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Protective role of adenovirus vector-mediated interleukin-10
gene therapy on endogenous islet f3-cells in recent-onset
type 1 diabetes in NOD mice
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Abstract. The aim of the present study was to provide an
animal experimental basis for the protective effect of the
adenoviral vector-mediated interleukin-10 (Ad-mIL-10) gene
on islet B-cells during the early stages of type 1 diabetes
(T1D) in non-obese diabetic (NOD) mice. A total of 24 female
NOD mice at the onset of diabetes were allocated at random
into three groups (n=8 per group): Group 1, intraperitoneally
injected with 0.1 ml Ad-mIL-10; group 2, intraperitoneally
injected with 0.1 ml adenovirus vector; and group 3, was a
diabetic control. In addition to groups 1, 2 and 3, 8 age- and
gender-matched NOD mice were intraperitoneally injected
with 0.1 ml PBS and assigned to group 4 as a normal control.
All mice were examined weekly for body weight, urine glucose
and blood glucose values prior to onset of diabetes, and at 1,
2 and 3 weeks after that, and all mice were sacrificed 3 weeks
after injection. Serum levels of interleukin (IL)-10, interferon
(IFN)-v, IL-4, insulin and C-peptide were evaluated, and in
addition the degree of insulitis and the local expression of
IL-10 gene in the pancreas were detected. The apoptosis rate
of pancreatic -cells was determined using a TUNEL assay.
Compared with groups 2 and 3, IL-10 levels in the serum and
pancreas were elevated in group 1. Serum IFN-y levels were
decreased while serum IL-4 levels and IFN-y/IL-4 ratio were
significantly increased in group 1 (P<0.01). C-peptide and
insulin levels were higher in group 1 compared with groups 2
and 3, (P<0.01). Furthermore, compared with groups 2
and 3, the degree of insulitis, islet -cell apoptosis rate and
blood glucose values did not change significantly (P>0.05).
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The administration of the Ad-mIL-10 gene induced limited
immune regulatory and protective effects on islet p-cell
function in NOD mice with early T1D, while no significant
reduction in insulitis, islet B-cell apoptosis rate and blood
glucose was observed.

Introduction

Type 1 diabetes (T1D) is caused by the absence of insulin,
resulting in a class of persistently elevated blood sugar
diabetes (1). Immune dysfunction-induced pancreatic 3-cell
apoptosis is crucially involved in the pathogenesis of this
disease (2). A variety of immune cells and cytokines are
involved in this process (3). Among them, T helper (Th)
cell subpopulations imbalance has attracted significant
attention (4). T cells are divided into helper, regulatory and
cytotoxic T cells, according to their surface markers and func-
tion. Th consists of Th1 and Th2 cell subsets based on different
secretory cytokine (5). Thl cells secrete factors including
interleukin (IL)-1, IL-2, IL-12, interferon (IFN)-y and tumor
necrosis factor (TNF)-a (5). The Thl subset is involved in cell
immune response and inflammatory-mediated apoptosis of
islet B-cells (6). Some studies have discovered that the Thl
subset dominates in the body of T1D patients. After the inter-
vention and down-regulation of a proportion of the Th1 subset,
the T1D incidence is significantly decreased (4,7). The Th2
subset is known to secrete I1L-4, IL-10, IL-5, IL-6, IL-9 and
IL-13, amongst other factors (5). Some studies have observed
that T1D is controlled following intervention and the recovery
of the Th2 proportion (8). Therefore, it can be suggested that
Th2 serves a positive role in regulating immune homeostasis
and in protecting the function of residual pancreatic beta cells.
Th2 was a potential therapeutic strategy for the treatment of
T1D (9).

