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Abstract. Interleukin (IL)-27 is an IL-12-related
cytokine that can promote both anti- and pro-inflam-
matory immune responses. This study investigated the
potential role of IL-27 in autoimmune diabetes. We
detected a high level of IL-27 in diabetic NOD mice.
In addition, blockade of IL-27 significantly delayed
the onset of diabetic splenocyte-transferred diabetes,
while IL-27-treated diabetic splenocytes promoted

the onset of the disease, compared with untreated
controls. Furthermore, IL-27 up-regulated pro-in-
flammatory cytokines IFN-g and IL-17 and down-
regulated anti-inflammatory cytokines IL-4, TGF-b,
and IL-10 secreted by diabetic splenocytes. These
results demonstrate a pathogenic role of IL-27 in T
cell-mediated autoimmune diabetes.
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Introduction

The non-obese diabetic (NOD) strain of mouse is an
increasingly useful and important model of auto-
immune type 1 diabetes (T1D) [1]. Inflammatory
autoreactive T cells mediate the autoimmune status.
Investigators generally believe that a Th1 effector
response is associated with disease progression in
NOD mice, and that Th2-like and Tregs responses can
help suppress the development of diabetes [2 – 4].
Autoantigen-derived imbalance of Th1 and Treg cell
differentiation from na�ve CD4+T cells is a major
cause of diabetes [1]. The discovery of a new Th cell
lineage, an IL-17-secreting Th17 cell, led to some
confusion over the role of Th1 cells in autoimmunity
[5, 6]. To date, the role of Th17 cells in autoimmune
diabetes is still unclear.

The formation of distinct lineages of effector and
regulatory T cells (Tregs) from naive CD4+T precur-
sors in response to antigen stimulation is a hallmark of
the adaptive immune system [7 – 9]. Intrinsic changes
have been researched in cytokine production that may
alter Th1 polarization in NOD mice. A number of
studies have shown that antigen-presenting cell pop-
ulations from NOD mice may produce an array of
cytokines that promote Th1 responses when com-
pared to other strains of mice [10, 11]. The cytokine
IL-12 is regarded as one of the most important
inducers of Th1 responses. In fact, administration of
IL-12 can promote diabetes incidence and onset [12].
But, the IL-12 knockout NOD mouse develops
diabetes normally [13]. These studies suggest there
may be another factor like IL-12.
IL-27 is a member of the IL-12 family that plays a role
in the development of the CD4 T cell cytokine
phenotype [14]. Thus, we propose that IL-27 plays a
potential role in autoimmune diabetes. As expected,
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our results demonstrate that IL-27 has an important
effect on autoimmune diabetes.

Materials and methods

Mice. NOD, NOD-scid mice, Balb/C and C57BL/6J
mice, were obtained from the Jackson Laboratory
(Bar Harbor, ME) and bred in our animal facilities
under specific pathogen-free conditions. In female
NOD mice, spontaneous diabetes began to appear by
12-weeks of age (increasing to 80 – 90 % incidence at
30 weeks of age), while there was about a 20 %
incidence at 30 weeks of age in male NOD mice. Mice
were screened for glucose levels every week and
considered diabetic when glucose levels were � 13.8
mMol/L. This study was approved by the Animal Care
and Use Committee of the Beijing Institute of Basic
Medical Science.

Preparation of lymphocytes from spleens and pancre-
atic lymph nodes. Lymphocytes from the spleen and
pancreatic lymph nodes were collected under sterile
conditions, obtained with mouse Ficoll separation
liquid, washed twice with an incomplete RPMI
medium and then re-suspended at 5 � 106 cells/ml in
10 % fetal calf sera (Atlanta Biologicals, Atlanta, GA)
in an RPMI1640 medium containing 1 mM nonessen-
tial amino acids (ICN Pharmaceuticals, Costa Mesa,
CA), 2 mM L-glutamine (ICN), and 2-mercaptoetha-
nol (50 mM; ICN).

