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Abstract

AIM: To investigate the expression of interferon inducible
protein-10 (IP-10) in pancreas of mice and to discuss its
possible role in the pathogenesis of type 1 diabetes.

METHODS: Non-obese diabetic (NOD) mice were used
as experiment group and BALB/c mice as non-diabetic
prone model. Immunohistochemistry method was used to
evaluate the expression of IP-10 in the pancreas of NOD
mice and BALB/c mice. Immunoelectron microscope was
used to show the location of IP-10 in pancreatic islet B
cells.

RESULTS: Pancreatic islets were positively stained in all
the NOD mice. Insulitis could be found in mice at the age
of 4 wk. The weakly positive results were found in control
group with no insulitis. Immunoelectron microscopy further
demonstrated that IP-10 was produced by pancreatic
cells and stored in cytoplasm of the cells.

CONCLUSION: IP-10 can be largely produced in pancreatic
islets of NOD mice at the age of 2 wk when there is no
significant insulitis, and may play an important part in the
pathogenesis of type 1 diabetes by attracting immune cells
to infiltrate the pancreatic islets.
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INTRODUCTION

Type 1 diabetes has been recognized as an organ specific
autoimmune disease due to the immune destruction of
pancreatic islet B cells in genetically susceptible individuals!.
In both human and rodent models of Type 1 diabetes, the
disease has a distinct stage characterized by infiltration of
immune cells in the pancreas (insulitis). The major populations
of infiltrating cells are macrophages and lymphocytes.
Therefore, immune cell infiltration in pancreatic islets may
be a crucial step in the pathogenesis of type 1 diabetes™.
Experiments have shown that interferon induced protein-
10 (IP-10), an important member of CXC chemokine
subfamily, has chemoattractant effects on monocytes and
activated lymphocytesPl. Thus, we hypothesize that IP-10
may recruit immune cells into the pancreas by binding to
the chemokine receptor, CXCR4 expressed on the target
cells, thus leading to type 1 diabetes. In this study, we
evaluated the expression of IP-10 in the pancreas of animal
model of type 1 diabetes and discussed its possible role in
the pathogenesis of type 1 diabetes.

MATERIALS AND METHODS

Experimental animals and samples

Experimental NOD mice were obtained from Shanghai
Laboratory Animal Center, Chinese Academy of Sciences.
Pancreatic islet infiltration of immune cells appeared and
insulitis developed in the mice at the age of 4 wk. Insulitis
became most serious at the age of 9-10 wk. The remaining
pancreatic [} cells decreased to 10% of normal levels and
diabetes developed. The incidence of diabetes in female NOD
mice was higher than that in males. BALB/c mice were
used as non-diabetes and non-autoimmune-prone control.
Blood glucose in all the mice was measured before death.
If the blood glucose concentrations exceeded 300 mg/L,
diabetes could be considered.

The mice were killed by decollation. Pancreases wete
fixed in 40 g/L formaldehyde and embedded in paraffin.
Paraffin-embedded tissues were sectioned and stained with
hematoxylin-eosin and analyzed by light microscopy.

Expression of IP-10

Dewaxed sections were stained using streptavidin-biotin-
peroxidase complex (SABC) method (Wuhan Boster Biological
Technology Co., Ltd). Primary antibody was goat -anti-
mouse polyclonal antibody (Santa Cruz Biotechnology, Inc.).
The color of the complex was developed using 3,3’-diamino-
benzidine tetrahydrochloride (DAB) kit (AR1022). The
sections were counterstained with hematoxylin, dehydrated
and mounted, examined microscopically.
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Immunoelectron microscopy

The samples were fixed with 1% osmic acid, after the color
reaction using DAB. Sections were dehydrated in graded ethanol
solutions and embedded in Epon 872. Ultra-thin (70 nm)
sections were made and stained with uranyl acetate, and then
examined under JEM-1200EX (JEOL) electron microscope.

RESULTS

Expression of IP-10 in NOD mice
Pancreatic islets were positively stained in all NOD mice.
Insulitis could be found at the age of 4 wk (Figures 1A-D)

Expression of IP-10 in BALB/C mice
Weakly positive results were found in the pancreatic islets
of BALB/c mice, which wete stained light brown (Figure 2).

No insulitis could be found.

