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ABSTRACT

Context Pancreatic stellate cell (PSC) is known to be the source of fibrosis in pancreatic pathology of various etiologies. However,
there is no published data on activation of PSCs in tropical calcific pancreatitis. Objectives The present study was undertaken to
estimate the proportion of activated stellate cells, in a semi-quantitative manner, in normal pancreas and pancreatic fibrosis due to,
tropical calcific pancreatitis, alcoholic chronic pancreatitis and pancreatic adenocarcinoma. Patients Surgically resected specimen
from patients with tropical calcific pancreatitis (n=22), alcoholic chronic pancreatitis (n=16), adenocarcinoma of pancreas (n=20)
and normal pancreas (n=20) were included. Main outcome measures Expression of CD34, and alpha-smooth muscle actin (a-SMA)
was assessed by immunohistochemistry. Morphometry was performed by a point counting procedure and CD34 positive areas were
excluded from a-SMA positive areas for estimating activated PSCs. Statistics The one-way ANOVA and the Tukey multiple
comparison test were used to compare the proportion of activated stellate cells among the four categories. Results In all the disease
conditions studied, namely, tropical calcific pancreatitis (16.7+14.5%, mean+SD), alcoholic chronic pancreatitis (13.6+12.4%) and
pancreatic adenocarcinoma (22.8+14.4%), there was highly significant (P<0.001) increased percentage of activated PSCs compared
to normal pancreas (-0.9+6.4%). Proportion of activated PSCs in tropical calcific pancreatitis was similar to that in cases of alcoholic
chronic pancreatitis and pancreatic adenocarcinoma. Such activation is documented for the first time in tropical calcific pancreatitis
while it is known for the other causes. Conclusions The present study suggests that a final common pathway of PSC activation leads
to fibrogenesis in tropical calcific pancreatitis just as in other pancreatic pathologies.

INTRODUCTION etiological factor in Australia (95%) and Japan (54%),
while chronic pancreatitis of uncertain etiology, called
tropical calcific pancreatitis, was the most common
type in India and China, accounting for approximately
70% of all cases of chronic pancreatitis. The
prevalence of chronic pancreatitis was found to be very
high in southern India (114-200/100,000 population),
in contrast to the low rate of 4/100,000 population in
Japan [5].

Tropical calcific pancreatitis can be defined as a
juvenile form of chronic calcific non-alcoholic
pancreatitis prevalent in the developing countries of the

In Western countries, 70-90% of cases of chronic
pancreatitis result from alcohol abuse, while the
remainder is associated with genetic disorders (for
example, hereditary pancreatitis and cystic fibrosis)
and idiopathic pancreatitis [1, 2]. However, in many
tropical countries including India, a significant
proportion are called “tropical chronic pancreatitis” [3,
4]. A survey on chronic pancreatitis in the Asia-Pacific
region found that alcohol was the most common
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Table 1. Differences of demographic and clinical data between tropical chronic pancreatitis and alcoholic chronic pancreatitis.

Tropical chronic pancreatitis

Alcoholic chronic pancreatitis

Sex male:female ratio (%) 70:30
Age at onset

Socioeconomic status

Diabetes

Course of diabetes

Pancreatic calculi

Appearance of pancreatic calculi

Location of calculi

Ductal dilation Usually marked
Fibrosis of gland Marked
Alcoholism Absent by definition
Prevalence of pancreatic cancer Very high

Second and third decades
Usually poor, may occur in others as well
Occurs in 90%

More aggressive and accelerated
Occurs in 90%

Large and dense with discrete margins

Always in large ducts

Almost all male
Fourth and fifth decades
All strata of society equally affected
About 50% of cases
Slower rate of progression
About 50-60% of cases
Usually small and speckled with ill defined margins
Usually in small ducts
Usually mild
Less severe
Heavy alcohol abuse