Cell isolation. Dendritic cells (DCs), CD4+T,
CD4+CD25+T or gsT cells were isolated from
mixed splenocytes according to the manufacturer�s
protocol. Briefly, spleen cells were first collected
from 12-week-old NOD mice and lymphocytes were
enriched using Ficoll isolation. The lymphocytes
were washed twice with PBS buffer containing 0.5 %
BSA, and 2mM EDTA. For depleting CD11c+DCs,
the cells were stained with anti-CD11c microbeads.
For depleting CD4+CD25+T cells, enriched on T
cell enrichment columns (R&D Systems), T cells
were then stained with biotin-conjugated anti-
CD25 antibody (7D4) followed by PE-conjugated
streptavidin (Rockland Immunochemicals) and
anti-PE microbeads (Miltenyi Biotec). For deplet-
ing gsT cells, PE-conjugated anti-gs antibody
(eBiosciences, GL3) and anti-PE-Microbeads (Mil-
tenyi Biotec) were added. Cells were washed twice
and then isolated using MACS Separator columns
(Miltenyi Biotec Inc). FACS analysis showed
CD11c+ in DCs was >90 % and CD11c+ cells in
DC-depleted splenocytes, CD4+ cells in CD4+T-
depleted splenocytes, CD4+CD25+ cells in

CD4+CD25+T-depleted splenocytes, gsT and in
gsT-depleted splenocytes were <2 %.

Cell cultures. Generally, cells (4 � 105 cells/well) were
cultured in a 1.5 ml splenocyte culture in 12-well
plates without any treatment or stimulation. In some
conditions (described in figure legend), cells were also
cultured in the presence of 10 ng/ml rmIFN-g (BD
Pharmingen, San Diego, CA), 10 ng/ml rmIL-27
(R&D Systems, Minneapolis, MN), 10 mg/ml rat anti-
mouse IFN-g antibody (XMG1.2, eBioscience, San
Diego, CA), 0.67 mg/ml goat anti-mouse-IL-27 P28
antibody (AF1834, R&D Systems), or isotype control
antibody (Santa Cruz, San Diego, CA). The cells were
then incubated at 37 8C, 5 % CO2 for 3 days. On the
third day, we collected the supernatant and cells. The
supernatant was used for determination of cytokines
and the cells were transferred into recipient mice.

Relative mRNA measurement by real time-PCR.
RNA was extracted using the RNAeasy kit (Qiagen,
Valencia, CA) according to the manufacturer�s in-
structions. cDNAs were prepared by mixing 1 mg of
RNA with 1 mM olidodeoxy-thymidine, 0.5 mM each
of dATP, dGTP, dTTP, and dCTP, 20U of RNAse
inhibitor, and 525U of MMLV reverse transcriptase
(Invitrogen) in 50 mM Tris – HCl, pH 8.3, 75 mM KCl,
3 mM MgCl2. After incubation at 42 8C for 90 min
followed by 94 8C for 5 min, one fiftieth of the cDNA
was mixed with primer pairs. Genes of interest were:
p28 sense primer 5�-AGCCTGTTGCTGC-
TACCCTTGC-3�, antisense primer 5�-GTGG ACA-
TAGCCCTGAACCTCA-3�; EBI3 sense primer 5�-
TCTTCCTGTCACTTGCCCTC TG-3�, antisense
primer 5�-AGTTGGGAGCCTG GAGAGGAGT-
3�; GAPDH 5� sense primer 5�-TTGTCAGCAATG-
CATCCTGCAC-3�; antisense primer 5�-ACAGCT-ACHTUNGTRENNUNGTTCCA GAGGGGCCATC-3�. Real-time PCR reac-
tions were run on an ABI Prism 7000 thermal cycler at
50 8C for 2 min, 95 8C for 2 min, 40 cycles of 95 8C for
15 s/60 8C for 30 s. Relative levels of mRNA for each
factor were normalized to GAPDH, determined using
the Ct value and the formula: 2 DDCt.

Measurement of cytokine secretion. Measurement of
cytokines in both serum and cell culture supernatants
was performed by ELISA using a commercially
available ELISA kit in accordance with the manufac-
turer�s instructions. TGF-b, IL-27 and IL-17A ELISA
kits were obtained from R&D Systems, USA. IFN-g,
IL-4 and IL-10 ELISA kits were purchased from BD
Pharmingen. Results are expressed as pg/ml.

Adoptive transfer of diabetes. In vitro culture of 5�105

cells/ml splenocytes or CD4+T cells-depleted spleno-
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cytes from 12-wk non-diabetic or diabetic (described
in figure legend) NOD mice were carried out in 50 ml
bottles for three days without any treatment/stimula-
tion, in the presence of 0.67 mg/ ml anti-rat-IL-27
monoclonal antibody (R&D Systems), 10 ng/ml rmIL-
27 (R&D Systems), or isotype control antibody.
Recipient mice (described in figure legend) were
given 1�107 cells/mouse by i. v. injection into the tail
veins at six- to eight weeks of age. For the anti-rat-IL-
27 monoclonal antibody-treated group, mice were
injected with 50 mg anti-IL-27 monoclonal antibody or
isotype control antibody three times per week after

cell transfer until completion of experiments. For the
IL-27-treated group, mice were not injected with IL-
27 after cell transfer. Recipient mice were monitored
for the development of diabetes up to four weeks after
the cells were transferred.

