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Abstract: Background: Hsp90-beta was investigated as prognostic factor because of its apparent association with
tumorigenesis. The aim of this study was to investigate the expression of Hsp90-beta in lung cancer patients, to
analyze the relationship with respect to the clinicopathological features and to assess whether Hsp90-beta as a
potential serum marker for lung cancer. Methods: Expression of Hsp90-beta was examined using immunohisto-
chemistry, in-situ hybridization, western blot and enzyme-linked immunosorbent assay. Sensitivities and specifici-
ties for Hsp90-beta serum test were determined using receiver operator characteristic curve and cutoff was defined
based on 95% and 85% sensitivities. Results: Lung cancer tissues exhibited higher expression of Hsp90-beta than
the normal tissues (P < 0.05) and the serum Hsp90-beta of lung cancer patients also exhibited higher level than
control groups (P < 0.05). Moreover, increased serum Hsp90-beta was significantly associated with the pathological
grade and clinical stage of lung cancer patients (P < 0.05). Using receiver operator characteristic curve analysis, the
cutoffs for distinguishing lung cancer from normal and benign groups were 1.155 and 1.158 ng/ml respectively. The
sensitivities of Hsp90-beta for distinguishing lung cancer from normal and benign groups were 98.77% and 95.9%,
and specificities were 88.33% and 72.7%. Conclusion: Up-regulation of serum Hsp90-beta was associated with
pathological grade and clinical stage of lung cancer patients, which indicated that it could be considered molecular
biomarker for diagnosis and prognosis of lung cancer.
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Introduction

Lung cancer is a major public health problem in
china and many other parts of the world. It is
well known that the mortality of lung cancer is
still very high although there are more achieve-
ments pertaining to the molecular mechanism
of lung cancer recent years. Some people
believe that the most critical reasons are the
difficulties in making the early-stage diagnosis
of lung cancer and the high recurrence rate
after curative treatments. In fact, one of the
major challenges in lung cancer research is the
identification of stable biomarkers, which can
be routinely measured in easily accessible
samples and help making early-stage diagno-
sis. In patients with lung cancer, several serum
biomarkers have been proposed to improve
clinical diagnosis and treatment of lung cancer

[1]. It is commonly understood that an early
detection of cancer leads to a better chance for
reduced mortality and morbidity. Thus, identifi-
cation and validation of diagnostic and prog-
nostic biomarkers is tremendously important to
improve the clinical outcome of lung cancer
treatments [2].

Previously, we has identified the increase of
Hsp90-beta expression in the NCI-A549 and
NCI-H446 lung cancer cells compared with the
16 HBE human bronchial epithelial cell lines
using two-dimensional liquid chromatography-
tandem mass spectrometry (2D-LC-MS/MS),
and also identified up-regulation of Hsp90-beta
in lung cancer tissues was associated with poor
post-surgical survival time and lymphatic
metastasis of lung cancer patients [3]. However,
the origin and nature serum level of Hsp90-
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Table 1. Clinicopathological features of lung cancer

cases (N=268)

in lung cancer patients was measured and
the clinical value of Hsp90-beta as serum

diagnostic tool was assessed.

Group Characteristics Number (%)
Sex
Male 197 (73.8%)
Female 71 (26.2%)
Age
> 60 138 (51.8%)
> 60 130 (48.2%)
Smoking
Severe 130 (48.5%)
Moderate 4 (1.3%)
Slight 14 (5.1%)
Never 120 (45.1%)
Histology
LAC 83 (31.2%)
LSCC 146 (54.6%)
SCLC 39 (14.2%)
Pathologic grade

Poorly differentiated 99 (
Moderately differentiated 84 (
Well-differentiated 53 (
Undifferentiated 32 (
Clinical staging

-1 71 (26.5%
] 97 (36.5%
v 68 (25.4%
Unavailable
Pleural invasion
absent 72 (26.4%)
Present 196 (73.6%)
Lymphatic invasion
Positive 159 (59.32%)
Negative
Unavailable

31.4%

32 (11.6%

78 (29.02%)
31 (11.66%)