IL-10 is an important Th2 cytokine. IL-10 can suppress
the antigen presentation function by inhibiting the expres-
sion of MHC-II molecules on the surface of mononuclear
macrophages. In addition, IL-10 serves an important role
in immunosuppression and anti-apoptosis by suppressing
the release of inflammatory factors of mononuclear macro-
phages (10-12). Numerous autoimmune diseases are associated
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with the decreased expression of IL-10 in vivo (13-14). A
previous study demonstrated that the low expression of IL-10
in the pancreas mediates the occurrence of T1D (15). In
addition, a previous study observed that there is a decreased
expression of IL-10 in newly diagnosed children with T1D;
as age increases, the level of IL-10 expression decreases (16).
Based on the theory that low expression levels of IL-10 may
promote the occurrence of T1D (16), attempts have been made
to supplement exogenous IL-10 in order to treat T1D. However,
as the half-life period of IL-10 is very short in vivo (17), it will
significantly affect the efficacy of IL-10.

In a prior study, we successfully constructed the adeno-
viral vector-mediated interleukin-10 (Ad-mIL-10) (18). IL-10
was found to exert a protective effect in vitro on islet 3-cells,
and has been shown to reduce the occurrence of T1D in
non-obese diabetic (NOD) mice (19). After that, we used STZ
and BALB/c mice to prepare the T1D model, and IL-10 was
injected into the model rats. We found that IL-10 could not
reverse the occurrence of T1D. The above results are related to
the interference of STZ to the experiment. In the present study,
the natural onset of T1D was identified in NOD mice, and the
protective effect of Ad-mIL-10 in islet -cells was evaluated.

Materials and methods

Animals. A total of 24 female NOD/Lt mice (specific-pathogen
free; age, 7-9 weeks; weight, 19-21 g) were purchased from the
Institute of Experimental Animals of the Chinese Academy of
Medical Sciences (Beijing, China). T1D natural incidence rate
was >70% when these NOD mice were aged 25 weeks. The
mice were housed in specific pathogen-free conditions under a
12-h dark/light cycle in ventilated filter cages with free access
to food and water, at the Affiliated Hospital of the Medical
College of Qingdao University (Qingdao, China). All mice
were examined for polyphagia, polydipsia, polyuria, hair gloss
and decreased activity. Body weight, urine glucose and blood
glucose values were recorded weekly. Mice with glucosuria
were tested for the blood glucose level, and those with a blood
glucose level of 2250 mg/dl (13.9 mmol/l) in two consecutive
weeks were considered diabetic (20).

Equipment. Mouse IL-4 ELISA (cat. no. M4008); mouse IFN-y
ELISA (cat. no. MIF00); mouse IL-10 ELISA (cat. no. M1008)
(all purchased from R & D Systems); mouse C-peptide ELISA
(cat. no. 7651); mouse insulin ELISA (cat. no. M7647) (both
purchased from Biotang, Inc., Waltham, MA,USA); carbon
dioxide incubator (series II); microtome (Finesse325) (both
purchased from Thermo Fisher Scientific, Inc., Waltham,
MA, USA); clean bench (cat. no. SW2CJ22FD; Suzhou SulJie
Purifying equipment Co., Ltd., Suzhou, China); microplate
reader (Tecan Group, Ltd., Médnnedorf, Switzerland); constant
temperature oscillator (cat. no. THZ-313; Shenzhen Tongyi
Industry Company, Ltd., Shenzhen, China); hematoxylin and
eosin staining kit (Beijing Solarbio Science & Technology
Co., Ltd., Beijing, China); In Situ Cell Death Detection kit
(cat. no. 11684817910; Roche Diagnostics, Basel, Switzerland);
VECTASTAIN Elite ABC kit (cat. no. PK6200; Vector
Laboratories, Servion, Switzerland); Rapid Adeno Virus
Infectious Titer (TCID50) kit (cat. no. K-AD0001; Benyuan
Zhengyang Gene Technology Co., Ltd., Beijing China).
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Reagents. Fetal bovine serum (FBS; Gibco, Thermo Fisher
Scientific, Inc.); Dulbecco's modified Eagle's medium
(DMEM; Hyclone, Logan, USA); hematoxylin and eosin;
DAB (both purchased from Beijing Solarbio Science &
Technology Co., Ltd., Beijing, China); anti-IL-10 antibody
(cat. no. ab189392; dilution, 1:2000; Abcam, Cambridge, UK);
1% Triton-100 (Shaihong Rui Biological Technology Co., Ltd.,
Nanjing, China); H,0,-methanol solution (Yu Bo Biological
Technology Co., Ltd., Shanghai, China).

