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Abstract. Background/Aim: It has been shown that HSPA2
protein, a testis-enriched member of HSPA/HSP70 family, is
important for cancer cell growth and metastasis. However,
the status of HSPA2 expression in tumors and its
clinical/prognostic significance are obscure. Herein we
aimed to investigate the expression of HSPA2 in various
types of tumors and to determine the possible clinical and
prognostic significance of HSPA2 in non-small cell lung
carcinoma (NSCLC). Materials and Methods:
microarrays and postoperative NSCLC tumors were tested
for HSPA2 by immunohistochemistry. Results: HSPA2 is
expressed in the majority of tumor histotypes. In NSCLC
patients (n=85), nuclear HSPA2 expression was associated
with histology, TNM staging and prognosis. High HSPA2
expression was significantly related to shorter overall

Tissue

survival (OS) in stage I-1I patients. In multivariate analysis,
high HSPA2, together with stage IIIA and male sex, were
associated with shorter OS in the whole group. Conclusions:
As exemplified in NSCLC the status of HSPA2 in human
tumors may have certain prognostic significance.

The human HSPA2 gene, a poorly-characterized member of
the HSPA (HSP70) multi-gene family, codes for heat shock
proteins (HSP) of 70 kDa molecular weight. In humans, the
HSPA family consists of at least thirteen highly homologous
genes, which are either constitutively expressed and/or their
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expression can be induced in response to various pathological
conditions and environmental stress (1, 2). Some of HSPA
proteins are well-known cytoprotective agents, their activity is
beneficial for survival of normal and pathologically-
transformed cells exposed to stress condition (1-3).
Originally, HSPA2 was identified in rodents as a testis-
specific gene essential for development of male germ cells
(4-6). In mouse spermatocytes HSPA2 was found to be
involved in synaptonemal complexes disassembly and
formation of active CDC2/cyclin B1 complex (6-8). In
contrast to its rodent orthologs, the human HSPA2 gene is
highly transcribed in multiple somatic tissues (9, 10).
Recently, using a highly specific anti-HSPA?2 antibody, we
have shown that HSPA2 is expressed in a cell-type specific
manner in human somatic tissues (11). The functions of
HSPA2 in somatic cells are elusive. Recently, its general
chaperoning activity (re-folding of denatured luciferase) has
been presented (12). We have also shown that HSPA2 can be
part of the cytoprotective system, its overexpression
improves the ability of cells to cope with proteotoxic stress
induced by heat shock and proteasome inhibitors (13).
HSPA2 can also be expressed in human cancer cell lines
(14-17) and in some primary tumors (16-18). Published
evidence, although very limited, suggests that HSPA2 is
important for cancer cell biology. HSPA2 gene silencing
reduces proliferation and induces senescence of cervical and
breast cancer cell lines (14), as well as affecting the motility
and invasiveness of urothelial and cervical cancer cell lines
(17, 18). Therefore, a critical role for HSPA2 in growth and
metastatic potential in cancer cells has been assumed.
Concurrently, the above data form a strong incentive to
investigate whether HSPA2 could be considered as a
clinically-relevant marker. The potential use of HSPA2 as a
tumor marker should be assessed taking into account the
knowledge on its expression in a neoplastic and
corresponding normal tissue. Data on HSPA2 expression in
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selected normal tissues has just been published (11), but little
is known about HSPA?2 in primary tumors (17, 18).

In the work presented herein, we investigated by
immunohistochemistry (IHC) the HSPA2 expression in
various types of human tumors using tissue microarrays
(TMAs) and polyclonal HSPA2 antibody of proven
specificity, which discriminates between HSPA2 and other
highly similar HSPA proteins (11, 16). The analysis of
HSPA2 expression in post-operative specimens from 85 non-
small cell lung carcinoma (NSCLC) patients revealed the
association of HSPA2 expression with histological type of
tumor, TNM staging and overall survival (OS).

