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Abstract. The aim of the present study was to investigate the
effects of the heat shock protein (HSP)90 inhibitor AUY922 on
the proliferation and migratory ability of renal cell carcinoma
(RCC) cells. The expression of HSP90 was measured in vitro
using western blotting and quantitative polymerase chain
reaction in the ACHN and 786-O cell RCC lines, and also in
the immortalized normal human proximal tubule epithelium
HK-2 cell line. The effects of the time and concentration of
AUY922 administration were investigated in the ACHN and
786-0 cells, and the cell proliferation was measured using
an MTT assay. A Transwell assay was performed to evaluate
the migratory ability of ACHN cells following treatment with
AUY922 at concentrations of 10, 50 and 100 nM. Western blot
analysis and reverse transcription polymerase chain reaction
revealed that HSP90 mRNA and protein were overexpressed
in the two RCC cell lines compared with the HK-2 cell
line. AUY922 inhibited the proliferation of the ACHN and
786-0 cells in a time- and concentration-dependent manner,
and the migratory ability of the ACHN cells was markedly
suppressed subsequent to treatment with AUY922. The
present data suggest that the pathogenesis of human RCC may
be mediated by HSP90. It was also indicated that the specific
HSP90 inhibitor AUY922 plays a therapeutic role in the treat-
ment of RCC, and therefore, HSP90 may be a selective target
for molecular-targeted treatments of RCC.

Introduction
Renal cell carcinoma (RCC) accounts for ~90% of all kidney

cancer cases, which in turn account for 2-3% of all cancers
worldwide (1). RCC is the most lethal urological tumor and
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is the sixth leading cause of cancer-associated mortality in
Western countries (1). Although the prevalence of RCC varies
between populations and geographic regions, the incidence of
RCC has increased steadily over previous years (2,3). With
the increased use of various imaging modalities, an increased
number of RCC cases have been diagnosed at an early stage of
disease. However, 20-30% of patients with RCC demonstrate
evidence of metastases at the time of the initial presentation (4).
Although radical nephrectomy is an effective treatment for
early-stage and local RCC, 30% of patients develop metastatic
disease subsequent to surgery (5). Patients with metastatic
RCC possess a poor prognosis, and therapeutic options are
limited (6). The median survival of the cohort of patients with
RCC enrolled in a previous study was only 1.5 years, with
<10% of patients surviving for five years (7). Therefore, the
overall prognosis of patients with RCC is limited, indicating
the requirement for improved therapies directed at potential
molecular targets.

Heat shock protein 90 (HSP90) is a cellular molecular
chaperone that is important for protein assembly, folding and
stability (8). The client proteins of HSP90, including human
epidermal growth factor receptor 2, Raf, mutant p53 and
vascular endothelial growth factor (VEGF) receptor, play
critical roles in oncogenesis (9). Numerous studies have demon-
strated that HSP90 is overexpressed in solid tumors, and have
reported that the inhibition of HSP90 exerts a promising thera-
peutic effect on certain cancers (10,11). Previously, inhibition
of HSP90 has been performed using the low molecular weight
adenosine triphosphate (ATP)-competitive non-geldanamycin
HSP90 inhibitor AUY922. This inhibitor has been speculated to
offer advantages over ansamycin benzoquinone HSP90 inhibi-
tors, including 17-allylamino-17-demethoxygeldanamycin
(17-AAG), based on the independence of AUY992 from
NAD(P)H:quinone oxidoreductase 1 metabolism, P-glycopro-
tein expression and favorable aqueous solubility (12). In the
present study, the anti-tumor efficacy of the HSP90 inhibitor
AUY922 was evaluated in the RCC ACHN and 786-0 cell
lines in vitro.

Materials and methods

Cell culture and reagents. The immortalized normal human
proximal tubule epithelial HK-2 cell line was purchased from


https://www.spandidos-publications.com/10.3892/ol.2015.3299
https://www.spandidos-publications.com/10.3892/ol.2015.3299
https://www.spandidos-publications.com/10.3892/ol.2015.3299
https://www.spandidos-publications.com/10.3892/ol.2015.3299

942

the American Type Culture Collection (Manassas, VA, USA).
The human RCC 786-0O and ACHN cell lines were obtained
from the Cell Bank of Type Culture Collection of the Chinese
Academy of Sciences (Beijing, China). The HK-2 cells were
cultured in keratinocyte serum-free medium (Gibco Life
Technologies, Carlsbad, CA, USA), and the 786-O and ACHN
cells were cultured in RPMI-1640 medium (HyClone, Logan,
UT, USA), supplemented with 10% fetal bovine serum (FBS)
and 50 ug/ml streptomycin. All cells were cultured in a sterile
incubator that was maintained at 37°C with an atmosphere of
5% CO,. The HSP90 inhibitor AUY922 was purchased from
Selleck Chemicals (Houston, TX, USA). The compounds
were dissolved in dimethylsulfoxide (DMSO) to generate
stock solutions at a concentration of 10 mM, and were then
stored at -20°C. The mouse anti-human HSP90 monoclonal
antibody was obtained from Abcam (Cambridge, MA, USA;
catalog no., ab13492).

