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ORIGINAL ARTICLE
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ABSTRACT

Context The role of heat shock protein (HSP) 70-2 gene polymorphism (at position 1267, A to G transition) in patients with
pancreatic disorders is not clear. Objective To evaluate HSP 70-2 gene polymorphism (at position 1267, A to G transition) in
patients with acute and chronic pancreatitis as well as pancreatic carcinoma, and to find any association of this polymorphism with
disease complications and severity. Methods One-hundred and fifty patients (50 each of acute, chronic pancreatitis, and pancreatic
carcinoma) and 50 healthy blood donors as controls were prospectively studied. Three alleles (AA, AG and GG) of HSP 70-2 gene
determined by Pstl restriction fragment length polymorphism. Results There was a statistically significant difference in the
distribution pattern of HSP 70-2 gene polymorphism in patients with acute pancreatitis (P=0.001) and pancreatic carcinoma
(P<0.001) as compared to controls. The frequency of mutant allele (G allele) was significantly higher in diseased group as compared
to control group (19% in control group, 40% in acute pancreatitis, 33% in chronic pancreatitis and 45% in pancreatic carcinoma). No
association of this polymorphism was found with disease severity in patients with acute and chronic pancreatitis or pancreatic
carcinoma. Conclusions In our patient sample the frequency of mutant allele (G allele) of HSP 70-2 gene is significantly higher in
patients with acute pancreatitis and pancreatic carcinoma compared to controls (50 healthy blood donors). However, this
polymorphism was not associated with disease severity and complications.

INTRODUCTION

A genetic predisposition to pancreatic diseases was
recognized by Comfort et al. [1] as early as 1952,
Subsequently in 1996, it was shown that mutations in
cationic trypsinogen gene (PRSS1) lead to hereditary
pancreatitis [2]. Later other gene mutations such as
mutations in serine protease inhibitor Kajal type 1
(SPINKZ1), cystic fibrosis trans-membrane receptor
(CFTR), and alpha 1 antitrypsin have been shown to be
associated with recurrent acute and chronic
pancreatitis. However, these mutations have not shown
a definite cause effect relationship with pancreatitis,
though they definitely increase susceptibility of an
individual to chronic pancreatitis. According to the
Verona Classification for Pancreatitis [3] many as yet
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unknown mutations/polymorphisms may have a role in
pancreatic diseases, which are currently classified as
idiopathic. After decoding of human genome, it is
becoming clear that many pancreatic diseases have a
genetic basis.

Heat shock proteins (HSPs) are proteins synthesized by
eukaryotic cells and bacteria upon exposure to
sublethal stress such as hyperthermia, hypoxia,
ischemia/reperfusion, and other environmental stresses
[4]. In humans, three members of the HSP 70 gene
family have been mapped and described. They include
HSP 70-1, HSP 70-2, and HSP 70-HOM, of which
HSP 70-2 encodes the major heat inducible HSP 70.
This gene has been shown to be polymorphic by Milner
and Campbell [5] who identified the polymorphic A to
G transition Pstl site at position 1267 in the coding
region of HSP 70-2. This polymorphism has been
studied in various other diseases besides pancreatitis,
like myocardial infarction [6], Crohn’s disease [7],
renal failure in preterm neonates [8], rheumatoid
arthritis [9], systemic lupus erythematosus [10],
congestive heart failure [11], stroke [12], and diabetes
mellitus [13]. Few recent studies [14] have shown that
HSP 70 has dual role in pancreatic diseases. It has a
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protective role in pancreatitis but its exact role in
pancreatic cancer is still not clear. HSP 70 protects
against cellular injury and acinar necrosis in
pancreatitis, leading to reduced severity of acute
pancreatitis [14]. HSP 70 was over expressed in
pancreatic cancer and this over expression is probably
responsible for the resistance to cell death. Inhibition of
HSP 70 expression lead to apoptotic cell death in
pancreatic cancer cells and is a promising therapeutic
strategy for the treatment of pancreatic cancer [14]. No
clear information is available about the role of HSP 70
in patients in chronic pancreatitis. This study was
conducted to evaluate HSP 70-2 gene polymorphism
(at position 1267, A to G transition) in patients with
acute and chronic pancreatitis of various etiologies as
well as with pancreatic carcinoma, and to find any
association of this polymorphism with disease
complications and severity.

