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Abstract: Heat shock protein 90-beta (Hsp90-β) is associated with cell proliferation, differentiation and apoptosis 
and has been investigated as a prognostic factor in many cancers. However, Hsp90-β protein expression in lung 
adenocarcinoma (ADC) has not been thoroughly elucidated. The aim of this study was to determine the relationship 
between Hsp90-β expression, clinicopathological parameters and prognosis in lung adenocarcinomas. Seventy-five 
surgically resected lung adenocarcinomas and matched normal lung tissue samples were obtained to construct a 
tissue microarray (TMA), including 44 stage IA-IB cases. Then, Hsp90-β protein expression level in lung tissue was 
evaluated by immunohistochemistry. Kaplan-Meier survival analysis with a Log-rank significance test was used 
to estimate the survival differences among subgroups according to Hsp90-β expression in lung ADC tissues us-
ing SigmaPlot/SigmaStat v10 and 3.5, respectively. Hsp90-β protein expression was significantly upregulated in 
lung ADC tissues compared to that in the matched normal alveoli (P<0.001) and was associated with tumor dif-
ferentiation (P<0.001). Furthermore, Hsp90-β over-expression was correlated with poor survival in stage I patients 
(P=0.026). Increased Hsp90-β expression was associated with reduced overall survival (HR, 2.440; 95% confidence 
interval, 1.076-5.530; P=0.033). To conclude, our data demonstrated that Hsp90-β protein was over-expressed in 
lung ADC tumor tissues and was associated with poor outcomes in early stage ADC patients and low pathological 
grade tumors. These data suggest that Hsp90-β could be a clinically useful biomarker for the prognosis of ADC and 
an effective anticancer target.
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Introduction

According to an annual report regarding the 
prevalence of cancer in China in 2010, lung 
cancer has become one of the most serious 
threats to human health in both urban and rural 
areas. Its incidence and mortality are listed 
first among a variety of tumors [1]. Approximately 
50% of patients are diagnosed at late stages, 
leading to poor prognoses. The 5-year survival 
rates of patients with resected stage I non-
small cell lung cancer (NSCLC) are as high as 
50-70% [2]. Therefore, early detection and early 
cancer treatment are effective methods for 
reducing cancer mortality and morbidity. Histo- 
logically, adenocarcinoma (ADC) is the most 
prevalent type of lung cancer, accounting for 
almost half of all of the different types of lung 

cancers diagnosed [3]. More lung adenocarci-
noma cases occur in non-smokers due to the 
decrease in smoking rates. According to a 
recent comprehensive molecular profiling study, 
high rates of somatic mutation were observed 
in lung ADC tumors, with human epidermal 
growth factor receptor (EGFR) mutations being 
more frequent in females and RBM10 muta-
tions being more prevalent in male patients [4].

Heat shock proteins (Hsps) are evolutionarily 
conserved proteins. One member of the Hsp 
family is Hsp90, a highly abundant protein in 
eukaryotic cells that is involved in many impor-
tant cellular processes. Hsp90-α and Hsp90-β 
are the two major isoforms of Hsp90 that are 
associated with cell proliferation, differentia-
tion and apoptosis [5]. In normal conditions, 
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Hsp90-β has a higher expression level than 
Hsp90-α in most cells. Furthermore, Hsp90-β 
plays an important role in early embryonic 
development and trophoblast differentiation; 
Hsp90-β-deficient mice failed to differentiate 
to form placental labyrinths [6, 7].

It has been reported that Hsp90 over-expres-
sion in many types of tumors is significantly 
associated with decreased cancer survival in 
breast cancer, non-small cell lung cancer, gas-
tric cancer, and conjunctival melanoma, sug-
gesting that Hsp90 participates in tumorigene-
sis [8-11]. However, Hsp90-β protein expres-
sion in lung ADC has not been thoroughly eluci-
dated. In this study, we identified the expres-
sion profile of the Hsp90-β protein in lung ADC 
tissue by TMA. We further investigated whether 
Hsp90-β upregulation is associated with lung 
cancer clinicopathological parameters and 
evaluated the potential use of Hsp90-β as a 
prognostic marker for lung ADC.