Statistical analysis. Results of blood glucose and
cytokine ELISA were analyzed by the Student’s t-
test. Differences in diabetes incidence were analyzed
by c quadrate test. The cumulative diabetes onset was
compared by Kaplan–Meier analysis. All differences
reported in the results were significant (P<0.05).

Figure 1. Expression of IL-27 protein and mRNA in diabetic NOD mice. Total RNAwas isolated from splenocytes in 12-wk Balb/C (Balb),
C57BL/6J (C57), non-diabetic male NOD (NDM, glucose levels 5.8 ~ 8.6 mMol/L), diabetic male NOD (DM, glucose levels 15.1 ~ 21.8
mMol/L), non-diabetic female NOD (NDF, glucose levels 6.2 ~ 9.4 mMol/L), and diabetic female NOD (DF, glucose levels 16.7 ~ 19.5
mMol/L) mice, and subjected to both semi-quantitative (A) and quantitative real-time (B) PCR analyses for IL-27p28 and EBI3 mRNA
expression. Data was normalized relative to GAPDH mRNA expression levels in each respective sample (B). (C) Lymphocytes from the
spleen and pancreatic lymph nodes in the above-mentioned mice were cultured in vitro without any stimulation for three days. On the 3rd
day, cell-free supernatant was collected. The production of IL-27 was measured by ELISA from cell-free supernatants. (D) The production
of IL-27 in serum from the above-mentioned mice was measured by ELISA. The results are representative of four separate experiments,
with three mice per group (**P<0.01 and *P<0.05).
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Results

IL-27 expression is high in diabetic NOD mice. We
measured messenger RNA (mRNA) expression in the
splenocytes from Balb/c, C57BL/6J, male non-diabetic
NOD, male diabetic NOD, female non-diabetic NOD,
and female diabetic NOD mice. The data showed that
the levels of mRNA expression in splenocytes from
male diabetic NOD, female non-diabetic NOD, and
female diabetic NOD mice were obviously higher
than that from Balb/c, C57BL/6J, and male non-
diabetic NOD as measured by regular RT-PCR
(Fig. 1A) or by real-time quantitative PCR (qPCR;
(Fig. 1B). Diabetic NOD mice expressed a signifi-
cantly higher level of IL27 mRNA than gender-
matched non-diabetic mice (Fig. 1A, 1B). The results
suggest that IL-27 expression is up-regulated on the
mRNA level in diabetic NOD mice. By regular
ELISA, we could detect IL-27 protein expression in
the supernatant of cultured splenocytes and pancre-
atic lymph node cells (Fig. 1 C) and serum (Fig. 1D)
from male diabetic NOD, female non-diabetic NOD,
and female diabetic NOD mice but not from Balb/c,
C57BL/6J, and male non-diabetic NOD. Diabetic
NOD mice expressed significantly higher levels of
IL27 protein than gender-matched non-diabetic mice
(Fig. 1C, 1D). We also determined IL-27 expression in
30-wk mice and found similar results (data not shown).
These results suggest that IL-27 expression is up-
regulated in diabetic NOD mice. However, non-
diabetic female NOD mice expressed a high level of
IL-27, although the level was significantly lower than
that in diabetic female NOD mice. This may be
associated with a high, spontaneous diabetes inci-
dence in female NOD mice.

IL-27-secreting cells are mainly DCs in diabetic
splenocytes. IL-27 is produced early by activated
antigen-presenting cells (APCs) in response to micro-
bial infection. DCs are one of the important APCs. By
removing DCs from diabetic splenocytes, we found
that the DC-depleted splenocytes expressed lower
levels of IL-27 mRNA (Fig. 2A, 2B) and protein
(Fig. 2C), while DCs expressed higher levels of IL-27
mRNA (Fig. 2A, 2B) and protein (Fig. 2C), compared
with that of splenocytes. A previous study has shown
that IFN-g can promote IL-27 expression in APCs
such as macrophages [15]. Here, we found a higher
level of IFN-g in the supernatant of three-day cultured
splenocytes from diabetic NOD mice than that from
non-diabetic gender-matched NOD mice (Fig. 2D).
CD4+T cell-depletion significantly suppressed the
level of IFN-g in three-day cultured splenocytes,
suggesting that IFN-g-secreting cells are mainly
CD4+T cells in diabetic splenocytes (Fig. 2D). IL-27