METHODS
Study Population

Patients with acute pancreatitis, chronic pancreatitis
and pancreatic cancer, who visited our out-patients
clinic and/or were admitted as inpatients from January
2008 to May 2009 in our hospital, were screened for
the eligibility criteria.

The eligibility criteria were:

1) acute or chronic pancreatitis: the diagnosis made on
the basis of clinical, biochemical and radiological
investigations [15, 16];

2) pancreatic carcinoma: tissue diagnosis obtained by
fine needle aspiration cytology/biopsy or widespread
disease on radiological investigations.

Exclusion criteria included conditions, which are
known to be associated with increased levels of HSPs,
such as recent stroke (less than 3 months), recent acute
coronary syndrome (less than 1 month), any other
malignancy except pancreatic malignancy, rheumatoid
arthritis and inflammatory bowel disease.

A total of 180 patients were screened for potential
eligibility and 150 (83.3%) were included in the study,
while others (n=30) were excluded on account of the
following reasons: not willing to give consent (n=12)
or not satisfying the inclusion criteria as well as those
having one of the exclusion criteria (n=18). Among the
150 patients included, there were 50 cases each of

Table 1. Characteristics of the study population.

acute and chronic pancreatitis and 50 cases of
pancreatic cancer.

The various etiologies and varying disease severity
were evaluated in the 50 patients with acute
pancreatitis. The etiology of acute pancreatitis was
alcohol in 25 (50%) patients, gallstones in 15 (30%)
patients, both alcohol and gallstones in 2 (4%) patients,
hypertriglyceridemia in 2 (4%) patients, hyperpara-
thyroidism in 1 (2%) patient and pancreas divisum in 1
(2%) patient. No definite cause of acute pancreatitis
could be found in 4 (8%) patients and these were
labeled as acute idiopathic pancreatitis. Among the 50
patients of chronic pancreatitis, 26 (52%) were alcohol
related, 20 (40%) were idiopathic, 2 (4%) were related
to primary hyperparathyroidism and 2 (4%) had
pancreatic divisum. Of the 50 patients with pancreatic
cancer, the tumor was located in the head region in 33
(66%) patients whereas in 17 (34%) patients it was
located in the body or tail region. Tissue diagnosis was
available for 46 (92%) patients, which included 41
(82%) adenocarcinoma, 3 (6%) pancreatic neuro-
endocrine tumor (out of which two were insulinoma)
and 2 (4%) papillary mucinous cystadenocarcinoma of
the pancreas. In 4 (8%) patients, biopsy or fine needle
aspiration cytology could not be performed as family
decided against any further treatment or investigation
as patients had widespread metastatic disease. All the
patients were clinically evaluated and various
hematological, biochemical and radiological
investigations necessary for the clinical management of
patient were performed and findings recorded.

Fifty healthy blood donors were included as control
subjects. These controls did not have any history of
pancreatitis in them or in their family.

Ten mL of serum samples of patients and controls were
stored in deep freezer and thawed later for HSP 70-2
gene polymorphism analysis. The demographic profile
of study population is given in Table 1.

Determination of HSP 70-2 Gene Polymorphism by
PCR-RFLP Technique

Genomic DNA was extracted from peripheral blood
leucocytes by phenol-chloroform extraction method.
The gene in concern was amplified by means of
polymerase chain reaction (PCR) technique. Following
primers spanning the polymorphic Pstl site (nucleotide

Variable Control Acute pancreatitis Chronic pancreatitis Pancreatic carcinoma P value
(n=50) (n=50) (n=50) (n=50)

Age (Years) <0.001°¢

- Mean+SD 28.246.5 39.5+11.1 39.1+13.3 53.4+12.6

- Median (range) 29 (18-47) 52 (18-70) 55 (15-70) 58 (18-76)

P value * - P<0.001 P<0.001 P<0.001

Gender 0.003 °

- Male 48 (96%) 42 (84%) 41 (82%) 34 (68%)

- Female 2 (4%) 8 (16%) 9 (18%) 16 (32%)

P value - 0.096 0.055 0.001

Pairwise comparison of age among groups: acute versus chronic pancreatitis: P=0.998; acute pancreatitis versus pancreatic carcinoma: P<0.001;
chronic pancreatitis versus pancreatic carcinoma: P<0.001 (ANOVA with Scheffe’s correction for multiple comparisons).

# One-way ANOVA versus control group with Scheffe’s correction for multiple comparisons

P Chi-square test with the Yates’ continuity correction versus control group

¢ One-way ANOVA among the 4 groups

¢ Pearson chi-square test among the 4 groups
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Table 2. Allele frequencies in different groups of the study population.