Materials and Methods

Tissues. Tissue microarrays (TMA) slides with catalog number
#L.C242 and #MC501 were purchased from Tissue Array Network
(Rockville, USA). These TMAs contain formalin-fixed, paraffin-
embedded samples of human tumors and normal (or cancer
adjacent) tissues. The TMA #LC242 (1.5 mm core diameter)
contains 11 cases of lung NSCLC. The TMA #MC501 (0.6 mm core
diameter) contains most common types of cancer (from 8 to 19
cases/type) and normal controls (5 cases/type, not included for each
cancer type). Details are presented in Table I.

We tested archival material of surgically-resected tumors from
85 NSCLC patients and 5 cases of adjacent non-tumor lung tissues
(paired). The protocol of the study was approved by the Ethics
review board (no KB/430-66/12; 14-Nov-2012). All patients were
operated on between 1993-1995 at the Department of Thoracic
Surgery of the Silesian Medical University in Zabrze (headed by
K. Czyzewski). None of the patients received chemo- or
radiotherapy prior to surgery. Clinical staging was assessed
according to the 1997 AJCC classification. The majority of
patients were tobacco smokers. Table II shows details on
clinicopathological characteristics of the patients. Median follow-
up was 111.4 ranging from 76.6 to 146.2 months and 62 (76.5%)
deaths occurred during the observation period. Survival
information was available for 81 of 85 patients, four patients were
lost from follow-up.

Immunohistochemistry (IHC). For HSPA2 detection, a rabbit mono-
specific polyclonal antibody of proven specificity was used (11, 16).
Briefly, anti-HSPA2 serum was generated in rabbit by injection of
C-terminal peptide from mouse HSPA2 protein (NH2-
SKLYQGGPGGGGSSGGPT; amino acids 611-628), crude anti-
serum was antigen affinity purified, as described in (11, 16). The
IHC procedure was performed as described previously using an
IMPRESS kit obtained from Vector Laboratories (Janki, Poland)
(11). Briefly, prior to IHC citrate-mediated (0.01M buffer pH 6.0)
high-temperature antigen retrieval was performed (19). The IHC
controls include: (1) omission of the primary antibody; (2) peptide
competition (Figures 1 and 2). For peptide competition, the antibody
in working concentration was preincubated (1 h, RT) with mass
excess of the peptide antigen (1 pg).

The HSPA2 expression was semi-quantitatively assessed by
assigning a proportion score and an intensity score. The proportion
score was assigned according to proportion of tumor cells with positive
nuclear/cytoplasmic staining (0, <1%; 1, 1% to <10%; 2, 10% to

2834

<30%; 3, 30% to <60%; 4, >60%). The intensity score was assigned
for the average intensity of positive tumor cells (0, none; 1, weak; 2,
moderate; 3, strong). The intensity and proportion scores were
multiplied and, finally, strong staining was assigned to 12-8 scores,
moderate to 6-4, weak to 3-1, negative to 0. All specimens were
analyzed by three independent investigators (D.S., A.G-P. and M.C.).

Statistical analysis. The Pearson’s Chi-square test was used to
compare all categorical variables. OS was defined as the time from
diagnosis until death from any cause or last known date alive. The
Kaplan-Meier survival curves were compared with the log-rank test.
The Cox proportional hazards regression model was used to estimate
crude or adjusted hazard ratios (HRs) and 95% confidence intervals
(CIs). For survival data analysis, the HSPA2 expression was
dichotomized as low (negative and weak staining) or high (moderate
and strong staining). Adjustment for age, sex, histology (SCC versus
AC), clinical stage (I-II versus IIIA) and smoking pack-years was
applied. Age and number of pack-years were examined as continuous
variables, while all others were categorized. The level of significance
was set at 0.05 and calculations were performed using STATISTICA
v8.0 (StatSoft Inc., Tulsa, OK, USA).