Human embryonic kidney (HEK) cell culture and adenovirus
amplification. HEK 293 cells were donated by Professor
Bing Luo of the Medical College of Qingdao University and
cultured to amplify adenoviruses. Ad-mIL-10 was provided by
Professor Zhihong Chen of the Department of Pediatrics of the
Affiliated Hospital of the Medical College Qingdao University.
Cells were cultured in DMEM supplemented with 10% FBS
for 24 h under standard conditions (37°C, 5% CO,). HEK293
cells were cultured in 6 well plates, and 200 ul recombinant
adenovirus vectors containing mice IL-10 genes were added
into each well and cultured for 48 hours at 37°C. The GFP
positive cells were counted using an inverted fluorescence
microscope (IX55; Olympus Corporation, Tokyo, Japan) and
the proportion was >80%. The virus liquid was centrifuged for
10 min at 1,500 x g, and a recombinant adenovirus titer assay
was performed according to the manufacturer's instructions.
The recombinant adenovirus titer was 1x10° pfu/ml and the
prepared virus liquid was stored at -80°C.

The study was performed in strict accordance with the
Guide for the Care and Use of Laboratory Animals issued by
the National Institutes of Health. The protocol was approved
by the Committee for the Ethics of Animal Experiments of
Affiliated Hospital of the Medical College Qingdao University.
Every effort was made to minimize animal suffering. The
use of the animals in the study was approved by the Qingdao
University Institutional Animal Care and Use Committee.

Animal grouping and treatment protocol. Twenty-four
female NOD mice aged 17-20 weeks and with a diagnosis of
diabetes within 3 days were allocated at random into 3 groups:
Group 1, at the onset stage of T1D, mice in group 1 were
intraperitoneally injected with 0.1 ml Ad-mIL-10; group 2
mice were intraperitoneally injected with 0.1 ml adenovirus
vector; and group 3 mice were a diabetic control. In addi-
tion, 8 age- and gender-matched nondiabetic NOD mice were
intraperitoneally injected with 0.1 ml phosphate-buffered
saline (PBS) and assigned to group 4 as the normal control.
Mice were anaesthetized with 10% hydrate aldehyde (0.1 ml;
Biological Technology Co., Ltd., Shanghai, China). Blood
was then taken from the eyeball, and the mice were sacrificed
by cervical dislocation. Blood samples were left to clot for
1 h at room temperature prior to centrifuging for 15 min at
1000 x g. The serum was then removed and samples were
stored at -80°C. To avoid repeated freeze and thaw, the
pancreases were separated immediately, formalin-fixed,
embedded in paraffin and sectioned (3-5 ym) using a micro-
tome. Specimens were then stained with hematoxylin and
eosin (HE) in order to observe islet inflammatory infiltration
microscopically (BX51T-72P01; Olympus Corporation), then
immunohistochemically stained to detect the local expression
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of IL-10. The apoptosis rate of the pancreatic [3-cells was
determined by terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) assay.

Immunohistochemical analysis. The expression of IL-10 in
the pancreatic specimens was examined using the immu-
nohistochemical StreptAvidin-Biotin Complex (SABC)
method. In a x400 magnification high-power field, 5 pancre-
atic islets were observed on each slice. Cells showing
brownish yellow granules in the cytoplasm were considered
to be positive for IL-10 expression. The percentage of posi-
tive cells and staining intensity were calculated and used to
quantify the expression of IL-10. Specimens with <1, 1-10,
11-50, 51-80 and >80% positive cells were scored as 0, 1, 2,
3 and 4, respectively. Specimens with staining intensity of
light yellow, yellow and brown particles were scored as 1,
2 and 3, respectively. The total immunohistochemical score
of a specimen was calculated as the product of the score for
the percentage of positive cells and the score for staining
intensity, and was expressed as (-), (+), (++) and (+++) for
scores of 0, 1-4, 5-8 and 9-12, respectively.

