT1R participates predominantly in the induction of proliferation, hypertension,
coagulation, and inflammation (Griendling et al., 1996); whereas, the activation of AT2R
induces opposite effects – apoptosis, hypotension, and anti-inflammatory events (Griendling
et al., 1996; Timmermans et al., 1993). On that account, blockade of AT1R may display
effects as of the activation of AT2R and vice versa. We have recently reported that during
the blockade of AT1R, renal tissue AT2R was up regulated in HIVAN (Salhan et al.,
2012a). These studies suggested that the activation of AT2R during the blockade of AT1R
also contributed to the amelioration of renal lesions in HIVAN.
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HIVAN is characterized by kidney cell proliferative phenotype in the form of collapsing
glomerulopathy and microcystic dilatation of tubules (Atta, 2010). Entry of podocytes into
proliferative phenotype has been attributed to the effect of HIV on podocytes leading to their
re-entry into cell cycle (Barisoni et al., 1999), activation of mTOR pathway (Kumar et al.,
2010), and induction of epithelial mesenchymal transition (Yadav et al., 2010). Ang II is a
known inducer of epithelial mesenchymal transition in kidney cells (Mezzano et al., 2001;
Wolf, 2006). Similarly, Ang II has also been reported to activate mTOR pathway (Yoshida
et al., 2013). However, this effect of Ang II has been predominantly mediated through
AT1R in several cell types (Burks et al., 2011; Diniz et al., 2009; Mavroeidi et al., 2013).
The role of AT2R in mTOR signaling in HIVAN has not been studied to date.
In the present study, we evaluated the role of renin angiotensin system (RAS) in the
activation of mTOR pathway in HIVAN. We have used two mouse models of HIVAN to
study the role of Ang II receptors.
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Material and methods
HIV transgenic mice
We have used age and sex matched FVB/N (control), Vpr transgenic and Tg26 (on FVB/N
background). Breeding pairs of FVB/N were obtained from Jackson Laboratories (Bar
Harbor, ME). Breeding pairs to develop Vpr colonies were kindly gifted by Prof. Jeffery B
Kopp, M.D., National Institutes of Health, Bethesda, MD. 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. Details of these mice have been described previously
(Kumar et al., 2010, 2011, 2012; Rai et al., 2013). We are maintaining the colonies of these
animals in our animal facility. The Ethics Review Committee for Animal Experimentation
of Long Island Jewish Medical Center approved the experimental protocol.
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Mouse proximal tubular epithelial cells (MTCs) were gift from Dr. G. Wolf (Department of
Medicine, Hamburg, Germany). These cells are well characterized and expressed tubular
cell markers (Rehman et al., 2012).
Experimental studies
We have generated Vpr transgenic animals by crossing podocin/rtTA (constitutively
expresses the rtTA which is a fusion protein comprised of the TetR repressor and the VP16
transactivation domain expressed under control of the podocin promoter) mice with
tetop/Vpr mice (TRE-regulated Vpr gene). These animals were fed doxycycline in their
drinking water to induce the expression of the podocyte specific Vpr gene. These animals
develop apparent HIVAN phenotype only after six weeks of doxycycline administration.
Protocol A
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Control (FVB/N) and Vpr transgenic mice (4 week old) were fed doxycycline in drinking
water for six weeks (n = 6). Subsequently, mice were sacrificed and evaluated for renal
tissue protein(s) expression by Western blotting. Additionally, renal tissues of 4 week old
control and Tg26 mice (n = 4) were harvested for Western blotting studies.
Protocol B
Four week old Vpr mice in groups of six were administered either saline (S), Doxy (in
drinking water), or Doxy + aliskiren (50 mg/kg by miniosmotic pumps) for six weeks.
Subsequently, animals were sacrificed and kidneys were harvested and cellular lysates were
prepared for Western blotting analysis.