Higher than in the general population

calcific pancreatitis and alcoholic chronic pancreatitis
are summarized in Table 1 [8]. Proposed hypotheses
for etiopathogenesis of tropical chronic pancreatitis
include malnutrition, dietary toxins, oxidant stress,
trace element deficiency and genetic factors. While
many studies have questioned the malnutrition theory
[9] and cassava theory [10, 11], the micronutrient
deficiency-induced free radical hypothesis [12, 13]
remains unproven. Familial aggregation is seen in
about 8% of tropical calcific pancreatitis patients [14]
which suggest a genetic etiology for tropical calcific
pancreatitis. An inhibitor of trypsinogen called serine
protease inhibitor, Kazal type 1 (SPINKI) has been
reported to be strongly associated with tropical calcific
pancreatitis [15, 16]; establishing SPINK! as a strong
candidate for contributing to the pathogenesis of
tropical calcific pancreatitis [17, 18]. Other potential
candidate genes linked with the etiopathogenesis of
tropical calcific pancreatitis include cathepsin B
(CTSB) [19], chymotrypsin C (CTRC) [20] and calcium
sensing receptor (CASR) [21]. In a recent review, a
two-hit model for the pathogenesis of tropical calcific
pancreatitis was proposed. The first hit may be loss of
balance between activation and degradation of trypsin
leading to presence of persistent “super-trypsin” within
the acinar cell, due to mutations in one or more genes
like SPINK1, CTSB, CTRC and other yet unidentified
genes, resulting in inflammation. Presence of
additional genetic and/or environmental factors, which
constitute the second hit, may lead to one or more
phenotypes such as stone formation, fibrosis, and/or
diabetes mellitus [22].

Pancreatic stellate cells (PSCs) are one of several
resident cells in the exocrine pancreas. They are
present in the periacinar space and have long
cytoplasmic processes that encircle the base of the
acinus. They can also be found in perivascular and
periductal regions of the pancreas [23, 24, 25, 26] and
serve as key participants in the pathobiology of the
major disorders of the exocrine pancreas, including
chronic pancreatitis and pancreatic cancer. The course
of chronic pancreatitis is characterized by recurrent
episodes of acute pancreatitis with increasing amounts
of fibrosis, chronic inflammation, and parenchymal cell
loss with each successive episode. The series of events

is termed the “necrosis-fibrosis sequence” and provides
a framework for understanding chronic pancreatitis
[27]. Like chronic pancreatitis, adenocarcinoma of the
pancreas, which is the most common form of
pancreatic cancer, has a remarkable fibrotic component
[28]. In these disorders, PSCs participate in the
pathogenesis after transforming from a quiescent state
into an “activated” state (also known as a
“myofibroblastic” state).

Activation of quiescent PSCs, which occurs when
primary PSCs are cultured and, in the pancreas, as a
consequence of pancreatic injury, is associated with
several morphologic changes [23, 24], including
nuclear enlargement and enhanced prominence of the
endoplasmic reticulum network. Furthermore, in-situ
hybridization and immunohistochemical studies
indicate that activated PSCs express alpha-smooth
muscle actin (a-SMA, also known as ACTA2) and
collagen type I, marking these cells as a source of
fibrosis in chronic pancreatitis and pancreatic
adenocarcinoma [29, 30, 31].

a-SMA-expressing cells are abundant in areas of
fibrosis in pancreatic tissue from patients with chronic
pancreatitis of different etiologies [24, 30, 31, 32]. In
these fibrotic areas, only o-SMA-expressing cells
produce mRNA encoding procollagen a,lI, indicating
that activated PSCs are probably the predominant
source of collagens during pancreatic fibrosis [31].
Further evidence for this conclusion comes from the
observations made in multiple rodent models [33, 34,
35, 36]. Time-course studies, using several animal
models of experimental pancreatitis, indicate that
parenchymal necrosis and inflammation precede PSC
activation [37, 38, 39]. Hence, autocrine and paracrine
mediators are probably involved in PSC activation. In
turn, activation facilitates PSC proliferation, migration,
and extracellular matrix (ECM) deposition, which leads
to fibrosis or ECM remodeling as part of a repair
process.

Several tumors, and in particular pancreatic
adenocarcinomas, are characterized by “tumor
desmoplasia”, a remarkable increase in connective
tissue that infiltrates and envelopes the neoplasm [40].
Activated PSCs in the tumor desmoplasia of human
pancreatic cancers express a-SMA and colocalize with
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mRNA encoding procollagen o1 [29] and are probably
major contributors of the ECM proteins that constitute
the desmoplasia [28, 29, 41, 42, 43, 44].