Insulitis scoring. Pancreas specimens stained with HE
were examined under a light microscope (IX55; Olympus
Corporation). Islet pathology of inflammatory infiltration
was assessed microscopically in a double-blind manner by
professional pathologists in 5 consecutive fields at x400
magnification. The results were graded based on the following
scale (21): 0, No insulitis; 1, insulitis affecting <25% of the
islet; 2, insulitis affecting 25-75% of the islet; and 3, insulitis
affecting >75% of the islet. The number of the islets at each
grade was counted and statistically analyzed.

Enzyme-linked immunosorbent assays (ELISAs) for deter-
mination of serum IL-10, IL-4, IFN-vy, C-peptide and insulin
levels. Serum C-peptide, IL-10, IL-4 and IFN-vy levels were
measured using ELISA kits according to the manufacturer's
instructions. Briefly, blood samples were left to clot for 1 h
at room temperature prior to centrifugation for 15 min at
1,000 x g. The samples were divided and stored at -80 °C. The
absorbance value was determined using a microplate reader.
The limit of detection for the assay was 1 pg/ml, and within-
and between-run precision values were <15%. To evaluate the
Th cell subset status, the concentration ratio of IFN-y/IL-4
was calculated.

TUNEL assay. TUNEL was performed following the manu-
facturer's instructions. Briefly, samples were soaked twice
for 5 min in xylene, 5 min in absolute ethanol, 5 min in 95%
ethanol, 5 min in 85% ethanol, 5 min in 70% ethanol and
3 times for 3 min in PBS. 1% Triton-100 was added to the
sample and incubated at room temperature for 15 min then
washed by PBS 3 times. 3% H,O,-methanol solution was
added for 15 min, followed by washing with by PBS 3 times.
Then, 100 ul converter-POD (Roche Diagnostics) was added
to each sample for 30 min at 37°C, followed by washing with
PBS 3 times. Samples was observed under the microscope
following staining with hematoxylin and eosin staining
(BXS51T-72P01; Olympus Coroporation). Apoptotic cells
(brown color) were visualized using a microscope at x400
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magnification. The number of positive cells in every 100 islet
cells was calculated as the islet cell apoptosis rate.

Statistical analysis. Data were analyzed for normality and
homogeneity of variance. For those showing normality and
homogeneity of variance in multiple groups were compared
using analysis of variance and Least Significant Difference
test. The results that did not exhibit normality and hetero-
geneity of variance were analyzed using Log/Ln/Sin/Sqrt
conversion, followed by normality and homogeneity of
variance. Results that continued not to exhibit normality
and homogeneity of variance were further analyzed using
Games-Howell and Kruskal-Wallis rank sum tests. Data used
for severity grading were analyzed using the Kruskal-Wallis
rank sum test. All statistical analyses were conducted using
SPSS software, version 16.0 (SPSS, Inc., Chicago, IL, USA)
and P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Blood glucose and body weight values. Compared with the
normal control mice in group 4, the diabetic mice in group 3
drank more water and purged more urine. In addition,
group 3 mice were restless and easily irritated. The glossi-
ness of their body hair was reduced. The above phenomena
were more apparent at 3 weeks following the onset of the
disease in mice in group 3. The body weight of the mice in
all groups at the onset stage of the disease showed no signifi-
cant difference (P>0.05). However, at 3 weeks following
injection, mice in group 1 showed significantly reduced body
weight compared with mice in groups 2, 3 and 4 (P<0.05)
(Table I).

Prior to treatment, the average random blood glucose of
mice in group 1 was similar to groups 2 and 3 (P>0.05).
No significant difference was detected in average random
blood glucose among groups 1, 2 and 3 (P>0.05) following
the injection (Table II).

Pancreatic expression of IL-10. The levels of IL-10 in
pancreas were evaluated using immunohistochemical SABC
method. As shown in Table IIT and Fig. 1, the expression
levels of IL-10 in groups 1 and 4 were significantly increased
compared with groups 2 and 3 (P<0.01). However, no signifi-
cant difference was detected between mice in groups 1 and 4
(P>0.05) (Table III and Fig. 1).

