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A B S T R A C T

Purpose: Testis specific heat-shock protein 70-2 (HSP70-2), a member of HSP70 chaperone

family, is essential for the growth of spermatocytes and cancer cells. We investigated the

association of HSP70-2 expression with clinical behaviour and progression of urothelial car-

cinoma of bladder.

Experimental design: We assessed the HSP70-2 expression by RT-PCR and HSP70-2 protein

expression by immunofluorescence, flow cytometry, immunohistochemistry and Western

blotting in urothelial carcinoma patient specimens and HTB-1, UMUC-3, HTB-9, HTB-2

and normal human urothelial cell lines. Further, to investigate the role of HSP70-2 in blad-

der tumour development, HSP70-2 was silenced in the high-grade invasive HTB-1 and

UMUC-3 cells. The malignant properties of urothelial carcinoma cells were examined using

colony formation, migration assay, invasion assay in vitro and tumour growth in vivo.

Results: Our RT-PCR analysis and immunohistochemistry analysis revealed that HSP70-2

was expressed in both moderate to well-differentiated and high-grade invasive urothelial

carcinoma cell lines studied and not in normal human urothelial cells. In consistence with

these results, HSP70-2 expression was also observed in superficially invasive (70%) and

muscle-invasive (90%) patient’s tumours. Furthermore, HSP70-2 knockdown significantly

suppressed cellular motility and invasion ability. An in vivo xenograft study showed that

inhibition of HSP70-2 significantly suppressed tumour growth.

Conclusions: In conclusion, our data suggest that the HSP70-2 expression is associated with

early spread and progression of urothelial carcinoma of bladder cancer and that HSP70-2

can be the potential therapeutic target for bladder urothelial carcinoma.

� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Bladder cancer is the second most common malignancy of

the genitourinary tract and the fourth major cause of death
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among men. Although radical cystectomy is considered as

the ‘gold standard’ for treatment of patients with localised

but muscle-invasive bladder cancer, about 50% of such pa-

tients develop metastases within 2 years after cystectomy.2
.
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Urothelial carcinoma of the bladder accounts for more than

90% of bladder cancers.3 Most urothelial carcinomas (�80%)

present as superficially invasive tumours, which include Ta

(non-invasive) or T1 (lamina propria invasive) tumour.

Muscle-invasive cancer (T2–4) has a much less favourable

prognosis than superficial cancer, despite aggressive multi-

modal therapy.4 Due to the unfavourable prognosis of mus-

cle-invasive cancer, there is a need for developing markers

that can identify superficial cancers with a high risk of pro-

gression. The characterisation of such type of marker will

help to detect the life-threatening invasive bladder cancer

and thus improve the prognosis of this disease.

Heat-shock proteins (HSPS) are a group of evolutionarily

highly conserved chaperone proteins induced by a variety

of environmental and pathophysiological stresses5 and are

over-expressed in a wide range of human cancers. The hu-

man HSP70 family has at least eight homologous proteins

having different cellular localisation and expression pat-

tern.6 Among this protein family, HSP70 is the major

stress-inducible protein that is abundantly and ubiquitously

expressed in all cells. HSP70 expression has been reported

in malignant tumours of various origins.7 In addition vari-

ous studies have demonstrated the tumourigenic potential

of HSP70 in rodents.8,9 Furthermore, the ablation of HSP70

protein revealed inhibition in cancer cell growth not only

in the cell culture but also in tumour xenograft in mice.10,11

In contrast, other HSP70 chaperone family proteins such as

HSP70t (HSP70-Hom or HSP701L) and HSP70-2 (HSPA2) are

abundantly expressed in testis and shows rare or no expres-

sion in other tissues.12,13 Especially, HSP70-2 has been re-

ported to play an important functional role in the testis

and is involved in the first meiotic division of male germ

cells and growth of spermatocytes during spermatogene-

sis.14 HSP70-2 gene is mapped to human chromosome

14q24, a region implicated in colorectal cancer and is in-

volved in amplification and expression of colorectal can-

cer-related genes.12 Recently, HSP70-2 expression was also

demonstrated in a subset of primary and metastatic breast

cancer specimens.6 The process of carcinogenesis involves

a complex array of genetic and epigenetic alterations, which

may contribute to cancer pathogenesis.15 Moreover, the

association and molecular mechanisms for HSP70-2 expres-

sion in cancer cells, early spread of cancer and metastasis

remain unclear. Therefore, further studies are warranted

to understand whether altered expression of the HSPs at

gene or protein level is of importance to cancer risk assess-

ment, diagnosis, prognosis and cancer treatment for better

cancer management.