Results

Tissue microarray study. The THC screening of HSPA2
expression was performed on 268 samples representing 14
types of primary human tumors (8 to 19 individual cases for
each type). In total, HSPA2-positive cancer cells were found
in 26% of the cases and in 11 out of 14 analyzed types of
tumors (Table I). Staining was detected in the nuclei and/or
the cytoplasm of cancer cells. The highest numbers of
HSPA2-positive cases were found in skin SCC (9/9 — number
of cases/number of HSPA2-positive cases), breast infiltrating
lobular (ILC; 10/7), breast non-specific infiltrating ductal
(IDC; 17/10), head and neck SCC (HNSCC; 16/8), and ovary
papillary serous (PSC; 12/6) cancers. Serious limitations of
our study is the small size of arrayed samples. The main
concern is that small cores may not represent the whole
tumor due to intra-tumoral heterogeneity, that would possibly
cause false-negative results. Therefore we do not discuss the
tumor types which appeared to be HSPA2-negative (Table I).

Previously, it has been shown that HSPA?2 is expressed in
a cell- and tissue-type specific pattern in human tissues (11).
We collated the published data on the HSPA2 expression in
normal tissues (11) with data on its expression in tumors
presented here. Such a comparison enabled identification of
pairs of tumors and corresponding normal tissues for which
HSPA2 was merely found in tumors (Figure 1). This
phenomenon could pertain to breast non-specific IDC and
ILC (Figure 1a), bladder TCC (Figure 1b), pancreatic AC
and liver AC (Figure 1d). However, interestingly in some
cases HSPA2 protein was found in both the tumors and
corresponding normal tissue. For example, HSPA2 was
detected in all specimens of skin SCCs (Table I) and in
normal epidermis (11), specifically in the basal layer cells
(Figure 1c) (Table I).
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Table 1. HSPA2 expression in various histological types of human tumors — results of TMA-based IHC analysis.

Organ HSPA2 in normal tissue? Pathology No/HSPA2- HSPA2 immunostaining®
diagnosis positiveb
Strong ~ Moderate ~ Weak

() () ()

Skin Epidermis — keratinocytes of basal layer SCC 9/9 4 1 4
MM 19/7 3 1 3

Breast 0 Non-specific IDC 17/10 5 0 5
ILC 10/7 1 2 3

Lung Bronchial epithelium — goblet cells, SCC 17/5 1 1 3
basal cells, ciliated cells AC 8/0 - - -

Ovary - PSC 12/6 0 1 3
Testis Spermatocytes and spermatids Seminoma 15/2 0 1
Kidney Kidney cortex — distal tubules Clear-cell RCC 8/2 - - 2
Granular-cell RCC 10/0 - - -

Thyroid 0 PC 10/0 - - -
FC 9/0 - - -

H&N - SCcC 16/8 2 2 4
Bladder 0 TCC 19/4 1 1 2
Liver 0 HCC 18/3 - - 3
Pancreas 0 AC 18/3 - - 3
Stomach Epithelium — parietal cells AC 18/2 - - 2
Prostate 0 AC 16/1 - - 1
Colon Epithelium — goblet cells; smooth muscle AC 17/8 2 1 5

fibers of lamina muscularis mucosae

aRefers to Figure 1 and Reference (10). 0: HSPA2 protein not detected; —: no data available. SCC: Squamous cell carcinoma; MM: malignant
melanoma; IDC: infiltrating ductal carcinoma; ILC: infiltrating lobular carcinoma; AC: adenocarcinoma; PSC: papillary serous carcinoma; RCC: renal
cell carcinoma; PC: papillary carcinoma; FC: follicular carcinoma; TCC: transitional cell carcinoma; HCC: hepatocellular carcinoma; bHSPA2-
positive refers to tumors showing HSPA2 staining in nucleus, nucleus/cytoplasm and cytoplasm. ¢scoring of HSPA2 immunostaining based on

nuclear staining. n: Number of cases.

Association of HSPA2 expression with clinical data and
survival of resected NSCLC patients. In the second part of
our study, we analyzed HSPA2 expression in whole sections
of resected NSCLC tissues (n=85) and in corresponding
cancer-adjacent normal lung tissues (n=5). We focused on
NSCLC because in our previous report we found HSPA2
expression at the highest level in cell lines derived from this
tumor type (16). In normal lung tissues, HSPA2
immunostaining was observed in bronchial epithelium, in
nuclei of basal cells and in apical cytoplasm of ciliated cells.
No staining was found in ciliated simple columnar
epithelium and pulmonary alveoli (Figure 2a).

