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Abstract
Background: It has been shown that heat shock-related 70-kDa protein 2 (HSPA2), a member of the HSP70 family
of heat shock proteins, is important for cancer cell growth and metastasis. However, the status of HSPA2 expression
and its prognostic significance in pancreatic cancer remain unknown.
Methods: Quantitative reverse transcriptase ploymerase chain reaction (qRT-PCR) was applied to examine HSPA2
messenger RNA (mRNA) expression in 104 pairs of pancreatic cancer tissues and adjacent noncancerous tissues.
Statistical analyses were applied to evaluate the diagnostic value and associations of HSPA2 expression with
clinicopathological characteristics.
Results: HSPA2 mRNA was significantly overexpressed in pancreatic cancer tissues (3.9 ± 0.8) than in adjacent
normal tissues (1.1 ± 0.4) (P < 0.001). Clinicopathological analysis showed that HSPA2 expression was significantly
correlated with tumor size (P = 0.024), histological differentiation (P = 0.012), TNM stage (P = 0.006), lymph node
metastasis (P = 0.043) and serum CA19-9 level (P = 0.046). Moreover, patients with higher HSPA2 expression levels
had shorter overall survival time than those with lower HSPA2 expression levels (P = 0.019). Furthermore, Cox
regression analyses showed that HSPA2 expression was an independent predictor of overall survival (P = 0.011).
Conclusions: Our results suggest that overexpression of HSPA2 in pancreatic cancer is associated with aggressive
progression and poor prognosis and that HSPA2 may be served as a prognostic marker.
Virtual slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/
vs/5988744821527257.
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Background
Pancreatic cancer remains to be one of the most challenging malignancies to treat. Surgical resection offers the
only opportunity for cure. However, as no valid method
for early detection of this disease has been established,
80% or more of patients present with unresectable disease at the time of diagnosis [1]. Furthermore, even
when resection is performed, the recurrence rate is extremely high, resulting in the 5-year survival rate of patients with resected pancreatic cancer being no more
than 20% [2]. Currently, carbohydrate antigen 19–9
(CA19-9) is commonly used for pancreatic cancer detection. However, the sensitivity and specificity of CA19-9
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for the early diagnosis of pancreatic cancer are low [3].
Therefore, more accurate and acceptable tumor markers
for the early detection of pancreatic cancer are needed.
Heat shock-related 70-kDa protein 2 (HSPA2, also
known as HSP70-2) is a member of the HSP70 family of
heat shock proteins [4]. The HSPA2 gene was originally
characterized as the human counterpart of rodent genes
which are specifically and highly expressed in the testis
[5,6]. Recently, HSPA2 has attracted increased interest
due to its possible involvement in carcinogenesis of nontesticular tissues. The overexpression of HSPA2 has been
identified in several human malignancies, including nonsmall cell lung cancer [7], cervical carcinoma [8],
esophageal squamous cell carcinoma [9], and hepatocellular carcinoma [10]. However, little is known about the
expression and clinical significance of HSPA2 in pancreatic cancer. In this study, we therefore assessed the
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messenger RNA (mRNA) expression of HSPA2 in a
series of pancreatic cancer specimens and investigated
its associations with clinicopathological parameters and
overall survival in patients with pancreatic cancer.
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value in each reaction well was recorded. The relative
quantification of HSPA2 mRNA expression was calculated using the 2-ΔΔCT method.
Statistical analysis

Methods
Patients and tissue specimens

A total of 104 consecutive patients with pancreatic
ductal adenocarcinoma who underwent Whipple procedure at Air Force General Hospital of PLA between
January 2009 and December 2012 were retrospectively
reviewed. None of the patients had received chemotherapy or radiotherapy before surgery. Fresh tissues including pancreatic cancer tissues and adjacent normal tissues
were collected and immediately snap-frozen in liquid nitrogen after surgery and were stored at −196°C until
used. Patient preoperative demographic and clinical data,
including age, gender, details of pathological diagnosis,
serum CA 19–9 levels, follow-up period, and overall survival were collected prospectively. Patients were given
postoperative adjuvant chemotherapy every four weeks
for three months (Gemcitabine 1000 mg/m2 on days 1,
8, and 15). The study has been conducted in accordance
with the ethical standards and the principles of the
Declaration of Helsinki and has been approved by the
Institutional Review Board of Air Force General Hospital
of PLA. Written informed consent was obtained from all
of the patients.
qRT-PCR

