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Abstract: Heat shock protein 90 (HSP90), a molecular chaperone, plays important roles in cellular protection against
various stressful stimuli and in the regulation of cellular growth and apoptosis. HSP9O has 4 different types of hu-
man isoforms; HSP9O«, HSPOO0p, glucose related protein 94 (GRP94) and tumor necrosis factor (TNF) receptor-
associated protein 1 (TRAP1). We assessed the differential expression of these HSP9O0 isoforms in small-cell lung
cancer (SCLC) and the correlation of their expression levels with clinicopathological factors and patient survival
rates. This study included 117 SCLCs, comprised of 108 primary and 9 metastatic tumor tissues. We performed
immunohistochemical staining for HSP90«x, HSP90B, GRP94 and TRAP1 in 117 tumors and found that HSP9Ox
and HSP9O were positive in 11 (9%) and 61 tumors (52%), respectively, most of which showed weak expression,
whereas GRP94 and TRAP1 were positive in 115 (98%) and 117 tumors (100%), respectively, the majority of which
showed moderate or strong expression. None of the HSP9O isoforms showed significant associations with clini-
copathological factors or survival status in patients with SCLC. Our results indicate that GRP94 and TRAP1 might
contribute more to the carcinogenesis or biology of SCLC than HSP9Oa and HSP90B, and that isoform selectivity
should be considered when HSP9OO inhibitors are studied or utilized for the treatment of SCLC.
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Introduction

Small-cell lung cancer (SCLC) is an aggressive
cancer that accounts for approximately 15-20%
of all lung cancers [1]. Only 15% of patients
with SCLC have the disease locally at the time
of diagnosis, whereas more than 55% have
metastasized. The five-year survival rate for the
metastasized stage of the disease is 1-2% [2].
Therefore, new therapeutic strategies and help-
ful predictive biomarkers are an urgent priority.
Recent advances in understanding the molecu-
lar mechanisms of carcinogenesis and tumor
progression have led to the development of
novel molecular therapeutic strategies and
selective targeted agents that can improve the
prognosis of cancer patients. Over the last
decade, epidermal growth factor receptor

(EGFR), tyrosine kinase inhibitors and anaplas-
tic lymphoma kinase (ALK) inhibitors have
improved the survival rate of patients with non-
SCLC (NSCLC), especially adenocarcinoma. In
the case of SCLC, several candidate molecular
targets, including the PI3K/Akt/mTOR pathway,
fibroblast growth factor receptor (FGFR), cell
cycle checkpoint regulators, histone modifiers,
DNA repair mediators, neural cell migration
mediators, and mediators of stem cell charac-
teristics, have all been studied [3, 4]. However,
effective targeted therapies and predictive bio-
markers for SCLC have not yet been estab-
lished.

Heat shock proteins (HSPs) have attracted
attention as targets for novel anticancer strate-
gies [5-7]. They are highly conserved proteins
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Table 1. Clinicopathological characteristics of
117 patients with small cell lung cancer

Characteristics N (%)
Median age (range) 68 (43-93)
Sex
Male 89 (76)
Female 28 (24)
Smoking status
Never smoker 28 (24)
Past smoker 48 (41)
Current smoker 41 (35)
Performance status (ECOG score)
0 23 (20)
1 39 (33)
2 25 (21)
3 20 (17)
4 10 (9)
Tumor size (cm)
<3 13 (11)
>3 104 (89)
Lymph node metastasis
Absent 16 (12)
Present 101 (88)
Stage
Limited 40 (34)
Extended 7 (66)
Biopsy site
Primary 108 (92)
Metastatic 9 (8)

found in all types of cells, both prokaryotic and
eukaryotic, and are induced by various environ-
mental and pathophysiological stressors [8, 9].
HSPs act as molecular chaperones that pro-
mote folding of newly translated proteins or the
refolding of denatured proteins to maintain cel-
lular integrity and to protect cells from stressful
conditions [9, 10]. In addition, they play impor-
tant roles in the regulation of cellular growth
and apoptosis [11]. Overexpression of HSPs
has been reported in various cancers and
appears to be related to tumor growth, differen-
tiation, resistance to treatment, and prognosis
[12-14].