Group AA AG GG G A
Control (n=50) 33 15 2 9.5 (19%) 40.5(81%)
Acute pancreatitis (n=50) 14 32 4 20.0 (40%) 30.0 (60%)
Chronic pancreatitis (n=50) 22 23 5 16.5 (33%) 33.5 (67%)
Pancreatic carcinoma (n=50) 13 29 8 22.5 (45%) 27.5 (55%)
“ [DAslele DAGalkle G alele| STATISTICS
35| Ex.001 P0'001 Continuous data were expressed as mean and SD
sl BT values. Dichotomous data were expressed as absolute
% R and relative frequencies. Comparisons for continuous
S j| | SR data were done by ANOVA followed by post hoc
s 20 0. Scheffe’s test. The genotypes and allelic frequencies
K] . . . -
£ 15 were studied and compared by using the Pearson chi
Z ol . square test, the liner-by-linear association; the Yates’
7 correction was applied to the 2x2 tables. Odds ratio
. with 95% confidence interval was calculated for G
0‘(:0“"0' Acaite Chrofie:  Pahcreadic allele _by means of the logistic regressior_1 model. A
pancreatitis  pancreatiis  carcinoma two-tailed P value less than 0.05 was considered to be

Figure 1. Allelic distribution in the study population. P values versus
control group (Pearson chi-square test).

1267) were used: sense (nucleotides 1083-1102 within
the coding region) 5’-CAT CGA CTT CTA CAC GTC
CA-3’ and antisense (nucleotides 2180-2199 within the
3’untranslated end) 5’-CAA AG T CCT TGA GTC
CCA AC-3’. The PCR reaction mixture (30 pL)
contained approximately 150 ng genomic DNA, 1
mmol of primers, 2.5 U Taqg polymerase, 1.5 mmol/L
MgCl,, and 10 mmol/L of each deoxyribonucleoside-
5’triphosphates (dNTPs). The PCR procedure was
started at 95°C for 5 minutes, then 35 cycles of
denaturing at 94°C for 1 minute, annealing at 56.2°C
for 1 minute, extension at 72°C for 1.5 minute, and
finally 10 minutes at 72°C. For RFLP analysis, the
PCR products were digested by Pstl restriction enzyme
(3 U) at 37°C for 3.5 h. The digestion products were
electrophorezed on a 1.5% agarose gel, and visualized
under UV illumination after staining with 0.4 mg/L
ethidium bromide. Following digestion with RFLP,
homozygous wild types (A allele) showed single band
of 1117 base pair, while homozygous mutants (G
allele) had two bands each of 936 and 181 base pairs
and heterozygous variants (AG allele) were found to
have three bands of 1117, 936 and 181 base pairs.

ETHICS

Informed consent was obtained and study protocol
conforms to the ethical guidelines. The project was
approved by the institute ethics committee.

statistically significant. A commercially available
statistical program (SPSS version 10.1; SPSS Inc.,
Chicago, IL, USA) was used.

RESULTS

Distribution of HSP 70-2 Gene Polymorphism in the
Study Population

There was a statistically significant difference in the
distribution pattern of HSP 70-2 gene polymorphism in
patients with acute pancreatitis (P=0.001) and
pancreatic carcinoma (P<0.001) as compared to the
control population (Figure 1). Similar difference in
genotype distribution pattern was not noticed in
patients with chronic pancreatitis as compared to
control (P=0.075) (Figure 1). No significant difference
was noticed in polymorphism distribution pattern
among the different diseased groups; i.e., patients with
acute pancreatitis, chronic pancreatitis and pancreatic
carcinoma (P=0.198).

Percentage of specific allele was calculated to find out
the impact of various alleles, on the disease parameters.
Assigning one full point to AA and GG allele and half
point each for A and G did this to AG allele. The G
allele was 19% in control as compared to 40%, 33%
and 45% in acute pancreatitis, chronic pancreatitis and
pancreatic carcinoma, respectively (Table 2).

The odds ratio of G allele versus the control group for
acute pancreatitis was 2.84 (95% CIl=1.15-7.03), for
chronic pancreatitis was 2.10 (95% CI1=0.84-5.27), and
for pancreatic carcinoma was 3.49 (95% Cl=1.42-8.58)
(Table 3).

Table 3. Comparison of G allele frequencies between the different groups of the study population and the control one (50 patients in each group).

