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Abstract: In recent years, the incidence of type 1 diabetes mellitus (T1DM) has been increasing. The role of CXCL10
and its receptor, CXCR3, in the occurrence of TADM has drawn lots of research interests, as the disease incidence
was correlated with their expression levels. We thus used an antagonist of CXCR3, NBI-74330, to block the specific
binding, for further observation of islet cell apoptosis in a TAMD rat model. A total of 80 SD rats were given STZ
intraperitoneally for generating TADM model. Different concentrations of NBI-74330 were then applied, followed by
the collection of blood and pancreatic tissue samples. CXCL10 and CXCR3 levels were detected by enzyme linked
immunosorbent assay (ELISA), followed by expressional assays in pancreatic tissues by real-time PCR, Western blot-
ting and flow cytometry. Compared to control group, model rats had significantly elevated blood glucose level (>16.7
mmol/L), with depressed CXCL10 and CXCR3 levels compared to model group (P<0.05). After NBI-74330 treatment,
mRNA and protein levels of CXCL10 and CXCR3 were significantly lowered, with significantly decreased apoptotic
cell ratios compared to model group (P<0.05). CXCL10 receptor antagonist NBI-74330 can inhibit the apoptosis of

pancreatic islet cells in TLDM rats.
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Introduction

Type 1 diabetes mellitus (T1DM), also called
insulin-dependent diabetes, is caused by insuf-
ficient insulin secretion due to genetic and envi-
ronmental factors, and is mostly occurred in
children and adolescents [1]. TADM has rela-
tively fast disease progression and high inci-
dence of ketoacidosis, thus severely affecting
patient’s life span [2]. It has been suggested
that the incidence of TADM will continuously
increase, with transition of lifestyles [3].
Pathological studies have revealed the infiltra-
tion of lymphocytes into pancreatic islet cells,
following genetic, environmental and viral infec-
tions [4]. The precise mechanism underlying
pathogenesis, however, remained unclear.
Recent studies have focused on the role of che-
mokines and their receptors in TIDM patho-
genesis. During the early stage of pancreatitis,
CXC chemokine ligand-10 (CXCL10) has been
expressed in islet 3 cells, following by elevated
expression with disease aggravation [5]. In one

T1DM-targeted study, CXCL10 contents in
serum started to increase during early stage
[6], while individuals with intact islet tissues
had barely any CXCL10 expression [7]. An ani-
mal study has shown the decrease of diabetic
incidence in mice after inhibiting endogenous
expression of CXCL10 [8]. The in vivo biological
function of CXCL10 requires specific bindings
onto several receptors, among which CXCR3
plays a crucial role. In newly diagnosed T1DM
patients, both CXCL10 and CXCR3 were up-reg-
ulated [9]. The incidence of diabetes in CXCR3-
deficient mice was significantly depressed,
even with de novo up-regulation of CXCL10
expression [10]. All those studies suggested
the occurrence of islet cell injury by B cells-
derived CXCL10, which can bind with CXCR3 to
activate downstream signal pathways for modu-
lating diabetes pathogenesis. NBI-74330 has
been developed as one antagonist for CXCR3
for blocking their specific interactions [11]. This
study thus applied NBI-74330 on TADM model
rats, for observing the cell apoptosis of islet tis-



Table 1. PCR primer list

CXCL10 in TADM

Gene Forward (5’-3’) Reverse (5’-3)
B-actin GAGGGAAATCGTGCGTGAC CTGGAAGGTGGACAGTGAG
CXCL10 GGACAAATCGTATCTCGG GAAACCAACTCTACGCTG
CXCR3 GAAGAAGGACCCCAGATC TGGAAGGCAGTGCTCTAGTC

37°C incubation for 30
min. Chromogenic sub-
strates (0.1 mL) were then
added to develop the signal
(37°C for 15 min). A micro-

sues and expressional profiles of CXCL10 and
CXCR3, thus investigating the role of CXCL10
receptor antagonist on islet cells during TADM
pathogenesis.