Recent studies on gene microarray expression analysis of

HeLa cervix carcinoma cells have reported HSP70-2 gene

expression along with other HSP70 genes.6 In the present

study, we report the expression of HSP70-2 in superficially

invasive and muscle-invasive urothelial carcinoma of blad-

der cancer patients, correlating its expression with the path-

ological and clinical data. We further evaluated its potential

role and provide evidence for its association in cell migra-

tion, invasion and tumour growth in urothelial carcinoma

cells.
2. Materials and methods

2.1. Tissue specimens and cell lines

A total of 118 urothelial carcinoma of bladder patients tissues

(male: 98; female: 20) and 45 matched adjacent non-cancer-

ous tissue (ANCT) specimens were obtained from Department

of Urology, All India Institute of Medical Sciences, New Delhi,

India, in accordance with local Ethics Committee. Tissues

were obtained after patient’s written consent; 60 patient’s

specimens who underwent TURBT for the treatment of Ta,

Tis and/or T1; and 58 patients who underwent radical cystec-

tomy for the treatment of T2, T3 and/or T4. Pathologic reports

were provided by the organisation for tissue. The 2004 WHO

bladder tumour classification criteria (low grade and high

grade) were used for grading16 and pathologic staging was

done according to the 2002 tumour-lymph node-metastasis

classification system.17 Detailed clinical characteristics of

the patients are listed in Table 1. Four human urothelial carci-

noma cells, HTB-2 (RT-4), HTB-9 (5637), HTB-1 (J82) and

UMUC-3 cells were purchased from the American Type Cul-

ture Collection (Rockville, MD) and cultured in minimal

essential medium (MEM) supplemented with 10% heat-inacti-

vated foetal calf serum (FCS) and 50 mg/ml Gentamycin,

100 mg/ml Streptomycin (Invitrogen, Carlsbad, CA) under

standard conditions. Normal human urothelial (NHU) cell line

was established (18–35 passages in vitro) from surgical speci-

mens from patients with no history of bladder cancer and

maintained as earlier described.18

2.2. Reverse transcription-polymerase chain reaction (RT-
PCR) analysis

Total RNA was extracted from frozen bladder urothelial carci-

noma patient’s tissues and urothelial carcinoma cells using

the TRI Reagent (Ambion Inc., Austin, TX) according to the

manufacturer’s protocol as described earlier.19 RT-PCR was

performed as described earlier.20

2.3. HSP70-2 antibodies, immunofluorescence microscopy,
flow cytometric, Western blot analysis and
immunohistochemistry

The primary antibodies used included murine monoclonal

antibodies against HSP70 and HSC70 (C92FBA-5 and N27F3-

4, Calbiochem, San Diego, CA). Antibodies against HSP70-2

were generated by immunising rabbit with ovalbumin-conju-

gated NH2-SKLYQGGPGGGGSSGPGPT peptide corresponding

to the amino acids 611–628 in the published HSP70-2 sequence

(Accession No.: NM_021979; Gene symbol HASPA2). HSP70-2

expression in urothelial carcinoma cells was confirmed by

indirect immunofluorescence,21 flow cytometric and Western

blot analysis as previously described.19

Paraffin-embedded sections (4 lm) of urothelial carci-

noma specimens, and ANCT were analysed for HSP70-2 pro-

tein expression using anti-HSP70-2 antibody as described

earlier.19 We determined the HSP70-2 immunostained cells

by counting >500 cells from 5 random fields of each



Table 1 – HSP70-2 expression (RT-PCR/IHC-IRS) and clinicopathological characteristics of bladder urothelial carcinoma.

Pathologic and clinical features HSP70-2 expression

RT-PCR/IHC
(positive/tested)

IHC-IRSs
Means ± SE

Age (years)
Mean (range) 57 (18–95)
Adjacent non-cancerous tissue (ANCT) 0/45 (0%)
All tumours 94/118 (80%) 68.63 ± 1.39

Pathologic tumour stage
Ta 9/18 (50%) 67.00 ± 5.16
Tis 10/10 (100%) 61.00 ± 3.40
T1 23/32 (72%) 60.38 ± 3.29
T2 22/25 (88%) 74.30 ± 1.96
T3 18/21 (86%) 72.00 ± 2.26
T4 12/12 (100%) 76.00 ± 3.36

Superficially invasive tumours
(Ta + Tis + T1) 42/60 (70%) 61.98 ± 2.24

Muscle-invasive tumours
(T2 + T3 + T4) 52/58 (90%) 74.02 ± 1.37

Pathologic tumour grade
Low grade 43/60 (72%) 60.58 ± 2.10
High grade 51/58 (88%) 75.43 ± 1.23