The NSCLC group comprised of 56 SCC and 29 AC cases
(Table II). Nuclear staining was found in 53 cases (62%), but
in 18 (21%) of them HSPA2 immunoreaction was also
visible in the cytoplasm (Table III) (Figure 2). The separate
scoring of nuclear and cytoplasmic HSPA?2 staining revealed
that in each case the nuclear score was higher or equal to the
cytoplasmic one. Accordingly, it seems that scoring of
HSPA2 expression can be based on independent nuclear
staining alone.

IHC analysis showed a high heterogeneity of HSPA2
expression (Figure 2). HSPA2-stained cells were distributed

preferentially at the periphery of tumor cell clusters (Figure
2). In fact, the staining was homogenous only in a subset of
cases scored as strong (Figure 2b), and 65% of positive cases
showed staining in less than 60% of cancer cells (Figure 2c
and d). Less than 10% of cancer cells were stained and the
majority of cases (14 out of 18) scored as weak (Figure 2d).

The correlation of clinicopathological and survival data of
NSCLC patients with IHC scores was performed separately
for nuclear and cytoplasmic staining. Nuclear HSPA2
staining showed an association with histological type of
tumor, TNM staging and patients’ survival. For the whole
group, the HSPA2-positive cases were more frequent in SCC
than in AC (73% vs. 41%, p=0.008), the majority (93%) of
strongly-stained cases were SCCs. In SCC patients strong
and moderate staining were more frequent in the early stage
(IB + IIB) than in advanced stage (IIIA) subgroup (66% vs.
24%, p=0.006). No statistically significant associations
between IHC data and smoking status, as well as TNM
staging for AC cases were detected.

In order to assess a potential prognostic value of HSPA2,
we performed survival analysis for 81 patients for whom
relevant data were available (Table IV). In this group, the
median OS was 16.8 (95%CI. 6.2-27.4) months. For
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Figure 1. Examples of HSPA2 detection in various human tumors. TMAs analysis. a-d: Examples of HSPA2 staining in specimens of breast (a,
strong), bladder (b, moderate), skin (c, strong) and pancreas (d, weak) cancer. HSPA2 was detected in the nuclei and cytoplasm of cancer cells. No
HSPA2 was found in normal breast (a, right), bladder (b, left) and pancreas (d, left). HSPA2-positive keratinocytes (red arrows) are visible in basal
layer of normal epidermis (c, top). HSPA2 competition: negative control showing results of peptide competition reaction. ns IDC: Non-specific
infiltrating ductal carcinoma; ILC: infiltrating luminal carcinoma; TCC: transitional cell carcinoma; SCC: squamous cell carcinoma; AD:

adenocarcinoma; Bar: 100 um.

analysis, a high HSPA2 expression was assigned to all
cases stained strongly and moderately. In the univariate
model, only clinical stage significantly influenced patients’
survival (p=0.030). A high HSPA2 expression did not affect
OS (HR 1.43,95% CI 0.84-2.44, p=0.185) in the whole
group. When the patients were divided according to clinical
stage, we observed an association between high HSPA2
expression and worse survival in the stage I-II subgroup
(n=49, median OS, 16.10 versus 42.60 months, p=0.015;
HR 2.73,95% CI 1.26-5.94, p=0.011). A small group size
(n=32) and limited number of cases with high HSPA2
expression (n=7) did not allow for the analysis in stage III
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subgroup. No statistically significant association was found
when patients were stratified depending on histology, sex
and age. In the multivariate model, however, a high HSPA2
expression (HR 2.12,95% CI 1.17-3.83, p=0.013), together
with IITA stage (p=0.004) and male sex (p=0.021), were
associated with an increased risk of death in the whole
group (Table IV). In addition, after stratification of the
patients according to stage, histology, sex or age,
multivariate analysis revealed that high HSPA2 expression
was a negative prognostic factor in stage I-II, SCC, males
and older age (>58 years) patient subgroups (data not
shown).
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Table II. Clinicopathological characteristics of lung cancer patients
(n=85).