Quantitative reverse transcriptase polymerase chain reaction (qRT-PCR) was utilized to detect HSPA2 expression in pancreatic cancer tissues. Briefly, total RNA was
extracted using TRIzol extraction liquid (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s instructions. β-actin was used as an internal control. The
reverse transcriptase (RT) reaction contained 10 ng of
total RNAs, 50 nmol/l stem-loop RT primer, 1 × RT buffer, 0.25 mmol/l each of deoxynucleotide triphosphate
(dNTP), 3.33U/μl MultiScribe reverse transcriptase, and
0.25U/μl RNase Inhibitor. The 20 μl reaction volumes
were incubated at 16°C for 30 min, 40°C for 30 min, and
85°C for 5 min. Real-time PCR was then performed on a
StepOnePlus real-time PCR system (Applied Biosystems,
Foster City, CA, USA). The sequences of the primers
were as follows: human HSPA2 forward 5’-TTCCACT
CAGGCCGCGTCCG-3’ and reverse 5’-AATCGGGCC
TTGGCAATCGTT-3’ and human β-actin forward 5’CAAGAGATGGCCACGGCTGCT-3’ and reverse 5’TCCTTCTGCATCTGTCGGCA-3’. The following PCR
parameters were used: 95°C for 2 min, followed by 35 cycles of 95°C for 30 sec and 60°C for 30 sec and a final
elongation step of 72°C for 10 min. All reactions were
performed in triplicate and the cycle threshold (CT)

The HSPA2 mRNA expression level was expressed as
mean ± standard deviation (SD). Associations between
HSPA2 mRNA expression level in pancreatic cancer and
clinicopathological features were determined using the
χ2-test. The Kaplan-Meier method was used to estimate
survival rates, and the log-rank test was used to assess
survival differences between groups. The Cox proportional hazards model for multivariate survival analysis
was used to assess predictors related to overall survival.
All statistical analyses were performed using SPSS software (SPSS 19.0, Chicago, IL, USA) and P < 0.05 was
considered statistically significant.

Results
HSPA2 mRNA upregulation in pancreatic cancer

The clinicopathological features of all the patients were
summarized in Table 1. The patients were aged from 41
to 86 years with a median of 62 years. The degree of differentiation was well differentiated in 13 cases, moderately differentiated in 43 cases, and poorly differentiated
in 48 cases. A total of 29 cases had lymph node metastases, while the remaining 75 cases did not have lymph
node metastases. The clinical TNM stage according to
the 7th edition of the AJCC cancer staging manual was
27 cases of stage IA, 39 cases of stage IB, 28 cases of
stage IIA, and 10 cases of stage IIB. Serum CA19-9 and
bilirubin were elevated in 77 and 69 patients, respectively.
HSPA2 mRNA expression was detected in 104 pairs of
pancreatic cancer and adjacent normal tissues by realtime quantitative RT-PCR. As shown in Figure 1, after
normalization to β-actin expression levels, the expression level of HSPA2 in pancreatic cancer tissues
(3.9 ± 0.8) was significantly higher than that in adjacent
normal tissues (1.1 ± 0.4) (P < 0.001). The median HSPA2
mRNA expression level of pancreatic cancer tissues (4.1)
was used as a cut-off point to divide all 104 patients into
two groups: pancreatic cancer patients who expressed
HSPA2 at levels less than the cut-off value were assigned
to the low expression group (n = 49), and those with
HSPA2 mRNA expression higher than the cut-off value
were assigned to the high expression group (n = 55).
Association between HSPA2 mRNA upregulation and
clinicopathological parameters of patients with
pancreatic cancer