Methods

Clinical samples and histopathologic data

The 75 patients with primary lung adenocarci-
noma included in this study underwent conven-
tional radical tumor resections between July 
2005 and December 2011 at the Liaoning 

International association for the study of can-
cer/American thoracic society/European respi-
ratory society (IASLC/ATS/ERS) classification. 
The following major lung ADC histological types 
were represented: (1) 41.3% acinar, (2) 26.6% 
papillary, (3) 2.7% micropapillary, (4) 17.3% 
solid, (5) 1.3% lepidic, (6) 6.7% invasive muci-
nous, (7) 1.3% fetal and (8) 2.7% enteric adeno-
carcinomas (Table 1).

Follow-up

The patients had follow-up appointments every 
3 months for the first year after surgery, every 6 
months for the second year and then yearly 
thereafter. The follow-up deadline was June 
2013. The median follow-up period was 24 
months (ranging from 2-95 months), and 40 
patients were alive at the time of the last 
follow-up.

Tissue microarray (TMA) construction and im-
munohistochemistry staining

The formalin-fixed and paraffin-embedded lung 
cancer and matched normal tissue samples 
were obtained from surgery. Before the con-
struction of the tissue microarray (TMA), a 
pathologist reviewed the H&E stained slides 
and the localized tumor/normal areas. Briefly, a 
tissue core from the donor block was punched 

Table 1. Clinicopathological features of lung adenocarcinomas (n=75)
Groups Characteristics Number (%)
Gender Male 43 (57.3)

Female 32 (42.7)
Age <60 39 (52.0)

≥60 36 (48.0)
Histology Acinar predominant adenocarcinoma, APA 31 (41.3)

Papillary predominant adenocarcinoma, PPA 20 (26.6)
Solid predominant adenocarcinoma, SPA 13 (17.3)
Micropapillary predominant adenocarcinoma, MPA 2 (2.7)
Lepidic predominant adenocarcinoma, LPA 1 (1.3)
Invasive mucinous adenocarcinoma 5 (6.7)
Fetal invasive adenocarcinoma 1 (1.3)
Enteric invasive adenocarcinoma 2 (2.7)

Pathologic grade Well-differentiated 19 (25.3)
Moderately differentiated 27 (36.0)
Poorly differentiated 24 (32.0)
Undifferentiated 5 (6.7)

TNM staging IA-IB 44 (58.7)
IIA-IIB 28 (37.3)
IIIA-IIIB 3 (4.0)

Cancer Hospital & 
Institute, China. All of 
the patients provided 
informed consent. Lu- 
ng cancer and ma- 
tched normal tissue 
specimens were for-
malin-fixed and paraf-
fin-embedded. There 
were 43 male and 32 
female patients, who 
ranged in age from 32 
to 80 years (median 
59 years). Tumor stage 
was classified accord-
ing to the 7th Union 
International Cancer 
Control (UICC) TNM 
staging system. There 
were 44 stage IA-IB 
patients, 28 stage IIA-
IIB patients and 3 
stage IIIA-IIIB patients. 
The ADCs were classi-
fied according to the 
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using a hollow needle with an inner diameter of 
1.5 mm. Then, the samples from each tissue 
were precisely placed into a recipient block at 
specifically assigned locations. The array block 
was baked in an oven and tested with H&E 
staining and an immunohistochemistry (IHC) 
test.