Immunoelectron microscopy in NOD mice
Immunoelectron microscopy demonstrated that IP-10 was

Figure 1 Expression of IP-10 in pancreatic islets of NOD mice at the age of 2

Figure 2 Expression of IP-10 in pancreatic islets of BALB/C mice at the age of 4 wk.

produced by pancreatic B cells and stored in cytoplasm of
the cells (Figure 3).

DISCUSSION

Type 1 diabetes is a chronic disease, severely affecting the
health of children. Its incidence has been increasing
continuously from 1980s. In both human and rodent models
of Type 1 diabetes, the disease has a distinct stage characterized
by immune cell infiltration in pancreas (insulitis). The major
populations of infiltrating cells are macrophages and
lymphocytes. Therefore, the infiltration of macrophages
and lymphocytes may be a crucial step in the auto-immune
response of type 1 diabetes. IP-10 is a member of CXC
chemokine subfamily and has chemoattractant effects on
monocytes and activated lymphocytes. Thus, we suppose
that it may play an important part in the immune cell
infiltration of pancreatic islets.

We demonstrated in this study that the expression of
IP-10 was positive in the pancreas of both NOD mice and

wk (A), 4 wk (B), 8 wk (C), and 14 wk (D).

Figure 3 Various shapes of IP-10 crystal in pancreatic islet B cells.
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BALB/c mice, which agrees well with the findings of Atimilli
et al¥, suggesting that IP-10 is constitutively produced by
the pancreatic islets in mice. But the production of IP-10 is
small because weak expression of IP-10 has been shown in
BALB/c mice, and IP-10 produced has no chemoattractant
effect as no infiltration of immune cells could be found in
the control group. It has long been known that chemokines
have many functions in addition to chemo-attractant effect.
IP-10 is involved in delayed-type allergy and the suppression
of angiogenesis. Therefore, IP-10 has other biological functions
in normal pancreatic tissues other than chemoattractant
effect. Few studies on expressions of IP-10 in pancreas are
available. The acute functions of the constitutive expressions
of IP-10 in pancreatic tissues need further study. But, the
pancreatic islets of diabetic mice produce high level of IP-
10 and accompanied insulitis, which supports our hypothesis
that abundant IP-10 can be produced in a pathological
environment and attract immune cells into pancreatic tissues.
Our study also proved that IP-10 could be found in the
pancreatic islets of NOD mice at the age of 2 wk when
there was no significant insulitis, suggesting that IP-10 is
produced at the onset of diabetes. Its concentration may
not be high enough to cause insulitis at first. As IP-10
accumulates, more immune cells can be recruited into the
pancreatic islets and finally result in insulitis.

Viral infections and inflammatory cytokines including
I1-1B and interferon-y are important factors triggering type 1
diabetes. Double stranded RNA (dsRNA) produced by virus
cooperated with IL-1P and Interferon-y or IL-1f could
induce high levels of IP-10 in human and NOD mice
pancreatic B cells iz vitrd®l. Our study also showed that IP-
10 existed in the pancreatic B cells. These results indicate
that pancreatic B cells can produce IP-10, and that virus
and inflammatory cytokines can initiate expression of IP-
10 in vivo. Pancreatic B cells are possibly one of the main
sources of IP-10. It has been reported that pancreatic islet
specific Th1 cells can produce IP-10 and may be another
sourcel’l.

We can speculate about the possible mechanism of viral
infections causing diabetes based on the present studies.
Viruses induce the expression of IP-10 in pancreatic [} cells,
and IP-10 is secreted into the pancreatic islets. Then, peripheral

immune cells migrate into the pancreatic islets along with
the IP-10 concentration gradient and result in insulitis.

Since few studies on the role of IP-10 in type 1 diabetes
are available, our data are necessary to be confirmed by
more studies. There is no study on the expression of IP-10
in the pancreas of patients with type 1 diabetes. Although
the serum IP-10 levels in newly diagnosed patients with type 1
diabetes are much higher than those in healthy subjects®,
chemokines tend to form high concentration grade in local
secretion point that attract target cells. The serum chemokine
level cannot reflect the true conditions of expressions of
chemokine in human pancreas.

In conclusion, IP-10 may play an important part in the
pathogenesis of type 1 diabetes by attracting immune cells
to infiltrate the pancreatic islets.
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