Western blot analysis. The cells were lysed in lysis buffer
containing protease inhibitor. The protein concentration was
determined using a bicinchoninic protein assay kit (Pierce
Biotechnology, Inc., Rockford, IL, USA). In total, 30 ug of
the respective tissue proteins were separated by SDS-PAGE
performed on 10% gels and then transferred onto polyvinyli-
dene fluoride membranes (Millipore, Billerica, MA, USA).
The membranes were blocked with 5% non-fat milk and
then incubated with mouse anti-human HSP90 monoclonal
antibody (1:100; Abcam) and mouse anti-actin monoclonal
antibody (catalog no. 0869100; 1:10,000; MP Biomedicals,
Santa Ana, CA, USA). The membranes were washed three
times for 10 min each using Tris-buffered saline comprising
50 mM Tris (pH 7.4),0.9% NaCl and 0.05% Tween-20 (TBS-T),
and were then incubated with phycoerythrin-conjugated
secondary antibodies (donkey anti-mouse IgG H&L; catalog
no., ab7003; Abcam). The membranes were subsequently
washed again with TBS-T three times, with each wash lasting
for 10 min. The target protein bands were visualized using the
enhanced chemiluminescence method. All western immu-
noblot analyses were performed three times.

Total RNA extraction and complementary (¢c)DNA synthesis.
Total RNA was isolated from the HK?2, 786-O and ACHN cell
lines using TRIzol Reagent (Invitrogen, Carlsbad, CA, USA),
according to the manufacturer's instructions. The concentra-
tion and quality of the extracted total RNA was determined
by measuring the optical density (OD) at 260 and 280 nm,
and then calculating the OD,,:0D,, ratio. cDNA was synthe-
sized from 2 pug of total RNA using a Reverse Transcription
System kit (Promega, Madison, WI, USA), according to the
following protocol obtained from the reaction kit. Briefly, the
samples were pre-incubated at 70°C for 10 min, cooled on ice
and then added to a reaction mixture consisting of 10 mmol/I
deoxynucleotide triphosphate mixture, 25 mmol/l MgCl,,
15 units avian myoblastosis virus reverse transcriptase, 10X
reverse transcription buffer, 0.5 units RNasin® and 0.5 ug
oligo-(dT),s primer (all provided with the Reverse Transcrip-
tion System kit). The reaction mixture was made up to a final
volume of 20 I and was incubated successively at 44°C for
15 min, 99°C for 5 min and 4°C for 5 min. The cDNA was
maintained at 20°C prior to use.
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Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). RT-qPCR was performed using SYBR
Master Mix (Takara Bio Inc., Otsu, Japan) on an ABI Prism
7900HT Sequence Detection System (Applied Biosystems
Life Technologies, Foster City, CA, USA). The human
GAPDH gene was used as an endogenous control for sample
normalization. The results were expressed as the fold change
in expression relative to the expression of GAPDH. The PCR
primers were as follows: GAPDH forward, 5-GAGTCAACG
GATTTGGTCGT-3' and reverse, 5'-GACAAGCTTCCCGTT
CTCAG-3"; and HSP90 forward, 5"TTGCTTCAGTGTCCC
GGTGCG-3" and reverse, 5"-TGGTTGGTCTTGGGTCTG
GGT-3.

Cell viability measurement. Cell viability was analyzed
using an MTT assay (Sigma-Aldrich, St. Louis, MO, USA).
The cells were divided into three groups: the negative control
group, which comprised cells treated with solvent DMSO; the
blank control group, comprising cells treated with RPMI-1640
medium; and the experimental group. The cells of the experi-
mental group were grown to 70-80% confluency in 96 well
plates. AUY922 was then administered at a final concentration
of 0.1, 0.5, 1, 5, 10, 50 or 100 nmol/l for treatment times of
24,48 or 72 h. The blank group was treated with the addition
of culture fluid. Subsequent to the reaction with the drugs for
24, 48 and 72 h, the cells were then treated with 10 ml/well
MTT for 4 h at 37°C. The cells underwent absorbance read-
ings at 570 nm using a 96-well microplate reader to obtain
the OD values for the experimental (OD . imenta)s blank
control (ODy,,,,) and negative control (OD,,,.) groups. The
OD values were normalized to cells treated with O nmol/l of
AUY922. The percentage of residual cell viability was calcu-
lated as follows:

(ODexperimemal - ODblank)
(ODnegative - ODblank)

Residual cell viability (%) = x 100

The assays were performed three times.