Material and methods
Patient population

From January 2010 to February 2013, total
268 primary lung cancer patients were
enrolled into the study (Gansu Provincial
People’s Hospital, Lanzhou, China; Depar-
tment of oncology, Lanzhou University Se-
cond Hospital, Lanzhou, China; Second Af-
filiated Hospital, Xi'an Jiaotong University,
Xi'an, China). The serum samples were col-
lected before therapy. Eighty-two of 268
lung cancer patients underwent surgical
resection and matched fresh cancer and
adjacent normal tissues were also collect-
ed from these patients. All patients were
divided according to the TNM classification
of the International Association for The
Study of Lung Cancer (IASLC, Seventh edi-
tion, 2009) [6]. The tumors were histologi-
cally subtyped and graded according to the
third edition of the World Health Orga-
nization guidelines. Male and female pa-
tients were included, with an age range of
41 to 84 years (median, 60.9 years). Cli-
nical characteristics of patients were
retrieved from the clinical records available
and were assessed retrospectively (Table
1). From January 2010 to February 2013,
the serum of 256 healthy examined peo-
ples (a healthy physical examination) were
collected as normal control, including 143
men and 113 women whose mean (+SD)
age was 64+8.21 years. The benign lung
disease group comprised 221 patients (65

LAC, adenocarcinoma of the lung; LSCC, squamous cell carcinoma of

the lung; SCLC, small cell lung cancer.

beta in lung cancer patients is still unknown.
Heat shock protein 90 (Hsp90) is a highly abun-
dant and evolutionarily conserved protein in
eukaryotic cells. Five Hsp9O isoforms have
been identified to date, which include the two
major cytoplasmic isoforms, namely, Hsp90-
alpha and Hsp90-beta [4]. Expression of
Hsp90-beta has been shown to increase in
some cancer tissues such as breast cancer
and lung cancer [3, 5], but compared with tis-
sues, studying on its serum level and signifi-
cance in lung cancer patients remains unclear-
ly. In this study, the serum level of Hsp90-beta
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+3.1 years) hospitalized in just mentioned
hospital. Those patients had benign lung
disease of known etiology (chronic obstruc-
tive lung disease, acute infectious diseas-
es, tuberculosis, asthma and diffuse noninfec-
tious interstitial diseases). Written and infor-
med consent was obtained individually from all
the participants prior to inclusion and com-
mencement of the study. This study was con-
ducted in accordance with the guidelines the
Ethics Committee of just mentioned hospital,
by which it was approved.

Immunohistochemistry (IHC)

The expression of Hsp90-beta was determined
using an S-P combination of IHC techniques
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(UltraSensitive S-P Rabbit, Product Code: SP-
9000, Zhongshan lJingiao biotech company,
Beijing, China). IHC was strictly implemented
according to the UltraSensitive S-P Rabbit kit
and the first antibody concentration consisted
of a rabbit anti-human Hsp90-beta polyclonal
antibody was diluted according to 1:100 dilu-
tion (Product Code: BAO930, Bostere Biotech
Company, Wuhan, China). The kit provided posi-
tive slices that served as the positive control
sample, and an identical volume of PBS as a
replacement to the primary antibody incubated
in identical conditions was used as the nega-
tive control sample. Immunostaining was blind-
ly evaluated according to a scoring method pre-
viously described [3]. At least ten randomly
selected high-power fields and > 1,000 cells
were counted for each section. Each specimen
was scored according to the intensity of stain-
ing (intensity) and the area of staining (extent).
The intensity was graded according to the fol-
lowing scale: 0, no staining; 1+, mild staining;
2+, moderate staining; 3+, intense staining.
The extent was evaluated as follows: O, no stai-
ning of cells in any microscopic fields; 1+, <
30% of tissue stained positive; 2+, between
30% and 60% stained positive; 3+, > 60% stai-
ned positive. A combined staining score (inten-
sity + extension) of < 2, between 3 and 4, and
between 5 and 6 were considered as low, mod-
erate, and high expression levels, respectively.

In-situ hybridization (ISH)

The mRNA expression of Hsp90-beta was
determined by ISH. The probe sequence of
Hsp90-beta was 5-TACCA GTGCT GCTGT AACTG
AAGAA ATGCC-3'. The probe was synthesized in
a DNA synthesizing instrument (Bostere bio-
tech company, Wuhan, China). ISH was strictly
performed according to the ISH kit (Product
Code: MK1152, Bostere biotech company,
Wuhan, China). The negative control samples
included the following: (i) RNase treatment (20
mg/ml) hybridization and (ii) use of neither
probes nor anti-Digoxigenin antibody; the con-
trols exhibited no positive signals. The positive
controls included the positive slices provided
by the kit and the combined use of ISH and IHC.
The mRNA level of Hsp90-beta exhibited posi-
tive staining in the cytoplasm. A specific scoring
method for ISH was performed according to a
previously published report [7]. The scoring
method was as follows: according to the signal
intensity, the signals were divided into 4 groups,
namely, absent (0), low (+), moderate (++), and
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high (+++). For statistical analysis, we grouped
the patients as low (O, +), moderate (++), and
high (+++).