As evident from the above discussion, sustained
activation of PSCs has a role in the fibrosis that is
associated with chronic pancreatitis and pancreatic
cancer. Therefore, understanding the biology of PSCs
offers potential therapeutic targets for the treatment and
prevention of these diseases. However, there is no
published data on the role of stellate cells in tropical
calcific pancreatitis. Therefore, the present study was
designed to investigate the role of PSCs in cases of
tropical calcific pancreatitis.

The present study had the following objectives: 1) to
estimate the proportion of activated stellate cells, in a
semiquantitative manner, in normal pancreas and
pancreatic fibrosis due to tropical calcific pancreatitis,
alcoholic  chronic  pancreatitis and pancreatic
adenocarcinoma; 2) to compare the volume fraction of
the activated PSCs thus determined among the four
categories; and 3) to draw inferences regarding the role
of PSCs in pancreatic fibrosis due to tropical calcific
pancreatitis.

METHODS

The study was conducted at Lakeshore Hospital and
Research Centre, Cochin, India which is a major
gastroenterology centre in South India. Pancreatic
specimens from patients who underwent surgery for
chronic pancreatitis, adenocarcinoma of pancreas or
ampullary cholangiocarcinoma were studied.

Study Groups

Alcoholic Chronic Pancreatitis

History of alcohol of more than 75 g/day for at least 10
years in absence of family history of idiopathic
pancreatitis was considered necessary to diagnose
alcoholic pancreatitis for the purpose of the present
study.

Tropical Calcific Pancreatitis

Chronic pancreatitis with onset of symptoms before 20
years of age with complete absence of history of
alcohol and presence of multiple calculi in the main
pancreatic duct was considered to be tropical calcific
pancreatitis.

Adenocarcinoma of Pancreas

Diagnosis of adenocarcinoma was suspected clinically
and radiologically and was proven histopathologically.

Normal Pancreas

Normal pancreatic tissue in the specimen from patients
who underwent Whipple’s resection for ampullary
carcinoma was used to study normal pancreas. In
particular, the patients with ampullary carcinoma
whose pancreas was taken as normal had no clinical,
radiologic or histopathological evidence of chronic
pancreatitis.

Patients

Twenty-two cases of tropical calcific pancreatitis, 16
cases of alcoholic chronic pancreatitis, 20 cases of
adenocarcinoma of the pancreas and 20 cases of
normal pancreas were included in the study. Mean age
of the entire study group was 47.9 years with a range of
15 to 89 years. The age was 30.6+11.5 years in the
subgroup of tropical calcific pancreatitis, 44.6£10.3
years in alcoholic chronic pancreatitis group, 57.4+12.0
years in adenocarcinoma of the pancreas group and in
the normal pancreas group it was 60.0+11.4 years
(P<0.001). In tropical calcific pancreatitis group 15
(68.2%) were males and 7 (31.8%) were females. All
the 16 patients in alcoholic chronic pancreatitis were
males (100%). In adenocarcinoma of the pancreas
group 11 (55.0%) were males and 9 (45.0%) were
females. In the normal pancreas group there were 9
males (45.0%) and 11 females (55.0%) (P=0.004).

Specimens

A surgically resected specimen was available for each
patient from the four categories (namely, tropical
calcific pancreatitis, alcoholic chronic pancreatitis,
adenocarcinoma of pancreas and normal pancreas)
which were defined clinically, radiologically and
histopathologically.

Immunohistochemistry

Sections of formalin fixed, paraffin-embedded
pancreatic tissues were cut at 4 um, fixed on 3-
aminopropyl triethoxy silane (APES, minimum 98%)
coated microscopic slides and processed for
immunohistochemistry. Serial sections were used for
immunostaining of a-SMA and CD34 antigens and
also for hematoxylin and eosin (H&E) staining.
Antigen retrieval and immunohistochemical staining
was done using published methods [45, 46, 47].

Primary Antibodies Used
1) Alpha-Smooth Muscle Actin (a-SMA) Antibody

Description. a-SMA antibody is the most useful marker
of activated PSCs as a-SMA is not present in quiescent
PSCs [48]. This antibody reacts with many types of
smooth muscle cells, such as those present in vascular
walls, ducts and intestinal muscularis mucosae and
propria. It is also positive for myoepithelial cells of
various glands [49].