Cell migration assay. The motility capability of the cells was
measured in vitro using Transwell chambers (Corning Inc.,
Corning, NY, USA). Four groups of ACHN cells (10° per group,
treated with 10, 50 or 100 nmol/l AUY922, or blank control
medium) were seeded onto the upper wells with serum-free
medium. Medium supplemented with 20% FBS was plated into
the bottom wells to act as a chemoattractant. Subsequent to a
48-h period of incubation, the cells were fixed with methanol
and stained with 1% crystal violet for 30 min at 37°C. The
cells that remained on the upper surface of the membranes
were removed, while those on the lower surface were counted.
Images of the migrated cells were captured under a microscope
(CKX41SF; Olympus Corporation, Tokyo, Japan).

Statistical analysis. Data analyses were performed using
SPSS software, version 15.0 (SPSS, Inc., Chicago, IL, USA).
The results were expressed as the mean + standard deviation
for continuous variables, and as the number and percentage for
discrete variables. Differences in cell viability among groups
was assessed using the 7-test or two-way analysis of variance.
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Figure 1. Reverse transcription polymerase chain reaction revealing the
relative expression level of HSP90 mRNA in the renal cell carcinoma 786-O
and ACHN cell lines and the immortalized normal human proximal tubule
epithelial HK?2 cell line. HSP90, heat shock protein 90.
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Figure 2. Western blot analysis revealing the expression of HSP90 in the
renal cell carcinoma 786-O and ACHN cell lines and the immortalized
normal human proximal tubule epithelial HK2 cell line. HSP90, heat shock
protein 90.

P<0.05 was considered to indicate a statistically significant
difference.

Results

Expression of the mRNA and protein of HSP90 in the RCC cell
lines. RT-qPCR and western blot analysis were performed to
detect the expression of the mRNA and protein of HSP90 in
the RCC ACHN and 786-O and immortalized normal human
proximal tubule epithelial HK-2 cell lines. As shown in Fig. 1,
the 786-O and ACHN cell lines possessed higher HSP90 tran-
script levels compared with the HK-2 cell line. Similarly, the
expression of the HSP90 protein was increased in the ACHN
and 786-0 cell lines compared with the HK-2 cell line (Fig. 2).

Effects of the HSP90 inhibitor AUY922 on cell growth. In order
to determine whether HSP90 may be an effective therapeutic
target for the treatment of RCC, the RCC cell lines were admin-
istered with AUY992 at a final concentrations of 0.1, 0.5, 1,
5, 10, 50 or 100 nmol/l for a treatment time of 24, 48 or 72 h,
and the cell survival rate was measured using an MTT assay.
As shown in Fig. 3, the MTT assay revealed that AUY922
significantly inhibited the proliferation of 786-O (Fig. 3A) and
ACHN (Fig. 3B) cells in a time- and dose-dependent manner
(P<0.05). The half-maximal growth inhibitory concentration
(ICsy) of AUY992 in 786-O and ACHN cells after 72 h of treat-
ment was 10.2 nM and 7.6 nM, respectively.

Effect of the HSP90 inhibitor AUY922 on the migration of
RCC cells. The present data revealed that the HSP90 inhibitor
AUY922 inhibited the migration of the RCC ACHN cell line.
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The Matrigel invasion assay revealed that the average number
of cells migrating across the Matrigel-coated membrane
in the negative control group was increased compared with
the number in the AUY922-treated groups. The group
of ACHN cells treated with 100 nM AUY992 yielded a
decreased number of cells that migrated through the poly-
carbonate membrane compared with the group treated with
10 nM AUY992 (P<0.05) (Fig. 4). These results reveal that
AUY992 performs a critical role in the inhibition of RCC cell
migration.

Discussion

As the third most common genitourinary malignancy, RCC
is not only a single oncological concept, but also a complex
entity with respect to the etiology, histology and prognosis
of the disease (13). Radical surgery remains the only poten-
tially curative therapeutic option for RCC (14). Although an
increased number of small renal masses are being detected,
approximately one-third of patients present with metastatic
disease (15). Metastatic RCC has demonstrated a poor response
to chemotherapy and hormonal therapy. For patients with
metastasized RCC that do not undergo complete resection, the
five-year survival rate is <10% (7). Significant advances in the
understanding of the biology of RCC tumors have led to the
development of molecular therapies targeting the VEGF and
mammalian target of rapamycin (mTOR) pathways, resulting
in a significant improvement in the overall survival rate and
quality of life experienced by patients (16).

