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Previous in vitro studies indicated that aldosterone nongenomically phosphorylates epidermal growth factor receptor (EGFR)
through activation of upstream signals, heat shock protein 90𝛽𝛽 (Hsp90𝛽𝛽), and cytosolic (c)-Src kinase. We demonstrated that
aldosterone rapidly elevates EGFR phosphorylation in rat kidney. ere are no in vivo data regarding renal Hsp90(𝛼𝛼 and 𝛽𝛽) and
phosphorylated (p)c-Src protein expressions. e present study further investigates the expressions of these proteins. Male Wistar
rats were intraperitoneally injected with normal saline solution or aldosterone (Aldo: 150 𝜇𝜇g/kg BW). Aer 30 minutes, abundances
and localizations of these proteins were determined. Aldosterone enhanced renal Hsp90𝛽𝛽 protein abundance (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃), but
Hsp90𝛼𝛼 and pc-Src protein levels remained unaltered. Expression of Hsp90(𝛼𝛼 and 𝛽𝛽) was induced prominently in the proximal
convoluted tubules (PCTs). Activation of Hsp90𝛼𝛼 was observed in vascular and outer medulla regions, whereas Hsp90𝛽𝛽 was
induced in the cortex. Immunoreactivity of pc-Src was elevated in PCT with obvious staining at the luminal membrane. is in
vivo study is the �rst to demonstrate that aldosterone nongenomically elevates Hsp90(𝛼𝛼 and 𝛽𝛽) protein expressions in rat kidney.
Aldosterone had no eﬀect on pc-Src protein levels but modulated localization. ese results indicate that aldosterone regulates
upstream mediators of EGFR transactivation in vivo.

1. Introduction
Aldosterone plays a major role in the maintenance of electrolytes and acid-base balances [1]. Besides genomic action,
its nongenomic eﬀects have been extensively investigated in
various organs [2]. Previous in vitro studies indicated that
nongenomic action of aldosterone is involved in transactivation of epidermal growth factor receptor (EGFR) and
increases its downstream signaling kinases and extracellular
signal-regulated kinases 1/2 (ERK1/2) [2–4]. A recent in vivo
study was conducted in our laboratory. It was the �rst to
demonstrate that aldosterone, via nongenomic pathway, elevated phosphorylated EGFR (pEGFR) and pERK1/2 protein
abundances and expressions in rat kidney [5].
However, upstream signals induced by aldosterone consequently transactivating EGFR are still inconclusive. In in vitro

studies, heat shock protein 90 (Hsp90) family and cytosolic
tyrosine kinase of Src (c-Src) play a critical role in the initiating step of rapid nongenomic stimulation on EGFR [3, 6, 7].
Hsp90 family (𝛼𝛼 and 𝛽𝛽) is found in mineralocorticoid receptor (MR) complexes and is released upon aldosterone binding
[8]. Aer dissociation, Hsp90𝛽𝛽 plays an in�uential role in
signal transduction of nongenomic action by aldosterone
[6, 7]. c-Src, a member of membrane-associated nonreceptor
tyrosine kinases, has multiple biological functions, including
a role in EGFR phosphorylation [9, 10].
In M-1 cells, aldosterone enhanced protein abundance
of Hsp90𝛽𝛽 [6]. It increased activity as well as autophosphorylation of Src kinase and protein expression of pc-Src
[6]. Moreover, stabilization of Hsp90𝛽𝛽 could prevent EGFR
transactivation, while inhibition of c-Src kinase abolished
aldosterone action in enhancement of pEGFR [7]. To date,
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there are no studies regarding nongenomic action of aldosterone on protein expression of Hsp90𝛼𝛼.
At present, there are no available in vivo data regarding
nongenomic eﬀects of aldosterone on protein abundance and
localization of renal Hsp90(𝛼𝛼 and 𝛽𝛽) and pc-Src, simultaneously performed in the same study. erefore, this study
examined rat kidneys 30 minutes aer normal saline solution
or aldosterone injection with use of Western blot analysis and
immunohistochemistry to determine protein abundance and
localization of renal Hsp90(𝛼𝛼 and 𝛽𝛽) and pc-Src.