Clone. 1A4.2. Ready to use mouse monoclonal
antibody from ascites diluted in PBS, PH 7.6,
containing 1% BSA and 0.09% sodium azide. Supplier:
Biogenex (San Ramon, CA, USA); catalog number:
AMI128. Dilution: ready to use. Incubation
time/temperature: 60 min/room temperature.

Antigen retrieval. Device: microwave (EZ Retriever
System, RT- 230, V.2.1, XBiogenex, Secunderabad,
India). Buffer: citric acid buffer. pH value: 6. Heat/cool
temperature: 92-95°C/room temperature. Heat/cool
time: 20/15 minutes.
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2) CD34 Antibody

Description. The CD34 antigen is a single-chain trans-
membrane glycoprotein. The CD34 antigen is mainly
expressed in vascular endothelial cells [50, 51].
Monoclonal antibody QBEnd/10 was used in the
present study. It is an antibody to the CD34 antigen in
human endothelial and hematopoietic cells. This
antibody was used to stain vascular endothelial cells
and thus exclude vascular smooth muscle cells
positively stained with a-SMA antibody, as previously
described [52, 53].

Clone. QBEnd/10. Mouse monoclonal antibody from
tissue culture supernatant diluted in PBS, PH 7.6,
containing 1% BSA and 0.09% sodium azide. Supplier:
Biogenex (San Ramon, CA, USA); catalog number:
AM?236. Dilution: ready to use. Incubation
time/temperature: 60 min/room temperature.

Antigen retrieval. Method: trypsin digestion. Buffer:
trypsin solution. pH wvalue: 7.8. Temperature/time:
37°C/20 minutes.

Detection Methods

Blocking reagent: power block (BS-1310-25, ready to
use). Supplier: Biogenex (San Ramon, CA, USA).
Enhanced method: super sensitive polymer-horseradish
peroxidase (HRP) detection system (932-QDMAN-5X;
Biogenex, San Ramon, CA, USA).

Chromogen substrate. Reagent: diaminobenzidine
(DAB). Incubation time/temperature: 10 minutes/room
temperature.

Counterstain. Reagent: Mayer’s hematoxylin. Staining
time: 1 minute.

Controls

Positive control: duodenal wall. Negative control:
processing without primary antibody.

Immunohistochemistry Protocol

Pancreatic sections fixed on APES coated slides were
incubated at 60°C overnight. Tissues were
deparaffinized with xylene and dehydrated with
absolute alcohol. Antigen retrieval was done using the
methods given above. Tissues were washed with Tris-
buffered saline (TBS) at room temperature, and
incubated with 1% H,0, for 15 minutes to block
endogenous peroxidase activity. After 2 more washes
with TBS solution, sections were incubated for 20
minutes with power block reagent to prevent non-
specific binding of antibody. Sections were then
incubated with the ready to use prediluted primary
antibody (monoclonal mouse o-SMA antibody; or
monoclonal mouse anti-CD34 antibody) for 60 minutes
at room temperature. After three washes in TBS for 3
minutes each, sections were incubated for 30 minutes
at room temperature with super sensitive polymer-HRP
detection system. The color was developed by
incubating with liquid DAB substrate-chromogen
system for 10 minutes and sections were then
counterstained with Mayer’s hematoxylin for one
minute. Negative control preparations included
sections incubated without primary antibody and were

consistently found to show no reaction. Staining of
duodenal wall served as a positive control for both
CD34 and 0-SMA stains.