Degree of insulitis in mice. The degree of insulitis was exam-
ined by microscopy following HE staining and graded based
on the criteria described above. As shown in Table IV and
Fig. 2, the degree of insulitis of mice in group 4 was graded
as 0 or 1, showing increased islets. The degree of insulitis of
mice in group 1 was graded as 1 or 2. In particular, insulitis
grade of mice in groups 2 or 3 was 2 or 3, showing smaller
and fewer islets, obvious infiltration of inflammatory cells,
and abnormal islet cell morphology. Statistical analysis
indicated that the degree of infiltration was significantly
higher in mice in groups 1, 2 and 3 compared with group 4
(P<0.0083); however, this difference was not significantly
significant among groups 1, 2 and 3 (P>0.0083).
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Table I. Comparison of body weight of mice in different groups (x+S, g).

Body weight after the onset of T1D

Group At onset of T1D One week Two weeks Three weeks
1 23.66+3.19 24.70+2.27 24.21+3.12 23.00+1.67
2 22.85+1.89 23.88+1.75 23.77+1.60 23.95+1.38
3 23.27+2.09 23.79+2.16 24.14+1.76 24.18+1.84
4 24.01£2.70 24.05+2.99 25.58+2.78 25.94+2 .64

*P<0.05 vs. group 3. T1D, type 1 diabetes.

Table II. Comparison of blood glucose of mice in different groups (xS, mmol/l).

Blood glucose after the onset of T1D

Group At onset of TID One week Two weeks Three weeks
1 20.88+3.48* 20.02+8.64 24 40+7.72* 26.03+8.16
2 20.38+5.29* 21.5+4.03* 23.83+5.32* 26.14+5.15
3 21.50+7.86* 21.5049.13* 24.38+9.92* 26.88+9.58*
4 5.40+1.38 6.16+0.28 6.21+0.75 6.28+1.17

*P<0.05 vs. group 3. T1D, type 1 diabetes.
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Figure 1. Interleukin-10 immunohistochemical staining level of pancreatic
biopsy section under microscope (3,3-diaminobenzidine stain; magnifica-
tion, x400). Parts (A), (B), (C) and (D) represent grades (-), (+), (++) and (+++),
respectively.

Determination of serum cytokine levels. As shown in Table V,
the serum IFN-y levels of the mice in groups 2 and 3 were
significantly elevated compared with groups 1 and 4 (P<0.01).
By contrast, serum IL-4 levels in groups 2 and 3 were signifi-
cantly reduced compared with groups 1 and 4 (P<0.01). In
addition, compared with the group 4 mice, serum IFN-y levels
of the mice in group 1 were increased, while serum IL-4 levels
was decreased, while there was significant difference in these
two groups (P<0.01). The serum IFN-y/IL-4 ratio of mice in
groups 2 and 3 were significantly elevated compared with
groups 1 and 4 (P<0.01). Furthermore, the serum IFN-y/IL-4

Figure 2. Degree of inflammation infiltration of islet cells in hematoxylin and
eosin stained section under microscope (magnification, x400). Parts (A), (B),
(C) and (D) represent grades 0, 1, 2 and 3 of inflammation infiltration of islet
cells, respectively.

ratio of the mice in group 1 was significantly increased
compared group 4 (P<0.01).

Serum IL-10 levels in groups 1 and 4 were significantly
higher compared with groups 2 and 3 (P<0.01), while serum
IL-10 levels in group 1 were significantly reduced compared
with group 4 (P<0.01).

As shown in Table VI, serum C-peptide and insulin levels
of mice in group 4 were significantly higher compared with
groups 1, 2 and 3 (P<0.01). Similarly, serum C-peptide levels
of mice in group 1 were significantly higher than that of mice
in groups 2 and 3 (P<0.01). Serum insulin levels of mice in
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Table III. Immunostaining score of IL-10 of mice in different
groups (x+S) (n=8 cases per group).
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Table V. Comparison of levels of serum IFN-y, IL-4 and
IFN-y/IL-4 (x+£S).

Group IL-10 Group IFN-y (pg/ml) IL-4 (pg/ml) IFN-y/IL-4
1 525+1.04* 1 298.66+18.16*"¢  45.58+1.70*™  6.55+0.39* ¢
2 2.50+0.93¢ 2 472.16x16.66* 33.95+3.22¢ 14.05+1.63*

3 2.25+1.16° 3 479.16+24.73* 32.57+4.32¢ 15.01+2.56*

4 4.75+1.04 4 227.29+28.23 79.12+5.18 2.88+0.42

"P<0.0083 vs. group 3; "P<0.0083 vs. group 2, °P<0.0083 vs. group 4.
IL-10, interleukin-10.