2. Materials and Methods

2.1. Experimental Design. Male Wistar rats weighing
200�240 g (National Center of Scienti�c Use of Animals,
Mahidol University, Nakornpathom, ailand) were given
conventional housing and diet. All animal protocols were
approved by the Ethics Committee of Research, Chulalongkorn University. Serum creatinine of each rat should
be <1 mg/dL [5]. e rats were divided into two groups
(𝑛𝑛 𝑛 𝑛/group): sham (normal saline solution; NSS: 0.5 mL/kg
BW by intraperitoneal injection, i.p.); and Aldo (aldosterone
150 𝜇𝜇g/kg BW, diluted in NSS, i.p.; Sigma, St. Louis, MO,
USA) [5].
On the experimental date, aer a 30-minute injection
period of NSS or aldosterone, the rats were anesthetized
with thiopental (100 mg/kg BW, i.p.). Kidneys were removed,
and a half of each kidney was �xed in liquid nitrogen
and then stored at −80∘ C until use for measurement of
Hsp90𝛼𝛼, Hsp90𝛽𝛽, and pc-Src protein abundances by Western
blot analysis. e other half of renal tissue was �xed in
10% paraformaldehyde for localization of these proteins by
immunohistochemistry [5].
2.2. Western Blot Analysis. e measurement of protein
abundance was performed as previously described [5, 11].
Proteins were resolved on 10% sodium dodecyl sulfate
polyacrylamide gel eletrophoresis (SDS-PAGE) for Hsp90𝛼𝛼,
Hsp90𝛽𝛽, or pc-Src and blotted onto nitrocellulose membrane (Bio-Rad, Hercules, CA, USA). Membranes were
incubated with primary monoclonal antibody to Hsp90𝛼𝛼
(D7a; 1 : 500), Hsp90𝛽𝛽 (H90-10; 1 : 1000) (Abcam, Cambridge, UK) [12], polyclonal antibody to pc-Src (Tyr418;
1 : 500) (MBL, Woburn, MA, USA), or to 𝛽𝛽-actin (Santa
Cruz Biotechnology, Santa Cruz, CA, USA), followed by
the respective horseradish peroxidase-linked secondary antibody (Bio-Rad). Immunoreactive proteins were detected by
chemiluminescence detection (SuperSignal West Pico kit;
Pierce, Rockford, IL, USA) and exposed to �lm (CL-�Posure;
Pierce). Relative protein levels of Hsp90𝛼𝛼, Hsp90𝛽𝛽, or pc-Src
in each sample were presented as a percentage of the control
normalized to its 𝛽𝛽-actin content.
2.3. Immunohistochemical Study. Detection of protein localization was performed as previously described [5]. Paraﬃnembedded kidney sections were cut at 4 𝜇𝜇m in thickness.
Slides were deparaﬃnized, and endogenous peroxidase was
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blocked by treatment with 3% H2 O2 . Sections were incubated with the primary antibody Hsp90𝛼𝛼 (1 : 100), Hsp90𝛽𝛽
(1 : 200) (Abcam), or pc-Src (1 : 400) (MBL) at 4∘ C overnight,
followed by the respective horseradish peroxidase-linked
secondary antibody (Bio-Rad), and then reacted with 3, 3′ diaminobenzidine (DAB) solution (Sigma). ree pathologists independently scored staining intensity on a semiquantitative �ve-tiered grading scale from 0 to 4 (0 = negative; 1
= trace; 2 = weak; 3 = moderate; 4 = strong) as previously
described [5].
2.4. Statistical Analyses. Results of renal Hsp90𝛼𝛼, Hsp90𝛽𝛽, or
pc-Src protein abundances were expressed as mean ± SD. Statistical diﬀerences among groups were assessed by ANOVA
(analysis of variance) with post hoc comparison by Tukey’s
test where appropriate. A 𝑃𝑃 value of <0.05 was considered
statistically signi�cant. Statistical tests were analyzed using
SPSS program version 15.0 (SPSS Inc, Chicago, IL, USA).
Median staining intensity (score) of renal Hsp90𝛼𝛼, Hsp90𝛽𝛽,
or pc-Src protein expressions was presented as previously
described [5].

3. Results
3.1. Eﬀect of Aldosterone on Renal Hsp90𝛼𝛼, Hsp90𝛽𝛽, and pcSrc Protein Abundances. Protein levels of Hsp90𝛼𝛼 (95 kDa),
Hsp90𝛽𝛽 (83 kDa), and pc-Src (60 kDa) were assessed in rat
kidney with Western blot analysis. As shown in Figure 1,
aldosterone slightly enhanced protein abundance of renal
Hsp90𝛼𝛼 (sham = 100%; Aldo = 128.5 ± 15.1%, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃),
whereas protein level of Hsp90𝛽𝛽 was signi�cantly increased
to be 149.8 ± 9.2% (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃). However, protein level of
renal pc-Src was unaltered in the Aldo group (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃).