Morphometry

Morphometry was performed by the point counting
procedure using a microscope (DMLE, Leica, Wetzlar,
Germany) with an attached graticule (Graticule net,
Leica, Wetzlar, Germany; 10x10 mm, 0.1 mm division,
26 mm diameter) as previously described for rat liver
[50]. The point counting method was used as it gives
an idea about the volume fraction of a particular cell
type in the whole specimen. Two-hundreds
corresponding points were counted on both a-SMA and
CD34 stained slides from each specimen as well as on
H&E stained slides. On H&E stained slides, each point
was classified as overlying either acinar cell, duct and
ductule, vessel, islet, stroma, inflammatory cell, fat
cell, fibroblast, nerve or unidentified cell type. On a-
SMA and CD34 stained slides, each point was
classified as overlying either stained area (a-SMA or
CD34 positive) or unstained area (0-SMA or CD34
negative). Out of the total 200 points counted on each
specimen, mean proportion of o-SMA positive and
CD34 positive cells were calculated for each group.
The difference between the proportions of a-SMA
positive and CD34 positive cells were calculated for
each specimen and mean was found for each group.
The difference between the proportions of a-SMA
positive and CD34 positive cells were calculated for
each specimen and the mean value was found for each
group. This difference represented an estimate of the
volume fraction of activated PSCs in each group.

ETHICS

The study was approved by our Institutional Review
Committee. Prior to the initiation of the study, the
Committee granted a waiver of consent. Given the
retrospective design and the nature of pancreatic
adenocarcinoma many of the study subjects had
already passed away at the time of the study,
information ~was  strictly coded to protect
confidentiality, and the risk to study subjects was
minimal. The study protocol conforms to the ethical
guidelines of the “World Medical Association
Declaration of Helsinki - Ethical Principles for Medical
Research Involving Human Subjects” adopted by the
18" WMA General Assembly, Helsinki, Finland, June
1964 and amended by the 59™ WMA General
Assembly, Seoul, South Korea, October 2008.

STATISTICS

Data are reported as mean + standard deviation (SD),
range and frequencies. The Pearson’s chi-squared test
was used to compare the gender among the groups. The
average proportion of activated PSCs in each group
was expressed as percentage. The one-way ANOVA
was used to compare the proportion of activated
stellate cells among the four categories and the post-
hoc Tukey multiple comparison test was used to
investigate which of the means were different by
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a

Figure 1. Representative staining pattern observed in cases tropical
calcific pancreatitis (a. H&E, b. a-SMA, ¢. CD34).

pairwise comparison of couples of groups. A two-tailed
P value less than 0.05 was taken as significant. The
statistical package used was the SPSS for Windows
(Version 19.0; SPSS Inc., IBM Co., Armonk, NY,
USA).

RESULTS
Immunohistochemistry

Tropical Calcific Pancreatitis

H&E staining showed atrophic acini and increased
stromal component consistently in all the specimens
and also prominent dilated ducts and mononuclear

inflammatory  cell infiltrates (Figure la).
Immunohistochemistry with a-SMA showed dense and
diffuse staining pattern in areas of fibrosis. Periacinar
and periductal staining was noted. Positive staining
was also present in the wall of vessels and ducts
(Figure 1b). Staining with CD34 showed no or sparse
positivity in the areas of fibrosis, but stained areas were
observed in smooth muscle components of blood
vessels and ducts (Figure 1c). These observations
suggest that activated stellate cells are extensively
present in the areas of fibrosis. The diffuse staining
pattern represents the elongated cytoplasmic processes
of PSCs extending extensively in the fibrotic areas and

a

Figure 2. Representative staining pattern observed in cases alcoholic
chronic pancreatitis (a. H&E, b. a-SMA, ¢. CD34).
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a

Figure 3. Representative staining pattern observed in cases of
adenocarcinoma of pancreas (a. H&E, b. a-SMA, ¢. CD34).

also into the periacinar spaces. However, the extent of
staining was variable from patient to patient and only
sparse staining was present in some cases.

Alcoholic Chronic Pancreatitis

H&E staining showed changes similar to tropical
calcific pancreatitis; however, ducts were not as
prominent as in cases of tropical calcific pancreatitis
(Figure 2a). Staining characteristics on
immunohistochemistry with a-SMA and CD34 also
were similar to tropical calcific pancreatitis (Figure
2bc).

Adenocarcinoma of the Pancreas

H&E staining showed poorly oriented cells infiltrating
singly, to solid sheets of neoplastic cells, ductal
proliferation, clusters of proliferative acini with loss of
lobular architecture, invasive adenocarcinoma, nuclear
pleomorphism, necrotic debris and increased stroma, in
variable combinations and frequency (Figure 3a).
Immunohistochemistry with a-SMA showed dense and
diffuse staining pattern in areas of fibrosis, denser in
visual impression compared to tropical calcific

a

Figure 4. Representative staining pattern observed in cases of normal
pancreas (a. H&E, b. a-SMA, ¢. CD34).
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Table 2a. Average proportion of 0-SMA and CD34 positive cells and activated PSCs in the four groups (mean+SD).