Statistical analysis (P values of different test used in this study)
Clinicopathological features Student’s t-test Pearson v2-test

IHC-IRS RT-PCR/IHC

Superficial and invasive <0.0001 0.008
Stages Ta, Tis and T1 – 0.021
Stages T2, T3, and T4 – 0.405
Low and high grades <0.0001 0.028
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specimen under ·400 magnification in each tissue section

as described earlier.22 Immunoreactivity score (IRS) was des-

ignated as the percentage of cancer cell showing immuno-

reactivity against HSP70-2 expressed protein. We

considered a distinct positive immunoreactivity in a speci-

men showing >10% of cancer cells stained for HSP70-2

protein.

2.4. siRNA knockdown of HSP70-2 gene expression

Four HSP70-2-specific shRNA (SureSilencing shRNA plasmids)

and control shRNA vector were purchased from SuperArray

(Frederick, MD, USA). The targeted sequences were shRNA1:

CAT AAC GGT CCC GGC CTA TT; shRNA2: GAG CGG TAC

AAA TCG GAA GAT; shRNA3: CGG CGA CAA ATC AGA GAA

TGT; and shRNA4 TTC GAC GCC AAG AGG CTG ATT. HSP70-

2shRNA design was based on the GenBank Accession No.:

NM_021979; Gene symbol HASPA2. Negative control NC:

GGAATCTCATTCGATGCATAC. HSP70-2shRNA transfection

was performed in opti-MEM with the transfection reagent

LipofectAMINE Plus (Invitrogen Life Technologies) following

the manufacturer’s instructions.

To examine the biological role of HSP70-2 in tumourigene-

sis, in vitro cellular growth, colony formation, cell invasion,

migration and wound healing assays were carried out as de-

scribed earlier.19 For in vivo studies, athymic nude mice were

maintained in pathogen-free conditions in our animal facility.
Athymic nude mice [Nii:NIH (S; nu/nu)] at 5 weeks of age were

inoculated subcutaneously (s.c.) with 1 · 107 cells (HTB-1)

mixed with matrigel (1:1) in the right flank to initiate tumour

growth. Tumour volume was measured with calipers and cal-

culated using the following formula: p/6 · (longest diame-

ter) · (shortest diameter)2. When the tumour volume

reached around 50–100 mm3, animals were randomly divided

into experimental and control groups (n = 6) and were intra-

tumourally injected with HSP70-2shRNA3 (50 lg) or NCshRNA

plasmids (50 lg). To facilitate delivery of the vectors in vivo,

the liposome transfection reagent LipofectAMINE Plus was

applied in the ratio as follows: vector (lg)/Lipo (vol)/OPTI

(vol) = 1 lg:3 ll:100 ll. Intra-tumour injection was performed

every 3 d, for 6 weeks and tumour growth was evaluated by

tumour volume every 3 d for 7 weeks. At the end of the treat-

ment, all mice were sacrificed, and the tumours were re-

moved, weighed and fixed in 10% buffered formalin for

HSP70-2 expression by immunohistochemistry as described

earlier.22

2.5. Statistical analysis

The Pearson v2-test and unpaired Student’s t-test were per-

formed using SPSS 16.0 statistical software package (SPSS

Inc., Chicago, IL). Results were expressed as the means ± SE.

All P values were 2-sided and a P value of less than 0.05 was

considered statistically significant.
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3. Results

3.1. HSP70-2 expression in urothelial carcinoma cells and
clinical specimens

RT-PCR analysis revealed HSP70-2 expression in all urothelial

carcinoma cell lines tested (Fig. 1A). However, higher HSP70-

2 expression was found in HTB-1 and UMUC-3 as compared

with HTB-9 and HTB-2 (densitometric analysis: Fig. 1A). HSP-

70-2 expression was not detected in normal human urothelial

cells (Fig. 1A). The size of the PCR product was the same as in

the testis (Fig. 1A). RT-PCR analysis further revealed that

HSP70-2 mRNA expression was detected in 70% of the patients

with superficially invasive tumours, and 90% of the patients

with muscle-invasive tumours not in ANCT as shown in rep-

resentative tissue specimens in Fig. 1A. Statistical analysis re-

vealed that a significant association was found between
Fig. 1 – HSP70-2 mRNA and protein expression in urothelial car

detected in all cell lines, in specimens of different stages, in test

Histogram showing densitometric analysis of cell lines (B) HSP7

carcinoma cells. (C) FACS analysis indicating surface localisatio

secondary antibody only (red histogram). For all these experime

minimum of three independent experiments are shown. (D) We

carcinoma cells. (For interpretation of the references to colour in

this article.)
HSP70-2 mRNA expression and tumour stages by Pearson v2-

test (P = .008). HSP70-2 expression was detected in 72%

patients with low grade and 88% patients with high grade

urothelial tumours. Interestingly, significant association was

also found between HSP70-2 mRNA expression and histologi-

cal grades (low and high grades) by Pearson v2-test (P = .028). It

is important to note that HSP70-2 mRNA expression was sig-

nificantly correlated with tumour stages and grades.

