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Immunolocalization of Nestin-Positive Cells in Islets of
WNIN-Obese Rats: Implication in Obesity
and Acute Pancreatitis
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Abstract

Background: WNIN-obese rats are novel animal model to study
metabolic syndrome. The islets of WNIN-obese rats have increased
pancreatic inflammation and stress. The role of nestin in obesity and
acute pancreatitis is not clear.

Methods: Our present study demonstrated presence of nestin in the
islets of WNIN-obese rats as well as lean counterpart, when induced
with acute pancreatitis.

Results: Interestingly, nestin was localized in islets of WNIN-obese
rats, but was absent in islets of control rats.

Conclusion: The localization of nestin may have functional signifi-
cance in obesity and acute pancreatitis as the nestin-positive stem cells
may lead to islet adaptation in pancreatic stress and inflammation.
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Introduction

Obesity is characterized by low grade inflammation, leading
to cardiovascular diseases, hypertension, and type 2 diabetes
[1]. Interestingly, WNIN/Gr-Ob rat strain (herein referred as
WNIN-obese rats) is among animal models that have greatly
helped our understanding of the pathophysiology associated
with obesity. This rat strain is developed from the Wistar rat
strain of our institute (herein referred as lean rats), maintained
at our institute. These rats portray features of obesity and insulin
resistance with distinct clinical as well as biochemical features
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like hyperinsulinemia, hypertriglyceridemia, and hypercholes-
terolemia along with hyperphagia, polydipsia, polyuria, and
proteinuria similar to other animal models. A recent study has
localized the observed unilocus mutation in a 4.3 cm region with
flanking markers D5Rat256 and D5Wox37 on chromosome 5
upstream of the leptin receptor [2]. WNIN-obese rats also dis-
play reduced lifespan as they show features of degenerative
diseases once they cross 1 year. The life span of WNIN-obese
rats is 1.5 year as compared to 3 years in lean rats [3]. Increased
macro-molecular damage and oxidative stress were observed in
neocortex and hippocampus of WNIN-obese rats [4]. Increased
cataract development was also observed in WNIN-obese rats
due to accumulation of intralenticular sorbitol [5]. Moreover,
numerous studies have demonstrated presence of pro-inflam-
matory milieu in adipose tissue, mesenchymal stem cells and
pancreas of WNIN-obese rats [3, 6-9].

Nestin is a marker of neural stem cells or progenitors [10].
Cells expressing nestin were reported to differentiate in vitro
into pancreatic endocrine, exocrine, and hepatic phenotypes
[11]. Differentiation of islet cells from mouse embryonic stem
cell (ESC) is also known to involve an intermediate cell type
expressing nestin [ 12]. However, descriptive analyses of mouse
and human development argued against a role of nestin-positive
cells in islet differentiation [13, 14]. It is also understood that
enriched nestin-positive cells express the ABCG2 and MDR-1
transporters, showing that these cells have properties that are
consistent with a multipotent stem cell like population [15].
Further, clinical and molecular analyses have revealed nestin-
positive cells having progenitor or stem cell properties [16].

In addition, presence of nestin-positive cells in bone mar-
row, ESCs and islets may also have functional significance
[17]. Nestin-positive cells can be differentiated to islet en-
docrine cells and transplanted into donors [11]. These cells
might serve as precursors of differentiated pancreatic endo-
crine cells during physiological stress (pregnancy, partial pan-
createctomy and obesity) [18]. Numerous studies have dem-
onstrated proliferation of intra-islet progenitors under stress
conditions [19]. Interestingly, it has been observed that nestin
becomes up-regulated as a response to pancreatic injury [20].

The present investigation is undertaken to assess the pres-
ence of nestin-positive cells in islets of WNIN-obese rats and
lean rats at basal condition and when acute pancreatic was in-
duced in these rats. As the characteristics and variation in the
islet of Langerhans both at basal condition and when induced
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with pancreatitis are already characterized in our earlier stud-
ies [8, 9]. Hence, localization of nestin will help us understand
the relation between nestin and islet microenvironment in obe-
sity and acute pancreatitis.