Group o-SMA CD34 Difference
stain stain (a-SMA-CD34)

Tropical calcific pancreatitis (n=22) 27.9+£14.3% 11.2+6.6% 16.7+14.5%

Alcoholic chronic pancreatitis (n=16) 23.5£11.3% 9.8+5.8% 13.6+12.4%

Adenocarcinoma of the pancreas (n=20) 35.2+13.7% 12.54+8.4% 22.8+14.4%
Normal pancreas (n=20) 9.2+5.1% 10.1+£6.4% -0.9+6.4%
P value * <0.001 0.634 <0.001

* One-way ANOVA.

Table 2b. Multiple comparisons (Tukey test) for pairwise comparison of groups (P values of the Tukey post hoc test are shown in the table).

Pairs o-SMA CD34 Difference
stain stain (a-SMA-CD34)
Tropical calcific pancreatitis vs. alcoholic chronic pancreatitis 0.668 0.935 0.877
Tropical calcific pancreatitis vs. adenocarcinoma of the pancreas 0.188 0.933 0.391
Tropical calcific pancreatitis vS. normal pancreas <0.001 0.951 <0.001
Alcoholic chronic pancreatitis vs. adenocarcinoma of the pancreas 0.020 0.675 0.133
Alcoholic chronic pancreatitis vS. normal pancreas 0.003 1.000 0.005
Adenocarcinoma of the pancreas vs. normal pancreas <0.001 0.691 <0.001

pancreatitis and alcoholic chronic pancreatitis (Figure
3b). Staining with CD34 showed no or sparse positivity
in the areas of fibrosis, but staining was present in
blood vessels and ducts (Figure 3c). These findings
suggest that activated stellate cells are diffusely present
in the areas of desmoplasia.

Normal Pancreas

Tissues were included for study in normal pancreas
group based on normal looking pancreas in H&E
stained sections (Figure 4a). Immunohistochemistry
with a-SMA showed scattered and sparse staining only
in vast majority of cases. However, in some cases
slightly increased positivity was noted. Positive
staining was mainly in the wall of vessels and ducts
(Figure 4b). Staining with CD34 generally showed
more positivity than with a-SMA, and stained areas
tended to delineate blood vessels and ducts (Figure 4c).
These observations suggest that there is no, or only
negligible, amount of activated stellate cells in normal
pancreas.

Morphometry

Out of the 200 points in each group counted separately
on a-SMA and CD34 stained slides, the proportion of

Table 3. H&E stain. Relative proportion of different cell types (mean+SD).

antibody positive a-SMA and CD34cells were as given
in Table 2a. On corresponding H&E stained slides, the
proportion of different cell types was as given in Table
3.

Percentage of PSCs in the Subgroups

The mean proportions of a-SMA positive cells and
CD34 positive cells in each group and the mean
difference in their proportions are given in Table 2a.
This difference represents activated PSCs and is
expressed as volume fraction in percentage. There was
significant difference in the estimated proportion of
activated PSCs among the four groups. The pairwise
comparison among the four groups is given in Table
2b. The increase in percentage proportion of activated
PSCs in tropical calcific pancreatitis was highly
significant compared to normal pancreas (P<0.001).
The difference in proportion was not statistically
significant when tropical calcific pancreatitis was
compared with alcoholic chronic pancreatitis (P=0.877)
and with adenocarcinoma of the pancreas (P=0.391).
The observed higher proportion of activated PSCs in
adenocarcinoma of the pancreas compared to alcoholic
chronic pancreatitis was not statistically significant
(P=0.133). Compared to normal pancreas, there was a