3.2. Eﬀect of Aldosterone on Renal Hsp90𝛼𝛼 Protein Localization. Rapid action of aldosterone on Hsp90𝛼𝛼 expression in
rat kidney was examined by using immunohistochemistry.
As shown in Table 1, in the cortex of sham, immunoreactivity
of renal Hsp90𝛼𝛼 protein distribution and localization was
diﬀused in both vascular and tubular regions with more
intense staining at the luminal membrane (Figure 2(a)).
Aldosterone increased intensity score in the proximal convoluted tubule (PCT) from 2 to be 3 and in peritubular
capillary (Pcap) from 1 to be 2 (Figure 2(b)). Immunoreactivity in the CCD was slightly diminished to be 2 by
aldosterone.
In the outer stripe of outer medulla (OM) of the Aldo
group, immunoreactivity in the thick ascending limb of
Henle’s loop (TALH) and medullary collecting duct (MCD)
remained (Figures 2(c) and 2(d)), whereas staining in the
proximal straight tubule (PTs) was diminished to be 1. In
the inner stripe of OM (Figures 2(e) and 2(f)), aldosterone
increased staining in the TALH (score = 4), vasa recta
(VR; score = 3), and thin limb of Henle’s loop (tLH;
score = 2). In the inner medulla (IM), immunoreactivity
was elevated in the VR, whereas the expression in the
MCD was reduced by aldosterone (Figures 2(g) and 2(h);
Table 1).
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F 1: Western blot analysis of renal Hsp90𝛼𝛼, Hsp90𝛽𝛽, and pc-Src protein abundances in sham and Aldo groups. Histogram bars show
the densitometric analyses ratios of Hsp90𝛼𝛼, Hsp90𝛽𝛽, or pc-Src to 𝛽𝛽-actin intensity, and the representative immunoblot photographs are
presented. Data are means ± SD of 8 independent experiments. ∗ 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃 compared with the sham group.

3.3. Eﬀect of Aldosterone on Renal Hsp90𝛽𝛽 Protein Localization. Protein expression of Hsp90𝛽𝛽 in the cortex of sham
was demonstrated in Figure 3(a) and Table 1. Immunoreactivity was moderate at the glomerulus and Pcap. Prominent
staining in the luminal membrane of PCT was noted, while
expression in DCT and CCD was trace. Aldosterone stimulated strong immunoreactivity in the glomerulus, whereas
staining in PCT and CCD was moderate (Figure 3(b)). e
Aldo group showed weak staining in the DCT and intensity
was diminished in the Pcap.
In the outer stripe of OM, aldosterone did not alter strong
immunoreactivity in the TALH and MCD (Figures 3(c) and
3(d)) but increased the intensity score in the PTs to be 3. In the
inner stripe of OM, aldosterone did not change immunoreactivity in the TALH, MCD, and tLH, whereas staining
in VR was diminished (Figures 3(e) and 3(f); Table 1).
In the IM, immunoreactivity was enhanced in tLH, while
intensity score was reduced in MCD (Figures 3(g) and 3(h)).
3.4. Eﬀect of Aldosterone on Renal pc-Src Protein Localization.
In the cortex of sham, immunoreactivity of pc-Src protein was
trace in the glomerulus and DCT, whereas weak staining at

the CCD luminal membrane was noted (Figure 4(a); Table 1).
In the sham group, we observed no staining in the PCT
and Pcap. Aldosterone markedly enhanced immunoreactivity
in the PCT (score = 3) with more intense staining at
the luminal membrane and lesser extent at the basolateral
membrane (Figure 4(b)), whereas staining in the glomerulus
was moderate. Immunoreactivity was diminished in the DCT
and CCD by aldosterone.
In the outer stripe of OM, aldosterone slightly reduced
immunoreactivity in TALH and MCD to be trace-diﬀuse
staining (Figures 4(c) and 4(d)). Aldosterone had no action
on protein expression in PTs. In the inner stripe of OM,
aldosterone enhanced the immunoreactivity in VR and tLH
(Figures 4(e) and 4(f)) but staining disappeared in TALH and
MCD. In the IM, aldosterone diminished the MCD intensity
score leaving VR and tLH staining unaltered (Figures 4(g)
and 4(h)).