Western blot analysis (WB)

The harvested cells were washed once with
PBS, lysed with 2x sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis (PA-
GE) sample buffer (20 mM Tris, pH 8.0, 2%
SDS, 2 mM dithiothreitol, 1 mM Na,VO,, 2 mM
EDTA, and 20% glycerol), and boiled for 5 min.
The protein concentration of each sample was
determined using a Micro-BCA protein assay. In
all samples, 30 ug of the total cellular protein
was loaded on a 10% SDS-PAGE gel and elec-
trophoretically separated. The proteins were
transferred to polyvinylidene difluoride mem-
branes. The membranes were blocked for 2 h
at 37°C in 20 mM Tris, pH 8.0, 150 mM NacCl,
and 0.05% Tween 20 (TBST) containing either
5% BSA or 5% nonfat dried milk. The mem-
branes were incubated with anti-Hsp90-beta
antibody (for immunoblotting with anti-Hsp90-
beta was 1:200) overnight at 4°C. The primary
antibody was detected using horseradish per-
oxidase-conjugated secondary antibodies, and
after three washes with TBST, positive signals
were visualized using the enhanced chemilumi-
nescence method. All experiments were per-
formed for three separate times.

Enzyme-linked immunosorbent assay (ELISA)

Serum samples were obtained immediately
before therapy start, after having obtained an
informed consent. Collected blood was allowed
to clot and was centrifuged within 3 days (3000
rpm for 10-15 minutes). Sera were harvested
and frozen at -70°C. The numbering of all of the
samples was done double blinded. Any serum
sample demonstrating hemolysis was consid-
ered invalid and excluded from the study.
Serum level of Hsp90-beta was measured by
sandwich-type ELISA that was originally devel-
oped using rabbit anti-human Hsp90-beta anti-
bodies. The assay was performed following the
directions given by the manufacturer (Hsp90-
beta product Code: CK-E11190H, Xitang bio-
tech company, Shanghai, China). In brief, for de-
tection of Hsp90-beta in serum, 96-well flexible
microtiter plates (Xitang biotech company,
Shanghai, China) were coated with diluted se-
rum samples in PBS (pH 7.4) containing 1%
BSA. The wells were incubated for 1 h with 10
ng/ml of monoclonal anti-Hsp90-beta antibody
at 37°C, followed by reaction with avidin-conju-
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Table 2. Differential MRNA and protein expression of Hsp90-beta between the lung cancer tissues

and adjacent-cancer normal tissues (N=82)

Groups N Expression of Hsp90-beta
- (%) + (%) ++(%) X2 value P value
mRNA
Normal 82 44 (54.2) 31(37.5) 7(8.3) 59.98 < 0.0005
Cancerous 82 13 (16.6) 34 (41.6) 35 (41.8)
Protein
Normal 82 24 (29.2) 51 (62.5) 7(8.3) 39.51 < 0.0005
Cancerous 82 7 (8.3) 20 (25) 55 (66.7)
Kappa value* P value
Normal
MmRNA 82 44 (54.2) 9 (37.5) 7(8.3) 0.895 < 0.0005
Protein 82 24 (29.2) 51 (62.5) 7(8.3)
Cancerous
MRNA 82 13 (16.6) 34 (41.6) 35 (41.8) 1.002 < 0.0005
Protein 82 7(8.3) 20 (25) 55 (66.7)

*: Kappa coefficient.

Figure 1. Expression of Hsp90-beta in lung cancer and adjacent-cancer normal tissues (x400). A. High staining
of Hsp90-beta in poorly differential LSCC; B. High staining of Hsp90-beta in SCLC; C. Low staining of Hsp90-beta
in adjacent normal tissues; D. High staining of Hsp90-beta mRNA in poorly differential LSCC; E. High staining of
Hsp90-beta mRNA in poorly differential LAC; F. Low staining of Hsp90-beta mRNA in adjacent normal tissues; LSCC,
squamous cell carcinoma of the lung; LAC, adenocarcinoma of the lung; SCLC, small cell lung cancer.

gated peroxidase (Dako Cytomation) using a
Substrate Reagent (R&D Systems) at 37°C for
15 min. The color reaction was terminated by
addition of 50 ul 2 N sulfuric acid and the inten-
sity was determined by a photometer at a wave-
length of 450 nm. Standard curve was drawn
for each plate using concentration of the stan-
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dard sample and corresponding OD value of
each well.