Protocol C
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Twelve 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), or
PD123319 (AT2R blocker, 3 μg/day) 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 Western
blotting studies were carried out from the renal tissues. Renal cortical sections were
evaluated for immunohistochemical studies.
Immunohistochemical staining
The immunohistochemistry protocol used in the present study has been described previously
(Kumar et al., 2010). The primary antibody -phospho-mTOR (1:500, #2971, Cell Signaling
Technology Inc., Danvers, MA) - was followed by the secondary antibody at 1:250 dilution
and then incubated in ABC reagent (Vector Laboratories, Burlingame, CA) for 30 min.
Sections were washed 3× in PBS buffer and placed in VECTOR Nova RED substrate kit
SK-4800 (Vector Laboratories, Burlingame, CA) followed by counterstaining with methyl
green.
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Renal tissues of control and experimental animals and cells (control and HIV-transduced,
under control and experimental conditions) were lysed in RIPA buffer containing 50 mM
Tris–Cl (pH 7.5), 150 mM NaCl, 1 mM EDTA, 1% NP-40, 0.25% Deoxycholate, 0.1%
SDS, 1 × protease inhibitor cocktail (Calbiochem, Cocktail Set I), 1 mM PMSF, and 0.2 mM
sodium orthovanadate. Protein concentration was measured with the Biored Protein Assay
kit (Biorad Labs). Total protein extracts (20– 30 μg/ml) were separated on a 4–15%
polyacrylamide (PAGE) gel (Bio-Rad, Hercules, CA) and transferred onto a nitrocellulose
membrane using Bio-Rad miniblot apparatus. The blots were blocked with 0.5% BSA and
0.1% TWEEN 20 in 1 × PBS for 60 min at room temperature and then hybridized with the
anti-phospho-mTOR (1:500, Cell Signaling Technology Inc., Danvers, MA), anti-phosphop70S6K (1:500, Cell Signaling), anti-phospho-eEF2 (1:500, rabbit polyclonal, Cell
Signaling) and β-laminin (Santa Cruz) antibodies and subsequently treated with horseradish
peroxidase labeled appropriate secondary antibodies. The blots were developed using a
chemiluminescence detection kit (PIERCE, Rockford, IL) and exposed to X-ray film
(Eastman Kodak Co., Rochester, NY). Equal protein loading and the protein transfer were
confirmed by stripping and immunoblotting for actin protein using a polyclonal α-Actin
antibody (I-19, Santa Cruz) on the same Western blots.
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Statistical analysis
For comparison of mean values between two groups, the unpaired t test was used. To
compare values between multiple groups, analysis of variance (ANOVA) was applied and a
Bonferroni multiple range test was used to calculate a P-value. Statistical significance was
defined as P < 0.05.

Results
Vpr mice display activation of mTOR pathway in renal tissues
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Activation of mTOR has been previously reported in Tg26 mice (Kumar et al., 2010). In the
present study we studied the activation of mTOR pathway in another model of HIVAN, Vpr
transgenic mice. Protein blots of renal tissues of control and Vpr mice (n = 4) were prepared
and probed for phospho-mTOR and downstream molecules. Representative gels of two mice
are shown (Fig. 1). Immunoblots of Vpr mice showed increase in Ser2448 phos of mTOR
and in Thr389 phos of p70S6 kinase; both suggest activation of mTOR in the renal tissues.
Moreover, reduction in Eukaryotic Elongation Factor (eEF2) phos of Thr56 is indicative of
increase in p70S6 kinase activation and stimulation of elongation phase of mRNA
translation. In addition, laminin β1 content appears to be increased in the renal tissues of Vpr
mice. Thus, Vpr mice show evidence of mTOR activation and stimulation of elongation
phase of mRNA translation. Renal tissues of Tg26 mice also displayed activation of mTOR
pathway (data not shown).