Tropical calcific Alcoholic chronic Adenocarcinoma of the Normal pancreas P values *
pancreatitis (n=22) pancreatitis (n=16) pancreas (n=20) (n=20)
Stroma 47.0+15.0% 43.7+18.1% 53.2+11.4% 17.1£6.4% <0.001
Acini 22.9+£16.1% 29.1£21.7% 28.9+.15.7% 69.8+7.4% <0.001
Ducts 4.0+3.7% 3.6+4.1% 8.5+13.7% 2.1£1.8% 0.049
Vessels 4.0+2.7% 2.1+1.5% 2.3£1.6% 6.1£2.1% <0.001
Islets 0.6=1.1% 0.4+0.6% 0.4+0.7% 0.5+0.5% 0.649
Inflammatory cells 8.0+4.4% 7.9+7.1% 3.1+2.8% 0.3£0.5% <0.001
Fat cells 8.8+15.8% 8.4+£21.1% 2.0+£3.4% 3.0+£3.3% 0.222
Fibroblasts 3.7£2.9% 2.0£2.8% 1.3+1.9% 0.4+0.5% <0.001
Nerves 0.4+0.8% 0.1£0.3% 0.2+0.4% 0.3+£0.6% 0.605
Unidentified 0.6+1.0% 0.7+0.8% 0.3+0.9% 0.6+0.6% 0.503

* One-way ANOVA.
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significant increase of activated PSCs in both alcoholic
chronic pancreatitis (P=0.005) and adenocarcinoma of
the pancreas (P<0.001) groups.

Summary of the Results

In pancreatic fibrosis associated with the disease
conditions studied in the present study namely, tropical
calcific pancreatitis, alcoholic chronic pancreatitis and
adenocarcinoma of pancreas, there was significant
increased presence of activated pancreatic stellate cells
(aPSCs) compared to normal pancreas (P values less
than, or equal to, 0.003). Such activation has been
documented for the first time in tropical calcific
pancreatitis while it is already known in other cases.

DISCUSSION

Pancreatic fibrosis is a central pathological feature of
chronic pancreatitis [1, 2, 51]. Adding to the morbidity
and mortality of this disorder, patients with chronic
pancreatitis have a substantially increased risk of
developing pancreatic cancer [52, 53]. Sustained
activation of PSCs has a role in fibrosis associated with
chronic pancreatitis and pancreatic cancer [52, 54].
Therefore, understanding the biology of PSCs offers
potential therapeutic targets for the treatment and
prevention of these diseases. However, prior to the
present study, there was no published data on the role
of stellate cells specifically in pancreatic fibrosis seen
in tropical calcific pancreatitis.

The major findings of this study are that PSCs are
activated in pancreatic fibrosis due to tropical calcific
pancreatitis and that the extent of activation is
comparable to that in cases of alcoholic pancreatitis
and carcinoma of  pancreas. We used
immunohistochemical methods to demonstrate the
presence of activated PSCs in the areas of fibrosis.
Isolated PSCs are characterized as quiescent by the
presence of desmin, glial fibrillary acidic protein
(GFAP), and intracellular fat droplets, but the absence
of o-SMA [23, 24]. In situ hybridization and
immunohistochemical studies indicated that activated
PSCs express a-SMA and collagen type I, therefore
marking these cells as a source of fibrosis [29]. Thus
immunohistochemically, a-SMA is the most important
and most useful marker to identify activated PSCs. In
the present study anti-a-SMA antibody was used for
staining activated PSCs. There was diffuse staining in
the areas of fibrosis in vast majority of specimens from
all the three groups including tropical -calcific
pancreatitis. One potential problem in the identification
of PSCs is that the markers used can also be expressed
by other cell types, especially vascular cells [49, 55].
Hence we used CD34 as a marker to exclude vascular
cells and vascular smooth muscle. The fact that
individual stellate cells were not identified or counted
may be cited as a shortcoming in the methodology of
our study. However, the findings of the study provide,
for the first time, strong evidence in support of a
similar fibrogenic process in tropical calcific
pancreatitis as compared to chronic alcoholic
pancreatitis and adenocarcinoma.