Statistical analysis

The SPSS 21.0 software package was used to
perform the statistical analysis (SPSS Institute,
version 21.0, Chicago, USA). The expression of
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Figure 2. Expression rates of Hsp90-beta in lung cancer and adjacent-cancer normal tissues. A, C. up-regulated
mRNA and protein expression of Hsp90-beta were found in the lung cancer tissues; B, D. expression of Hsp90-
beta mRNA was consistent with protein expression; E, F. western blotting showed high expression of Hsp90-beta in
cancer tissues than adjacent normal tissues (P < 0.05). Normal, adjacent-cancer normal tissues; cancerous, lung

cancer tissues; N=normal tissues; T=tumor tissues.

mRNA and protein of Hsp90-beta between nor-
mal and cancerous tissues was analyzed using
the x? and Fisher’s exact. The serum Hsp90-
beta was evaluated using the Student’s T-test,
One-WAY ANOVA and Kruskal Wallis Test. Re-
ceiver operating characteristic (ROC) curves
were constructed to evaluate the performance
of serum Hsp90-beta for differentiating lung
cancer patients. All tests were two-sided, and
P-values < 0.05 were considered to be statisti-
cally significant.

Results

Increased expression of Hsp90-beta in
matched lung cancer tissues than adjacent-
cancer normal tissues

The mRNA and protein expression level of
Hsp90-beta were determined using ISH and
IHC respectively. High expression of Hsp90-
beta protein was observed in fifty-five (66.7%)
of the 82 lung cancer tissues, whereas were
expressed in seven (8.3%) of the 82 normal
lung tissues respectively (P < 0.0005). The
mMRNA of Hsp90-beta was also higher expressed
in 82 lung cancer tissues (41.8%) than normal
lung tissues (8.3%) respectively (P < 0.0005).
Up-regulated mRNA and protein expression of
Hsp90-beta were found in the lung cancer tis-
sues (Table 2, Figures 1A-F, 2A and 2C). High
MRNA and protein expression of Hsp90-beta
were observed in thirty-five (41.8%) and fifty-
five (66.7%) of the 82 lung cancer tissues,
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whereas were lowly expressed in seven (8.3%)
of the 82 normal lung tissues respectively (P <
0.0005). The results indicated that mRNA ex-
pression of Hsp90-beta was consistent with
protein expression (P < 0.0005) (Table 2, Fig-
ure 2B and 2D).

Coincidence rate of mRNA and protein expres-
sions of Hsp90-beta

We performed Western blot to test the expres-
sions of Hsp90-beta in matched lung cancer
tissues and adjacent-cancer normal tissues
and to verify their differential expressions
trend. Equal protein loading was indicated by a
parallel B-actin blot experiment. As shown in
Figure 2, Hsp90-beta was up-regulated in can-
cerous tissues compared with normal tissues
(P < 0.05) (Figure 2E, 2F). To assess expres-
sion trends of three methods (IHC, ISH and We-
stern blot), nonparametric test was performed.
The results showed coincidence rates of Hs-
p90-beta expression using three different me-
thods was 88%, and indicated three methods
have a consistent trends.

Increased serum level of Hsp90-beta in lung
cancer patients than normal and benign
groups

Serum level of Hsp90-beta was detected by
enzyme-linked immunosorbent assay in a
series of 268 specimens of lung cancer pa-
tients, a series of 221 specimens of benign
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Table 3. Correlation between the serum level of Hsp90-beta and clinicopathologic factors of lung can-

cer patients

Groups

Level of Hsp90-beta

M+SD (pg/ml) df F P
Resource
Normal 256 0.95+0.19 2 81.79 < 0.0005
Benign 221 1.04+0.21
Cancerous 268 1.34+0.09"
Histology
LAC 83 1.34+0.089 2 57.65 < 0.0005
LSCC 146 1.32+0.092
SCLC 39 1.39+0.069*
Pathologic grade
Undifferentiated 32 1.394+0.069** 3 113.13 < 0.0005
Poorly 99 1.39+0.055**
Moderate 84 1.32+0.063
Well 53 1.23+0.084
Lymphatic invasion
NO 69 1.26+0.10 3 63.19 < 0.0005
N1-N2 103 1.35+0.058***
N3 60 1.39+0.066***
Unavailable 36 1.33+0.23
TNM stage
-1 71 1.24+0.09 2
-1V 165 1.36+0.064 102.49 < 0.0005
Unavailable 32 1.30+£0.11
Pleural invasion
absent 72 1.34+0.089 2 72.67 < 0.0005
Present 196 1.331£0.23