Table 1 summarized the association between HSPA2
mRNA expression and clinicopathological parameters in
pancreatic cancer. HSPA2 mRNA expression levels were
significantly higher in the cancerous tissues of patients
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Table 1 Association between HSPA2 mRNA expression
and clinicopathological features of pancreatic cancer
Variables

No. of cases HSPA2 mRNA expression
(n = 104)
Low (n, %) High (n, %)

Age (years)

0.484

<60

43

21 (48.8)

22 (51.2)

≥60

61

28 (44.3)

33 (54.1)

Male

82

37 (45.1)

45 (54.9)

Female

22

12 (54.5)

10 (45.5)

Gender

0.396

Tumor size (cm)

0.024

<2

47

32 (68.1)

15 (31.9)

≥2

57

17 (29.8)

40 (70.2)

Well/Moderate

56

32 (57.0)

24 (43.0)

Poor

48

17 (35.4)

31 (64.6)

Histological grades

0.012

TNM stagea

Figure 1 Relative expression of HSPA2 in 104 pairs of
pancreatic cancer tissues (C) and adjacent normal tissues (N).

0.006

IA-IB

66

35 (53.0)

31 (47.0)

IIA-IIB

38

14 (36.8)

24 (63.2)

Lymph node
metastasis

0.043

No

75

39 (48.0)

36 (52.0)

Yes

29

10 (44.8)

19 (55.2)

Vascular invasion

0.062

No

80

39 (48.8)

41 (51.2)

Yes

24

10 (41.7)

14 (58.3)

<27

27

14 (51.9)

13 (48.1)

≥27

77

35 (45.5)

42 (54.5)

CA19-9 (U/ml)

0.046

Bilirubin (μmol/l)

0.178

<17.1

35

16 (45.7)

19 (54.3)

≥17.1

69

33 (47.8)

36 (52.3)

a

P-value

th

TNM staging was classified according to the 7 edition of the AJCC cancer
staging manual.
HSPA2, Heat shock-related 70 kDa protein 2.

with IIA-IIB stage pancreatic cancer than those with IAIB stage (P = 0.006). In addition, HSPA2 mRNA was
expressed at significantly higher levels in patients with
larger tumor sizes (P = 0.024). Moreover, we found that
poorly differentiated tumors expressed higher HSPA2 than
well or moderately differentiated tumors (P = 0.012). Finally, there were sufficient evidence to confirm its correlation with lymph node metastasis and serum CA19-9 level
in pancreatic cancer (P = 0.043 and P = 0.046, respectively).
Association between HSPA2 mRNA upregulation and
poor prognosis in patients with pancreatic cancer

The association between HSPA2 mRNA expression
and overall survival of pancreatic cancer patients was

investigated by Kaplan-Meier analysis and log-rank
test. During the follow-up period, 81 of the 104 patients
(77.9%) died. As shown in Figure 2, pancreatic cancer patients with low HSPA2 mRNA expression level had longer
overall survival time than those with high HSPA2 mRNA
expression level (log-rank test: P =0.019). Univariate analysis demonstrated that TNM stage (P = 0.013), the status
of lymph node metastasis (P = 0.040) and vascular invasion (P = 0.017), and HSPA2 mRNA expression
level (P = 0.007) were significantly associated with overall
survival of pancreatic cancer patients (Table 2). No significant associations with patient survival were found
among age at diagnosis, gender, tumor size, histological
grade, serum CA19-9 level, and bilirubin. Multivariate
analysis using the Cox proportional hazards model for all
variables that were significant in the univariate analysis
showed that TNM stage (P = 0.026), the status of vascular
invasion (P = 0.042), and HSPA2 mRNA expression level
(P = 0.011) were independent prognostic factors for overall survival in patients with pancreatic cancer (Table 2).