Materials and methods
Animals

A total of 80 male SD rats (Fujian Medical
University Animal Center, China) were kept in a
facility with fixed temperature (22°C + 2°C),
humidity (50% = 5%) and 12/12-hour light
cycle. Animals were randomly assigned to
either of control or diabetic model group, which
received saline or 30 mg/kg STZ via intraperito-
neal injection, respectively. Blood glucose level
was monitored before and 1, 2, 3, and 4 weeks
after injection. The successful generation of
T1DM model was identified by higher blood glu-
cose level (<16.7 mmol/L) in two consecutive
measures, accompanied with diabetic symp-
toms including polyuria, polydipsia, polyphagia
and body weight lost. Those rats with TADM
symptoms were further sub-divided into model,
low-, moderate- and high-NBI-74330 group,
which received saline, 2 pg/(kg.d), 4 ug/(kg.d)
and 8 ug/(kg.d) drugs via subcutaneous injec-
tion for 8 weeks. 4 hours after the last injec-
tion, artery blood samples were collected from
rats, which were then decapitated for collecting
islet tissues.

Rats were used for all experiments, and all pro-
cedures were approved by the Animal Ethics
Committee of Zhangzhou Hospital Affiliated to
Fujian Medical University.

Enzyme linked immunosorbent assay (ELISA)

Rat blood samples (1 mL) was centrifuged
at 4°C and 12000 g for 5 min. The upper ag-
ueous layer was collected and diluted into
96-well plate in triplicates, along with parallel
standards in serial dilutions. After 37°C incu-
bation for 30 min, supernatants were discard-
ed, followed by washing (in 0.2 mL washing
buffer) for 5 times. Enzyme-linked reagents
were then added to each well, followed by
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plate reader was used to
quantify absorbance value
at 450 nm. A standard curve was firstly plotted
using standard samples, followed by the deduc-
tion of CXCL10 and CXCR3 concentrations.

Real-time PCR

Total RNA was extracted from pancreatic tis-
sues by Trizol reagents (Invitrogen, US). 1 ug
RNA was used as the template to synthesize
cDNA using reverse transcription kit (Toyobo,
Japan) by incubation at 37°C (15 min) and 95°C
(10 min). Real-time PCR was carried out using
cDNA as the template and specific primers
(Table 1) in a VIIA 7 cycler (ABI, US) under fol-
lowing conditions: 95°C pre-denature for 5 min,
followed by 40 cycles each containing 95°C
denature for 15 sec, 60°C annealing for 60 sec
and 72°C elongation for 60 sec. Semi-
gquantitative analysis was performed using
288t method.

Western blotting

About 1 g of pancreatic tissues was homoge-
nized for mixing with 1 mL RIPA lysis buffer
(Beyotime, China) containing proteinase inhibi-
tor. The mixture was then kept on ice and rup-
tured by ultrasonic. Proteins were extracted by
12000 g centrifugation for 10 min, and were
quantified by BCA method. Proteins were firstly
separated in a vertical electrical field, and were
transferred to NC membrane (Life Science, US).
The membrane was firstly blocked in 5% defat-
ted milk powder for 2 hours, followed by 1:1
000 primary antibody (Abcam, US) incubation
overnight at 4°C. On the next day, the mem-
brane was rinsed in PBST for three times, fol-
lowed by adding 1:10000 secondary antibody
for 1-hour incubation. Chromogenic substrates
were added to develop the membrane, which
was exposed in a dark room. GIS-2020D gel
imaging analysis system was used to analyze
the optical density of protein bands, for further
deduction of protein expression level.