Renin inhibition attenuates renal tissue mTOR phosphorylation and downstream signaling
To determine the effect of renin on renal tissue mTOR phosphorylation control, renal tissues
of saline receiving, Doxy-receiving, and Doxy/Alis receiving mice were electrophoresed and
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protein blots were probed for phospho-mTOR and phospho-p70S6K expressions. The same
blots were reprobed for total mTOR and actin. Representative lysates for two animals are
shown. Vpr mice displayed enhanced phosphorylation of both mTOR and p70S6K (Fig. 2);
whereas doxy/Alis mice displayed attenuated renal tissue phosphorylation of both mTOR as
well as p70S6K. These findings indicate that renin inhibition not only inhibited
phosphorylation of mTOR but also attenuated activation of the mTOR pathway.
AT1R blockade enhances whereas AT2R blockade attenuates renal tissue mTOR
phosphorylation in HIVAN mice
To determine the effect of AT1R blockade on kidney cell mTOR phosphorylation, renal
cortical sections of control, Tg26, and Tg26 mice receiving telmisartan (Tg26/Tel) were
immunolabeled for phospho-mTOR. Representative microphotographs are shown in Fig.
3A. Both podocytes and tubular cells displayed enhanced phosphorylation of mTOR in Tg26
mice. However, kidney cells of Tg26/Tel mice displayed phosphorylation of mTOR
predominantly in their nuclei.
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In parallel sets of experiments, protein blots of renal tissues of control, Tg26, and Tg26/Tel
(n = 4) were probed for phospho-mTOR. The same blots were reprobed for actin.
Representative gels are shown in Fig. 3B. Cumulative data for 4 sets of experiments are
shown in bar graphs. HIV enhanced (P < 0.01) expression of renal tissue phosphorylation of
mTOR in Tg26 mice. However, AT1R blockade further enhanced (P < 0.01) this effect of
HIV.
To determine the effect of AT2R blockade of renal tissue phosphorylation of mTOR in
HIVAN mice, protein blots of control, Tg26, and Tg26-receiving AT2B were probed for
phospho-mTOR (n = 4). The same blots were reprobed for actin. Representative gels are
shown in Fig. 3C. Cumulative data are shown in bar graphs. Tg26 mice displayed enhanced
renal tissue phosphorylation of mTOR; however, renal tissues of Tg26/AT2B mice
displayed attenuate expression of phospho-mTOR. These findings indicate that HIV-induced
renal tissue phosphorylation is mediated via AT2R.
In vitro studies
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Renin enhances tubular cell mTOR activation—We have previously reported that
HIV not only phosphorylated mTOR but also activated mTOR pathway in tubular cells
(Rehman et al., 2012). Additionally, we reported that HIV stimulated tubular cell renin
production through down regulation of VDR (Chandel et al., 2013; Salhan et al., 2012b).
Thus, it is plausible that HIV activates tubular cell mTOR pathway via tubular cell
generation of renin.
To establish a causal relationship between renin and the activation of tubular cell mTOR, we
evaluated the effect of aliskiren on HIV-induced tubular cell activation of mTOR pathway.
EV/MTCs and HIV/MTCs were incubated in media containing either buffer or aliskiren
(10−6 M) for 24 h (n = 3). Subsequently, protein blots were probed for phospho-p70S6K and
the same blots were reprobed for actin. Representative gels of two different cellular lysates
are displayed in Fig. 4A. cumulative data are shown in a bar diagram. HIV/MTCs displayed
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higher expression of phospho-p70S6K when compared to EV/MTCs. Aliskiren attenuated
tubular cell phosphorylation of p70S6K under control and HIV stimulated states. These
findings indicate that renin inhibition is associated with down regulation of tubular cell
mTOR pathway in control as well as in HIV milieu.
