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Abstract

Objectives: AlphaB-crystallin (�B-crystallin), a small heat shock protein, has been reported to be involved in the growth, antiapoptosis,
igration, and chemoresistance of human malignancies.
Materials and methods: �B-crystallin expression in normal renal and clear cell renal cell carcinoma (ccRCC) tissues was examined with

two-dimensional (2D) gel electrophoresis assays. Immunohistochemistry was conducted to determine the presence of �B-crystallin-positive tumor
ells and staining intensity in 50 cases of ccRCC tissue samples. The association of �B-crystallin protein expression, clinicopathogic parameters
nd prognosis of ccRCC patients was also analyzed with Student’s t-test and Kaplan-Meier analysis. Moreover, Western blot assays were
erformed to detect the protein expression of �B-crystallin in normal and tumor tissues and the alteration of cell cycle regulators in �B-crystallin-

overexpressing cells. MTT (3-[4,5-dimethythiazol-2-yl]-2,5-diphenyltetrazolium bromide), BrdU, and transwell assays were performed to dem-
onstrate the effects of �B-crystallin overexpression on cell growth, DNA synthesis and cell migration of ccRCC cells, respectively.

Results: The results showed the up-regulation of �B-crystallin expression in ccRCC tissues. Overall survival of ccRCC patients was
ignificantly correlated with �B-crystallin expression in tumor tissues. We found that �B-crystallin overexpression increased the expression

of cyclin A and the incorporation of BrdU, which may be related to the enhancement of cell growth. Transwell analyses demonstrated that
presence of �B-crystallin overexpression enhanced cell migration in ccRCC cells. Furthermore, rapamycin-resistance of tumor cells was
induced when �B-crystallin was overexpressed.

Conclusions: Our experimental findings highlight the importance of �B-crystallin in the tumor growth, migration, and target therapy-
resistance of ccRCC cells. © 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Renal cell carcinoma (RCC) is the most common type
of kidney cancer in adults, and mainly arises from the
proximal renal tubules [1,2]. Histopathologically, about
80% of RCC are clear-cell type (ccRCC), about 15% of
RCC are papillary type, and the remaining 5% are other

types [3]. Angiogenesis has been reported to play a cen-
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tral role in both primary tumor growth and distant me-
tastasis in ccRCC. This could result from the mutation or
hypermethylation of the von Hippel-Lindau (VHL) gene,
with subsequent activation of hypoxia-inducible factor
(HIF) accompanied by the downstream induction of vas-
cular endothelial growth factor (VEGF) [4]. Therapies
targeted at the VEGF and mammalian target of rapamy-
cin (mTOR) pathways have become the standard of care
in advanced RCC. However, acquired resistance typically
occurs in patients after a period of 6 –15 months of
treatment [5]. Currently, there are only limited amounts
of reliable diagnostic, prognostic, and therapeutic mark-
ers for ccRCC. The mechanism of drug-resistance of
clear cell renal cell carcinoma (ccRCC) also requires
further investigations.

AlphaB-crystallin (�B-crystallin), a small heat shock
rotein (sHSP), is a major component of vertebrate lens,
nd is also expressed in nonlenticular tissues, such as
enal tubular epithelium [6,7]. The structure of �B-crys-
allin contains a conserved, approximately 90-aa region
termed the �-crystallin core) with divergent amino- and

carboxyterminal domains [8,9]. It has been observed that
�B-crystallin is overexpressed in gliomas [10], breast
arcinomas [8,11], and ductal carcinoma in situ com-
ared with the matched normal breast tissues [12]. How-
ver, down-regulation of �B-crystallin has also been
eported in highly malignant anaplastic thyroid carcino-
as [13].
�B-crystallin is activated in response to stresses, such

s heat shock, radiation, oxidative stress, and exposure to
nticancer drugs. Previous studies have demonstrated
hat �B-crystallin serves as an antiapoptotic molecule

because it suppresses the activity of various apoptotic
proteins, including caspase-3 [14,15]. Overexpression
of wild-type �B-crystallin promotes xenograft tumor
growth and inhibits tumor necrosis factor-related apop-
tosis-inducing ligand (TRAIL)-induced apoptosis in vivo
in nude mice, whereas a pseudophosphorylation �B-crys-
allin mutant, whose anti-apoptotoc function is impaired,
bolishes xenograft tumor growth [15]. Another charac-
eristic of �B-crystallin is that this protein may result in
hemoresistance in patients, which was suggested by a
ositive correlation between �B-crystallin expression

and resistance to neoadjuvant chemotherapy in breast
cancer, found by Ivanov et al. [16]. Since �B-crystallin
could cause chemo-resistance, it would be of clinical
interest to know whether �B-crystallin also results in
resistance to target therapy.

The aim of this study is to investigate the expression
of �B-crystallin in ccRCC tissues and determine its prog-
nostic significance. We also evaluate the association be-
tween �B-crystallin expression and cellular growth, mi-

gration, and rapamycin-resistance of ccRCC. A
2. Materials and methods

2.1. Tissue sample

For immunohistochemistry, paraffin-embedded speci-
mens from 50 patients with ccRCC were obtained from the
Department of Pathology of our Institute with the approval
of the Research Ethics Committee (200,812,064R). Only
patients who underwent partial or radical nephrectomy in
our institute during the period from 2002 to 2009 and agreed
to participate in clinical studies were included. To prevent
selection biases, no other criteria were applied to selection
and inclusion of patients.