3.2. HSP70-2 protein expression in human urothelial
carcinoma cell lines and bladder cancer specimens

All urothelial carcinoma cells revealed strong cytoplasmic

HSP70-2 protein localisation in fixed and permeablised cells

(Fig. 1B) whereas cell surface localisation of HSP70-2 was ob-

served in live cells (Fig. 1C). Further, Western blot analysis re-

vealed higher HSP70-2 protein expression in HTB-1 and
cinoma cell lines and carcinoma tissue. (A) HSP70-2 was

is but not in ANCT and normal human urothelial (NHU) cells.

0-2 protein expression in fixed/permeablised urothelial

n of HSP70-2 protein (green histogram); cells stained with

nts, the results of one representative experiment out of a

stern blotting and densitometric analysis of urothelial

this figure legend, the reader is referred to the web version of
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UMUC-3 cells as compared to HTB-2 and HTB-9 cells (densito-

metric analysis: Fig. 1D).

In bladder cancer specimens, HSP70-2 expression was ob-

served in 70% of superficially invasive urothelial carcinoma

and 90% of muscle-invasive urothelial carcinoma but not in

ANCT as shown in Fig. 2A. No reactivity was observed in serial

tissue sections incubated with control IgG and in ANCT spec-

imen (Fig. 2A). In addition, HSP70-2 expression was detected

in 72% patients with low grade and 88% patients with high

grade urothelial carcinoma (Table 1).

We further determined the HSP70-2 immunostained cells

by counting >500 cells from 5 random fields of each specimen

under ·400 magnification in each tissue section. Immunohis-

tochemistry analysis revealed that the overall HSP70-2 IRSs

were significantly higher in muscle-invasive tumours

(74.02 ± 1.37) as compared to superficially invasive tumours

(61.98 ± 2.24) by Student’s t-test (Table 1, P < .0001) (Fig. 2B).

In addition, two groups were analysed based on HSP70-2 IRSs

in urothelial carcinoma (group 1 moderate: less than 50% tu-

mour cells expressing HSP70-2; and group 2 high: more than

50% tumour cells expressing HSP70-2). Our results showed

that significantly higher number of urothelial carcinoma pa-

tients 87% (82/94) revealed higher HSP70-2 IRSs (P < .0001;

72.28 ± 1.08) as compared to less number of urothelial carci-

noma patients 13% (12/94) having moderate HSP70-2 IRSs
Fig. 2 – (A) Immunohistochemical detection of HSP70-2 protein

cytoplasmic localisation of HSP70-2 protein in human testis an

immunoreactivity in ANCT (original magnification, ·400; objectiv

2 IRSs and its association with pathologic stages and grades in

difference using Student’s t-test (P < .0001).
(43.75 ± 2.06) as shown in Fig. 2B using Student’s t-test. Fur-

thermore, HSP70-2 IRSs among the grades showed significant

difference between low (60.58 ± 2.10) and high grade

(75.43 ± 1.23) (P < .0001) by Student’s t-test (Fig. 2B). Interest-

ingly, significant association was also found between HSP70-

2 IRS and low and high grade by Pearson v2-test (P = .028).

3.3. Down-regulation of HSP70-2 decreases cell growth,
colony formation, migration and invasion of urothelial
carcinoma cells

To determine the role of HSP70-2 in urothelial carcinoma

cells, we used RNAi strategy to down-regulate the HSP70-2

expression. Four independent sets of HSP70-2-specific shR-

NAs were evaluated for their effectiveness in inhibiting

HSP70-2 expression. In these experiments, treatment with

HSP70-2shRNA3 and HSP70-2shRNA4 showed a greater im-

pact as compared to HSP70-2shRNA1 and HSP70-2shRNA2

on ablation of HSP70-2 protein expression in Western blot

analysis (Fig. 3A). These results indicate that HSP70-

2shRNA3/HSP70-2shRNA4 effectively down-regulated HSP70-

2 protein expression in HTB-1 as compared to control

NCshRNA. However, none of the HSP70-2shRNA specific tar-

gets showed ablation of HSP70 and HSC70 proteins indicating

that HSP70-2-specific shRNAs targets were specific to HSP70-2
in testis and bladder urothelial carcinoma tissue. Distinct

d in different stages of bladder cancer was detected, no

e, 40·). Control IgG showed no immunoreactivity. (B) HSP70-

superficial and invasive urothelial carcinoma. *Significant



Fig. 3 – Depletion of HSP70-2 effects malignant properties of urothelial carcinoma cell. (A) Knockdown HSP70-2 protein in