To determine the dose response effect of renin on tubular cell phosphorylation of p70S6K,
MTCs were incubated in media containing either buffer or variable concentrations of renin
(0, 1, 10, 100, and 1000 pM) for 24 h. Subsequently protein blots were prepared and probed
for phospho-p70S6K. The same blots were reprobed for actin. Representative gels are
shown in Fig. 4B. Cumulative data are shown in the form of bar graphs. Renin enhanced
tubular cell phosphorylation of p70S6K in a dose dependent manner. These findings indicate
that renin has a potential to stimulate mTOR pathway in tubular cells.
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AT1R blockade induces mTOR activation under control and HIV milieu—Since
tubular cells express angiotensinogen, it could be possible that treatment of tubular cells
with renin might have enhanced the generation of Ang II; the latter might have activated
tubular cell mTOR pathway. To exclude the role of Ang II in HIV induced activation of the
mTOR pathway, EV/MTC and HIV/MTC were incubated in media containing either buffer
or losartan (10−7 M) for 24 h. Cellular lysates were electrophoresed and probed for phosphomTOR. The same blots were reprobed for actin. Representative gels from two different cell
lysates are shown in Fig. 4C. Cumulative data (n = 3) are shown in the form of a bar
diagram. Losartan enhanced mTOR phosphorylation in EV/MTCs as well as in HIV/MTCs.
To determine the activation of mTOR downstream signaling, EV/MTC and HIV/MTC were
incubated in media containing either buffer or losartan (10−7 M) for 24 h (n = 3) Protein
blots were probed for phospho-p70S6K. The same blots were reprobed for actin.
Representative gels from two different cell lysates are shown in Fig. 4D. Cumulative data (n
= 3) are shown in the form of a bar diagram. Losartan enhanced phosphorylation of p70S6K
in EV/MTCs as well as in HIV/MTCs. These findings confirmed that AT1R blockade
enhances activation of mTOR pathway in tubular cells.
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To determine the effect of ARBs on tubular cell renin expression by MTCs, EV/MTCs and
HIV/MTCs were incubated in media containing either buffer or losartan (10−7 M) for 24 h.
Subsequently, protein blots were probed for renin and reprobed for actin. Representative
gels from two different sets of experiments are shown in Fig. 5. Cumulative densitometric
data (n = 3) are shown in bar graphs. HIV/MTC displayed higher expression of renin when
compared to EV//MTC. Losartan enhanced tubular cell renin expression both under control
and HIV milieu. These findings suggested that losartan induced tubular cell phosphorylation
of p70S6K might have mediated through tubular cell renin generation.
Ang II enhances tubular cell mTOR phosphorylation—To determine the effect of
Ang II on tubular mTOR phosphorylation, EV/MTCs and HIV/MTCs were incubated in
media containing variable concentrations of Ang II (0 to 10−6 M) for 24 h (n = 3).
Subsequently, protein blots were probed for phospho-p70S6K. The same blots were
reprobed for actin. Representative gels are shown in Fig. 6. Cumulative densitometric data
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are shown in bar graphs. Ang II enhanced tubular cell p70S6K phosphorylation in a dose
dependent manner.

NIH-PA Author Manuscript

AT2R blockade attenuate HIV-induced activation of tubular cell mTOR
pathway—To determine the role of AT2R, EV/MTCs and HIV/MTCs were incubated in
media containing either buffer or AT2R blocker (PD123319, 1 μM) for 24 h (n = 3). Protein
blots were probed for phospho-mTOR and reprobed for actin. Representative gels are shown
in Fig. 7A. Cumulative data are shown in bar graphs. AT2R blockade inhibited HIV-induced
tubular cell mTOR phosphorylation. These findings indicated that HIV-induced tubular cell
mTOR phosphorylation was mediated through AT2R.
To study the effect of AT2R, on tubular cell mTOR downstream signaling, EV/MTCs and
HIV/MTCs were incubated in media containing either buffer or PD123319 (1 μM) for 24 h
(n = 3). Protein blots were probed for phospho-p70S6K and reprobed for actin.