4. Discussion
Our recent in vivo study has demonstrated that aldosterone,
via nongenomic pathway, could transactivate EGFR and
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T 1: Median staining intensity (score) of renal Hsp90𝛼𝛼, Hsp90𝛽𝛽,
and pc-Src protein expressions.
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Staining intensity: 0: negative, no reactivity; 1: trace, faint, or pale brown
staining with less membrane reactivity; 2: weak, light brown staining with
incomplete membrane reactivity; 3: moderate, shaded of brown staining of
intermediate darkness with usually almost complete membrane reactivity;
4: strong, dark brown to black staining with usually complete membrane
pattern, producing a thick outline of the cell [5].
PCT: proximal convoluted tubule; DCT: distal convoluted tubule; CCD:
cortical collecting duct; Pcap: peritubular capillary; TALH: thick ascending
limb of Henle’s loop; MCD: medullary collecting duct; PTs: proximal straight
tubule; VR: vasa recta; tLH: thin limb of Henle’s loop.

enhance a downstream-signal ERK1/2 protein abundance
and expression in the rat kidney [5]. Previous in vitro examinations indicated that Hsp90𝛽𝛽 and c-Src are the upstream
mediators transactivating EGFR [3, 6, 7]. ere are no in
vivo data of these aldosterone-induced rapid action mediators. e present investigation aims to examine the protein
expressions of these upstream signals in the rat kidney.
Here we present the �rst in vivo results that simultaneously showed both renal Hsp90𝛼𝛼 and Hsp90𝛽𝛽 protein expressions aer 30-minute aldosterone administration. Protein
abundance of renal Hsp90𝛽𝛽 was signi�cantly enhanced but
protein level of Hsp90𝛼𝛼 remained unaltered. is result of
Hsp90𝛽𝛽 is similar to a previous study in M-1 cell culture
examined [6]. Baseline regional localization and distribution
of these proteins in this study are in agreement with an earlier
investigation in normal rat kidney [12]. Aldosterone induced
the expression of Hsp90(𝛼𝛼 and 𝛽𝛽) prominently in the PCT.
Greater activation of Hsp90𝛼𝛼 was observed in vascular areas