We observed that the extent of staining, and thereby
the proportion of activated PSCs, was highly variable
among patients with same disease entity. An excellent
experimental study has shown previously that, in
culture, primary PSCs continually change from a
quiescent to an activated phenotype, and during this
change they pass through a series of temporal states of
transformation [56]. For example, rapidly proliferating
PSCs in culture can either die by apoptosis or acquire a
(myo) fibroblastic differentiated state that is more
resistant to apoptosis. The wide range of the
proportionate presence of activated PSCs observed in
the present study may indicate a dynamic state of PSCs
in vivo as well, similar to that observed in culture. The
combined use of cultured primary PSCs and
immortalized cells, coupled with the use of coculture
systems (for example, coculture of acinar cells and
PSCs), is likely to provide additional mechanistic
insights into the biology of PSCs.

The study of Suda er al. seems of particular interest
because it was performed on humans [57]. They
investigated the distribution of activated PSCs in the
pancreatic specimen of 24 patients with chronic
alcoholic pancreatitis. The study suggested that PSCs
play an important role in pancreatic fibrogenesis. The
present study showed findings that were very similar to
this previous study in terms of activation of PSCs in
case of alcoholic pancreatitis.

It is to be reiterated here that the present study provides
for the first time the evidence, that fibrosis in tropical
calcific pancreatitis is similar to chronic pancreatitis of
other etiologies and that activated PSC is associated
with fibrosis in tropical calcific pancreatitis as well.
Activated PSCs in the tumor desmoplasia of human
pancreatic cancers have been shown to express a-SMA
and colocalize with mRNA encoding procollagen o1
[58]. Many previous studies strongly indicated that,
PSCs are probably major contributors of the ECM
proteins that constitute the desmoplasia [59]. The
present study also showed strong positivity for o-SMA
in areas of stromal proliferation in cases of
adenocarcinoma. In the present study, areas with
cancerous cells were selected to possibly avoid fibrosis
due to underlying chronic pancreatitis. The extent of
activation was similar between adenocarcinoma and
tropical calcific pancreatitis. Previous studies have
demonstrated that chronic alcoholic pancreatitis and
the desmoplasia in pancreatic adenocarcinoma contain
common stromal elements and suggested similar
mechanisms underlying the development of fibrosis in
these two disorders [60, 61]. The present study has
added tropical calcific pancreatitis to the list by
demonstrating for the first time that PSC activation is
similar in tropical calcific pancreatitis compared to
adenocarcinoma and alcoholic pancreatitis. Evidence is
emerging that there is a symbiotic relationship between
pancreatic adenocarcinoma cells and PSCs that results
in an overall increase in the rate of growth of the
tumor. For example, culture supernatants from human
pancreatic tumor cell lines stimulate PSC proliferation
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and production of ECM proteins [58, 60, 62, 63] and
this is an interesting area for future research.

The present study found that the average proportion of
activated PSCs in normal pancreas was close to 0%,
while a few specimens showed positive staining
pattern. In a previous study PSCs were estimated to
constitute nearly 4% of the total pancreatic cells [55].
But in the present study, activated PSCs and not total
PSCs were estimated in normal pancreas. The reason
for positivity in some cases could be the fact that the
tissues were from patients with ampullary carcinoma
which could have caused mild inflammation in the
pancreas.

Studies of liver fibrosis have shown that extensive
ECM degradation is accompanied by apoptosis of
hepatic stellate cells (HSCs) as a result of either
increased proapoptotic signaling or reduced survival
signals from the ECM [64], but it remains to be shown
whether this is also true in the pancreas. The finding in
our study showing that no activated PSCs were seen in
areas of fibrosis in a few cases may suggest that PSCs
can undergo apoptosis or become quiescent without
ECM degradation at certain stages of fibrosis. Another
explanation could be that apoptosis of PSCs need not
lead to immediate resolution of fibrosis.

Presently, much remains to be learned about the
biology of PSCs and their role in diseases of the
pancreas. Indeed, we need a better understanding of
their function during the quiescent state, their
regulation in terms of activation and deactivation (that
is, differentiation and transdifferentiation,
respectively), their elimination (for example, through
apoptosis), their cross-talk with neighboring cells, and
their origin. Such understanding will promote and
refine therapeutic approaches targeting PSCs for
disorders such as pancreatitis and pancreatic cancers.

CONCLUSIONS

The present study shows that the PSCs are activated in
tropical calcific pancreatitis as in alcoholic pancreatitis
and adenocarcinoma of the pancreas.
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