2.2. Cell culture

Caki-2 cells were grown in the RPMI-1640 Medium
(HiMedia Laboratories, Pvt., Mumbai, India) containing 10%
fetal bovine serum (FBS). Cells were maintained as monolay-
ers and incubated in a humidified 37°C incubator. After the
cells had grown to confluence, they were disaggregated in a
trypsin solution (GIBCO, Grand Island, NY), washed with
media containing 10% FBS, centrifuged at 125 � g for 5

inutes, resuspended, and then subcultured according to stan-
ard protocols.

.3. Two-DE and image analysis

Samples from 9 patients with ccRCC were prepared in
% CHAPS, 9 M urea, 2% ampholytes (pH 3–10 nonlinear-

ity), and 40 mM dithiothreitol (DTT), and the protein content
as quantified by bicinchoninic acid (BCA) protein assay

Pierce). A total of 300-�g protein was loaded onto immo-
bilized pH gradient (IPG) gel strips (pH 3–10, 13 cm; GE
Healthcare). The IPG strips were rehydrated overnight. For
the first-dimensional separation, isoelectric focusing (IEF)
was carried out using Ettan IPGphor II (GE Healthcare) at
300–8,000 V for 16 hours. After IEF, the IPG strips were
equilibrated for 10 minutes each in 2 equilibration solutions
(50 mM Tris-HCl, pH 8.8, 6 M urea, 2% SDS, 30% glycerol
ontaining 100 mg DTT, or 250 mg iodoacetic acid). The
-D electrophoresis was conducted at 130–250 V for 5–6
ours. The gels were stained with Sypro-Ruby overnight.
he 2-DE gel images were scanned using a fluorescence

mage scanner Typhoon 9400 (GE Healthcare) and analyzed
y the PDQuest software (Bio-Rad).

.4. In-gel digestion and LC-MS/MS

Based on the 2-DE analysis of samples from ccRCC
atients, we selected 14 differentially expressed proteins in
CC samples (P � 0.05) for further identification with
atrix-assisted laser desorption/ionization-ion mobility sep-

ration-mass spectrometry (MALDI-MS/MS) at the pro-
eomic core facility of the Institute of Biological Chemistry,

cademia Sinica. The protein spots were cut from the 2-DE



3
t

m

i

3
s
h
a
m

1369P.-Y. Ho et al. / Urologic Oncology: Seminars and Original Investigations 31 (2013) 1367–1377
gels, and then destained 3 times with 25-mM ammonium
bicarbonate buffer (pH 8.0) in 50% acetonitrile (ACN) for 1
hour. The gel pieces were dehydrated in 100% ACN for 5
minutes and then dried for 30 minutes in a vacuum centri-
fuge. Enzyme digestion was performed by adding 0.5 �g
trypsin in 25-mM ammonium bicarbonate per sample at
7°C for 16 hours. The peptide fragments were extracted
wice with 50 �l 50% ACN/0.1% trifluoroacetic acid

(TFA). After removal of ACN and TFA by centrifugation in
a vacuum centrifuge, samples were dissolved in 0.1% for-
mic acid/50% ACN and analyzed by MALDI-MS/MS. Pro-
teins were identified in the National Center for Biotechnol-
ogy Information (NCBI) databases based on the peptide
mass fingerprint mode or the MS/MS ion search mode with
the MASCOT program.

2.5. Immunohistochemistry

Tumor and normal tissue samples were trimmed into
5-mm slices, fixed overnight in 4% paraformaldehyde in
phosphate-buffered saline (PBS), embedded in paraffin, and
cut into 4-�m thick tissue sections. �B-crystallin was im-

unolocalized by anti-�B-crystallin (1:100) and an appro-
priate secondary antibody. The signal of �B-crystallin was
developed with a catalyzed signal amplification system.
Human skeletal muscle tissues were used as positive con-
trols. The primary antibody, diluted to 1:50, was applied to
conducting immunohistochemistry. The percentage of pos-
itively stained cells was semiquantitatively scored by 1
pathologist who was unaware of the outcome of the patients.
Staining index is determined by percentage multiplied by
intensity of staining (range, 0–200).

2.6. Cell transfection

Transfection was performed using Lipofectamine
2000 Transfection Reagent (Invitrogen, Carlsbad, CA)
and following the manufacturer’s protocol. �B-crystallin
overexpression plasmid was a gift from Dr. Shyh-Horng
Chiou (Graduate Institute of Medicine, Kaohsiung Med-
ical University, Taiwan). Briefly, Lipofectamine 2000/
DNA mixture was added dropwise onto the Dulbecco’s
modified Eagle medium (DMEM) without FBS, mixed
gently, and incubated in a humidified 37°C incubator for
4 hours. The transfected Caki-2 cells were incubated in
fresh RPMI1640 with 10% FBS for additional 24 hours.
In these experiments, cells transfected with empty vector
(pcDNA) served as a control. The transfection efficiency
was up to 80%.

2.7. Determination of cell growth curve

For a measurement of cell proliferation, the cells were
seeded onto 24-well plates and grown in the RPMI1640
medium supplemented with 10% FBS. Media were changed

daily until cell counting. The cell number was assessed with
the MTT (3-[4,5-dimethylthiazol-2-yl]2,5-diphenyltetrazo-
lium bromide) assay [17]. Four samples were analyzed in
each experiment.