LAC, adenocarcinoma of the lung; LSCC, squamous cell carcinoma of the lung; SCLC, small cell lung cancer; LCLC, large cell lung
cancer; ", cancerous group compared with benign and normal group; *, SCLC compared with LAC and LSCC; **, undifferentiated
and poorly compared with moderate and well; ***, N1-N3 compared with NO; 4, lll-IV compared with I-Il; M+SD, mean+standard

deviation; df, degree of freedom.

lung diseases and a series of 256 specimens of
healthy examined peoples. The results shown
serum level of annexin A1 was higher in lung
cancer patients (1.34+0.09 pg/ml) than in
benign lung diseases group (1.04+0.21 pg/ml)
and healthy examined peoples (0.95+0.19 pg/
ml) (P < 0.0005) (Table 3, Figure 3A).

Correlation between the serum level of Hsp90-
beta and clinicopathologic factors

Mean values of various clinical and biochemi-
cal parameters measured in different group are
given in Table 3. Different groups showed sig-
nificant differences with respect to the follow-
ing parameters: SCLC patients (1.39+0.039
pg/ml) demonstrated a higher level of Hsp90-
beta than LSCC (1.32+0.092 pg/ml) and LAC
patients (1.34+0.089 pg/ml) (P < 0.0005);
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undifferentiated (1.39+0.069 pg/ml) and poor-
ly undifferentiated patients (1.39+0.055 pg/
ml) revealed up-regulated level of Hsp90-beta
than moderate and well differentiation (P <
0.0005); lymphatic invasion patients (N1-N3)
revealed increased level of Hsp90-beta than
non-lymphatic invasion (1.26+0.10 pg/ml) (P <
0.0005); patients of llI-1V stage (1.36+0.06 pg/
ml) had higher Hsp90-beta (P < 0.0005) value
than both | and Il stage (1.24+0.09 pg/ml)
(Table 3, Figure 3B-F).

Cut-off of serum Hsp90-beta for differentiating
lung cancer patient from benign lung disease
patient and normal people

The cut-off for serum value of Hsp90-beta in
lung cancer patients were selected based on
receiver operating characteristic (ROC) curve

Am J Cancer Res 2014;4(6):874-885
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Figure 3. Correlation between serum level of Hsp90-beta and clinicopathologic factors of lung cancer patients. A.
Increased serum level of Hsp90-beta in lung cancer patients than benign and normal control groups; B. Increased
serum level of Hsp90-beta in SCLC than LSCC and LAC; C. Undifferentiated and poorly undifferentiated patients
revealed up-regulated level of Hsp90-beta than moderate and well differentiation; D. Lymphatic invasion patients
(N1-N3) revealed increased level of Hsp90-beta than non-lymphatic invasion; E. Patients of lll-IV stage had higher
Hsp90-beta value than both the I-ll stage; F. Serum level of Hsp90-beta was not significant difference about pleural
invasion. LAC, adenocarcinoma of the lung; LSCC, squamous cell carcinoma of the lung; SCLC, small cell lung can-

cer; N, node stage (TNM classification).

analysis [8]. The sensitivity and specificity for
the outcome under study were plotted, thus
generating an ROC curve. The minimum value
that was tested by enzyme-linked immunosor-
bent assay was 0.57 pg/ml and located in the
healthy control group and the maximum was
1.501 pg/ml, distributing in the lung cancer
group. It shown that the values of lung cancer
and healthy groups intersected near by value of
1.1-1.2 pg/ml as well as lung cancer and benign
groups, which indicated that their thresholds
must be in the segment of 1.1-1.2 pg/ml, and
95% confidence interval were 0.24 to 0.506
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and 0.442 to 1.071 respectively (Figure 4A,
4B, 4D, 4E).

Accuracy of parameters for predicting lung
cancer by ROC analysis

When compared lung cancer patients with
healthy examined people, the threshold of
Hsp90-beta was 1.155 pg/ml. Thus the sensi-
tivity and specificity were 98.5% and 83.6%
respectively, which indicated that this thresh-
old could be used to discriminate lung cancer
patients from normal people. When compared
lung cancer patients with benign lung disease

Am J Cancer Res 2014;4(6):874-885
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Table 4. NLR and PLR of Hsp90-beta serum level in can-
cerous, benign and normal groups

NLR and PLR of Hsp90-beta serum concentration in lung can-
cer patients and healthy examined peoples