expression obviously decreased when neutral anti-
IFN-g antibody was added to cultured splenocytes,
while IFN-g up-regulated IL-27 expression in DCs
(Fig. 2A-C). We also determined IL-27 expression in
DCs from 30-wk mice and found similar results (data
not shown). These results suggest that IFN-g-stimu-
lated DCs are mainly IL-27-secreting cells in diabetic
NOD mice. Recent reports showed that Foxp3+Tregs
modified DCs are the main source of IL-27 from DCs
[16]. However, CD4+CD25+T cell-depleting could not
significantly suppress the level of IL-27 in three-day
cultured splenocytes. The results suggest Foxp3+Tregs
modified DCs are not the main source of IL-27.

Blockade of IL-27 delays diabetic splenocyte-trans-
ferred diabetes. Next, we ascertained the role of IL-27
in T cell-mediated diabetes. To examine the effect of
IL-27 on diabetic onset and incidence, neutral anti-IL-
27-treated diabetic splenocytes were used to transfer
diabetes into female NOD-scid mice. Subsequently,
mice were injected with anti-IL-27 neutral antibody
three times per week until five weeks after the cells
were transferred. At the second week after the cells
were transferred, only two (20 %) of the 10 mice in the
anti-IL-27-treated group developed diabetes, whereas
six (60 %) of the 10 mice in the untreated group
developed diabetes. At the third week, only three
(30 %) of the 10 mice in the anti-IL-27-treated group,
developed diabetes, whereas nine (90 %) of the 10
mice in the untreated group developed diabetes. At
the fourth week, 10 (100 %) of the 10 mice in the
untreated group developed diabetes, compared to five
(50 %) of the 10 mice in the anti-IL-27-treated group.
At the fifth week, only six (60 %) of the 10 mice in the
anti-IL-27-treated group developed diabetes (Fig. 3).
Kaplan–Meier analysis showed that the cumulative
diabetes onset significantly decreased in the anti-IL-
27-treated splenocyte-transferred group, compared
with that in the untreated splenocyte-transferred
group (Fig. 3, **P<0.01). To determine which cell
population was responsible for the delay in spleno-
cyte-transferred diabetes, CD4+T cells were depleted
from diabetic splenocytes before transfer into NOD-
scid mice. Kaplan–Meier analysis showed that the
cumulative diabetes onset significantly decreased in
the CD4+T-depleted group, compared with that in the
undepleted group (**P<0.01), suggesting that
CD4+T cells were responsible for splenocyte-trans-
ferred diabetes. To test whether blockade of IL-27
reduces diabetes incidence by affecting the CD4+T
cells, neutral anti-IL-27-treated CD4+T-depleted sple-
nocytes were used to transfer diabetes into female
NOD-scid mice. Subsequently, mice were injected
with anti-IL-27 neutral antibody three times per week
until five weeks after the cells were transferred.
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Kaplan–Meier analysis showed that blockade of IL-27
had no effect on CD4+T-depleted diabetic splenocyte-
transferred diabetes onset in NOD-scid (Fig. 3,
P>0.05). The results suggest that blockade of IL-27
delays diabetic splenocyte-transferred diabetes onset
in NOD-scid by affecting CD4+T cells.

IL-27 promotes diabetic splenocyte-transferred dia-
betes. To prove further the pathogenic role of IL-27 in
T cell-mediated diabetes, a high level of IL-27 was
used to treat non-diabetic splenocytes and then 1�107

splenocytes were transferred into seven-week-old
male NOD mice. Mice were monitored until four
weeks after the cells were transferred. Blood glucose
was first up-regulated in the second week, and then

decreased after the mice received IL-27-treated
splenocytes or untreated splenocytes in the second
week (Fig. 4A). Student�s t-test analysis showed that
the level of blood glucose was higher in the mice that
received IL-27-treated splenocytes than that in the
mice that received untreated splenocytes at the second
week and third week after treatment (**P<0.01).
These results demonstrate that IL-27 promotes non-
diabetic splenocytes to up-regulate blood glucose but
not to result in diabetes in male NOD mice. To
determine which cell population was responsible for
IL-27 up-regulating glucose, IL-27-treated CD4+T-
depleted non-diabetic splenocytes were used to trans-
fer diabetes into male NOD mice. Kaplan–Meier
analysis showed that IL-27 had no effect on CD4+T-