2.8. Quantification of DNA synthesis

DNA synthesis was quantified by the colorimetric mea-
surement of bromodeoxyuridine (BrdU) incorporation into
DNA using the BrdU cell proliferation assay kit (Chemicon)
according to the manufacturer’s protocol. Cell cultures were
set up in 96-well tissue culture plates at 2 � 106 cells/well
n 100 �l medium, and incubated for 24 hours in 5% CO2

at 37°C. At various times of incubation, the cell prolifera-
tion rate was measured based on the measurement of BrdU
incorporation during DNA synthesis. Cells were labeled
with 20 �L BrdU reagent for 2 hours at 37°C. Thereafter,
200 �l/well of fixing solution was added and incubated for
0 minutes at room temperature. Subsequently, immuno-
taining to detect incorporated BrdUrd was performed for 1
our at 4°C in the dark with mouse anti-BrdUrd primary
ntibody, followed by peroxidase-conjugated goat anti-
ouse secondary antibody. At the end of the assay, 100 �l

of tetramethylbenzidine (TMB) peroxidase substrate was
filled into each well. After 30 minutes of incubation at room
temperature, the reaction was stopped with 100 �l acid stop
solution, and the absorbance of the samples was assessed.
Results were expressed as the mean absorbance of the
samples in an enzyme-linked immunosorbent assay
(ELISA) plate reader at 450 nm.

2.9. Protein extraction and Western blotting analysis

To determine the expression level of �B-crystallin, the
total proteins extracted from cells and tissues were analyzed
with Western blotting as described previously [18]. In brief,
protein extracts were separated on 12% SDS-polyacryl-
amide gels, transferred to polyvinylidene fluoride (PVDF)
membranes, treated with 5% fat-free milk powder to block
the nonspecific IgGs, and incubated for 1 hour with specific
primary antibodies. The blot was then incubated with anti-
mouse or anti-rabbit IgG linked to horseradish phosphatase
(1:1,000) for 1 hour. Subsequently, proteins were visualized
with the enhanced chemiluminescence (ECL) as a substrate
in a digital imaging system. The quantitative data were
obtained using a computing densitometer with Image-Pro
Plus software.

2.10. Adhesion assay

Adhesion assays were performed as previously de-
scribed [19]. Briefly, cells were plated onto a gelatin (10
mg/ml; Sigma, Steinheim, Germany)-coated 24-well
plate, and then washed with PBS after plating for 1, 4, 6,
or 24 hours. After washing, the adherent cells were al-

lowed to grow in the cultured medium for another 18
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hours before cell counting. The cell number was esti-
mated by the MTT assay [17].

2.11. Migration assay

Migration assay was performed as described previously
with minor modifications [19,20]. To assess the migration
potential of tumor cells, transwells were assembled in a
24-well plate, and the lower chambers were filled with 600
�l of RPMI1640 containing 10% FBS. Two hundred micro
liters of cells (105 cells/ml) were inoculated onto the upper
chamber of each transwell. The plate was then placed at
37°C in 5% CO2/95% air for 24 hours. After removing the
nonmigrating cells with a cotton swab, cells that had mi-
grated to the lower surface of the filters were fixed and
stained with 0.1% crystal violet/20% (vol/vol) methanol.
All assays were performed in triplicate. Three random fields
were chosen in each insert, and the cells were counted and
photographed under a light microscope (�200).

2.12. Statistics

All statistical analyses were performed with the SPSS soft-
ware ver. 17.0 (SPSS Inc., Chicago, IL). The overall survival
rates were calculated using the Kaplan-Meier method and the
differences between the curves were tested using the log-rank
test. The Student’s t-test was applied to analyze the statistical
significance of the associations between �B-crystallin expres-
sion and clinicopathologic parameters, and of cell growth,
migration, and rapamycin-resistance between �B-crystallin-
overexpressing and control cells. Marker independence for
prediction of survival was evaluated by univariate and multi-
variate analyses. Significance was accepted at P � 0.05.

3. Results

3.1. Protein profiling in ccRCC tissues

To identify differentially expressed proteins in ccRCC
tissues, 9 pairs of tissues from the RCC lesions and adjacent
normal tissues were subject to protein profiling using 2-DE
of unfractionated whole protein extract. Of the 500 detect-
able protein spots, 14 spots were differentially expressed in
RCC samples (P � 0.05). Nine of these 14 spots, which
showed a more than 2-fold increase or decrease in intensity,
were further analyzed by MALDI-MS/MS. The results re-
vealed that a total of 6 differentially expressed proteins,
including �B-crystallin (Fig. 1), were identified (Table 1).
Although overexpression of �B-crystallin in ccRCC has
een reported in other studies [6,21,22], there were no
urther investigations of its role in ccRCC. Therefore, in this
tudy, we focused on the clinical implications and functions

f �B-crystallin in ccRCC progression. p
3.2. Immunostaining of �B-crystallin protein expression in
ccRCC tissue samples

To determine the expression and distribution of �B-
crystallin in ccRCC tissues, immunohistochemistry was
performed in 50 tumor tissues from ccRCC patients. Com-
prehensive clinicopathologic features of these patients are
depicted in Table 2. Sixteen percent of these tumor tissues
did not express �B-crystallin. The median percentage of
positive tumor cells was 20% (range: 0%–85%). The mean
staining index for �B-crystallin was 33.8 (range: 0–170)
Fig. 2A), and the staining intensity was varied (Fig. 2B–D).

e also found that the tumor cells expressing �B-crystallin
were clustered instead of randomly distributed. These find-
ings illustrated the diverse expression of �B-crystallin in
ccRCC tissues.