Interval Positive Negative Likelihood ratio 95% ClI
0.4-0.6 0 6 0.000 0.000 to 1.418
0.6-0.8 0 56 0.000 0.000to 0.137
0.8-1.0 0 79 0.000 0.000 to 0.0970
1.0-1.2 31 85 0.348 0.240 to 0.506
1.2-1.4 169 30 5.381 3.798 to0 7.625
1.4-1.6 68 0 0 8.086 to ©
Total 268 256

NLR and PLR of Hsp90-beta serum concentration in lung can-
cer patients and benign lung diseases patients

Interval Positive Negative Likelihood ratio 95% Cl

0.6-0.7 0 11 0.000 0.000 to 0.699
0.7-0.8 0 28 0.000 0.000 to 0.239
0.8-0.9 0 20 0.000 0.000t0 0.338
0.9-1.0 0 41 0.000 0.000 to 0.162
1.0-11 0 28 0.000 0.000 t0 0.239
1.1-1.2 31 37 0.688 0.442t0 1.071
1.2-1.3 48 41 0.961 0.659 10 1.401
1314 121 15 6.622 3.992 t0 10.984
1.4-15 65 0 o0 6.642 to ©
1.5-1.6 3 0 o0 0.248to w0
Total 268 221

NLR, negative likelihood ratio; PLR, positive likelihood ratio; 95% Cl,
95% confidence interval.

patients, the value of 1.158 pg/ml could be
used to discriminate lung cancer patients from
benign lung disease patients. We noticed that
the sensitivity was still higher (95.9%) but the
specificity decreased significantly, which meant
that Hsp90-beta may have a better diagnostic
ability in discriminating lung cancer from nor-
mal group than benign group (Table 5). Figure
4C, 4F) depicts receiver operating characteris-
tic (ROC) curves for Hsp90-beta when cancer
group were compared with benign and healthy
groups. To discriminate lung cancer from
healthy people, the area under the curve (AUC)
of Hsp90-beta was 0.974, Standard error was
0.00504, 95% confidence interval was 0.957-
0.986, Z value was 94.162 (P < 0.0001) while
to discriminate lung cancer from benign lung
patients, the area under the curve (AUC) was
0.920, Standard error was 0.0119, 95% confi-
dence interval was 0.892-0.942, Z value was
35.21 (P < 0.0001). The results displayed that
serum Hsp90-beta contributes not only to the
differentiated diagnosis of lung cancer patients
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and benign lung patients, but also to the
screening of lung cancer, there for pro-
moting early diagnosis of lung cancer as
well.

Discussion

Circulating proteins hold great promise
as a new class of cancer biomarkers due
to their high stability in plasma, associa-
tion with disease states, and ease of sen-
sitive measurement. Cancer biomarkers
are expected to not only predict the pre-
disposed factors but also diagnose can-
cer patients at early of their stage. Early
diagnosis of lung cancer is the most
important determinant of survival of pa-
tients. Over the past many years, carcino-
embryonic antigen (CEA), neuron-specific
enolase (NSE), cytokeratin 19 fragment
(CYFRA21-1) and squamous cell carcino-
ma antigen (SCC) have been used as bio-
marker for the diagnosis and manage-
ment of patients with lung cancer [9, 10].
However, specific marker of lung cancer
is extremely absent. One of the reasons
with these tumor markers is the lack of
lung cancer specificity, thus researchers
never stopped exploring new valuable
biomarkers for diagnosis and prognostic
in lung cancer. There are several distinct
types of cancer biomarkers based on dif-
ferent areas: genetics, epigenetics, pro-

teomics and metabolomics. Proteomics tech-
niques include mass spectrometry (MS), ELISA,
and immunohistochemistry etc., and utilize
these tools to discover novel cancer biomark-
ers and validate them in clinical trials. Since
cancer biomarker discovery has started exten-
sively with the progress of proteomic technolo-
gy, many protein molecules have been indicat-
ed as potential cancer biomarkers [11]. Pre-
viously, we has identified the increase of Hsp-
90-beta expression in the NCI-A549 and NCI-
H446 lung cancer cells compared with the 16
HBE human bronchial epithelial cell lines using
two-dimensional
dem mass spectrometry (2D-LC-MS/MS). Hsp-
90 over-expression has been related to the
prognosis and evolution of neoplasia and is
considered the classic chaperone family in can-
cer. There are two main isoforms of Hsp9O,
Hsp9O0a and Hsp90-beta. A study of various
tumor cell lines revealed that Hsp90-beta were
expressed in HCT116 and Hela cells. In addi-
tion, Hsp90-beta was found in Saos-2 (osteo-

liguid chromatography-tan-
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Figure 4. Cut-off selection of serum Hsp90-beta by ROC curve analysis. A-C. selection of cut-off for serum value
of Hsp90-beta in distinguishing lung cancer patients from normal group; receiver operating characteristic curves
for Hsp90-beta [area under the curve (auc): 0.976]; D-F. selection of cut-off for serum value of Hsp90-beta in dis-
tinguishing lung cancer patients from benign group; receiver operating characteristic curves for Hsp90-beta [area
under the curve (auc): 0.920]. ROC, receiver operating characteristic curve; Sens, sensitivity; Spec, specificity.