Representative gels are shown in Fig. 7B. Cumulative data are shown in bar graphs. AT2R
blockade inhibited HIV-induced tubular cell p70S6k phosphorylation. These findings
indicated that AT2R blocked also inhibited HIV-induced tubular cell mTOR downstream
signaling.

NIH-PA Author Manuscript

AT2 agonist (AT2A) enhance tubular cell phosphorylation of p70S6K—To
determine the effect of AT2A on tubular cell mTOR pathway activation, EV/MTCs and
HIV/MTCs were incubated in media containing either buffer or AT2A (CGP42112, 1 μM)
for 24 h (n = 3). Protein blots were probed for phospho-p70S6K and reprobed for actin.
Representative gels are shown in Fig. 8. Cumulative data are shown in bar graphs. Both HIV
and AT2A enhanced tubular cell phosphorylation of p70S6K. However, AT2A did not
exacerbate HIV-induced tubular phosphorylation of p70S6K. We speculate that HIV
stimulated tubular cell phosphorylation reached its maximum and therefore AT2A could not
modulate it further.

Discussion
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In the present study, renal tissues of Vpr and HIV transgenic mice displayed enhanced
phosphorylation of mTOR and p70S6K. Since aliskiren inhibited renal tissue mTOR
activation, it suggested that HIV-induced renal tissue renin generation might have
contributed to it. However, AT1 blockade enhanced renal tissue phosphorylation of p70S6K;
whereas, AT2 blockade attenuated renal tissue phosphorylation of p70S6K. These findings
indicated that HIV-induced renal tissue mTOR activation was mediated through AT2R. In
vitro studies, HIV/MTC displayed enhanced phosphorylation of p70S6K, however, this
effect of HIV was also attenuated by aliskiren. Both renin and Ang II displayed enhanced
tubular cell phosphorylation of p70S6K in a dose dependent manner; however, AT1
blockade enhanced HIV-induced tubular cell phosphorylation of p70S6K. On the other
hand, AT2 blockade attenuated HIV-induced tubular cell phosphorylation of p70S6K,
whereas, AT2 agonist (AT2A) enhanced phosphorylation of p70S6K. These findings
confirmed that HIV induced tubular cell mTOR activation is mediated through AT2R.
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AT2R expression is usually higher than AT1R expression during embryogenesis (Ciuffo et
al., 1993; Shanmugam et al., 1995). However, this trend reverses after birth and continues at
later time periods. AT2R is uniformly expressed in tubules and vascular segments but its
expression varies in glomeruli (Cao et al., 2000; Ozono et al., 1947; Ruiz-Ortega et al.,
2003). These discrepancies have been attributed to species differences (Armando et al.,
2002; Baiardi et al., 2005). We previously reported the activation of the RAS in HIVAN
mice (Kumar et al., 2011; Kumar et al., 2012). In in vitro studies too, HIV enhanced the
activation of the RAS in human podocytes as well as tubular cells (Chandel et al., 2013;
Salhan et al., 2012b). This effect of HIV has been attributed to down regulation of liganded
vitamin D receptors in HIV infected cells (Chandel et al., 2013; Salhan et al., 2012b).
Although, adult kidney cells barely display any expression of AT2R but its expression
increases in the models of overt renal damage, such as induced by renal ablation and
subtotal nephrectomy, or kidney damage caused by protein overload (Bautista et al., 2001;
Cao et al., 2002; Hashimoto et al., 2004; Ruiz-Ortega et al., 2003; Tejera et al., 2004;
Vazquez et al., 2005). On the other hand, renal tissues in HIVAN mice have been reported
to display attenuated expression of AT2 R (Salhan et al., 2012a). However, blockade of
AT1R enhanced renal tissue expression of AT2 R in these studies.