3.3. Correlations between �B-crystallin expression and
clinicopathologic parameters

We analyzed the association between �B-crystallin ex-

20 kD

70 kD 

IEF pH 3-10

Mw

A

20 kD

B

Fig. 1. Ruby fluorescence stained 2DE-gel (pH 4–10). Representative
protein pattern of ccRCC tissues (A) with the blowup region (B) containing
the protein spot of �B-crystallin (arrow).
ression and the clinicopathologic features, such as patho-
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logic stage, metastasis, and nuclear grade, of 50 ccRCC
samples (P � 0.175, 0.322, and 0.638, respectively). There
was no specific correlation between the expression of �B-
rystallin and these clinicopathologic parameters.

.4. Prognostic significance of �B-crystallin expression in
ccRCC

Kaplan-Meier analysis was performed to explore the
correlation between �B-crystallin expression and patients’
urvival. The median follow-up period after nephrectomy
as 44.5 (range 1–79) months. The result showed that the
verall survival rate was significantly lower in the �B-

Table 1
Differentially expressed proteins in ccRCC

Protein name Swiss-Prot accession n

Vimentin Q9NTM3
Endoplasmin P14625
AP-4 complex subunit �-1 Q9Y587
�-Enolase Q8WU71

yruvate kinase isozymes M1/M2 P14618
�B-crystallin P02511

* Fold change is given as the ratio of the spot intensity in normal kidn
ormal tissue (positive variation or increase).

able 2
atient characteristics

Number of patients %

Total 50 100
Sex

Males 33 66
Females 17 34

Age (years)
Mean age 58.8
Range 39–82
�65 Years 18 36
�65 Years 32 64

Pathologic stage
pT1/pT2 42 84
pT3/pT4 8 16

Lymph node involvement
N0 50 100
N1/N2 0 0

Distant metastasis
Yes 7 14
No 43 86

Nuclear grade
G1/G2 32 64
G3/G4 18 36

Survival
Died 11 22
Alive 39 78

Staining index of �B-crystallin
Low expression (�40) 37 74
High expression (�40) 13 26

According to the mean staining index of �B-crystallin, 40 was recom-

mended to use as cut-off by the pathologist.
crystallin-high ccRCC than in the �B-crystallin-low ccRCC
ases (P � 0.0001 by log-rank test; Fig. 2E). Then, we inves-
igated the independent factors related to prognosis with uni-
ariate and multivariate regression analyses (Table 3). Univar-
ate Cox regression analysis revealed that high pathologic
tage, distant metastasis, and higher �B-crystallin expres-
ion were significantly correlated with poor overall survival
P � 0.045, 0.010, and 0.001, respectively). Based on the
ultivariate Cox regression analysis, high �B-crystallin

rotein expression and distant metastasis were independent
rognostic factors for overall survival (P � 0.001 and
.006, respectively).

.5. �B-crystallin overespression promoted growth of
ccRCC cells

To determine the role of �B-crystallin in ccRCC growth,
we transiently transfected Caki-2 cells, which expressed a
low endogenous level of �B-crystallin, with an �B-crystal-
in overexpression plasmid. The protein level was compared
ith those in empty vector-transfected cells. Western blots

ndicated that the transfected cells showed overexpression
f �B-crystallin protein (Fig. 3A). To examine the effect of

�B-crystallin overexpression on cell growth, the MTT assay
was conducted to estimate the cell number. After 48 hours,
the number of �B-crystallin-overexpressing cells was sig-
nificantly higher than that of control cells (Fig. 3B).

3.6. �B-crystallin overexpression increased DNA synthesis
in ccRCC cells

To better understand the actions of �B-crystallin on a
specific phase of the cell cycle, the cells were switched to
the medium with 0.04% FBS for 24 hours to render them
quiescent and to synchronize their cell cycle activities. After
this procedure, they were first returned to the medium con-
taining 10% FBS, and then treated with BrdU at various
times for the observation of DNA synthesis. The result
showed that the BrdU incorporation into �B-crystallin-
overexpressing cells was enhanced during the S phase of the
cell cycle (Fig. 3C), implying that �B-crystallin overexpres-

Score Fold change* P value

35 �2.83 0.005
50 �3.79 0.011
32 �4.34 0.062
67 �2.04 0.008
96 �4.13 0.003
76 �3.10 0.012

x over tumor tissue (negative variation or decrease) or tumor tissue over
o.

ey corte
sion promotes DNA synthesis.
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3.7. Alterations in cell cycle activity

To investigate the molecular mechanisms underlying
the �B-crystallin overexpression-induced DNA synthe-
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Fig. 2. Expression of �B-crystallin in tumor tissues and the prognostic s
ccRCC tumor tissues. �B-crystallin expression was analyzed by immu
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able 3
nivariate and multivariate analysis of prognostic variables by Cox regre

Variables Univariate analysis

HR (95% CI)

Pathologic stage 3.57 (1.03–12.41)
uclear grade 2.53 (0.77–8.31)
istant metastasis 5.41 (1.50–19.55)

taining index 9.59 (2.54–36.24) 0.00
sis, the cells with �B-crystallin overexpression or empty
vector transfection were switched to the medium contain-
ing 0.04% FBS for 24 hours to render them quiescent at
the G0/G1 phase. They were then returned to the culture

D

28 31 34 37 40 43 46 49
 No.