and outer medulla regions, whereas Hsp90𝛽𝛽 was induced
mainly in the cortex.
In addition, as an upstream signal for EGFR transactivation, Hsp90 can itself regulate cellular functions. In microdissected CCD, Hsp90 stimulated calcineurin activity within 15
minutes [13]. A 20-minute incubation period of Hsp90 was
found to stabilize Na,K-ATPase in cytoskeletal fractions of
ischemic rat renal cortex [14]. Geldanamycin, an inhibitor
of Hsp90, abolished aldosterone-induced vasorelaxation of
renal aﬀerent arterioles within 20 minutes through nitric
oxide generation [15]. Moreover, Hsp90𝛽𝛽 induced by aldosterone could rapidly elevate Src kinase activity [6]. It has been
shown that Hsp90𝛼𝛼 transfected in human embryonic kidney
cells induced endothelial nitric oxide synthase ability to produce nitric oxide, while Hsp90𝛽𝛽-transfected cells generated
superoxide anion [16]. However, there are no data of these
alterations occurring in vivo via nongenomic action of aldosterone. Further investigation is needed to clarify this point.
Another upstream signal, cytosolic nonreceptor tyrosine
kinase, c-Src, has been demonstrated to link aldosteronebound MR and EGFR activation [6, 7, 17–20]. Aldosterone
was shown to rapidly enhance c-Src kinase activity and
transactivated EGFR [6, 7, 17–20]. An increased EGFR
phosphorylation mediated by aldosterone/c-Src induction
was inhibited by the c-Src inhibitor, PP2 [17–20]. In M-1
cell, aldosterone rapidly induced pc-Src protein levels in a
dose-dependent manner [6]. Furthermore, this protein abundance in vascular smooth muscle cells was time dependently
increased by aldosterone (from 15 to 45 minutes) [17, 18].
However, there are no data so far to pc-Src protein abundance
and localization/distribution in rat kidney by rapid action of
aldosterone.
Present results of this study show that pc-Src protein
abundance was not altered by aldosterone (Figure 1). It is
plausible that protein degradation occurred thus returning to
the basal level as a result of the 30-minute time period aer
which aldosterone was administered. Aldosterone in M-1
cells was also shown to undergo a time-dependent induction
in c-Src kinase activity at the 2nd and 10th minute [6]. is
activity was comparable to the control at the 30th minute.
To better understand protein abundance performed at the
shorter time length, further in vivo studies are needed.
As for pc-Src protein localization, the sham rat showed
immunostaining in the glomerulus, VR, DCT, CD, and loop
of Henle with no expression in PCT and PTs (Figure 4(a)). In
vivo regional localization and distribution of active Src kinase
in tubular areas oﬀered some similarity to those of previous
studies [19, 20]. In this particular study though, aldosterone
markedly enhanced immunostaining in PCT with prominent
luminal membrane expression (Figure 4(b)). Explanation of
the precise mechanism in this observation remains unclear.
However, these important data present strong supportive
evidence that, in addition to its action as an upstream
signal, c-Src might play another crucial role in proximal
tubular functions as well. An example of this dual role
is demonstrated through the enhancement of c-Src kinase
activity in OKP cells within 1.5 minute aer acid loading
[21]. is stimulation of c-Src kinase is required for acidinduced sodium/hydrogen exchanger-3 (NHE-3) activation.
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F 2: Representative immunohistochemical staining micrographs of renal Hsp90𝛼𝛼 protein expression in the cortex (a), (b), the outer
medulla (outer stripe: (c), (d)), (inner stripe: (e), (f)) and the inner medulla ((g), (h)) from sham ((a), (c), (e), (g)) and Aldo ((b), (d), (f), (h)).
�riginal magni�cation, ×400 ((a), (b)) and ×200 ((c)–(h)).
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F 3: Representative immunohistochemical staining micrographs of renal Hsp90𝛽𝛽 protein expression in the cortex ((a), (b)), the outer
medulla (outer stripe: (c), (d)), (inner stripe: (e), (f)) and the inner medulla ((g), (h)) from sham ((a), (c), (e), (g)) and Aldo ((b), (d), (f), (h)).
�riginal magni�cation, ×400 ((a), (b)) and ×200 ((c)–(h)).
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F 4: Representative immunohistochemical staining micrographs of renal pc-Src protein expression in the cortex ((a), (b)), the outer
medulla (outer stripe: (c), (d)), (inner stripe: (e), (f)) and the inner medulla ((g), (h)) from sham ((a), (c), (e), (g)) and Aldo ((b), (d), (f), (h)).
�riginal magni�cation, ×400 ((a), (b)) and ×200 ((c)–(h)).
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Moreover, acid incubation in OKP cells expressing dominant
negative 𝑐𝑐-𝑠𝑠𝑠𝑠𝑠𝑠𝐾𝐾𝐾𝐾𝐾𝐾𝐾 caused no eﬀect on NHE-3 activity [21].
Our study has shown aldosterone to enhance pc-Src
expression in the glomerular region and VR area (Figures
4(b), 4(f), and 4(h)). is may indicate c-Src regulation
of the glomerular function and renal microvasculature.
An overexpression of c-Src in murine mesangial cells has
been demonstrated to augment NF-𝜅𝜅B activation and nitric
oxide production [22]. Furthermore, c-Src activation by
in vitro blood-perfused juxtamedullary nephron technique
contributed to aﬀerent arteriole constriction induced by
angiotensin II [23]. We propose that c-Src may in�uence
vasoactivity and consequently regulates blood circulation in
the renal microvasculature; however, since no data of c-Src
on VR responses has yet to be established, additional study is
required to fully assess this issue.
Indeed, several investigations have revealed that EGFR
phosphorylation occurred aer Hsp90 release from MR, thus
leading to c-Src kinase activation [6, 7, 17–20]. Earlier studies
have been successful at demonstrating that Hsp90, by itself,
could also bind directly to EGFR thereby stabilizing receptor
conformation [24, 25]. Moreover, besides the consequent
activation by aldosterone, both Hsp90 and c-Src have a
profound interaction. It has been illustrated that Hsp90 is
necessary for the maturation of the tyrosine kinase c-Src as
a kinase and as a substrate in yeast cells [26], yet there are
still no available data relating to this regard in other species.
erefore, interaction of aldosterone/Hsp90/c-Src/EGFR is
likely complex. e complexity of this interaction warrants
further in vivo examinations. Additional investigations using
the blockage of Hsp90(𝛼𝛼 and 𝛽𝛽) or c-Src or MR are also
needed.