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Mavroeidi et al. studied the effect of losartan on mTOR pathway in a rat model of diabetic
nephropathy (Mavroeidi et al., 2013). Untreated diabetic rats displayed enhanced activated
forms of mTOR in glomeruli and podocytes. However, losartan-receiving diabetic rats
displayed a decrease in both phosphorylated and activated forms of mTOR (Ser2448) in
glomeruli only; whereas podocytes exhibited no change in phosphorylated mTOR. On the
other hand, glomeruli and podocytes of non-diabetic animals displayed an inverse pattern. In
Ren2 rats, a transgenic RAS model, blockade of AT1R led to inhibition of total and Ser2448
phosphorylated mTOR (Whaley-Connell et al., 2011). These reports supported a role of
AT1R receptor in mTOR/S6K1 signaling in the kidney. On the other hand, acute
hyperglycemia enhanced activation of tubular cell mTOR pathway in diabetic mice through
AT2R rather than through AT1R (Day et al., 2010). These investigators demonstrated that
hyperglycemia stimulated Ang II generation, which activated both AT1R and AT2R;
however, only blockade of AT2R prevented the activation of mTOR pathway; moreover,
hyperglycemia did not activate kidney cell mTOR pathway in AT2R knockout mice. Thus,
these investigators highlighted the role of AT2R in the activation of mTOR pathway in acute
hyperglycemia. Our findings in the HIVAN mice are consistent with the observations of
these investigators.
In the present study, both renin and Ang II enhanced activation of mTOR pathway in tubular
cells. Renin inhibitor also inhibited activation of mTOR pathway in HIVAN mice as well as
in tubular cells. However, it did not exclude the effect of Ang II on mTOR activation. Since
AT1 blockade displayed enhanced renal tissue expression of phospho-mTOR as well as
tubular cell expression of phospho-mTOR, we considered that the possibility of activation of
mTOR during AT1R blockade was mediated either through renin or through unopposed
action of AT2R. Since blockade of AT2R in tubular cells attenuated the effect of Ang II on
tubular cell mTOR activation, it confirmed that the Ang II-induced effect was mediated
through AT2R.
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In summary, HIV enhanced tubular cell Ang II production via down regulation of VDR and
enhanced expression of renin. Ang II enhanced activation of tubular cell mTOR pathway via
AT2R (Fig. 9).
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Fig. 1.

Vpr mice display activation of mTOR pathway in renal tissues. Protein blots of renal tissues
of control and Vpr mice were probed for phospho-mTOR and downstream molecules.
Representative gels from two mice are shown.
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Renin inhibition attenuate renal tissue mTOR phosphorylation and downstream signaling.
Protein blots of renal tissues of saline receiving (S1 and S2), Doxy-receiving (D1 and D2),
and Doxy/Ali-receiving (D1A1 and D2A2) mice were probed for phospho-mTOR and
phospho-p70S6K. The same blots were reprobed for total mTOR and actin. Representative
Western blots from lysates from two animals are shown.
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Fig. 3.
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AT1R blockade enhances whereas AT2R blockade attenuated renal tissue mTOR
phosphorylation in HIVAN mice. A. Renal cortical sections of control, Tg26, and
telmisartan receiving Tg26 (Tg26/Tel) mice were immunolabeled for phospho-mTOR.
Representative microphotographs are shown. Both podocytes and tubular cells displayed
enhanced phosphorylation of mTOR in Tg26 mice. However, kidney cells of Tg26/Tel mice
displayed phosphorylation of mTOR predominantly in their nuclei. B. Protein blots of renal
tissues of control, Tg26, and Tg26/Tel (n = 4) were probed for phospho-mTOR. The same
blots were reprobed for actin. Representative gels are shown. Cumulative data for 4 sets of
experiments are shown in bar graphs P values. C. Protein blots of control, Tg26, and Tg26receiving AT2B were probed for phospho-mTOR (n = 4). The same blots were reprobed for
actin. Representative gels are shown. *P < 0.01 compared to FVBN; **P < 0.01 compared
to Tg26.
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Fig. 4.