nce in ccRCC. (A) the percentage of �B-crystallin-positive cells in 50
chemistry in ccRCC tissues, and each bar represents the percentage of
y one pathologist. (B)–(D) Immunostaining of �B-crystallin expression
C tumor cells. (B) Negative expression (�, �200); (C) weak express-

rvival rate was significantly lower in the �B-crystallin-high ccRCC
onding P values are indicated. (Color version of figure is available

alysis

Multivariate analysis

alue HR (95% CI) P value

5 1.36 (0.19–9.58) 0.758
7 4.26 (0.68–26.71) 0.121
0 7.36 (1.78–30.47) 0.006
22 25
Patient

ignifica
nohisto
cored b
of ccRC
rall su
corresp
ssion an

P v

0.04
0.12
0.01
1 15.76 (2.94–84.59) 0.001
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medium supplemented with 10% FBS; 12–24 hours later,
these cells were harvested for protein extraction and
Western blot analysis to examine the effects of �B-
rystallin overexpression on the expression of cell cycle
egulatory proteins, such as cyclins, cyclin-dependent
inases (CDKs), and CDK inhibitors (CKIs). Fig. 3D
llustrates that the protein levels of cyclin A, but not
yclin B, D1, D3, and E, CDK2 and CDK4 (data not
hown) were increased in the �B-crystallin-overexpress-

ing cells. We also examined the protein levels of p21,
p27, and p53, 3 known CKIs, in the transfected cells. The
protein level of these CKIs showed no significant differ-
ences between the �B-crystallin-overexpressing and con-
trol cells (data not shown). The above results suggested
that �B-crystallin might increase DNA synthesis by up-
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.8. �B-crystallin overexpression enhanced migration of
ccRCC cells

To examine whether �B-crystallin also regulates the migra-
ion of RCC cells, transwell migration assay was performed in

�B-crystallin-overexpressing cells. As shown in Fig. 4A, the
migration of RCC cells was enhanced when �B-crystallin was
overexpressed. Since the attachment and adhesion are critical
steps for the process of migration and would affect the cell
invasion, we further examined whether �B-crystallin overex-
pression could affect the cell adhesion on the extracellular
matrix. Adhesion of �B-crystallin-overexpressing cells was
found to be significantly higher than that of control cells at 1 to
6 hours after plating, but there was no difference at 24 hours
(Fig. 4B), suggesting that �B-crystallin overexpression en-
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3.9. �B-crystallin overexpression could induce rapamycin-
resistance of ccRCC cells

It has been reported that some ccRCC patients are inher-
ently resistant to mTOR-targeted approaches, and most pa-
tients acquire resistance over time [5]. Therefore, the bio-
logical basis for resistance to these target therapies and the
clinical approach in this setting is of utmost interest. In
the present study, the MTT assay was applied to evaluate
the effect of �B-crystallin overexpression on rapamycin-
induced inhibition cell growth. The result showed that rapa-
mycin caused a 30% inhibition of cell proliferation in the
control group, whereas �B-crystallin overexpression abol-
ished the inhibitory effects of rapamycin on RCC cell
growth (Fig. 4C), demonstrating the role of �B-crystallin in
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4. Discussion

Some characteristics of RCC, e.g., the lack of early-
warning signs (which results in a high proportion of patients
with metastases), diverse clinical manifestations, and resis-
tance to radiotherapy and chemotherapy are of clinical sig-
nificance [1]. Environmental and genetic factors play im-
portant roles in renal tumorigenesis [1,23]. A broadened and
deepened understanding of molecular pathways underlying the
RCC progress has made the search for prognostic markers
possible [24]. Identification and validation of novel molecular
markers will enable us to explore additional prognostic factors
to identify RCC patients at high risk of tumor progression, and
develop more effective therapeutic strategies.

Many antiapoptotic factors, such as Bcl-2, have been detected
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�B-crystallin was reported to function as an antiapoptotic
factor, as it can prevent TRAIL-induced and p53-dependent
apoptosis by suppressing caspase-3 and RAS activation,
respectively [15,27]. �B-crystallin overexpression has been
ocumented in many human solid tumors and is usually
ssociated with poor prognosis of tumor patients [28–30].
hin et al. showed that �B-crystallin overexpression is

associated with high tumor stage, lymph node involvement,
and local recurrences in patients with head and neck cancer
[31]. Tang et al. demonstrated that the expression of �B-
rystallin is highly related to the transferability and invasive
apacity of hepatocellular carcinoma cells, which may re-
ult in different survival rates in hepatocellular carcinoma
atients [32]. Additionally, Moyano et al. reported that

�B-crystallin is commonly expressed in basal-like tumors,
and can be used to predict poor survival in breast cancer
patients [30]. In our study, we found that the expression of
�B-crystallin is an independent prognostic factor for ccRCC
patients, suggesting that this protein could also be important
for ccRCC tumorigenesis.

�B-crystallin has been demonstrated to regulate the cell
growth and migration. In normal lens epithelial cells, the
expression of �B-crystallin along the axis of the dividing
cells during cytokinesis and the presence of abnormal mi-
totic profiles in �B-crystallin�/� cells indicate the involve-

ent of �B-crystallin in mitosis [33]. That �B-crystallin
trongly interacts with FGF-2, NGF-�, VEGF, and insulin

in chaperone sequences suggests that �B-crystallin affects
ell differentiation and proliferation via its chaperone activ-
ty [34]. �B-crystallin overexpression also induces EGF-
nd anchorage-independent growth, increases cell migration
nd invasion, and constitutively activates the mitogen-acti-
ated protein kinase MAPK kinase/ERK (MEK/ERK) path-
ay in breast cancer cells [30]. Furthermore, Maddala et al.

ound that �B-crystallin participates in actin dynamics dur-
ing cell migration, as it is colocalized with actin, �-catenin,
WAVE-1 (a promoter of actin nucleation), Abi-2 (a com-
ponent of WAVE-1 protein complex), and Arp3 (a protein
of the actin nucleation complex) [35]. Our study revealed
that �B-crystallin overexpression elevated cyclin A expres-
sion in ccRCC cells, and this elevated expression of cyclin
A might have contributed to a 1.5-fold increase in DNA
synthesis and, consequently, promoted cell growth. We also
found that �B-crystallin overexpression significantly en-
anced cell migration without affecting cell adhesion.