5. Conclusions

is is the �rst in vivo study which demonstrates that aldosterone, via nongenomic pathway, could enhance Hsp90(𝛼𝛼
and 𝛽𝛽) protein expressions in rat kidney. Although aldosterone was not found to alter pc-Src protein levels, its localization was modulated. Our data indicate that aldosterone
regulates upstream mediators of EGFR transactivation in
vivo.

Acknowledgment
is study was supported by Grant no. RA33/54 from the
Ratchadapiseksompoth Research Fund, Faculty of Medicine,
Chulalongkorn University.

References
[1] D. W. Good, “Nongenomic actions of aldosterone on the renal
tubule,” Hypertension, vol. 49, no. 4, pp. 728–739, 2007.
[2] C. Grossmann and M. Gekle, “New aspects of rapid aldosterone
signaling,” Molecular and Cellular Endocrinology, vol. 308, no.
1-2, pp. 53–62, 2009.
[3] C. Grossmann and M. Gekle, “Nongenotropic aldosterone
eﬀects and the EGFR: interaction and biological relevance,”
Steroids, vol. 73, no. 9-10, pp. 973–978, 2008.

BioMed Research International
[4] M. Gekle, R. Freudinger, S. Mildenberger, and S. Silbernagl,
“Aldosterone interaction with epidermal growth factor receptor
signaling in MDCK cells,” American Journal of Physiology, vol.
282, no. 4, pp. F669–F679, 2002.
[5] K. Sinphitukkul, S. Eiam-Ong, K. Manotham, and S. EiamOng, “Nongenomic eﬀects of aldosterone on renal protein
expressions of pEGFR and pERK1/2 in rat kidney,” American
Journal of Nephrology, vol. 33, no. 2, pp. 111–120, 2011.
[6] S. Braun, R. Lösel, M. Wehling, and B. Boldyreﬀ, “Aldosterone
rapidly activates Src kinase in M-1 cells involving the mineralocorticoid receptor and HSP84,” FEBS Letters, vol. 570, no. 1-3,
pp. 69–72, 2004.
[7] V. McEneaney, B. J. Harvey, and W. omas, “Aldosterone
rapidly activates protein kinase D via a mineralocorticoid
receptor/EGFR trans-activation pathway in the M1 kidney
CCD cell line,” Journal of Steroid Biochemistry and Molecular
Biology, vol. 107, no. 3–5, pp. 180–190, 2007.
[8] W. omas, V. McEneaney, and B. J. Harvey, “Rapid responses
to steroid hormones in the kidney,” Nephron—Physiology, vol.
107, no. 1, pp. p1–p9, 2007.
[9] E. Sandilands and M. C. Frame, “Endosomal traﬃcking of
Src tyrosine kinase,” Trends in Cell Biology, vol. 18, no. 7, pp.
322–329, 2008.
[10] K. I. Sato, A. Sato, M. Aoto, and Y. Fukami, “c-Src phosphorylates epidermal growth factor receptor on tyrosine 845,”
Biochemical and Biophysical Research Communications, vol.
215, no. 3, pp. 1078–1087, 1995.
[11] Y. Seujange, S. Eiam-Ong, T. Tirawatnapong, and S. EiamOng, “Role of angiotensin II on dihydrofolate reductase, GTPcyclohydrolase 1 and nitric oxide synthase expressions in renal
ischemia-reperfusion,” American Journal of Nephrology, vol. 28,
no. 4, pp. 692–700, 2008.
́
́
[12] V. Ram𝜄𝜄rez,
N. Uribe, R. Garc𝜄𝜄a-Torres
et al., “Upregulation
and intrarenal redistribution of heat shock proteins Hsp90𝛼𝛼
and Hsp90𝛽𝛽 by low-sodium diet in the rat,” Cell Stress and
Chaperones, vol. 9, no. 2, pp. 198–206, 2004.
[13] J. A. Tumlin, J. P. Lea, C. E. Swanson, C. L. Smith, S. S. Edge,
and J. S. Someren, “Aldosterone and dexamethasone stimulate calcineurin activity through a transcription-independent
mechanism involving steroid receptor-associated heat shock
proteins,” Journal of Clinical Investigation, vol. 99, no. 6, pp.
1217–1223, 1997.
[14] B. Bidmon, M. Endemann, T. Müller, K. Arbeiter, K. Herkner,
and C. Aufricht, “HSP-25 and HSP-90 stabilize Na,K-ATPase
in cytoskeletal fractions of ischemic rat renal cortex,” Kidney
International, vol. 62, no. 5, pp. 1620–1627, 2002.
[15] T. R. Uhrenholt, J. Schjerning, P. B. Hansen et al., “Rapid inhibition of vasoconstriction in renal aﬀerent arterioles by aldosterone,” Circulation Research, vol. 93, no. 12, pp. 1258–1266,
2003.
[16] C. Cortes-González, J. Barrera-Chimal, M. Ibarra-Sánchez et
al., “Opposite eﬀect of Hsp90𝛼𝛼 and Hsp90𝛽𝛽 on eNOS ability to
produce nitric oxide or superoxide anion in human embryonic
kidney cells,” Cellular Physiology and Biochemistry, vol. 26, no.
4-5, pp. 657–668, 2011.
[17] G. E. Callera, A. C. Montezano, A. Yogi et al., “c-Src-dependent
nongenomic signaling responses to aldosterone are increased
in vascular myocytes from spontaneously hypertensive rats,”
Hypertension, vol. 46, no. 4, pp. 1032–1038, 2005.
[18] G. E. Callera, R. M. Touyz, R. C. Tostes et al., “Aldosterone
activates vascular p38MAP kinase and NADPH oxidase via cSrc,” Hypertension, vol. 45, no. 4, pp. 773–779, 2005.