Table IV. Number of islets in non-obese diabetic mice in each
group for each grade pancreatitis.

Grade
Group 0 1 2 3
1 3 13 14 10
2 2 10 11 17
3 1 9 12 18
4 8 28 2 2

group 1 was significantly higher than that of mice in groups 2
and 3 (P<0.01).

Effect of Ad-mIL-10 on pancreatic islet cell apoptosis.
Pancreatic islet cell apoptosis was assessed using the TUNEL
assay. As shown in Figs. 3 and 4, the apoptosis Urate of -cells
in group 4 was significantly reduced compared with groups 1,
2 and 3 (P<0.01). However, there was no difference in the
number of apoptotic cells (brown color) between groups 1
and 3 (P>0.05). In addition, no significant difference in the
apoptosis rate was observed between groups 2 and 3 (P>0.05).

Discussion

Type 1 diabetes (T1D) is an immune-mediated disease resulting
from inflammatory cell and cytokine-mediated destruction of
pancreatic insulin-producing p-cells (1,2). Currently, immuno-
therapy for T1D is focused on antigen-specific interventions,
antibody-dependent interventions and cytokines (22). However,
in general these methods fail to pass clinical trial stages II
and IIT (23-26). This failure may be the result of a range of
factors, including: i) Various islet autoantigens, immune
disorders and a complex underlying mechanism; ii) effectively
tolerated doses below the human therapeutic dose of drugs,
and drugs producing significant adverse effects; iii) severe
inflammatory infiltration of islets and damage to the majority
of islet B-cells (27). It is difficult for clinicians to identify
and treat diabetes early; and iv) animal experimental models
cannot completely simulate the human pathogenesis of T1D,
while other factors, such as genetic background and sensitivity
to drugs, may also limit the application of immunotherapy in
T1D.

“P<0.01 vs. group 4; °P<0.01 vs. group 3; °P<0.01 vs. group 2. IFN-y,
interferon-vy; IL-4, interleukin-4.

Table VI. Comparison of levels of serum IL-10, C-peptide and
insulin (x+S).

Group IL-10 (pg/ml) C-peptide (ng/ml) Insulin (ng/ml)
1 184.24+10.64*¢  4.41£0.370¢ 3.64+0.38%0¢
2 127.33+7.31° 3.40+0.19 2.91+0.52*

3 124.95+9.71° 3.24+0.30 2.53+0.67*

4 264.65+30.02 6.94+0.48 6.53+0.51

"P<0.01 vs. group 4; "P<0.01 vs. group 3; °P<0.01 vs. group 2. IL-10,
interleukin-10.
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Figure 3. Apoptosis of islet of non-obese diabetic mice in the different groups
with TUNEL staining (magnification, x400). (A) Pancreata of mice in normal
control group showed very few apoptotic nuclei. (B) Pancreata of mice in
the Ad-mIL-10 group showed few apoptotic nuclei. (C) Pancreata of mice in
Ad-ADV group stained widely for apoptotic nuclei by TUNEL. (D) Pancreata
of mice in diabetic control group showed a large amount of apoptotic nuclei.

IL-10 is secreted primarily by Th2 cells, and exerts the
following effects a range of effects. IL-10 markedly inhibits a
broad spectrum of activated macrophage/monocyte functions,
including monokine synthesis, production and expression
of major histocompatibility complex-II and co-stimulatory
molecules such as IL-12 and CD80/CD86 (28). IL-10 is able
to reduce their role in antigen presentation (10). IL-10 can
promote the expression of macrophage scavenger receptor, and
enhanced phagocytic activity of macrophages (29). IL-10 may
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Figure 4. Apoptosis rate of f-cells in groups 4 was significantly lower com-
pared with groups 1,2 and 3 (P<0.01). There was no difference in the number
of apoptosis cells (brown color) between groups 1 and 3 (P>0.05). In addi-
tion, no significant difference in the apoptosis rate was observed between
groups 2 and 3 ("P>0.05).