Heat shock proteins, such as HSP27, HSP60, and
SP90, have been reported to be overexpressed and to
articipate in carcinogenesis and tumor progression in var-
ous tumors [36–39]. Moreover, the expression of HSPs is
elated to increased resistance to apoptosis induced by cy-
otoxic agents, and has therefore been implicated in drug
esistance [40]. In prostate cancer, overexpression of HSP27
s highly correlated with castrate-resistance [41]. Zoubeidi
t al. showed that HSP27 overexpression increases IGF-I-
nduced phosphorylation of Erk, p90Rsk, and Akt, and such
finding elucidates the interactions between HSP27 phos-
horylation and the IGF-I receptor signaling pathway and
ighlights the role of HSP27 in castrate-resistant prostate
ancer [38]. HSP60 overexpression has also been found in
arly prostate carcinogenesis [42], and has been demon-
trated to be strongly associated with prognostic clinical
arameters, such as Gleason score, initial serum PSA levels,
ymph node metastasis, and with the onset of hormone-
efractory disease and reduced cancer-specific survival [37].
SP90 is overexpressed in many tumors [43], and plays a
ey role in folding and stabilization of oncoproteins, such as
ilms tumor 1 protein (WT1) [44,45]. According to

ansal’s study, HSP90 may contribute to tumor growth and
hemoresistance of myeloid leukemia through regulating
he expression of WT1 [45]. Given the findings above,
ontrolling the function of heat shock proteins with inhibi-
ors represents a potentially attractive approach to cancer
herapy. Some of the HSP inhibitors have also been reported
o overcome radioresistance and target drug-resistance in
on-small-cell lung cancer and mantle cell lymphoma in
ivo [46,47].

Because of the chemo- and radio-resistant nature of
cRCC, target therapy has become the main treatment.
owever, resistance to target therapy was observed in a

raction of ccRCC patients [5]. It has been reported that
�B-crystallin might account for the poor prognosis of pa-
tients with resistance to the apoptosis-inducing agents be-
cause of its antiapoptotic functions [48], and that overex-
pressed �B-crystallin could be a cause of chemo-resistance
in other tumor cells (e.g., breast cancer) [16]. Up-regulation
of �B-crystallin in a cell line of radioresistant non-small-
ell lung cancer was also found [49]. All these findings
mply that �B-crystallin is a powerful negative predictor of

chemotherapy and radiotherapy responses. Recently, be-
cause of a more detailed understanding of the molecular
basis of hypoxia and angiogenesis in renal carcinogenesis,
target therapies against multiple HIF-related pathways, such
as the phosphatidylinositol 3-kinase-AKT-mTOR, RAS/
RAF/MAP, and VEGF signaling routes, were developed.
Although these targeting agents improve progression-free
survival, resistance to target therapies remains an issue in
the treatment of ccRCC [23]. In the present study, we found
that �B-crystallin overexpression also contributed to mTOR
nhibitor-resistance of ccRCC cells. One of the possible
xplanations is that �B-crystallin activates the AKT kinase
athway to promote survival, and thus counteracts the
TOR inhibitor-induced apoptosis. However, the exact un-

erlying mechanisms and the role of �B-crystallin in mTOR
nhibitor-resistance deserve further investigations.

Our results were based on a small number of patients
ho were referred to a single center, which is the main

imitation of our study and might lead to an underestimation
f the association between �B-crystallin expression and the

clinicopathologic features, such as pathologic stage and
metastasis. Therefore, a prospective, large-scale study at
multiple centers is needed in the future to confirm the

current findings.
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5. Conclusions

In this study, we demonstrated the expression of �B-crys-
tallin in ccRCC tissues, and investigated the effects of �B-
rystallin on resistance to mTOR inhibitor, growth, and mig-
ation of ccRCC cells. Our results showed a significant corre-
ation between �B-crystallin expression and overall survival of
CC patients. �B-crystallin overexpression enhanced cell

growth through enhancement of DNA synthesis, migration,
and rapamycin-resistance, suggesting the involvement of �B-
rystallin in ccRCC progression. To the best of our knowledge,
his is the first demonstration that �B-crystallin could serve as

an oncoprotein that predicts poor clinical outcomes in ccRCC.
The observation that �B-crystallin diminished the effect of
rapamycin in cell growth implies that such a protein could be
a promising prognostic marker and therapeutic target for
mTOR inhibitor-resistant ccRCC.

Acknowledgements

Our study was supported by grants from Taiwan National
Science Council (NSC 98-2314-B-418-003) and Department
of Health (DOH99-TD-C-111-001 and DOH100-TD-C-111-
001).

References

[1] Motzer RJ, Bander NH, Nanus DM. Renal-cell carcinoma. N Engl
J Med 1996;335:865–75.