IHC staining was performed using a standard 
streptavidin-biotin-peroxidase complex method 
as described previously [11]. TMA sections (5 m 
thick) were incubated at 4°C in a humid cham-
ber overnight with a rabbit polyclonal antibody 
against human Hsp90-β (1:100, ABGENT, cata-
log #AP7867d, San Diego, CA, USA). PBS was 
used as a negative control. The nuclei were 
counterstained with hematoxylin. Two experi-
enced pathologists independently scored the 
immunostaining results. The immunoreactivity 
scoring (IRS) criteria were graded according to 
the following scale [12]: (1) 0, no staining; (2) 
1+, weak diffuse cytoplasmic staining (with 
stronger staining in <25% of the cells); (3) 2, 
moderate cytoplasmic staining in 25-50% of 
the cells; and (4) 3, intense staining in >50% of 
the cells. The samples ranked as IRS 0 and 1 
were defined as low Hsp90-β expressers, IRS 2 
as moderate Hsp90-β expressers, and IRS3 as 
high Hsp90-β expressers.

Western blot

Twenty four paired fresh cancer tissues and 
adjacent normal tissues were collected from 
May 2010 to December 2011, and the total 
protein was extracted. In all samples, 30 μg of 
total protein was loaded on a 10% SDS-PAGE 
gel and electrophoretically separated. The pro-
teins were transferred to polyvinylidene difluo-
ride membranes according to the routine proto-
col. The membranes were incubated with rabbit 
polyclonal antibody against human Hsp90-β 
(ABGENT, catalog #AP7867d, San Diego, CA, 
USA) at a dilution of 1:1000 overnight at 4°C. 
The primary antibodies were detected using 
horseradish peroxidase-conjugated secondary 
antibodies, the membrane were detected with 
the enhanced chemiluminescence method. 
And β-actin was used as a control for equiva-
lent protein loading.

Statistical analysis

The associations between the expression sta-
tus and clinicopathological parameters were 
analyzed using the chi-square test. Kaplan-

Meier survival analysis with the Log-rank signifi-
cance test was used to estimate the survival 
differences among various subgroups accord-
ing to HSP90-β expression in lung ADC tissues 
using SigmaPlot/SigmaStat v10 and 3.5, res- 
pectively (Systat Software, San Jose, CA, USA). 
The significance level was defined as P<0.05.

Results

Expression of Hsp90-β in lung cancer and nor-
mal tissues

Seventy-five lung ADC tissue samples were 
examined by immunohistochemistry. Hsp90-β 
staining was predominantly located in the cyto-
plasm of the tumor cells. According to the IRS 
criteria, the expression intensities of Hsp90-β 
immunostaining were low (IRS0, 1), moderate 
(IRS2), and high (IRS3), as shown in Figure 1. 
Correlations between the clinicopathological 
features and Hsp90-β expression in lung ade-
nocarcinoma are summarized in Table 2. The 
IHC results showed that moderate and high 
Hsp90-β protein expression was observed in 
82.7% (62/75) of lung cancer samples, and 
almost no or low expression (75/75, 100.0%) 
was observed in the matched normal alveoli. In 
addition, Hsp90-β expression was markedly 
associated with tumor grade. The expression 
frequencies of Hsp90-β in the poorly-differenti-
ated tumors were considerably higher than 
those detected in the well-differentiated tumors 
(45.8%, 34.6% and 0.0% expression for poor- 
ly, moderately and well-differentiated tumors, 
respectively, P<0.001). However, Hsp90-β exp- 
ression did not correlate with other clinicopath-
ologic factors, such as gender, age, histology, 
TNM stage, and lymph node metastasis. The 
Western blot results indicated high expression 
levels of Hsp90-β in the cancer tissues than 
the adjacent normal tissues (P<0.001, Figure 
2).

Association of high levels of Hsp90-β protein in 
tumor tissue with poor prognosis in early stage 
patients

Overall survival (OS) was calculated from the 
date of surgery to the date of death or the last 
follow-up. Unexpectedly, there was no signifi-
cant relationship between Hsp90-β expression 
levels and the prognosis of lung ADC patients. 
However, we further investigated the associa-
tion between Hsp90-β expression levels and 
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early stage lung ADC patient prognosis. There 
were 44 early stage (IA-IB) patients. The medi-
an follow-up period was 22 months (ranging 
from 2-95 months), and 20 patients were alive 
at the time of the last follow-up. The Kaplan-
Meier survival analysis revealed that the 
patients with high (n=16) Hsp90-β expression 
had a significantly poorer outcome than those 

with moderate (n=20) or low (n=8) Hsp90-β 
expression (P=0.034) (Figure 3). The postoper-
ative median OS of the patients with high, mod-
erate and low staining were 22 months, 27 
months, and 50 months, respectively.