HSPs are classified into several families accord-
ing to their molecular mass [5]. Ninety kilodal-
ton HSP (HSP9O) is a representative family that
is the most widely studied target for cancer
therapy and includes different types of human
isoforms such as cytoplasmic isoforms HSP9Ox
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(inducible) and HSPOOB (constitutional), an
endoplasmic reticulum isoform, glucose relat-
ed protein 94 (GRP94), and a mitochondrial iso-
form, tumor necrosis factor (TNF) receptor-
associated protein 1 (TRAP1) [5]. Previous
studies have suggested that there is a signifi-
cant relationship between HSP90 expression
and various clinicopathological parameters in
diverse types of cancers [15-21]. However,
studies on HSP9O expression in SCLC tumor
tissues have been very limited [20, 21].
Moreover, to date, the differential expression of
HSP90 isoforms in SCLC have not yet been
reported.

In this study, we examined the differential
expression of HSP9O isoforms in SCLC and the
association between their expression levels
and a variety of clinicopathological factors,
including overall patient survival, to assess the
potential of HSP90 expression as a predictive
biomarker for HSP9O0 inhibitor therapy or as a
prognostic biomarker of SCLC.

Materials and methods
Patients and tissue samples

We retrieved the pathology archives from 183
SCLC patients with primary or metastatic tumor
specimens obtained by small biopsy or surgical
resection at Samsung Changwon Hospital
between January 2002 and December 2009.
We excluded patients who had a previous diag-
nosis of any other cancer, received chemother-
apy or radiotherapy prior to biopsy or surgical
resection, and those for whom accurate medi-
cal records were not available. In addition, we
excluded specimens obtained from recurrent
tumors and those that were inadequate for
immunohistochemical staining. Ultimately, 117
SCLC patients were included in this study.
Clinicopathological data such as age, sex,
smoking status, performance status, tumor
size, lymph node metastasis, initial stage, and
survival data were obtained from medical
records. Tumor size, nodal status, and initial
stage were clinically determined based on
imaging studies, including computed tomogra-
phy (CT) and positron emission tomography
(PET), because all but one tumor specimen
were obtained by small biopsy, not by surgical
resection, and provided only limited pathologi-
cal information. The duration of overall survival
(OS) was defined as the time interval between
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Figure 1. Immunohistochemical staining for HSP9O isoforms in small cell lung cancer: weakly positive expression
for HSP9O« (A) and HSPOOR (B); weakly (C), moderately (D) and strongly (E) positive expression of GRP94; strongly

positive expression of TRAP1 (F).

the date of diagnosis and the date of last fol-
low-up or death. This study was approved by
the institutional review board at our medical
institution.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue sam-
ples were cut into 4-um sections for immuno-
histochemical staining. Immunohistochemical
staining was performed using the Ventana
Benchmark XT (Roche-Ventana, Tucson, AZ,
USA). All sections were deparaffinized and sub-

9489

jected to pretreatment with CC1 (Roche-
ventana) for 60 minutes at 100°C. Sections
were then washed with reaction buffer followed
by incubation with primary antibodies for 32 or
60 minutes at 37°C. The applied primary anti-
bodies were HSP90a (clone D7a, 1:100,
Abcam, Cambridge, UK), HSP90p (clone E296,
1:50, Epitomics, Burlingame, CA, USA), GRP94
(clone EPR3988, 1:100, Epitomics, Burlingame,
CA, USA) and TRAP1 (clone EPR5381, 1:100,
Epitomics, Burlingame, CA, USA). An ul-traView
Universal DAB kit (Roche-ventana, Tucson, AZ,
USA) was used in accordance with the manu-
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Table 2. Differential expression of HSP9O isoforms in

small cell lung cancer

and ECOG score 2-4 for 55 patients (47%).
Thirteen tumors (11%) had a maximum

HSP9O0 isoforms, N (%)

diameter of 3 cm or less, whereas 104

Expression intensity
HSP90Oa HSPOOB GRP94

tumors (89%) were larger than 3 cm. Nodal

Negative 106 (91) 56(48) 2(2)
Weakly positive 11(9) 56 (48) 47 (40)
Moderately positive 0 (0) 5(@4) 35(30)
Strongly positive 0 (0) 0