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Renin or AT1R blockade (losartan) enhance tubular cell mTOR activation. A. EV/MTC
(EV) and HIV/MTCs (HIV) were incubated in media containing either buffer or aliskiren
(Alis, 10−6M) for 24 h (n = 3). Protein blots were probed for phospho-p70S6K and the same
blots were reprobed for actin. Representative gels of two different cellular lysates are
displayed. Cumulative densitometric data (n = 3) data are shown in a bar diagram. *P <0.01
compared to EV; **P < 0.001 compared to HIV alone. B. MTCs were incubated in media
containing either buffer or variable concentrations of renin (0, 1, 10, 100, and 1000 pM) for
24 h (n = 3). Protein blots were prepared and probed for phospho-p70S6K. The same blots
were reprobed for actin. Representative gels are shown. *P < 0.01 compared to renin, 0; **P
< 0.05 compared to renin, 1–100 pm. C. EV/MTC and HIV/MTC were incubated in media
containing either buffer or losartan (10−7 M) for 24 h (n = 3). Protein blots were probed for
phospho-mTOR. The same blots were reprobed for actin. Representative gels from two
different cell lysates are shown. Cumulative data (n = 3) are shown in the form of a bar
diagram. *P < 0.05 compared to EV; **P < 0.01 compared to HIV; ***P < 0.01 compared
to EV. D. EV/MTC and HIV/MTC were incubated in media containing either buffer or
losartan (10−7 M) for 24 h (n = 3). Protein blots were probed for phospho-p70S6K. The
same blots were reprobed for actin. Representative gels from two different cell lysates are
shown. Cumulative data (n = 3) are shown in the form of a bar diagram. *P < 0.01 compared
to EV; **P < 0.05 compared to HIV alone.
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Fig. 5.
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Losartan enhances renin expression under control and HIV milieu. EV/MTCs and HIV/
MTCs were incubated in media containing either buffer or losartan (10−7 M) for 24 h.
Subsequently, protein blots were probed for renin and reprobed for actin. Representative
gels from two different sets of experiments are shown. Cumulative densitometric data (n =
3) are shown in bar graphs. *P < 0.05 compared to EV; **P < 0.01 compared to EV and
HIV alone.
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Ang II enhances tubular cell mTOR phosphorylation. EV/MTCs and HIV/MTCs were
incubated in media containing variable concentrations of Ang II (0 to 10−6 M) for 24 h (n =
3). Subsequently, protein blots were probed for phospho-p70S6K. The same blots were
reprobed for actin. Representative gels are shown. Cumulative densitometric data are shown
in bar graphs. *P < 0.01 compared to Ang II, 0; **P < 0.05 compared to Ang II, 10−8 to
10−10 M.
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Fig. 7.

AT2R blocker (AT2B) attenuates HIV-induced activation of tubular cell mTOR pathway. A.
EV/MTCs and HIV/MTCs were incubated in media containing either buffer or PD123319 (1
μM) for 24 h (n = 3). Protein blots were probed for phospho-mTOR and reprobed for actin.
Representative gels are shown. Cumulative data are shown in bar graphs. *P < 0.01
compared to EV and HIV/AT2B; **P < 0.05 compared to HIV/AT2B. B. EV/MTCs and
HIV/MTCs were incubated in media containing either buffer or PD123319 (1 μM) for 24 h
(n = 3). Protein blots were probed for phospho-p70S6K and reprobed for actin.
Representative gels are shown. Cumulative data are shown in bar graphs. *P < 0.01
compared to other variables.
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Fig. 8.

AT2 agonist (AT2A) enhance tubular cell phosphorylation of p70S6K. EV/MTCs and HIV/
MTCs were incubated in media containing either buffer or AT2A (CGP42112, 1 μM) for 24
h (n = 3). Protein blots were probed for phospho-p70S6K and reprobed for actin.
Representative gels are shown. *P < 0.01 compared to EV; **P < 0.05 compared to EV.
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Fig. 9.

Proposed schematic diagram.
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