Figure 2. Role of DCs in IL-27 expression. Splenocytes (Spl), DCs-depleted Spl, DCs, and CD4+CD25+T-depleted Spl were collected
from 12-wk diabetic female NOD mice and cultured in vitro for three days. In the process of culture, DCs and Spl were treated with 10
ng/ml IFN-g and 10 mg/ml rat anti-mouse IFN-g antibody, respectively. On the third day, total RNA was isolated and the cell-free
supernatants were collected from these cells. Total RNA was subjected to both semi-quantitative (A) and quantitative real-time (B)
PCR analyses for IL-27 p28 and EBI3 mRNA expression. Data was normalized relative to GAPDH mRNA expression levels in each
respective sample. (C) The production of IL-27 was measured by ELISA from cell-free supernatants. (D) The production of IFN-g in
the supernatant of three-day-cultured Spl and CD4+T cells-depleted Spl from 12-wk non-diabetic male NOD (NDM, glucose levels 5.8
~8.6 mMol/L), diabetic male NOD (DM, glucose levels 15.1 ~ 21.8 mMol/L), non-diabetic female NOD (NDF, glucose levels 6.2 ~ 9.4
mMol/L), and diabetic female NOD (DF, glucose levels 16.7 ~ 19.5 mMol/L) mice was measured by ELISA. The results are
representative of three separate experiments, with four mice per group (**P<0.01 and *P<0.05).
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depleted non-diabetic splenocyte-transferred diabe-
tes onset in male NOD mice (Fig. 4A, P>0.05). The
results suggest that IL-27 promote non-diabetic sple-
nocytes to up-regulate blood glucose in male NOD
mice by affecting CD4+T cells.
Diabetic splenocytes were treated with a high level of
IL-27 and then transferred into seven-week-old male
NOD mice. Mice were monitored until four weeks
after the cells were transferred because the level of
blood glucose in non-diabetic mice returned to
normal. We found that zero (0 %) of the 10 mice
that received diabetic splenocytes developed diabetes,
whereas three (30 %) of the 10 mice that received IL-
27-treated diabetic splenocytes developed diabetes at
four weeks after therapy (Fig. 4B). The c quadrate test
analysis showed that diabetes incidence was high in
the IL-27-treated splenocyte-transferred group, com-
pared with the untreated splenocyte-transferred
group (Fig. 4B, **P<0.01). The data suggests that
IL-27 promotes diabetic splenocytes to induce diabe-
tes in male NOD mice. To determine which cell
population was responsible for the IL-27 inducing
diabetes, IL-27-treated CD4+T-depleted diabetic
splenocytes were used to transfer diabetes into male
NOD mice. Kaplan–Meier analysis showed that IL-27
had no effect on CD4+T-depleted diabetic splenocyte-
transferred diabetes in male NOD mice (Fig. 4B,

P>0.05). The results suggest that IL-27 induces
diabetic splenocytes-transferred diabetes in male
NOD mice by affecting CD4+T cells.
IL-27-treated diabetic splenocytes were also trans-
ferred into seven-week-old female NOD-scid mice. At
the second week after the cells were transferred, seven
(70 %) of the 10 mice that received IL-27-treated
diabetic splenocytes developed diabetes, whereas only
three (30 %) of the 10 mice that received untreated
diabetic splenocytes developed diabetes. At the third
week, 10 (100 %) of the 10 mice that received IL-27-
treated diabetic splenocytes developed diabetes,
whereas only six (60 %) of the 10 mice that received
untreated diabetic splenocytes developed diabetes
(Fig. 4C). Kaplan–Meier analysis showed that the
diabetes onset was higher in the IL-27-treated sple-
nocyte-transferred group than that in the untreated
splenocyte-transferred group (Fig. 4C, **P<0.01).
These results suggest that IL-27 promotes diabetic
splenocytes to accelerate diabetes onset in female
NOD-scid mice. To determine which cell population
was responsible for IL-27 accelerating diabetes, IL-27-
treated CD4+T-depleted diabetic splenocytes were
used to transfer diabetes into female NOD-scid mice.
Kaplan–Meier analysis showed that IL-27 had no
effect on CD4+T-depleted diabetic splenocyte-trans-
ferred diabetes in female NOD-scid mice (Fig. 4C,
P>0.05). The results suggest that IL-27 accelerates
diabetic splenocyte-transferred diabetes in female
NOD-scid mice by affecting the CD4+T cells.