33 (28) 113 (96)

metastasis was detected in 101 (88%)
cases. Seventy-seven tumors (66%) were
categorized as extended disease and 40
(34%) were limited disease. One hundred
and eight tissue samples (92%) were

facturer’'s recommendations to detect the loca-
tion of the primary antibody followed by coun-
terstaining with hematoxylin (Roche-ventana,
Tucson, AZ, USA). A negative control stain with-
out primary antibody was also employed.

Immunostained slides were evaluated by two
independent pathologists (HWL and EHL) blind-
ed to clinicopathological data. Discrepant
cases were reviewed on a multihead micro-
scope until consensus was reached. For each
HSP9O0 isoform, cases were considered posi-
tive when 10% or more of the tumor cells
expressed the protein. The staining intensity of
the positive cases was scored as 1 (weak), 2
(moderate), or 3 (strong).

Statistical analysis

Statistical analyses were performed with SPSS
ver. 18 (SPSS Inc., Chicago, IL, USA). To evalu-
ate relationships between immunohistochemi-
cal results and clinicopathological parameters,
we used either Fisher’s exact test for categori-
cal variables, the Mann-Whitney test for ordinal
variables or independent sample t-test for con-
tinuous variables. The impact of parameters on
overall survival (0OS) was analyzed by the
Kaplan-Meier method, and differences were
compared using the log-rank test. A P-value <
0.05 was considered statistically significant.

Results
Clinicopathological characteristics

Of the 117 SCLC patients studied, which includ-
ed 89 males and 28 females, the median age
at diagnosis was 68 years (range, 43 to 93
years). Eighty-nine patients (76%) were current
or past smokers, while 28 (24%) had never
smoked. The performance status, as deter-
mined by Eastern Cooperative Oncology Group
(ECOQG) score, was 0-1 for 62 patients (53%)
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obtained from primary lung tumors; the

other 9 (8%) were obtained from metastat-
ic sites comprising 7 lymph nodes and 2 brain
metastases. These clinicopathological charac-
teristics are summarized in Table 1.

Differential expression of HSP90 isoforms

HSPOO0«, HSP90OB and GRP94 showed diffuse
or patch-like cytoplasmic expression with vari-
able intensity, while TRAP1 showed strong cyto-
plasmic and nuclear expression in most cases
(Figure 1). HSPOOx was weakly expressed in
11 tumors (9%), while HSPOOB was expressed
in 61 tumors (52%). Of those 61 tumors, 56
were weakly positive and the other 5 were mod-
erately positive for HSP90B. One hundred and
fifteen tumors (98%) were positive for GRP94,
and its expression was weak in 47 tumors,
moderate in 35, and strong in 33. TRAP1 was
positive in all tumors, strongly expressed in
113, moderately in 2, and weakly in 2 (Table 2).
We examined whether there is any correlation
among the expression levels of HSP9O iso-
forms, but we could not find any significant cor-
relation (data not shown).