Group G Odds ratio 95% confidence interval P value *
Acute pancreatitis vs. control group 40% vs. 19% 2.842 1.150-7.027 0.024
Chronic pancreatitis vs. control group 33% vs. 19% 2.100 0.837-5.270 0.114
Carcinoma pancreas vs. control group 45% vs. 19% 3.488 1.418-8.577 0.011

? Logistic regression model
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Table 4. Association of HSP 70-2 gene polymorphism with clinical parameters within the 3 patient groups of the study population.

Acute pancreatitis

Chronic pancreatitis

Pancreatic carcinoma

P value P value P value
Grade of pancreatitis (A-E) 0.071"  Cambridge classification 0.587 " Location (pancreas vs. periampullary) 0.816°
Necrosis score (0-6) 0.671"  Exocrine insufficiency © 0.975¢  Stage of carcinoma at diagnosis® 0.717°
CTSI (0-10) 0.542"  Endocrine insufficiency 0.760° Invasion 0.760°
Acute fluid collection 0.1379  Calcification 0.921¢9  Metastasis 0.400°9
Pseudocyst?® 0.7529  Diabetes 0.8729  Histopathology ® 0.665"
Ascites 0.657¢  Pseudocyst 0.5219  Lump-abdomen 0.134°9
Pleural effusion 0.883¢  Portal vein thrombosis 0.3819 Diabetes 0.718°9
Any local complication 0.1109  Splenic vein thrombosis 0.359°¢
Organ failure 0.886°9  Ascites® 0.735°¢
Shock 0.540¢  Pleural effusion 0.069 ¢
Respiratory failure 0.667°
Renal failure 0.104°9
Gastrointestinal bleed 0.090°¢
Sepsis 0.8289

CTSI: computed tomography severity index
2 At presentation or during hospital stay
® Mild, moderate, severe

© On the basis of history of oil droplets in stool or positive fecal fat test

¢ Resectable vs. locally advanced vs. metastatic

¢ Adenocarcinoma vs. PNET vs. papillary mucinous cystadenocarcinoma

f Linear-by-linear chi-square
9 Chi-square test with the Yates’ continuity correction
" Pearson chi-square

Association of HSP 70-2 Gene Polymorphism with
Disease Severity and Complications

In the present study we did not find any association of
this polymorphism with disease severity in patients
with acute or chronic pancreatitis or pancreatic
carcinoma. Similarly, there was no significant
difference in polymorphism distribution pattern and
disease presentation or presence of disease related
complications (Table 4).

DISCUSSION

It is becoming clear that some combination of genetic
mutation polymorphisms provide predisposition for
pancreatitis; and if a risk factor is introduced (e.g.,
alcohol, metabolic derangement, physiologic stress to
acinar cells), this polygenic predisposition sets the
stage for pancreatitis. Recently HSP 70-2 gene has also
been associated with pancreatic diseases, and various
studies have given conflicting results, and a definite
role of this polymorphism has not yet been confirmed
in these diseases [14]. In the present study, mutant
allele of HSP 70-2 gene (G allele) was significantly
higher as compared to control population in patients
with acute pancreatitis and pancreatic carcinoma.
However, in the chronic pancreatitis patients though
AG and GG alleles were more common, the difference
did not reach a statistical significance. Fifty healthy
blood donors were included as control subjects. To
avoid bias a detailed history was taken from them and
their family members about pancreatitis or any serious
illness in them or in their family.

Three studies in which this specific polymorphism was
evaluated in patients with pancreatic diseases were
identified. Two of these were carried out in acute
pancreatitis patients [17, 18] and one in chronic
pancreatitis patients [19]. While one study evaluated
the role of three specific polymorphisms (TNF-alpha,
HSP 70-2, and CD14 genes) in determining
susceptibility to severe acute pancreatitis of various
etiologies, the second study evaluated the role of TNF,
CD14, and HSPA1B gene polymorphisms in
susceptibility to acute alcohol induced pancreatitis. The
third study evaluated the role of MCP 1 and HSP 70-2
genes in susceptibility to alcoholic chronic pancreatitis.
To the best of our literature search, no study has
analyzed the association of this polymorphism with
pancreatic carcinoma. However, few studies have
evaluated HSP in pancreatic carcinoma at proteomic
level, and have given conflicting results. One study
[20] reported that higher levels of HSPs are associated
with more advanced disease in German population
whereas another study [21] reported that higher levels
of HSP expression in cancer tissues was associated
with less advanced and more resectable disease in
Turkish population.