HSP70-2shRNA3 and HSP70-2shRNA4 treated cells. None of the HSP70-2shRNA resulted in reduction of HSP70 and HSC70

proteins. Control NCshRNA showed no effect on HSP70-2 expression. All subsequent experiments were carried out using

HSP70-2shRNA3. (B) Quantitative determination analysis showed inhibition of cell growth and colony formation in HSP70-

2shRNA3-treated cells. n = 3 independent experiments; each experiment was performed in triplicate. Points, mean; bars, SE.2

*Significant difference using Student’s t-test (P < .0001). (C) Ablation of HSP70-2 protein in HTB-1 and UMUC3 cells reduced

invasion and migration. (D) Wound healing assay shows that closing of scratch wound in HSP70-2shRNA3-transfected HTB-1

cells was not complete even after 48 h, whereas cells transfected with control NCshRNA successfully closed the scratch

wound within 24 h. *Significant difference using Student’s t-test (P < .0001).
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testis specific proteins only (Fig. 3A). Hence, the subsequent

experiments were restricted to HSP70-2shRNA3.

Subsequently, we examined the effect of HSP70-2shRNA3

on the growth of HTB-1 and UMUC-3 cells. Knockdown of

HSP70-2 protein resulted in growth retardation of both HTB-

1 and UMUC-3 cells. Cell growth was reduced to 29% and

30% for HTB-1 and UMUC-3 cells (Fig. 3B), respectively, post

72 h of treatment. Furthermore, no effect on the growth of

normal human urothelial cells was observed employing

HSP70-2shRNA3 (data not shown). Similarly, cellular colony

formation was significantly suppressed by HSP70-2shRNA3

in both HTB-1 and UMUC-3 cells. The numbers of cell colonies

of HSP70-2 knockdown cells were significantly reduced for

various numbers seeded for HTB-1 (30–32% for 400–1000 cells)

and UMUC-3 (30–32% for 400–1000 cells) (Fig. 3B).
The acquisition by cancer cells of an invasive phenotype is

a critical step for tumour progression. The effects of HSP70-2

knockdown on migration and invasion abilities of invasive

urothelial carcinoma cells were performed using HSP70-

2shRNA3. Knockdown of HSP70-2 led to the inhibition of

invading potential of HTB-1 and UMUC-3 cells (Fig. 3C) by

71% and 70%, respectively, and histogram shows that a signif-

icantly lower number of cells (P < .0001) migrated through in-

serts. Subsequently, transwell migration assay revealed 70%

and 75% inhibition in motility of HSP70-2shRNA3 transfected

HTB-1 and UMUC-3 cells, respectively (Fig. 3C), and histogram

shows that a significantly lower number of cells (P < .0001) mi-

grated through inserts. Subsequently, HSP70-2 knockdown

also revealed decreased motility of HSP70-2shRNA3 transfec-

ted HTB-1 cells in wound healing assay. The wound was not
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closed in HSP70-2shRNA3 transfected HTB-1 cells even after

48 h, whereas cells transfected with control NCshRNA suc-

cessfully closed the wound within 24 h (Fig. 3D). Our findings

revealed an essential role of HSP70-2 in the tumour cell motil-

ity and invasion, a key property of the aggressive cancer

phenotype.

3.4. Growth inhibition of HTB-1 urothelial carcinoma cell
xenograft with HSP70-2 shRNA

To further validate the biological significance of HSP70-2 in

bladder carcinogenesis, we examined the effect of HSP70-

2shRNA3 treatment on the in vivo growth of bladder tumour

in xenograft-nude mouse model. Interestingly, mean tumour

volumes and weight in HSP70-2shRNA3 treated mice were

substantially reduced by day 49 (P < .0001) in comparison with

those mice treated with control NCshRNA (Fig. 4A–C). Immu-

nohistochemical analysis of HSP70-2 protein expression in tu-

mour tissue revealed suppressed HSP70-2 protein expression

and as compared to control NCshRNA groups (Fig. 4D). These
Fig. 4 – HSP70-2 knockdown inhibits human tumour growth in

reduction in tumour growth in mice injected intratumourally wi

mice. (B and C) The tumour volume and weight was significant

compared with those injected with HSP70-2shRNA3. (D) Contro

tivity against HSP70-2 protein, whereas no or very weak reactiv

*Significant difference using Student’s t-test (P < .0001).
results further confirm the significant role of HSP70-2 expres-

sion in bladder tumour growth and indicate that HSP70-2 may

be a molecular target for effective treatment for urothelial

carcinoma of bladder.