sarcoma), SK-N-SH, HL-60 (acute promyelocyt-
ic leukemia) and A375 (malignant melanoma)
cell lines [12]. At present the research of
Hsp90-beta expression pattern in lung cancer
is confine to basic research in vitro, so the
serum expression status of lung cancer
patients is merely studied. To uncover the epi-
demiologic features of Hsp90-beta and its clini-
copathological significance in lung cancer,
Hsp90-beta expression in lung cancer clinical
specimens were detected and its relationships
with clinicopathological factors were evaluated
in our study.

In the histological level, our results showed that
Hsp90-beta mRNA and protein exhibited higher
expression in all histological types of lung can-
cer, and in particular in poorly differentiated
lung cancer. The high expression of Hsp90-
beta was shown to be intimately involved in
tumor cell lymph node invasion, larger tumor
size and high TNM stage according to our study.
Thus, we may infer that higher Hsp90-beta
expression is potentially effective in develop-
ment of lung cancer. These findings are in con-
cordance with previous reports showing that a
higher level of Hsp90-beta in cancer is associ-
ated with a poor clinical outcome compared
with patients who express lower levels of
Hsp90-beta [13-16], suggesting that increased
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expression of Hsp90-beta in the cytoplasm of
the tumor cells may contribute to the progres-
sion of cancer. When tested coincidence rate of
mMRNA and protein expressions of Hsp90-beta
in matched lung cancer tissues and adjacent-
cancer normal tissues, the results indicated
that mRNA expression of Hsp90-beta was con-
sistent with protein expression. In order to
assess expression trend of three methods (IHC,
ISH and Western blot), nonparametric test was
performed. The results shown coincidence rate
of Hsp90-beta expression using three different
methods was 88%, and indicated three meth-
ods have a consistent trend. Via the coinci-
dence rate test, the result indicated that the
level of transcription and translation of Hsp90-
beta is more stable, which is crucial to expres-
sion stability of tumor biomarker, and patently
strengthen the evidence of high expression of
Hsp90-beta in lung cancer cells. It is obvious
that the strength of evidence in both of mRNA
and protein expression surpasses single
expression. Combined detection of both is bet-
ter than each of them, and is more accurate.
For example, amplification or overexpression of
HER-2/neu is seen in approximately 20 to 30%
of invasive breast cancers and this has been
considered to be an adverse prognostic factor
in many studies. Immunohistochemistry and
fluorescence in situ hybridization have emerged
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Table 5. Cut-off score of Hsp90-beta serum level for
differentiating lung cancer patients from normal and

benign groups
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insight into understanding of the associa-
tion between Hsp90-beta and lung cancer.
The up-regulation of Hsp90-beta in serum

Selection of cut-off score for serum value of Hsp90-beta in
lung cancer patients and healthy examined peoples

was observed in SCLC, compared with LSCC
and LAC, which suggests that the up-regula-

tion of Hsp90-beta may be particularly relat-

Criterion  Sensitivity  95% Cl  Specificity  95% ClI

> 1.1058 100.00 95.5-100.0 73.81 63.1-82.8
>1.1438 98.77 93.3-100.0 78.57 68.3-86.8
>1.1552* 98.77 93.3-100.0 83.33 73.6-90.6
>1.173 90.12 81.5-95.6 85.71 76.4-92.4
>1.212 87.65 78.5-93.9 92.86 85.1-97.3
>1.232 85.19 75.6-92.1 95.24  88.3-98.7
> 1.2806 75.31 64.5-84.2 100.00 95.7-100.0

ed to the malignant invasion of SCLC.
Clinically, in SCLC early distant metastasis
occurs more frequently than with other his-
tological types. It is well understood that
SCLC is more aggressive and often metas-
tasizes widely before the primary tumor
mass in the lung reaches a large size, and
further research is needed to explore the

Selection of cut-off score for serum value of Hsp90-beta in

lung cancer patients and benign lung disease patients

relationship between SCLC and Hsp90-
beta.