Flow cytometry

Fresh pancreatic tissues were firstly fixed in
70% ethanol for 24 hours, and were then cut
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Table 2. Blood glucose level of rats before andafter STZ injection (in mmol/L)

After STZ
Group Before
1w 2w 3w 4w
Control 445 +1.81 451+ 1.64 4.62 +1.28 4.71+1.79 4.75 + 1.93
Model 438+ 1.75 17.85 + 2.74" 18.64 + 3.08" 19.31 + 3.52" 19.91 + 3.58"
Note: “P<0.05 compared to control group.
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Figure 1. CXCL10 (A) and CXCR3 (B) expression level in serum. "P<0.05 compared to control group.
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Figure 2. CXCL10 (A) and CXCR3 (B) mRNA levels. “P<0.05 compared to control

group.

into small pieces for homogenization in saline.
Cell mixture was collected and centrifuged at 1
000 g for 5 min. After discarding the superna-
tants, 5 mL blocking buffer was added to rinse
the cells for 10 min at room temperature. The
supernatants were discarded after 1 000 g
centrifugation (5 min), followed by adding 0.3
mL anti-insulin-FITC dye and Pl dye. Samples
were loaded on flow cytometry (BD, US) for
detecting the percentage of double-positive
cells.

Statistical analysis

SPSS 19.0 software was used to process all
collected data, of which measurement data
were presented as mean + standard deviation
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2ug/kg

(SD) and were tested by

student t-test or analysis of

variance (ANOVA). While

enumeration data were

presented as percentage
* and compared by chi-
square test. A statistical
significance was defined
when P<0.05.

4ug/kg  Buglkg

Results

Blood glucose level

Before STZ injection, blood glucose levels in
control and model rats were 4.45 + 1.81
mmol/L and 4.38 + 1.75 mmol/L, respectively.
Those rats with successful TADM model had
significantly elevated blood glucose level (main-
taining above 16.7 mmol/L, Table 2, P<0.05).

Serum CXCL10 and CXCR3 levels

UsingELISAapproach,wefoundsignificantlydepre-
ssed CXCL10 and CXCR3 levels in NBI-74330
treatment group compared to control group
(CXCL10: 9.61 + 2.15 yg/mL, 6.87 + 1.82 pug/
mL, 5.51 + 1.54 yg/mL and 4.37 + 1.48 pg/mL
for control, low-, moderate- and high-dosage of
drugs, respectively, F=9.658, P<0.05, Figure
1A; CXCR3: 15.19 + 3.72 yg/mL, 11.76 + 2.61
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Figure 3. CXCL10 (B) and CXCR3 (C) protein levels in pancreatic tissues of rats. (A) representative protein bands.
“P<0.05 compared to control group.
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Figure 4. Effect of NBI-74330 on apoptosis of pancreatic tissues. (A) Control; (B) Low-dosage drugs; (C) Moderate-
dosage drugs; (D) High-dosage drugs. Right panel, quantitative analysis of (A) to (D). "P<0.05 compared to control

group.

pg/mL, 9.34 + 2.31 yg/mL and 8.02 + 1.82 P<0.05, Figure 1B). NBI-74330 inhibited
ug/mL for control, low-, moderate- and high- expression of those factors in a dose-depen-
dosage of drugs, respectively, F=18.216, dent manner.

14545 Int J Clin Exp Pathol 2015;8(11):14542-14548



CXCL10 in TADM

CXCL10 and CXCR3 expression in pancreatic
tissues

Using real-time fluorescent PCR, we detected
MRNA levels of CXCL10 and CXCR3 in pancre-
atic tissues and found significantly depressed
expressions in drug-treating group (CXCL10:
65%, 57% and 42% against control group for
low-, moderate- and high-dosage of drugs,
respectively, F=11.715, P<0.05, Figure 2A;
CXCR3: 59%, 47% and 38% against control
group for low-, moderate- and high-dosage of
drugs, respectively, F=13.351, P<0.05, Figure
2B).

CXCL10 and CXCR3 protein level

Western blotting obtained consistent results as
those in RT-PCR. As shown in Figure 3, CXCL10
protein expression level was decreased to 63%
of the control group in average after drug treat-
ment (F=9.724, P<0.05, Figure 3B). Meanwhile,
CXCR3 levels were decreased to 41% against
control (F=12.837, P<0.05, Figure 3C). Both
protein levels in pancreatic tissues were
decreased with higher concentrations of
NBI-74330.