Discussion
HSPA2, as a testis-specific protein, played an important
role in spermatogenesis [5,6]. Recently, research has
shown that human tumor cells can express HSPA2 at
high levels [11,12]. The polymorphism of HSPA2 at position 1267 has been suggested to be associated with carcinogenesis in several malignant cancer tissues, such as
lung cancer, cervical cancer, esophageal squamous cell
carcinoma, and hepatocellular carcinoma [7-10]. Previous study has shown that HSPA2 was not found in normal pancreas [13]. However, whether HSPA2 is highly
expressed in pancreatic cancer is unclear. For a more
comprehensive insight into the clinical value of HSPA2
in pancreatic cancer, we performed a real-time quantitative
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Figure 2 Kaplan-Meier survival analysis for high HSPA2 mRNA expression level versus low HSPA2 mRNA expression level in patients
with pancreatic cancer.

RT-PCR assay to explore the mRNA expression level of
HSPA2 as well as to investigate its association with
clinicopathological features of pancreatic cancer patients. Our data revealed that the mRNA expression
level of HSPA2 was significantly upregulated in pancreatic ductal adenocarcinoma and its expression was
Table 2 Univariate and multivariate analyses of
prognostic factors in patients with pancreatic cancer
Univariable P-value Multivariable
(log-rank test)
HR (95% CI)

Variables

P-value

Age at diagnosis (years)
<60 vs. ≥60

0.584

Gender
Male vs. Female

0.763

Tumor size (cm)
<2 vs. ≥2

0.082

Histological grades
Well/Moderate vs. Poor

0.067

a

TNM stage

IA-IB vs. IIA-IIB

0.013

1.23 (1.14-1.52) 0.026

0.040

1.14 (0.97-1.41) 0.054

0.017

1.27 (1.04-1.49) 0.042

Lymph node metastasis
No vs. Yes
Vascular invasion
No vs. Yes
CA19-9 (U/ml)
<27 vs. ≥27

0.082

Bilirubin (μmol/l)
<17.1 vs. ≥17.1

0.185

HSPA2 mRNA expression
Low vs. High
a

0.007

1.58 (1.11-1.89) 0.011

TNM staging was classified according to the 7th edition of the AJCC cancer
staging manual.
HSPA2, Heat shock-related 70 kDa protein 2.

correlated with tumor size, tumor differentiation, TNM
stage, lymph node metastasis, and serum CA19-9 levels.
More importantly, we also demonstrated that the
mRNA expression of HSPA2 was an independent prognostic predictor for overall survival.
Ductal adenocarcinoma is the most common type of
pancreatic cancer, accounting for over 85% of cases [14].
It is the fourth leading cause of cancer death in the
United States with a median survival of less than
6 month and a dismal 5-year survival rate of 3%-5% [15].
The cancer’s lethal nature stems from its propensity to
rapidly disseminate to the lymphatic system and distant
organs [16]. This aggressive biology and resistance to
conventional and targeted therapeutic agents leads to a
typical clinical presentation of incurable disease at the
time of diagnosis. In the current study, we found that
HSPA2 expression was proved to be associated with
tumor size, histologic grade, tumor stage, and lymph
node metastasis, strongly suggesting that HSPA2 might
be involved in the carcinogenesis, development, progression, and metastasis of pancreatic ductal adenocarcinoma. More importantly, we proved that HSPA2 mRNA
expression was significantly associated with overall survival of patients with pancreatic cancer. In support of
this, Kaplan-Meier analysis of overall survival showed
that patients whose tumors had higher HSPA2 expression tend to have a significantly worse overall survival,
indicating that a high HSPA2 level is a marker of poor
prognosis for patients with pancreatic cancer. Moreover,
the Cox proportional hazards model showed that HSPA2
was a marker of poor overall survival independent of the
known clinical prognostic indicators such as TNM stage
and vascular invasion. Therefore, it could constitute a
molecular prognostic marker for these patients, identifying who are more likely to have higher risk of death;
thus, good candidates are to receive more aggressive
treatments.
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Conclusions
In summary, we have reported the differential expression
of HSPA2 in pancreatic cancer and adjacent normal tissues. Our results suggest that high expression of HSPA2
in pancreatic cancer is associated with poor overall survival and that HSPA2 may be served as a prognostic
marker for pancreatic cancer.
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