4. Discussion

Bladder cancer is currently one of the tumours with the

most rapid increase in incidence. Majority of bladder can-

cers include superficial tumours which include the highly

differentiated, non-invasive tumours to high-grade lamina

propria invasive malignant lesions. The malignant tumours

are associated with high metastatic potential and risk for

invasive growth and are treated with adjuvant immunother-

apy. Despite adjuvant therapy treatment, superficial

tumours have recurrence rate of around 70% and one-third

of them cause death due to tumour progression.23 Since

bladder cancer has high recurrence rate and requires life-

long treatment, bladder cancer is the most expensive can-

cer to treat on a per patient basis. Therefore, early
nude mice. (A) Representative photomicrograph showing

th HSP70-2shRNA3 as compare to control NCshRNA injected

ly greater at 49 d in mice injected with control NCshRNA

l NCshRNA-injected tumour revealed strong immunoreac-

ity was observed in HSP70-2shRNA3-injected tumour.
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detection and diagnosis that will allow initiating the appro-

priate therapy are essential for increasing the life expec-

tancy of bladder cancer patients.24

Invasion of tumour cells resulting in metastasis involves

differential gene expression that allows cells to bypass senes-

cence, cell cycle arrest check points and cell signal pathways

critical for controlling cell growth and differentiation.25 In this

context, identification of tumour proteins that are associated

with early spread of cancer may prove to be powerful bio-

markers to assess the progression of disease. In the present

study, we evaluated HSP70-2 association and its role in

bladder urothelial carcinoma. Our RT-PCR analysis revealed

that HSP70-2 was expressed in both moderate to well-differ-

entiated cancer cells and high-grade invasive urothelial carci-

noma cells studied. Furthermore, HSP70-2 expression was

also observed in clinical specimens of urothelial carcinoma

patients with superficially invasive and muscle-invasive tu-

mours. Our data suggest that HSP70-2 expression in urothelial

carcinoma cells is involved in cell growth and cellular motil-

ity. This conclusion is based on meticulously controlled

experiments employing siRNA-mediated knockdown of

HSP70-2 expression in cancer cells, which significantly re-

duced the cell growth, colony formation and invasion of uro-

thelial carcinoma cells. The expression of HSP70-2 in different

clinical T stages and grades (Table 1) may support the role of

HSP70-2 at cellular level in the regulation of growth and col-

ony formation (Fig. 3B). The fact that knockdown of HSP70-2

expression significantly inhibited human HTB-1 xenograft tu-

mour growth suggests that it may have vital function in blad-

der carcinogenesis (Fig. 4). Our findings further support that

the HSP70-2 is not only expressed at the mRNA level but is

also translated as evident from immunohistochemistry anal-

ysis of urothelial carcinoma of superficial and invasive origin

(Fig. 2). The key finding of this study is that HSP70-2 expres-

sion is associated with stages and grades and is involved in

cell growth and cellular motility, which may result in early

spread of cancer.

Recently, gene-expression profiles obtained by DNA

microarray analysis have provided information of various

cancers, which may help to improve the cancer treatment

strategies through the development of new drugs.26 In addi-

tion, genome-wide expression analysis has resulted in the

identification of a number of genes that function as onco-

genes in the process of development and/or progression of

bladder cancers.27 However, the majority of the genes thus

identified has not been investigated for their expression pat-

tern, localisation and function in the tumour tissues. In a re-

cent study, a member of HSP chaperone family, HSP70 was

shown to be associated with various stages and grades in

bladder cancer patients.28 In addition, it has also been pro-

posed that HSP70 protein promotes tumour cell growth by

inhibiting programmed cell death and/or stabilising the lyso-

somal membranes.29,30 However, a testis specific HSP70-2,

another member of HSP chaperone family, neither its

expression nor its function in urothelial carcinoma cells

has been studied. In the present study, we investigated the

association of HSP70-2 expression in bladder urothelial car-

cinoma. It is noteworthy that we observed HSP70-2 mRNA

expression in 70% early stages and 90% late stages cancer

patients. So far, only one study has reported HSP70-2 expres-
sion in small number of clinical specimens of primary [31%

(5/16)] and metastatic [44% (4/9)] breast cancer tissue.6 In

contrast, our study demonstrated that majority of bladder

urothelial carcinoma patients [80%] revealed HSP70-2 mRNA

and protein expression irrespective of the superficial/inva-

sive tumour stages and grades. This aspect is an important

lead towards characterising tumour protein as a potential

target for immunotherapy and development of cancer

biomarker.