Criterion  Sensitivity = 95% Cl  Specificity 95% Cl

>1.097 100.00 98.6-100.0 57.73 50.9-64.3
>1.12 98.51 96.2-99.6 57.73 50.9-64.3
>1.1331 98.51 96.2-99.6 67.27 60.6-73.4
>1.1578* 95.90 92.8-97.9 72.27 65.9-78.1
>1.232 84.33 79.4-88.5 74.55 68.3-80.2
> 1.2965 72.76 67.0-78.0 93.18 89.0-96.1
>1.3212 63.81 57.7-69.6 95.45 91.8-97.8
> 1.3706 38.81 32.9-449 100.00 98.3-100.0

Cutoff for Hsp9O0-beta for the diagnosis of
lung cancer at specificity was determined by
ROC curve analysis. Logistic regression
analysis, using ROC-derived cutoff value,
was used to determine the sensitivity of
Hsp90-beta. At predefined specificity of
83.3% for distinguishing lung cancer from
absence of disease (healthy subjects), the
sensitivity was 98.8%. Meanwhile, when

95% CI, 95% confidence; *: threshold of serum annexin A1 for dif-
ferentiating lung cancer patient from benign lung disease patient

and normal people.

as the most viable assays for evaluation of
HER-2/neu in routine clinical practice. However,
each of these methods has its advantages and
disadvantages [17]. So the combined test of
MRNA and protein in cancer tissues has big
practical value.

In recent years, a large number of biomarkers
for lung cancer have been examined in serum,
such as CEA, NSE, CYFRA21-1 and so on. In our
study, serum level of Hsp90-beta of lung can-
cer patients was compared with two control
groups without lung cancer. Median level of
Hsp90-beta was found to be significantly high-
er in patients with lung cancer than healthy
control and benign lung disease control, thus
displaying a significant association between
the high serum level and an increased risk for
lung cancer. In addition, lung cancer with the
high serum level of Hsp90-beta is more likely to
show an aggressive phenotype being exempli-
fied by large tumor size and lymphatic metasta-
sis. These results seem to suggest a possibility
that the serum level of Hsp90-beta could be
risk factor for lung cancer and to provide a new
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distinguishing the lung cancer group from

the benign group, Hsp90-beta specificity

was 77.8% and 78.9% respectively, which

displayed that the ability of Hsp90-beta was

higher in discriminating lung cancer from
normal group than benign group. We adopted
the cut-off levels derived from the ROC analy-
sis, corresponding to 1.155 and 1.158 pg/mi
for Hsp90-beta, which showed the best com-
promise between sensitivity and specificity in
predicting lung cancer. When benign group
were used as the control, the ROC AUC yielded
Hsp90-beta cutoff of 1.158 pg/ml and demon-
strating that the value might provide clinically
meaningful cutoff in the diagnosis of lung can-
cer by providing an optimal sensitivity and spec-
ificity balance in lung patients. However, this
study had several limitations. Firstly, it was con-
ducted at a single center in China, which may
limit generalizability of the findings to the wider
population. Secondly, the study was not suffi-
ciently powered to assess differences in mark-
er level between early and advanced lung can-
cer. Therefore, further experimental investiga-
tions involving a larger number of samples of
lung cancer patients are required to reach a
more definitive conclusion. Besides, our pre-
liminary results need to be confirmed by a pro-
spective study including a large number of sub-
jects as well as by the functional analysis of
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Hsp90-beta through in vitro studies in the
future. As lung cancer is a highly malignant
respiratory system tumor, a detailed under-
standing of the function and significance of
Hsp90-beta will help to further elucidate the
biological mechanisms of lung cancer and aid
in the design of preventive treatment.

Conclusion

We have demonstrated that the expression of
serum Hsp90-beta was up-regulated in lung
cancer patients and these results indicated
that higher expression of Hsp90-beta was
potentially involved in the aggression and his-
tology of lung cancer. Overall, our findings in
this study indicated that serum Hsp90-beta
was a useful biomarker for differentiating
patients with lung cancer from those with non-
malignant disorders. The results also implied
that the choice of a cutoff value for defining
elevated Hsp90-beta serum levels has a clini-
cally relevant impact on the sensitivity and
specificity, the chief benefit seems to be an
improvement in sensitivity with the use of
serum Hsp90-beta. However, larger numbers
of lung cancer subjects are required for pro-
spective studies as well as for further studies
that are warranted to investigate the potential
mechanism of increased in lung cancer.
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