Total

Diagnosis
Squamous cell carcinoma 56
Adenocarcinoma 29
Stage

1B 27

1IB 24

JLIVN 34
Gender

Men 73

‘Women 12

Age: mean+SD (range)

Smoking status
Smokers 71
Non-smokers 14

Pack-years?: mean+SD (range) 36.83+22.42 (2-120)

58+7.30 (43-76)

aFor smokers only. SD: Standard deviation.

Discussion

Expression of HSPA2 in human primary tumors. The main
finding of our TMA survey is the disclosure that HSPA2 can
be expressed in various histological types of primary human
tumors. Although very small groups of cases were analyzed,
our results noticeably expand current knowledge on HSPA2
in tumors. So far HSPA2 was detected only in primary
NSCLC (16), bladder TCC (17) and breast cancer (14).
Published data also show that the HSPA2 protein is not
present in normal tissues but is highly and specifically
overexpressed in cancer cells. Such a tumor-specific
activation of HSPA2 expression was demonstrated
experimentally in bladder TCC and breast tumors (17, 14).
However comparison of the published data on the HSPA2
expression in normal tissues (11, 14, 17) with data on its
expression in tumors presented in this work suggests that
cancer-specific activation of the HSPA2 expression could
pertain, beside breast (non-specific IDC and ILC) and
bladder TCC also to many other tumor types. Notably,
HSPA?2 was not found in normal pancreas, liver and prostate
tissues (11) but it can be detected in pancreatic AC, liver AC,
prostate AC.

Importantly, our results also suggest that a cancer-specific
activation of the HSPA2 expression is not a universal
phenomenon. It was shown that HSPA2 is expressed in
epidermis specifically in basal cells (11). Herein we found that
HSPA?2 is highly and frequently expressed in skin SCC. The
generally accepted view is that skin SCC originates from
progenitor cells located in the basal layer of the epithelium (20,
21). Therefore, it can be presumed that in skin SCC (and

o “normal

g . o Eemmr

)

Figure 2. Detection of HSPA2 in normal lung and in lung SCC. a:
Sections of normal bronchial (1), bronchiolar (2) and lung alveolar (3)
tissues stained with anti-HSPA2 antibody. Red arrows point at basal cells
from ciliated pseudostratified bronchial epithelium. b: Specificity of
HSPA?2 detection — example of strong HSPA2 staining (4) and results of
peptide competition reaction (5). c-d: Examples of strong (c), moderate
(d) and weak (e) HSPA2 staining in lung SCC specimens. Bar: 100 um.
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Table II1. Status of HSPA2 immunoreaction in NSCLC (n=85).

HSPA22

Intracellular localization

Nucleus 35 (41.18)

Nucleus/cytoplasm 18 (21.18)

Cytoplasm 1(1.18)
THC scores in NSCLC (n=85)

Nuclear staining 53 (62.35)

Strong (+3) 15 (17.65)

Moderate (+2) 20 (23.53)

Weak (+1) 18 (21.18)
IHC scores in SCC (n=56)

Nuclear staining 41 (73)b

Strong (+3) 14 (25)

Moderate (+2) 14 (25)

Weak (+1) 13 (13)
THC scores in AC (n=29)

Nuclear staining 12 (41)b

Strong (+3) 1(3)

Moderate (+2) 6 (21)

Weak (+1) 5(17)

NSCLC: Non-small cell lung carcinoma; SCC: squamous cell
carcinoma; AC: adenocarcinoma. 3Data are given as percentages.
bStatistically significant, SCC vs. AC (p<0.01).

possibly also in other cancers) HSPA2 expression is not affected
by oncogenic transformation and can be retained in cancer cells.