At present, no ideal tumour markers currently exist in

clinical practise for early detection, monitoring or prognostic

prediction of bladder urothelial carcinoma. Our demonstra-

tion of HSP70-2 protein expression in early stages of superfi-

cially invasive urothelial carcinoma is an important lead

towards developing a tumour marker. Herein, we demon-

strated a significant association of higher HSP70-2 protein

expression (IRSs) with stages and grades (low and high

grade). This is an important finding where, we demonstrate

a testis specific HSP70-2 protein expression in bladder uro-

thelial carcinoma patients with early stages and low grades

of urothelial carcinoma, suggesting its possible implications

in developing early diagnostics of bladder urothelial carci-

noma malignancies.

The emergence of proteomic technologies allows the

characterisation of altered protein expression and their

aberrant localisation during the transformation of healthy

cell into neoplastic cell, which may affect cellular function.

In this regard, the cell surface compartment is of substan-

tial interest in identification of tumour specific proteins

for developing therapeutic targets for the cancer treatment.

In this context, recent findings that the gene for the growth

factor receptor (HER2) is expressed in breast tumours and

HER2 protein is over expressed at the cell surface have

resulted in an effective antibody-based therapy for breast

cancer.31 In addition, recent study in various cancer cell

lines, reported surface localisation of HSP70-2 using com-

prehensive profiling of the cell surface proteome

approach.32 Interesting, our FACS data analyses also

revealed that all urothelial carcinoma cells showed cell sur-

face localisation of HSP70-2. Hence, our findings suggest

that HSP70-2 expression may have important implications

in developing antibody-based therapy or drug-based therapy

for better cancer management programmes.

In conclusion, our findings define a possible role of HSP70-

2 in association with the malignant properties of bladder uro-

thelial carcinoma. These data open exciting possibilities for

early detection and development of cancer therapies based

on the targeting HSP70-2 expression.
Conflicts of interest statement

None declared.
Acknowledgements

This work was supported by the grants from Cancer Research

Program, Associated Cancer Center for Immunotherapy

(ACCI), Department of Biotechnology, Government of India.



E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 2 0 7 – 2 1 5 215
R E F E R E N C E S
1. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2008. CA
Cancer J Clin 2008;58:71–96.

2. Sternberg CN. The treatment of advanced bladder cancer. Ann
Oncol 1995;6:113–26.

3. Kawanishi H, Matsui Y, Ito M, et al. Secreted CXCL1 is a
potential mediator and marker of the tumor invasion of
bladder cancer. Clin Cancer Res 2008;14:2579–87.

4. Juffs HG, Moore MJ, Tannock IF. The role of systemic
chemotherapy in the management of muscle-invasive
bladder cancer. Lancet Oncol 2002;3:738–47.

5. Hendrick JP, Hart FU. Molecular chaperone functions of heat-
shock proteins. Annu Rev Biochem 1993;62:349–84.

6. Rohde M, Daugaard M, Jensen MH, et al. Members of the heat-
shock protein 70 family promote cancer cell growth by
distinct mechanisms. Genes Dev 2005;19:570–82.

7. Jaattela M. Heat shock proteins as cellular lifeguards. Ann Med
1999;31:261–71.

8. Volloch VZ, Sherman MY. Oncogenic potential of Hsp72.
Oncogene 1999;18:3648–51.

9. Gurbuxani S, Bruey JM, Fromentin A, et al. Selective depletion
of inducible HSP70 enhances immunogenicity of rat colon
cancer cells. Oncogene 2001;20:7478–85.

10. Wei YQ, Zhao X, Kariya Y, Teshigawara K, Uchida A. Inhibition
of proliferation and induction of apoptosis by abrogation of
heat-shock protein (HSP) 70 expression in tumor cells. Cancer
Immunol Immunother 1995;40:73–8.

11. Nylandsted J, Wick W, Hirt UA, et al. Eradication of
glioblastoma, and breast and colon carcinoma xenografts by
Hsp70 depletion. Cancer Res 2002;62:7139–42.

12. Son WY, Hwang SH, Han CT, et al. Specific expression of heat
shock protein HspA2 in human male germ cells. Mol Hum
Reprod 1999;5:1122–6.

13. Fourie AM, Peterson PA, Yang Y. Characterization and
regulation of the major histocompatibility complex-encoded
proteins Hsp70-Hom and Hsp70-1/2. Cell Stress Chaperones
2001;6:282–95.