inhibit the activation of inflammatory cytokines (such as IL-1,
IL-12 and TNF-a) and chemokines (MCP family) secreted
by antigen-presenting cells (30,31). IL-10 can promote the
expression of prostaglandin E2, as well as the differentia-
tion and maturation of dendritic cells (32). IL-10 can inhibit
the function of antigen-presenting cells, and thus indirectly
inhibit the function of T-cells (33,34). In addition, IL-10 may
be directly activated by the inhibitory signal transduction
pathway in T cells. IL-10 may reduce Fas-mediated apoptosis
by restricting caspase-3 activity through the upregulation of
FLIP and downregulation of caspase-8 activity (11,12).

The above functions constitute the key components of the
anti-inflammatory and immunosuppressive effects of IL-10.
As a result of these immunosuppressive abilities, IL-10 has
been considered to be an effective agent for treating autoim-
mune diseases, such as T1D. As the half-life of exogenous
IL-10 is short, the administration must be repeated, limiting
the clinical application of IL-10. Viral vectors are attractive
gene transfer vehicles, as they often mediate highly efficient
gene transfer and stably express genes (35). Adenovirus
vectors were employed in the present study as they have been
shown to transduce pancreatic islet cells efficiently, with >70%
of human pancreatic endocrine cells and rodent islets being
transduced ex vivo (36,37). Pancreatic -cell and adenovirus
receptors are present on the surface, carrying the gene of
an acceptable adenovirus vector, so that the IL-10 gene can
be successfully introduced into pancreatic f-cells (19). The
IL-10 adenovirus vector does not affect the normal function
of cells after following its introduction into islet 3 cell lines
in vitro (19). Furthermore, the cells maintain insulin secretion
function in response to the stimulation of a high concentra-
tion of sugar after transduction (19). The present study uses
adenovirus infectious droplet kits to measure the degree of
recombinant adenovirus drops and the result accords with the
standard of transfection. In the current study, Ad-mIL-10 genes
were successfully introduced into mice in vivo. Their level was
marked high in pancreatic cells and serum, and maintained
an elevated local drug concentration in a longer duration (38).
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NOD mice with insulitis gradually exhibit polyuria, poly-
dipsia, weight loss, irritability and loss in hair gloss (39). In
the present study, these symptoms were particularly evident
in group 3 mice. At 2 weeks after the onset of T1D, there was
no significant difference in body weight among the groups.
However, after injecting the Ad-mIL-10 in order to induce
the expression of IL-10, body weight showed a downward
trend, and was significantly reduced compared with group 4.
We speculated that Ad-mIL-10 may not be able to effectively
control this weight loss trend in mice, and the drug itself may
have caused this effect. Detection of blood glucose levels
showed that mice treated with IL-10 had similar blood glucose
levels to groups 2 and 3; however, these differences were not
statistically significant. Thus, the present results indicated that
IL-10 gene intervention could not effectively control the blood
glucose level of NOD Mice and adenoviral vectors had no effect
on blood glucose levels in mice. T1D pathogenesis in mice is
similar to that in humans, including obvious islet inflammation
and infiltration of inflammatory cells, such as dendritic cells,
macrophages, CD8" T cells, CD4* T cells and B cells. The
degree of islet inflammation of the mice in group 1 was mildly
reduced, whereas there was no significant difference among
mice in groups 1,2 and 3. Therefore, we concluded that group 1
could not alleviate islet inflammation. The apoptosis rate of
pancreatic B-cells was determined by TUNEL assay. The
apoptosis rate in the genetic intervention group was slightly
reduced. There was no significantly difference among mice in
groups 1, 2 and 3. Therefore, the Ad-mIL-10 gene intervention
could not reduce the islet -cell apoptosis rate. The cause of
the above results may be explained by the following: i) Due
to the complexity of the pathogenesis of T1D, single immune
agents can not achieve the desired effect; ii) injecting 0.1 ml
Ad-mIL-10 can not effectively control mice blood glucose
level and alleviate insulitis; and iii) the residual quantity of
islet B-cells may be associated with this result.