Correlation between the expression levels of
HSP9O0 isoforms and clinicopathological char-
acteristics

We investigated the correlation between the
expression levels of HSPOO isoforms and clini-
copathological characteristics. HSP90a and
TRAP1 were excluded from this analysis
because the HSP9Ox-positive group was too
small compared with the negative group and
TRAP1 was strongly expressed in almost all
cases. With regard to GRP94, for statistical
analysis, negative or weakly positive cases
were reclassified as the low expression group,
whereas the moderately or strongly positive
cases were classified as the high expression
group. Correlation results between the expres-
sion levels of HSPOOB and GRP94 and clinico-
pathological factors are shown in Table 3. In
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Table 3. Correlation between the expression levels of HSPQOB and GRP94 and clinicopathological

factors in 117 patients with small cell lung cancer

HSPOOB GRP94

Variables - . :
Negative (%) Positive (%) P Low (%)  High (%) P
Total 56 (48) 61 (52) 49 (42) 68 (58)
Age (years, mean * SD) 68+ 8 689 0.916 69+9 68+8 0.375
Sex
Male 42 (47) 47 (53) 0.831 35(39) 54(61) 0.382
Female 14 (50) 14 (50) 14 (50) 14 (50)
Smoking status
Never smoker 14 (50) 14 (50) 0.312 13(46) 15(54) 0.983
Past smoker 20 (42) 28 (58) 18 (37) 30 (63)
Current smoker 22 (54) 19 (46) 18 (44) 23 (56)
Performance status (ECOG score)
0-1 32 (52) 30 (48) 0.459 25(40) 37(60) 0.851
2-4 24 (44) 31 (56) 24 (44) 31 (56)
Tumor size (cm)
<3 6 (46) 7 (54) 1.000 6 (46) 7 (54) 0.772
>3 50 (48) 54 (52) 43 (41) 61(59)
Lymph node metastasis
Absent 11 (69) 5(31) 0.099 5(31) 11(69) 0.267
Present 45 (45) 56 (55) 44 (44) 57 (56)
Stage
Limited 19 (48) 21 (52) 1.000 20(50) 20(50) 0.252
Extended 37 (48) 40 (52) 29 (38) 48(62)
Biopsy site
Primary 54 (50) 54 (50) 0.166 46(43) 62(57) 0.733
Metastatic 2(22) 7(78) 3(33) 6 (67)
this analysis, we could not find any significant Discussion

association between the two HSP9O isoforms
and clinicopathological factors. HSP90(
expression had a slight association with nodal
metastasis, but it was not statistically signifi-
cant (P = 0.099).

Correlation between the expression levels of
HSP9O0 isoforms and patient survival

The median follow-up period was 70 days
(range, 4 to 3304 days). During follow-up, 115
(98%) of the 117 patients died from disease
progression. The median time from diagnosis
to death was 6 months. The 2-year cumulative
survival rate was 8%. HSPOOB and GRP94 did
not appear to have any significant impact on
the OS of patients with SCLC. Of the clinico-
pathological factors that were measured, high-
er ECOG score (P < 0.001), larger tumor size (P
= 0.010), lymph node metastasis (P < 0.001),
and extended stage (P = 0.005) were all signifi-
cantly correlated with poorer OS.
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The main functions of HSP9O as a molecular
chaperone are to promote the proper folding of
unfolded or misfolded proteins and to suppress
their aggregation. These functions contribute
to the important roles of HSP9O in the protec-
tion and maintenance of cellular viability
against environmentally and pathophysiologi-
cally stressful stimuli [9, 10]. In addition,
HSP9O has been implicated in the regulation of
cell signaling, protein trafficking and apoptosis
[6, 11]. Based on these functions, cancer cells
are thought to be more dependent on HSP90
than normal cells. Transformed cells are
exposed to oncogenic stresses induced by
overexpressed abnormal oncoproteins and
higher metabolic requirements; high HSP9O
expression thus encourages the growth and
survival of tumors [5, 12, 13]. Previous studies
have shown that overexpression of HSP9O iso-
forms is involved in oncogenesis and is associ-
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ated with the aggressiveness of tumors and
poor prognoses in patients with various types
of cancers, including gastrointestinal stromal
tumor, stomach, colon, breast and lung cancer
[15-21].