Materials and Methods

Experimental animals

Animal experiments were approved by the ethical committee
on animal experiments at National Institute of Nutrition, Hy-
derabad, India (Regd. No. 154/1999/CPCSEA). The experi-
ments were performed in compliance with “principles of labora-
tory animal care” (NIH publication no. 85-23, revised 1985).
WNIN/GR-Ob rats (4 months; referred as WNIN-obese rats)
and WNIN Wistar rats (referred as lean rats) were obtained from
the National Center for Laboratory Animal Sciences (NCLAS),
Hyderabad, India. WNIN-obese rats as well as lean rats were
randomly allocated into four groups (six rats in each group):
group 1: lean rats treated with saline; group 2: lean rats treated
with L-arginine; group 3: WNIN-obese rats administered with
saline; and group 4: WNIN-obese rats treated with L-arginine.
Acute pancreatic was induced by intra-peritoneal administration
of L-arginine hydrochloride as described earlier [21].

Immunolocalization of nestin

Formaldehyde fixed-paraffin embedded sections of the head
region of pancreatic tissue were processed for immunolocali-
zation as described earlier [17]. Briefly, after deparaftiniza-
tion, the sections were dehydrated by passing through a series
of decreasing concentration of ethanol. Permeabilization was
done using 50% chilled methanol (v/v in water), and the sec-
tions were incubated at 37 °C for 1 h using 4% serum for the
non-specific blocking. This was followed by overnight incu-
bation with primary antibodies for nestin (BD Biosciences,
USA) and insulin (Sigma, St. Louis, MO, USA) at a dilution
of 1:100 in a humified chamber. After washes to remove ex-
cess unbound antibodies, samples were then incubated with
the corresponding anti-rabbit or anti-goat secondary antibod-
ies (anti-rabbit [gG-CFL 488; Santa Cruz Biotechnology Inc.;
goat anti-mouse alexa 633, Moleculae Probes, USA). The
fluorescent images were visualized on Leica TCS SPS5 series
confocal microscope.

Results and Discussion

Our present study has demonstrated first time, presence of nes-
tin-positive cells in islets of WNIN-obese rats. Interestingly, the
induction of pancreatitis led to increased expression of nestin in
these cells. These nestin-positive cells were localized in periph-
ery as well as central part of islets in WNIN-obese rats. Nestin
was absent in leans rats and acute pancreatic induced expression
of nestin in lean rats. Interestingly, induction of acute pancreati-
tis led to increased nestin-positive cells in WNIN-obese rats, as
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well lean rats. The immunohistochemical localization of nestin
is depicted in Figure 1. Our observations indicate that higher
pancreatic stress induces higher pancreatic stress (WNIN-obese
+ pancreatitis > WNIN-obese > lean + pancreatitis > lean). Our
observation may play an important role in understanding the
microenvironment requirement for differentiation of stem cells
as activation of nestin-positive cells may play a functional role
in pancreatic stress and inflammation.

The previously published studies have demonstrated in-
creased inflammatory melieu in pancreas of WNIN-obese rats
as demonstrated by altered cytoarchitecture of islets and ex-
pression of gene signature pertaining to inflammation. Moreo-
ver, induction of acute pancreatitis with intra-peritoneal ad-
ministration of L-arginine led to increased severity of acute
pancreatitis in WNIN-obese rats as compared lean rats. The
WNIN-obese rats also demonstrated increased islet dysfunc-
tion and lean rats as compared to lean rats [21]. The mecha-
nism of islet dysfunction is outlined in Figure 2.