The immune system is a complex vast network of coor-
dination between immune cells and immune molecules (40).
Th1/Th2 lymphocyte subsets imbalance is key to the patho-
genesis of T1D (4). Th1 cells secrete a variety of inflammatory
cytokines, including IL-1, IFN-y and TNF-a, and serve a
crucial function in the destruction of islet 3-cells (6). The role
of IFN-v is vital, as IFN-y mediates apoptosis in pancreatic
B-cells in the following ways: i) Directly terminating islet
B-cells (41); ii) via the death caspase-3 receptor pathway
and mitochondrial caspase-9, caspase-7 ways to accelerate
apoptosis of islet p-cell; iii) IFN-y may induce macrophages
and lymphocytes to produce more autoantigen-specific T cells
into the islet (42), and increase the sensitivity of pancreatic
[B-cells to the damaging effects of CD8" T cells, accelerating
islet 3 cell apoptosis (43). Th2 cells are able to secrete a variety
of cytokines. IL-4 also plays an important role, as it can inhibit
the chemotaxis of inflammatory cells, promote the prolifera-
tion of Th2 cells and suppress immune response cells (44-46).
Previous studies have found that serum IL-4 levels in NOD
mice were significant reduced compared with normal (47),
indicating that the low concentration of IL-4 could not inhibit
the transformation of Th2 cells to Thl cells. In addition, low
concentration of IL-4 may also aggravate Th1/Th2 imbal-
ance, and increase the Thl cell secretion of IL-1, IFN-y and
TNF-a, thus aggravating islet B-cell damage (48). Compared
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with group 3 mice, mice treated with Ad-mIL-10 had
significantly reduced IFN-vy levels and enhanced IL-10 levels
(P<0.01), suggesting that IL-10 produced better intervention
outcomes. However, there was no difference between the mice
treated with adenovirus vector and the diabetic control mice,
suggesting that adenovirus vector had no effect on the experi-
mental results.

Compared with mice in the control group, diabetic mice
had significantly elevated IFN-vy levels and decreased IL-4
levels (P<0.01), supporting the hypothesis of Th1/Th2 cell
subsets imbalance and confirming that gene intervention with
IL-10 was involved in rebalancing Th1/Th2 subsets, but could
not completely reverse the imbalance.

C-peptide is a by-product of proinsulin generate to
insulin which secretion level directly reflects the functions
of pancreatic B-cells (49). As a crucial bioactive ingredient,
C-peptide has hormone-like effects on organs (50). In kidney
cells, C-peptide can improve glomerular filtration, improve
kidney function, alleviate glomerular mesangial cell prolif-
eration, as well as reduce proteinuria (51,52). In the nervous
system, C-peptide can improve the blood supply of nerve cells
and reduce neuronal apoptosis (53,54). Since C-peptide can
further prevent vascular endothelial damage, delay compli-
cations of cardiovascular disease (55), maintaining high
levels of C-peptide may be crucial to patients. In the present
study, C-peptide level of mice in the Ad-mIL-10 interven-
tion group (group 1) was higher than that of mice in diabetic
group (group 3), suggesting that Ad-mIL-10 could partly
protect remaining pancreatic 3-cell function whilst indirectly
promoting insulin secretion. Furthermore, the insulin level of
mice in group 1 was also higher than that of mice in group 3,
suggesting that Ad-mIL-10 could promote the secretion of
insulin by remaining pancreatic 3-cells.

In summary, the present results show that Ad-mIL-10
intervention enhanced the expression of IL-10 in the pancreas
and serum. In addition, the intervention increased the expres-
sion of protective Th2-type cytokines (IL-4) while reducing
the level of destructive Thl-type cytokines (IFN-v) in pancre-
atic B-cells, and increased serum C-peptide and insulin levels.
However, the Ad-mIL-10 intervention could not improve blood
glucose, reduce the islet B-cell apoptosis rate nor completely
prevent insulitis. Therefore, single gene therapy may not be
satisfactory for the treatment of the treatment of T1D, and
a 'cocktail therapy' of combined genetic intervention may
warrant further investigation.
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