With regards to SCLC, however, there have
been limited studies on the expression of
HSP90 isoforms. Biaoxue et al. [20] suggested
that overexpression of HSPOO[ correlates with
high tumor grade, advanced stage and lympho-
vascular invasion of lung cancers, irrespective
of histological subtype. Their study included
only 11 SCLCs, 9 of which exhibited high
HSPO0Q expression. Similarly, Wang et al. [21]
showed that overexpression of GRP94 is asso-
ciated with high tumor grade and advanced
stage in a lung cancer cohort that included 6
SCLCs. All of these SCLCs were moderately or
strongly positive for GRP94. Both studies con-
tained very small numbers of SCLCs and used
one type of HSP9O isoform, so they could not
investigate the differences among the expres-
sion levels of HSP9O0 isoforms and the correla-
tions between HSP9O isoforms and clinico-
pathological variables in SCLCs.

In our study, none of the HSP9O0 isoforms had
any significant association with various clinico-
pathological factors or the survival status of
patients with SCLC. However, there were con-
siderable differences among the expression
rates of HSP9O isoforms. GRP94 and TRAP1
had higher expression rates than HSP9O« and
HSPOOB. The positive rates of HSP9Oa and
HSPOOB were 9% and 52%, respectively. In
addition, almost all of these positive cases
showed weak expression. On the contrary,
GRP94 and TRAP1 were positive in 98% and
100% of all SCLCs, respectively, of which large
proportions showed moderate or strong expres-
sion. This result indicates that GRP94 and
TRAP1 might contribute more to the carcino-
genesis or biology of SCLC than HSP90a and
HSP9O.

HSP9O is a major inhibitor of apoptosis in SCLC,
and its pharmacologic inactivation might effec-
tively induce apoptosis in this tumor [22].
Moreover, Restall et al. [23] showed that the
concentration of HSPQO inhibitor required to
induce the apoptotic cell death of SCLC cells
was much higher than that required to inhibit
cytoplasmic HSP90s, such as HSP9Oa and
HSP9O. They suggested that the cell death
seen in SCLC cells was due to the inhibition of a
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target other than cytoplasmic HSP9Os, and
that GRP94 and TRAP1 were both candidate
alternate targets for the effects of HSP9O inhib-
itors on SCLC cells. According to their results,
GRP94 and TRAP1 are likely to play more
important roles in the anti-apoptotic survival of
SCLC cells than HSP9Oa and HSP9OR, which
supports the results of our study as well.

Initially, SCLC responds very well to chemother-
apy and radiation, but the majority of patients
relapse with resistant disease and die within
two years [24]. In this study, the 2-year cumula-
tive survival rate of SCLC patients was 8%. The
development of drug resistance is the main lim-
iting factor influencing the survival of SCLC
patients. Several HSP9O inhibitors have been
widely studied with the aim of overcoming resis-
tance in different types of cancers, and
although they are under evaluation in clinical
trials, there have not been sufficient studies to
clarify the effects of HSP9O0 inhibitors on SCLC
[5-7]. In addition, current HSP9O inhibitors
most potently interact with HSP9Oa and
HSPOOp isoforms [6]. Based on our results,
HSPQO inhibitors that have a selective affinity
for GRP94 or TRAP1 might be more effective
against SCLC than current inhibitors. The influ-
ence of isoform selectivity on the treatment
index and toxic effects of HSP9O inhibitors
should be explored in future studies.

In conclusion, this study is the first to investi-
gate the differential expression of 4 types of
HSP9O isoforms and the correlation of their
expression levels with various clinicopathologi-
cal factors and patient survival in SCLC. There
was no significant association between HSP9O
isoforms and clinicopathological factors, but
we found large differences among the expres-
sion rates of HSP9O0 isoforms in SCLC. GRP94
and TRAP1 were more highly expressed than
HSPOOx and HSPQOR. This result implies that
isoform selectivity should be seriously consid-
ered when HSP9O inhibitors are studied or
adopted for the treatment of SCLC. Our study is
retrospective, includes a relatively small num-
ber of cases, and lacks molecular validation.
Large-scale, prospective studies with molecu-
lar validation are needed to verify our results.
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