Furthermore, to evaluate the independent 
impact of Hsp90-β over-expression on OS, a 

Figure 1. Hsp90-β protein expression in lung ADC tissues as observed by immunohistochemical staining with a 
rabbit polyclonal antibody against Hsp90-β applied to formalin-fixed and paraffin-embedded tissues in the manner 
of tissue microarrays. A. The expression intensity of Hsp90-β immunostaining in normal alveoli was IRS0; B-D. The 
expression intensities of Hsp90-β immunostaining in lung ADCs were IRS01, IRS2, and IRS3, respectively.
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multivariate Cox’s proportional hazards regres-
sion model adjusted for age, gender, histology, 
pathologic grade and Hsp90-β expression was 
performed. Our results showed that Hsp90-β 
expression was an independent prognostic  

factor for OS (Hazard ratios, 2.440; 95% con- 
fidence interval, 1.076-5.530; P=0.033) for 
early stage lung ADC cancer patients (Table 3).

Discussion

The incidence rates of lung adenocarcinoma 
are increasing rapidly in most countries among 
males and females and account for approxi-
mately 85% of non-small cell lung cancer 
(NSCLC) [13]. The highly conserved Hsp90, 
comprising 1-2% of cellular proteins, acts as  
an essential cytoplasmic chaperone complex 
and is involved in maintaining homeostasis by 
assisting protein folding [5]. In this study, the 
relationship between Hsp90-β expression and 
clinicopathological factors was evaluated. We 
observed that Hsp90-β was commonly over-
expressed in lung ADC, even in very early stage 
(IA-IB) patients. By multivariate analysis, high 
levels of Hsp90-β expression remained an 
independent factor for overall survival in stage 
I ADC patients. More importantly, our data sug-
gest that Hsp90-β over-expression was associ-
ated with high pathologic grade lung ADC.

Targeted therapy is currently available for lung 
ADC. The frequency of the EGFR (epidermal 
growth factor receptor) mutation is 15%-20% in 

Table 2. Correlation between clinicopathological features and Hsp90-β expression in lung adenocarci-
nomas

Groups Characteristics N
Expression of Hsp90-beta

Low (%) Moderate (%) High (%) χ2 value P value
Gender Male 43 7 (16.3) 23 (53.5) 13 (30.2) 0.659 0.719

Female 32 6 (18.8) 19 (59.4) 7 (21.9)
Age <60 39 8 (20.5) 21 (53.8) 10 (25.6) 0.573 0.751

≥60 36 5 (13.9) 21 (58.3) 10 (27.8)
Histology APA 31 6 (19.4) 17 (54.8) 8 (25.8) 6.758 0.344

PPA 20 4 (20.0) 9 (45.0) 7 (35.0)
SPA 13 1 (7.7) 7 (53.8) 5 (38.5)

Others# 11 2 (18.2) 9 (81.8) 0 (0.0)
Pathologic grade Well 23 11 (47.8) 12 (52.2) 0 (0.0) 27.249 <0.001

Moderate 26 2 (7.7) 15 (57.7) 9 (34.6)
Poor 24 0 (12.5) 13 (54.2) 11 (33.3)

Undifferentiated 2 0 (0.0) 2 (100.0) 0 (0.0)
TNM staging I 44 8 (18.2) 20 (45.6) 16 (36.4) 5.912 0.052

II+III 31 5 (16.1) 22 (71.0) 4 (12.9)
Lymph node metastasis N0 48 8 (16.7) 25 (52.1) 15 (31.3) 1.450 0.484

N1 27 5 (18.5) 17 (63.0) 5 (18.5)
APA, Acinar predominant adenocarcinoma; PPA, Papillary predominant adenocarcinoma; SPA, Solid predominant adenocar-
cinoma. #, others including Micropapillary predominant adenocarcinoma, Lepidic predominant adenocarcinoma, Invasive 
mucinous adenocarcinoma, Fetal invasive adenocarcinoma, and Enteric invasive adenocarcinoma.