BioMed Research International
[19] M. Takikita-Suzuki, M. Haneda, M. Sasahara et al., “Activation
of Src kinase in platelet-derived growth factor-B-dependent
tubular regeneration aer acute ischemic renal injury,” American Journal of Pathology, vol. 163, no. 1, pp. 277–286, 2003.
[20] D. H. Lin, H. Sterling, B. Yang, S. C. Hebert, G. Giebisch, and
W. H. Wang, “Protein tyrosine kinase is expressed and regulates
ROMK1 location in the cortical collecting duct,” American
Journal of Physiology, vol. 286, no. 5, pp. F881–F892, 2004.
[21] H. Tsuganezawa, S. Sato, Y. Yamaji, P. A. Preisig, O. W. Moe, and
R. J. Alpern, “Role of c-SRC and ERK in acid-induced activation
of NHE3,” Kidney International, vol. 62, no. 1, pp. 41–50, 2002.
[22] D. I. Jalal and B. C. Kone, “Src activation of NF-𝜅𝜅B augments IL1𝛽𝛽-induced nitric oxide production in mesangial cells,” Journal
of the American Society of Nephrology, vol. 17, no. 1, pp. 99–106,
2006.
[23] Q. Che and P. K. Carmines, “Src family kinase involvement in rat
preglomerular microvascular contractile and [Ca2+ ]i responses
to ANG II,” American Journal of Physiology, vol. 288, no. 4, pp.
F658–F664, 2005.
[24] W. Xu, X. Yuan, Z. Xiang, E. Mimnaugh, M. Marcu, and L.
Neckers, “Surface charge and hydrophobicity determine ErbB2
binding to the Hsp90 chaperone complex,” Nature Structural
and Molecular Biology, vol. 12, no. 2, pp. 120–126, 2005.
[25] T. Shimamura, A. M. Lowell, J. A. Engelman, and G. I. Shapiro,
“Epidermal growth factor receptors harboring kinase domain
mutations associate with the heat shock protein 90 chaperone
and are destabilized following exposure to geldanamycins,”
Cancer Research, vol. 65, no. 14, pp. 6401–6408, 2005.
[26] Y. Xu, M. A. Singer, and S. Lindquist, “Maturation of the
tyrosine kinase c-Src as a kinase and as a substrate depends
on the molecular chaperone Hsp90,” Proceedings of the National
Academy of Sciences of the United States of America, vol. 96, no.
1, pp. 109–114, 1999.

9

International Journal of

Peptides

BioMed
Research International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Advances in

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Virolog y
Hindawi Publishing Corporation
http://www.hindawi.com

International Journal of

Genomics

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Nucleic Acids

Zoology

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
The Scientific
World Journal

Journal of

Signal Transduction
Hindawi Publishing Corporation
http://www.hindawi.com

Genetics
Research International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Anatomy
Research International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Enzyme
Research

Archaea
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Biochemistry
Research International

International Journal of

Microbiology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Evolutionary Biology
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Molecular Biology
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Advances in

Bioinformatics
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Marine Biology
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