Although its molecular pathophysiology is not completely
understood, an improved understanding of the molecular
pathogenesis of RCC, particularly in genomics, proteomics
and metabolomics, has attracted increasing attention during
the last decade (17). These previous studies have allowed for
the development of novel therapeutics that target the VEGF
and mTOR pathways (18). HSP90 is the most abundant
cytosolic HSP and regulates the maturation and stability of
various proteins that are crucial for multiple cell signaling
processes (19). In a variety of cancers, including hepatocel-
lular carcinoma, breast cancer, non-small-cell lung cancer and
prostate cancer, HSP90 is overexpressed and may contribute to
tumor cell survival by mediating the maturation and stability of
a variety of client proteins, such as VEGF and hypoxia induc-
ible factor-la. (HIF-1a) (20). In the present study, RT-qPCR
and western blot analysis were performed to detect the expres-
sion of the mRNA and protein of HSP90 in the RCC ACHN
and 786-0 cell lines, and also in the immortalized normal
human proximal tubule epithelial HK-2 cell line. Western blot
analysis and RT-qPCR revealed that the mRNA and protein
of HSP90 were each overexpressed in the two RCC cell lines
compared with the HK-2 cell line.

Small molecule inhibitors of the chaperone HSP90 are a
growing class of clinically utilized anti-tumorigenic agents
that have been collectively employed as an alternative means
of targeting HIF-1a (21). This focus on these inhibitors is
due to their shared ability to disrupt the ATP-dependent
chaperone activity of HSP90 and block the protein folding of
HSP9O0 client proteins (21). Previous studies have revealed that
the HSP9O0 inhibitors geldanamycin, 17-AAG and 17-dimeth-
ylaminoethylamino-17-demethoxygeldanamycin demonstrate
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Figure 3. AUY922 inhibits the proliferation of the renal cell carcinoma 786-O and ACHN cell lines. The cell number was measured using an MTT assay. It
was found that AUY922 inhibited cell proliferation in a concentration-dependent manner subsequent to 24, 48 and 72 h of treatment in (A) 786-O cells and

(B) ACHN cells. Conc, concentration.

Figure 4. Inhibition of the migration of ACHN cells by AUY922. The images show the migration undergone by (A) negative control cells, (B) cells treated with
10 nM AUY992, (C) cells treated with 50 nM AUY992 and (D) cells treated with 100 nM AUY992. Magnification, x20.

anti-tumorigenic and anti-angiogenic properties in vitro and
in vivo in animal models, which is partly due to the ability of
these agents to inhibit the function of HIF (22,23).

HSP90 inhibitors have been considerably improved.
AUY922 is a member of the isoxazole HSP90-inhibitor family
and inhibits ATPase activity with an ICs, of 30 nM (24). This
molecule is a non-geldanamycin analog that possesses the
potential to cause prolonged target inhibition and at present,
has not been associated with the same degree of hepatotoxicity
as its geldanamycin counterparts. AUY922 exerts its effects
by binding to the ATPase domain of the HSP90 N-terminal,
preventing HSP90 from performing chaperone functions. This
leads to the proteasomal degradation of numerous relevant client
proteins. Administration of the single agent AUY922 has demon-
strated potent preclinical anticancer activity in vitro and in vivo
against a range of histological cell types (25-28). In the present
study, RCC cells were treated with 1,2.5,5, 10,25, 50 or 100 nM
of AUY922 for 24, 48 or 72 h, respectively. The cell survival
rate was measured using an MTT assay in order to assess the

inhibitory effect of AUY922 on RCC cells. As shown in Fig. 3,
the MTT assay revealed that AUY922 significantly inhibited
the proliferation of 786-O (Fig. 3A) and ACHN (Fig. 3B) cells
in a time- and dose-dependent manner (P<0.05). The ICs, of
AUY992 in the 786-0 and ACHN cells after 72 h was 10.2 nM
and 7.6 nM, respectively. AUY922 is able to inhibit the prolif-
eration of various tumor cells according to previous studies,
therefore the present results validate HSP90 as an important
target in RCC treatment. The presumptive tumor suppressor
function of the HSP90 inhibitor AUY922 in human RCC was
further investigated in the current study using a Transwell assay.
The results revealed that the cell migratory ability was signifi-
cantly suppressed by AUY922. The migration assay revealed
that the ACHN cells in the AUY922-treated groups were
less likely to penetrate through the polycarbonate membrane
compared with the negative control group. The data revealed
this inhibition to be dose-dependent. Therefore, these results
reveal a critical role of AUY922 in the inhibition of renal
cancer cell migration.



In conclusion, the present results validate HSP90 as

an important target in RCC and treatment with the novel
HSP90 inhibitor AUY922 may provide a promising strategy
for antitumor therapy in RCC.
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