The WNIN-obese rats are unique animal model for meta-
bolic syndrome, as all metabolic defects observed in humans are
seen in one model per se [22]. These animals are WNIN-obese,
insulin-resistant, leptin-resistant, and have degenerative features
associated with obesity such as retinal degeneration, high blood
pressure, and accelerated aging with defective immune surveil-
lance [8, 9, 22]. We have earlier reported a state of islet inflam-
mation in these rats [8, 9]. Obesity-induced inflammation in
pancreatic islet may trigger beta-cell apoptosis, leading to the
progression of type 2 diabetes [23, 24]. Beta-cell regeneration
in response to metabolic stress prevents development of type 2
diabetes [25]. Among many mechanism(s) under investigation,
pancreatic stem cells may play an important role in beta-cell
regeneration [26]. It is difficult to predict pancreatic stem cells
from the knowledge of pancreatic development [27-30]. A study
demonstrated that nestin is transiently expressed by acinar cells
as well as insulin and glucagon cells of islets of mutant mice and
demonstrated that nestin expression is regulated by glucagon
signaling suggesting that the pattern of nestin staining is deter-
mined by the cellular environment and that nestin-positive cells
located in the pancreatic primordium generate the cells of the
endocrine and exocrine lineages [31]. We report for the first time
the immunolocalization of nestin-positive cells in the pancreas
of mice of different ages (3 days to 8 weeks) with reference to
insulin and glucagon-positive cells. The heterogeneous localiza-
tion of the nestin-positive cells observed may be of functional
and developmental significance and suggest(s) that mice pancre-
atic tissue can be a potential source of progenitor cells. Nestin-
positive cells from the pancreas can be isolated, proliferated and
programmed to differentiate into insulin secreting cells under the
appropriate microenvironment [ 17]. Further studies are required
to understand the functional and development significance of
nestin-positive cells in obesity and acute pancreatitis.

Conclusion

Nestin is one of the important markers of stem cells/progeni-
tor cells in pancreas. The study reports localization of nestin
in basal condition and acute pancreatitis condition in WNIN-
obese rats, and in islets of lean rats with acute pancreatitis but
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Figure 1. Immunolocalization of nestin (red) and insulin (green) in islets of 4 months old WNIN-obese and lean rats at basal
conditions and after induction of acute pancreatitis (x 40). Presence of nestin-positive cells in islets of WNIN-obese rats at basal
condition as well as when induced with acute pancreatitis. The induction of pancreatitis led to increased expression of nestin in
these cells. Nestin-positive cells were absent in basal condition in lean rats but were present when induced with acute pancrea-
titis. The nestin-positive cells were localized in periphery as well as central part of islets in WNIN-obese rats. Higher pancreatic
stress induced higher pancreatic stress (WNIN-obese + pancreatitis > WNIN-obese > lean + pancreatitis). Nestin was absent in

islets of lean rats.

absent in islets of lean rats at basal condition. Based on this
observation, we hypothesize that pancreatic inflammation and
pancreatic stress (obesity and acute pancreatitis) induce nestin-
positive progenitor cells in islets.
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Figure 2. Mechanism of higher islet inflammation in WNIN-obese rats with acute pancreatitis. The participation of several con-
founding factors in the pancreatic milieu that collectively coprecipitates for a state of profound inflammation and oxidative stress
in the pancreas (among mutant compared to lean/control) which gets worsened with age. These include hypertrophy, mac-
rophage infiltration (CD11b/TNF-o/IL-6), apoptosis, B-cell vacuolation, HI, and stress markers (RL-77/HSP104/TBARS), all of
which correlated well with indices for obesity (2 - 3 fold), IR (1.5 - 3 fold), and HI (2 - 3 fold). Further, supportive data were also
obtained from in vitro studies using islet cell cultures amongst phenotypes. Taken together, these results advocate that oxidative
stress and inflammation were the major precipitating factor to cause islet cell dysfunctions (in situ and in vitro) in these mutant
rats compared to their lean littermates and parental control [2]. TNF-a: tumor necrosis factor-alpha; IL-6: interleukin-6; HI: hyper-

insulinemia; IR: insulin resistance.
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