[2] Tomita Y. Early renal cell cancer. Int J Clin Oncol 2006;11:22–7.
[3] Reuter VE, Presti JC Jr. Contemporary approach to the classification

of renal epithelial tumors. Semin Oncol 2000;27:124–37.
[4] Bukowski RM, Figlin RA, Motzer RJ. Renal cell carcinoma: Molec-

ular targets and clinical applications. Springer Verlag; 2009.
[5] Rini BI, Atkins MB. Resistance to targeted therapy in renal-cell

carcinoma. Lancet Oncol 2009;10:992–1000.
[6] Takashi M, Katsuno S, Sakata T, et al. Different concentrations of

two small stress proteins, �B crystallin and HSP27 in human urolog-
ical tumor tissues. Urol Res 1998;26:395–9.

[7] Lowe J, McDermott H, Pike I, et al. �B crystallin expression in
non-lenticular tissues and selective presence in ubiquitinated inclu-
sion bodies in human disease. J Pathol 1992;166:61–8.

[8] Clark JI, Muchowski PJ. Small heat-shock proteins and their potential
role in human disease. Curr Opin Struct Biol 2000;10:52–9.

[9] Parcellier A, Schmitt E, Brunet M, et al. Small heat shock proteins
HSP27 and �B-crystallin: Cytoprotective and oncogenic functions.
Antioxid Redox Signal 2005;7:404–13.

10] Sørlie T, Perou CM, Tibshirani R, et al. Gene expression patterns of
breast carcinomas distinguish tumor subclasses with clinical impli-
cations. Proc Natl Acad Sci U S A 2001;98:10869–74.

11] Sotiriou C, Neo SY, McShane LM, et al. Breast cancer classification
and prognosis based on gene expression profiles from a population-
based study. Proc Natl Acad Sci U S A 2003;100:10393–8.

12] Mehlen P, Preville X, Chareyron P, et al. Constitutive expression of
human hsp27, Drosophila hsp27, or human �B-crystallin confers
resistance to TNF- and oxidative stress-induced cytotoxicity in stably
transfected murine L929 fibroblasts. J Immunol 1995;154:363–74.

13] Mineva I, Gartner W, Hauser P, et al. Differential expression of

�B-crystallin and Hsp27-1 in anaplastic thyroid carcinomas because
of tumor-specific �B-crystallin gene (CRYAB) silencing. Cell Stress
Chaperones 2005;10:171–84.

14] Gradishar WJ. The future of breast cancer: The role of prognostic
factors. Breast Cancer Res Treat 2005;89(Suppl):S17–26.

15] Kamradt MC, Lu M, Werner ME, et al. The small heat shock protein
�B-crystallin is a novel inhibitor of TRAIL-induced apoptosis that
suppresses the activation of caspase-3. J Biol Chem 2005;280:
11059–66.

16] Ivanov O, Chen F, Wiley EL, et al. �B-crystallin is a novel predictor
of resistance to neoadjuvant chemotherapy in breast cancer. Breast
Cancer Res Treat 2008;111:411–7.

17] Liu HJ, Lin PY, Lee JW, et al. Retardation of cell growth by avian
reovirus p17 through the activation of p53 pathway. Biochem Bio-
phys Res Commun 2005;336:709–15.

18] Lin SY, Chang YT, Liu JD, et al. Molecular mechanisms of apoptosis
induced by magnolol in colon and liver cancer cells. Mol Carcinog
2001;32:73–83.

19] Sulochana KN, Fan H, Jois S, et al. Peptides derived from human
decorin leucine-rich repeat 5 inhibit angiogenesis. J Biol Chem 2005;
280:27935–48.

20] Pilorget A, Annabi B, Bouzeghrane F, et al. Inhibition of angiogenic
properties of brain endothelial cells by platelet-derived sphingosine-
1-phosphate. J Cereb Blood Flow Metab 2005;25:1171–82.

21] Shi T, Dong F, Liou LS, et al. Differential protein profiling in
renal-cell carcinoma. Mol Carcinog 2004;40:47–61.

22] Holcakova J, Hernychova L, Bouchal P, et al. Identification of �B-
crystallin, a biomarker of renal cell carcinoma by SELDI-TOF MS.
Int J Biol Markers 2008;23:48–53.

23] Baldewijns MM, van Vlodrop IJ, Vermeulen PB, et al. VHL and HIF
signalling in renal cell carcinogenesis. J Pathol;221:125–38.

24] Kroeze SG, Vermaat JS, van Brussel A, et al. Expression of nuclear
FIH independently predicts overall survival of clear cell renal cell
carcinoma patients. Eur J Cancer;46:3375–82.

25] Feng H, Stachura DL, White RM, et al. T-lymphoblastic lymphoma
cells express high levels of BCL2, S1P1, and ICAM1, leading to a
blockade of tumor cell intravasation. Cancer Cell 2010;18:353–66.

26] LaCasse EC, Baird S, Korneluk RG, et al. The inhibitors of apoptosis
(IAPs) and their emerging role in cancer. Oncogene 1998;17:3247–59.

27] Li DW, Liu JP, Mao YW, et al. Calcium-activated RAF/MEK/ERK
signaling pathway mediates p53-dependent apoptosis and is abro-
gated by �B-crystallin through inhibition of RAS activation. Mol
Biol Cell 2005;16:4437–53.

28] King-Yin K, Boslooper A, Gao J, et al. The clinicopathological roles
of �B-crystallin and p53 expression in patients with head and neck
squamous cell carcinoma. Pathology 2008;40:500–4.

29] Sitterding SM, Wiseman WR, Schiller CL, et al. �B-crystallin: A
novel marker of invasive basal-like and metaplastic breast carcino-
mas. Ann Diagn Pathol 2008;12:33–40.

30] Moyano JV, Evans JR, Chen F, et al. �B-crystallin is a novel onco-
protein that predicts poor clinical outcome in breast cancer. J Clin
Invest 2006;116:261–70.