Apoptosis of pancreatic cells

To further investigate the protective function of
NBI-74330 on pancreatic cells, we also
employed flow cytometry to observe the effect
of NBI-74330 on apoptosis of pancreatic cells.
As shown in Figure 4, about 14.15% of primary
cultured islet cells had apoptosis (Figure 4A).
Such ratio, however, was decreased to 10.35%
(Figure 4B), 9.65% (Figure 4C) and 6.45%
(Figure 4D) for low-, moderate- and high-dos-
age of drugs. Compared to control group, NBI-
74330 had significantly decreased apoptotic
cells in pancreatic tissues (F=10.824, P<0.05).

Discussion

More than 6 million people in China are TIDM
patients, with an increasing trend of incidence
[12]. TADM is now believed to be one auto-
immune disease featured with insulin deficien-
cy and hyperglycemia, and is caused by interac-
tion of multiple endogenous and exogenous
factors. As one DNA alkylating agent, STZ
exerts certain selective injury on islet B cells,
thus inducing T1DM in rodents [13]. As one
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antagonist for CXCR3, NBI-74330 can block the
specific binding between CXCL10 and CXCR3
[14]. Other studies also identified the critical
importance of CXCL10 and its receptor CXCR3
in pathogenesis of TADM [15]. As one chemo-
kine family, CXC includes various factors such
as CXCL9, CXCL10 and CXCL11. Mainly derived
from activated fibroblasts, mononuclear mac-
rophage and endothelial cells [16], CXCL10
requires the interaction with its receptor
CXCR3, for further activating downstream sig-
nals regarding cell growth, proliferation, differ-
entiation, apoptosis and carcinogenesis [16,
17]. Early study has confirmed the up-regula-
tion of CXCL10 and CXCR3 in diabetic patients
[18]. The inhibition of endogenous expression
of CXCL10 and CXCR3 can decrease the inci-
dence of diabetes [19], suggesting the correla-
tion between CXCL10 and diabetes. Based on
these information, we thus treated T1DM rats
with NBI-74330, in an attempt to investigate
the effect of drugs on islet cell apoptosis.

Our results showed significant tissue injury on
rat’s islet by STZ, thus inducing diabetes, as
shown by elevated blood glucose level with typ-
ical symptoms of diabetes. We further treated
those diabetic rats with NBI-74330 and found
lower serum levels of chemokines CXCL10 and
its receptor CXCR3. Therefore the drug can
inhibit the expression of those factors in a
dose-dependent manner. Consequent RT-PCR
and Western blotting assays obtained consis-
tent results in pancreatic tissues, which had
significantly depressed expression of CXCL10
and CXCR3 after treating with NBI-74330.
These results collectively suggested the inhibi-
tion of chemokine expression by NBI-74330 in
T1DM rats. Early study has established the
modulation of CXCL10 on cell activity via spe-
cific binding onto receptor CXCR3, for activating
downstream pathway and inducing cell prolif-
eration/apoptosis [20]. This study showed the
inhibition of NBI-74330 on CXCL10 and CXCR3
expression in islet cells. As previous study has
established the role of NBI-74330 in decreas-
ing diabetes incidence in rats, we thus investi-
gated the potential mechanism of drugs by
observing the apoptosis condition in pancreatic
tissues of TADM rats after drug exposure. Our
results showed a dose-dependent decrease of
apoptotic cell percentage in islet tissues after
drug application, suggesting the inhibition of
cell apoptosis by NBI-74330.
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In summary, our study showed the inhibition of
expression of CXCL10 and its receptor CXCR3
in islet tissues by NBI-74330, for further sup-
pressing of cell apoptosis and protection, thus
decreasing diabetes incidence. However, due
to the inherent complication of pathogenesis
mechanism underlying diabetes, further experi-
ments are required to elucidate the precise bio-
logical functions of NBI-74330 in diabetes.
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