Figure 2. Protein expression of Hsp90-β in lung ADC 
tissues was detected by Western blotting. A. Hsp90-β 
expression in paired normal (N) and tumor (T) tissues 
of 24 ADC patients. B. The Western blot results in-
dicated high expression levels of Hsp90-beta in the 
cancer tissues than the adjacent normal tissues 
(P<0.001).
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white populations and over 50% in Asian 
patients with ADC [14]. Hsp90 binds some 
important transcription factor and signaling 
molecule gene promoters, such as c-myc, p53, 
scr, and rhomboid (rho) [15]. Furthermore, rho 
codes for a component the triggers the EGF 
pathway in Drosophila adult muscle precursors 
(AMPs), suggesting that Hsp90 is also implicat-
ed in the EGFR pathway [16]. The Hsp90 

sues, suggesting that Hsp70-β over-expression 
is responsible for the differentiation of lung 
ADC cells. It has been reported that Hsp90-β 
inhibits cell differentiation by preventing auto-
ubiquitination and the degradation of its client 
protein, cellular inhibitor of apoptosis protein-1 
(c-IAP1) [21]. The ubiquitin protein ligase activ-
ity of c-IAP1 regulates the tumor necrosis factor 
alpha (TNF-α) signaling pathway by expressing 
tumor necrosis factor receptor 2 (TNFR2) [22]. 
Hsp90 inhibitors have been shown to block cell 
differentiation [23]. Retaspimycin hydrochlo-
ride (IPI-504), one of the inhibitors, is in clinical 
trials for NSCLC patients (http://www.Clinical- 
Trial.gov). Furthermore, IPI-504 induced cell 
apoptosis and blocked the migration and inva-
sion of high-grade gliomas (HGGs), indicating 
that IPI-450 could be a therapeutic strategy for 
gliomas [24].

In conclusion, our results show that Hsp90-β 
exhibited high expression levels in lung ADC  
tissues, particularly in poorly differentiated 

Figure 3. The Kaplan-Meier survival analysis revealed that the patients with 
high (n=16) Hsp90-β expression had a significantly poorer outcome than 
those with moderate (n=20) or low (n=8) Hsp90-β expression (P=0.034).

Table 3. Multivariate cox regression analysis 
for overall survival in early stage patients with 
lung ADC cancer

Variable 
Overall survival (n=44)

Hazard ratios (95% CI) P value
Age 0.991 (0.946-1.038) 0.702
Gender 1.109 (0.435-2.828) 0.829
Histology 0.991 (0.595-1.650) 0.971
Pathologic grade 1.190 (0.529-2.676) 0.674
Hsp90-beta 2.440 (1.076-5.530) 0.033
CI, confidence interval.

N-terminus contains an ATP-
binding domain, which is 
important for its cellular 
functions [17]. Several Hsp- 
90 inhibitors that are used 
to target cancers by inhibit-
ing Hsp90’s ATPase activity 
have been successfully eval-
uated in clinical trials, for 
example, geldanamycin [18]. 
A recent study reported that 
combining a proteasome 
inhibitor with an Hsp90 
antagonist might represent 
a novel strategy against 
NSCLC (non-small cell lung 
cancer) [19]. In our cohort 
study, Hsp90-β was signifi-
cantly increased in 82.7% of 
lung ADC samples compared 
to that of normal alveoli and 
was associated with poor 
outcome in stage I patients 
after surgery. These clinical 
studies suggest that Hsp90 
is an effective anticancer 
target [20].

In our study, significantly 
increased levels of Hsp90-β 
were detected in poorly dif-
ferentiated lung ADC tis-
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lung cancer. Additionally, increased Hsp90-β 
levels were an independent predictor of worse 
prognosis.
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