31] Chin D, Boyle GM, Williams RM, et al. �B-crystallin, a new inde-
pendent marker for poor prognosis in head and neck cancer. Laryn-
goscope 2005;115:1239–42.

32] Tang Q, Liu YF, Zhu XJ, et al. Expression and prognostic signifi-
cance of the �B-crystallin gene in human hepatocellular carcinoma.
Hum Pathol 2009;40:300–5.

33] Bai F, Xi JH, Wawrousek EF, et al. Hyperproliferation and p53 status
of lens epithelial cells derived from �B-crystallin knockout mice.
J Biol Chem 2003;278:36876–86.

34] Ghosh JG, Shenoy AK Jr., Clark JI. Interactions between important
regulatory proteins and human �B crystallin. Biochemistry 2007;46:
6308–17.

35] Maddala R, Rao VP. �-Crystallin localizes to the leading edges of
migrating lens epithelial cells. Exp Cell Res 2005;306:203–15.

36] Simpson NE, Lambert WM, Watkins R, et al. High levels of Hsp90

cochaperone p23 promote tumor progression and poor prognosis in



[

[

[

[

[

[

[

[

[

[

[

[

[

1377P.-Y. Ho et al. / Urologic Oncology: Seminars and Original Investigations 31 (2013) 1367–1377
breast cancer by increasing lymph node metastases and drug
resistance. Cancer Res;70:8446–56.

37] Castilla C, Congregado B, Conde JM, et al. Immunohistochemical
expression of Hsp60 correlates with tumor progression and hormone
resistance in prostate cancer. Urology;76:e1011–1016.

38] Zoubeidi A, Zardan A, Wiedmann RM, et al. Hsp27 promotes insu-
lin-like growth factor-I survival signaling in prostate cancer via
p90Rsk-dependent phosphorylation and inactivation of BAD. Cancer
Res 2010;70:2307–17.

39] Liu W, Ma Y, Huang L, et al. Identification of HSP27 as a potential
tumor marker for colorectal cancer by the two-dimensional polyacryl-
amide gel electrophoresis. Mol Biol Rep 2010;37:3207–16.

40] Samali A, Cotter TG. Heat shock proteins increase resistance to
apoptosis. Exp Cell Res 1996;223:163–70.

41] Bubendorf L, Kolmer M, Kononen J, et al. Hormone therapy failure
in human prostate cancer: Analysis by complementary DNA and
tissue microarrays. J Natl Cancer Inst 1999;91:1758–64.

42] Cappello F, Rappa F, David S, et al. Immunohistochemical eval-
uation of PCNA, p53, HSP60, HSP10 and MUC-2 presence and
expression in prostate carcinogenesis. Anticancer Res 2003;

23:1325–31.
43] Thomas X, Campos L, Mounier C, et al. Expression of heat-shock
proteins is associated with major adverse prognostic factors in acute
myeloid leukemia. Leuk Res 2005;29:1049–58.

44] Whitesell L, Lindquist SL. HSP90 and the chaperoning of cancer. Nat
Rev Cancer 2005;5:761–72.

45] Bansal H, Bansal S, Rao M, et al. Heat shock protein 90 regulates the
expression of Wilms tumor 1 protein in myeloid leukemias. Blood
2010;116:4591–9.

46] Choi SH, Lee YJ, Seo WD, et al. Altered cross-linking of HSP27 by
zerumbone as a novel strategy for overcoming HSP27-mediated ra-
dioresistance. Int J Radiat Oncol Biol Phys;79:1196–205.

47] Roue G, Perez-Galan P, Mozos A, et al. The Hsp90 inhibitor IPI-504
overcomes bortezomib resistance in mantle cell lymphoma in vitro
and in vivo by down-regulation of the prosurvival ER chaperone
BiP/Grp78. Blood 2011;117:1270–9.

48] Amato RJ. Chemotherapy for renal cell carcinoma. Semin Oncol
2000;27:177–86.

49] Xu QY, Gao Y, Liu Y, et al. Identification of differential gene
expression profiles of radioresistant lung cancer cell line established
by fractionated ionizing radiation in vitro. Chin Med J (Engl) 2008;

121:1830–7.


	αB-Crystallin in clear cell renal cell carcinoma: Tumor progression and prognostic signif ...
	1. Introduction
	2. Materials and methods
	2.1. Tissue sample
	2.2. Cell culture
	2.3. Two-DE and image analysis
	2.4. In-gel digestion and LC-MS/MS
	2.5. Immunohistochemistry
	2.6. Cell transfection
	2.7. Determination of cell growth curve
	2.8. Quantification of DNA synthesis
	2.9. Protein extraction and Western blotting analysis
	2.10. Adhesion assay
	2.11. Migration assay
	2.12. Statistics

	3. Results
	3.1. Protein profiling in ccRCC tissues
	3.2. Immunostaining of αB-crystallin protein expression in ccRCC tissue samples
	3.3. Correlations between αB-crystallin expression and clinicopathologic parameters
	3.4. Prognostic significance of αB-crystallin expression in ccRCC
	3.5. αB-crystallin overespression promoted growth of ccRCC cells
	3.6. αB-crystallin overexpression increased DNA synthesis in ccRCC cells
	3.7. Alterations in cell cycle activity
	3.8. αB-crystallin overexpression enhanced migration of ccRCC cells
	3.9. αB-crystallin overexpression could induce rapamycin-resistance of ccRCC cells

	4. Discussion
	5. Conclusions
	Acknowledgements
	References