Prognostic significance of HSPA2 protein. Herein, for the first
time it has been shown that HSPA2 may have certain
prognostic significance in resected NSCLC. To the best of our
knowledge, an association between NSCLC patients survival
and HSPA?2 expression has not been presented before. We
found that a high HSPA?2 expression is associated with shorter
survival of patients in early stage (IB and IIB) NSCLC.
Unfortunately, due to a small group size and limited number
of cases with high HSPA2 expression we were unable to
perform survival analysis in the stage III subgroup. In
multivariate analysis high HSPA2 expression together with
IITA stage and male sex were associated with shorter OS in
the whole group. At present our results cannot be compared to
others for NSCLC patients. However recently it has been
shown that elevated HSPA2 expression is associated with
shorter OS in a group of 120 esophageal SCC patients.
Overexpression of HSPA2 was found to be an independent
prognostic factor for esophageal SCC patients (22). We are
aware that a serious limitation of our study is the small group
of NSCLC patients available for analysis. The small
population size raises concerns over how reliable the findings
are. Therefore, an extended IHC survey performed on a larger
group of NSCLC patients should be performed to confirm the
prognostic significance of HSPA2 in NSCLC.
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Table IV. Multivariate Cox regression analysis of OS in 81 NSCLC
patients.

HR (95%CTI) p-Value

HSPA2 expression

High 2.12 (1.17-3.83) 0013
Gender

Male 2.98 (1.18-7.51) 0.021
Age? 1.00 (0.97-1.04) 0.861
Clinical stage

1A 2.16 (1.29-3.64) 0.004
Histology

SCC 0.59 (0.31-1.11) 0.101
Smoking (pack-years)? 0.99 (0.98-1.01) 0.296

aContinuous variable.

While the HSPA2 expression was associated with poor
prognosis in the present study, earlier studies on the same
NSCLC group revealed that expression of HSPA1 protein,
another member of the HSPA family, was associated with
increased patients’ survival (23). Hence, it would be
interesting to determine whether opposite prognostic effects
found for HSPA1 and HSPA2 reflect the functional
dissimilarity of each of these proteins in NSCLC. Although
the functional diversity among HSPA2 and HSPA1 was
suggested by in vitro experiments, this issue is still highly
debatable (14, 24, 25).

A correlation between overexpression of HSPA2 and
worst survival of HSP2-positive NSCLC patients can be
explained, at least partially, by an important cancer-related
function of HSPA2. The published evidence strongly
suggests that HSPA2 is crucial for growth and proliferation
of breast and bladder cancer cell lines (14, 17). Also, HSPA2
depletion reduced motility and invasiveness of urothelial
cancer cell lines (17). However, at present the biological
function of HSPA2 in lung cancer cells has not been
evaluated.

We found that HSPA2 is strongly and frequently
expressed in SCC compared to AC. For SCC patients high
HSPA?2 expression was more frequent in the early stage (IB
+ IIB) than in advanced stage (IIIA) subgroup. Interestingly,
for AC cases no association with TNM staging was detected.
The lung AC and SCC are two types of NSCLC
characterized by different etiology (SCC are more frequent
in smokers), histology (SCC are found mostly in the central
airways, while AC in the peripheral ones) and putative
cellular origin (26). At present, it is considered (26, 27) that
lung SCC arises from progenitor cells present in the basal
layer of central airway epithelium, whereas AC originates
from stem cells, which reside in distal airway-alveolar
epithelium (e.g. bronchioalveolar stem cells or alveolar
epithelial type-2 cells). Therefore, in NSCLC, two scenarios
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for changes of the HSPA2 expression can be proposed. In
SCC, tumor cells presumably retain the HSPA2 expression
already observed in basal cells of normal bronchial
epithelium, however this activity can be repressed during
SCC progression. Oppositely, in the lung AC, the HSPA2
gene seems to be activated during carcinogenesis as no
HSPA2-positive cells can be detected in normal bronchioles
and alveoli (Figure 2). Thus, referring to these two
circumstances, the problem which needs to be addressed in
the future is whether the functions of HSPA2 are equivalent
in lung SCC and AC. Also the mechanisms behind the
HSPA2 gene repression in tumors are elusive at present.
However, it can be speculated that during tumor
progression, the HSPA2 gene becomes silenced e.g., by
promoter methylation. Such a supposition is justified by
findings showing that the HSPA2 gene is methylated in
cervical, endometrial and bladder cancers (28-30).
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