14. Zhu D, Dix DJ, Eddy EM. HSP 70-2 is required for CDC2 kinase
activity in meiosis I of mouse spermatocytes. Development
1997;124:3007–14.

15. Hahn WC, Weinberg RA. Rules for making human tumor cells.
New Engl J Med 2002;347:1593–603.

16. Eble JN, Sauter G, Epstein JI, Sesterhenn IAE. World Health
Organization classification of tumours: pathology and genetics of
tumours of the urinary system and male genital
organs. Lyon: IARC Press; 2004.

17. Greene FL, Page DL, Fleming ID, et al. American Joint Committee
on cancer staging manual. 6th ed. New York (NY): Springer;
2002.
18. Southgate J, Hutton KA, Thomas DF, Trejdosiewicz LK. Normal
human urothelial cells in vitro: proliferation and induction of
stratification. Lab Invest 1994;71:583–94.

19. Garg M, Kanojia D, Khosla A, et al. Sperm associated antigen
9 is associated with tumor growth, migration and invasion in
renal cell carcinoma. Cancer Res 2008;68:8240–8.

20. Garg M, Kanojia D, Salhan S, et al. Sperm-associated antigen
9 (SPAG9) is a biomarker for early cervical carcinoma. Cancer
2009;115:2671–83.

21. Garg M, Chaurasiya D, Rana R, et al. Sperm-associated
antigen 9, a novel cancer testis antigen, is a potential target
for immunotherapy in epithelial ovarian cancer. Clin Cancer
Res 2007;13:1421–8.

22. Kanojia D, Garg M, Gupta S, Gupta A, Suri A. Sperm-
associated antigen 9, a novel biomarker for early detection of
breast cancer. Cancer Epidemiol Biomarkers Prev 2009;18:630–9.

23. Heney NM, Ahmed S, Flanagan MJ, et al. Superficial bladder
cancer: progression and recurrence. J Urol 1983;130:1083–6.

24. Shariat SF, Karam JA, Lerner SP. Molecular markers in bladder
cancer. Curr Opin Urol 2008;18:1–8.

25. Hanahan D, Weinberg RA. The hallmarks of cancer. Cell
2000;100:57–70.

26. Petricoin 3rd EF, Hackett JL, Lesko LJ, et al. Medical
applications of microarray technologies: a regulatory science
perspective. Nat Genet 2002;32:474–9.

27. Takata R, Katagiri T, Kanehira M, et al. Predicting response to
methotrexate, vinblastine, doxorubicin, and cisplatin
neoadjuvant chemotherapy for bladder cancers through
genome-wide gene expression profiling. Clin Cancer Res
2005;11:2625–36.

28. Syrigos KN, Harrington KJ, Karayiannakis AJ, et al. Clinical
significance of heat shock protein-70 expression in bladder
cancer. Urology 2003;613:677–80.

29. Xanthoudakis S, Nicholson DW. Heat-shock proteins as death
determinants. Nat Cell Biol 2000;2:E163–5.

30. Nylandsted J, Gyrd-Hansen M, Danielewicz A, et al. Heat
shock protein 70 promotes cell survival by inhibiting
lysosomal membrane permeabilization. J Exp Med
2004;200:425–35.

31. Slamon DJ, Leyland-Jones B, Shak S, et al. Use of
chemotherapy plus a monoclonal antibody against HER2 for
metastatic breast cancer that overexpresses HER2. New Eng J
Med 2001;344:783–92.

32. Shin BK, Wang H, Yim AM, et al. Global profiling of the cell
surface proteome of cancer cells uncovers an abundance of
proteins with chaperone function. J Biol Chem
2003;278:7607–16.


	Heat-shock protein 70-2 (HSP70-2) expression in bladder urothelial carcinoma is associated with tumour progression and promotes migration and invasion
	Introduction
	Materials and methods
	Tissue specimens and cell lines
	Reverse transcription-polymerase chain reaction (RT-PCR) analysis
	HSP70-2 antibodies, immunofluorescence microscopy, flow cytometric, Western blot analysis and immunohistochemistry
	siRNA knockdown of HSP70-2 gene expression
	Statistical analysis

	Results
	HSP70-2 expression in urothelial carcinoma cells and clinical specimens
	HSP70-2 protein expression in human urothelial carcinoma cell lines and bladder cancer specimens
	Down-regulation of HSP70-2 decreases cell growth, colony formation, migration and invasion of urothelial carcinoma cells
	Growth inhibition of HTB-1 urothelial carcinoma cell xenograft with HSP70-2 shRNA

	Discussion
	Conflicts of interest statement
	Acknowledgements
	References