Interestingly, the percentage of G allele was increased
in all the three diseased conditions as compared to the
control group (40%, 33% and 46% in acute
pancreatitis, chronic pancreatitis and pancreatic cancer,
respectively vs. 19% in the control group). Similar
results were noted in a study [18] in patients with acute
pancreatitis in Hungarian population where G allele
frequency was higher (40.2% vs. 35.9%) in acute
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pancreatitis patients as compared to control group.
However, in another study [17] conducted in patients
with acute pancreatitis in Finish population, G allele
frequency was found to be no significantly different
between patients with acute pancreatitis as compared to
controls (52% in acute pancreatitis vs. 49% in control
group). This is not surprising as controversy between
the sequential studies is a common phenomenon in
case-control studies [22]. A similar study [19] in
patients of alcoholic chronic pancreatitis in Korean
population, found no statistically significant difference
in G allele frequency between patient and control
group (52% in chronic pancreatitis vs. 49% in control
group) as compared to significant difference in the
present study (33% in chronic pancreatitis vs. 19% in
control group). No studies are available which
compared the G allele frequency in carcinoma and
control population although we found a higher mutant
allele frequency in carcinoma as compared to control
population (45% vs. 19%).

The polymorphism distribution pattern of HSP 70-2
gene polymorphism in normal population of our
country is not available at present. However data about
the polymorphism distribution from other populations
are available. A study conducted by Xie [23] in 88
chronic obstructive pulmonary disease patients and 87
healthy smokers as control in Chinese population
reported G allele to be 23% among control population
and 19.3% among chronic obstructive pulmonary
disease patients. The prevalence of G allele frequency
of this control population was comparable to ours (23%
in Chinese vs. 19% in Indian population). If we
consider this to be representative genotype distribution
pattern in our population, results of our study suggest a
role of mutant G allele in susceptibility to acute
pancreatitis and pancreatic carcinoma, and a similar
trend in chronic pancreatitis. However, distribution of
polymorphism under evaluation was markedly different
from control groups of other ethnic populations (35.9%
in Hungarian, 49% in Finish and 49% in Korean
population). This difference in genotype distribution
pattern in different population can also be attributed to
differences in inherent genetic composition of these
population as well as other environmental effects.
Previously, Balog et al. [18], Saluja and Dudeja [14],
and Aghdassi et al. [20] have evaluated the association
of HSP 70 polymorphism with development of
complications in pancreatic diseases and have shown
that higher G allele frequency is associated with more
severe disease. In our study, in patients with acute
pancreatitis complications like acute fluid collection,
pseudocyst, ascites, pleural effusion, any local
complication, organ failure  which included
gastrointestinal bleed, renal failure, respiratory failure,
shock and sepsis were evaluated for their association
with the HSP 70 polymorphism. However, no
significant association was noted in the distribution of
genotype and development of any of the above
complications. Similarly no such association could be
found in patients with disease severity and

complications in patients with chronic pancreatitis
(Cambridge score, exocrine insufficiency, endocrine
insufficiency, diabetes, calcification, steatorrhea,
pseudocyst, splenic vein thrombosis, portal vein
thrombosis, ascites) or advanced, metastatic disease in
pancreatic adenocarcinoma (Table 4). The possible
reasons for lack of such association can be: 1) larger
sample size is required for genetic association studies;
2) different ethnic composition of our population as
compared to other studies, in which polymorphism
distribution was not comparable even among control
population; 3) different haplotypes in chromosome 6
(e.9., TNF alpha and beta, complement components
C2, C4 and Bf, enzyme 21 hydroxylase, etc.) which are
in close proximity of HSP 70-2 genes may have an
impact on disease severity and predisposition for
development of complications via the effect of linkage
disequilibrium, via promoter, modifier or suppressor
effect.

In conclusion, our study showed significantly higher
frequency of HSP 70-2 gene mutant allele (G allele) in
patients with acute pancreatitis and pancreatic
carcinoma as compared to control population.
Frequency of mutant allele was higher in all three
diseased groups as compared to control group. No
association was seen between this polymorphism and
disease severity as well as complications. However,
further studies with large sample size are needed in
order to confirm our results and to study the association
of this polymorphism with disease severity and
complications. Further studies are also warranted to
look at the modifier role of other genes located on
chromosome 6 in close proximity with HSP 70-2 gene
that may have an impact on disease severity.
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