The effect of IL-27 on the profiles of cytokines in
diabetic splenocytes. Finally, we detected the mecha-
nisms by which IL-27 enhanced the ability of diabetic
splenocytes to induce diabetes in the recipient.
Because Th cell differentiation has an important role
in the pathology of diabetes, the effect of IL-27 on the
profile of Th cytokines was studied. IL-27 could
significantly promote diabetic splenocytes to secrete
Th1-related IFN-g and Th17-related IL-17 which were
higher in diabetic splenocytes than that in non-
diabetic splenocytes, and reduce diabetic splenocytes
to secrete Th2-related IL-4, Treg-related TGF-b and
Tr1-related IL-10 which were lower in diabetic
splenocytes than that in non-diabetic splenocytes
(Fig. 5). These results suggest that IL-27 may promote
the ability of diabetic splenocytes inducing diabetes by
enhancing pro-inflammatory IFN-g and IL-17 pro-
duction and reducing anti-inflammatory IL-4, TGF-b,
and IL-10 production. The finding that IL-27 up-
regulated IL-17 and reduced IL-10 in diabetic sple-
nocytes is apparently not consistent with previous
studies that IL-27 suppressed Th17 cells [17] and
interleukin 27 induced interleukin 10–producing anti-
inflammatory T cells [16]. To determine which cell

Figure 3. Blockade of IL-27 delays diabetic splenocytes-transferred
diabetes in NOD-scid. Splenocytes (Spl) and CD4+T cell-depleted
Spl from 12-wk diabetic female NOD mice were cultured in vitro
for three days in the presence of 0.67 mg/ml goat anti-mouse-IL-27
P28 antibody. On the third day, 1 � 107 cells (per mouse) were
injected into the tail veins of six- to eight-wk-old female NOD-scid
mice. Recipient mice (10 mice per group) were monitored for the
development of diabetes up to diabetes onset in all recipient mice.
Kaplan–Meier analysis showed that the cumulative diabetes onset
was different between the anti-IL-27-treated Spl-transferred group
and the untreated Spl-transferred group (P<0.01) and not
obviously different between the anti-IL-27-treated CD4+T cell-
depleted Spl-transferred group and the untreated CD4+T cell-
depleted Spl-transferred group (P>0.05). Results of diabetes
incidence (number of diabetic out of total mice) represent three
separate experiments.
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population is responsible for IL-27 up-regulating IL-
17, CD4+T or gsT cells were depleted from diabetic
splenocytes before culture. We found that IL-17 levels
in IL-27-treated gsT-depleted splenocytes is signifi-
cantly lower than that in IL-27-treated splenocytes
(Fig. 5), while IL-17 levels in IL-27-treated CD4+T-
depleted splenocytes is similar to that in IL-27-treated
splenocytes (data not shown). The results suggest that
IL-27 up-regulates IL-17 mainly by affecting gsT cells
but not Th17 cells in diabetic splenocytes. We propose
that IL-27 may indirectly reduce the IL-10 level in
diabetic splenocytes. We found that the IFN-g level in
IL-27-treated CD4+T-depleted splenocytes was sig-
nificantly lower than that in IL-27-treated splenocytes

(Fig. 5) suggesting that IL-27 up-regulated IFN-g
mainly by affecting CD4+T cells in diabetic spleno-
cytes. IFN-g-secreting CD4+T cell production may
suppress the development of IL-10-secreting CD4+T
cells. Once IFN-g was blocked, IL-27 promoted IL-10
secretion (Fig. 5).

Discussion

IL-27, a novel IL-12 family cytokine, is a hetero-
dimeric molecule composed of an Epstein-Barr
virus–induced gene 3 (EBI3) and p28 [14] . EBI3,
which is related to IL-12/IL-23 p40 subunit, has been

Figure 4. IL-27 promotes diabetic splenoycte-transferred diabetes in NOD-scid or female NOD mice. (A) Splenocytes (Spl) and CD4+T
cell-depleted Spl from 12-wk non-diabetic female NOD mice were cultured in vitro for three days without, or in the presence of 10 ng/ml IL-
27 and then injected into the tail veins of six- to eight-wk-old male NOD mice. Student�s t-test analysis showed that the level of blood
glucose was significantly different between the untreated Spl-transferred group and the IL-27-treated Spl-transferred group at two and
three weeks after transfer (P<0.05) and not obviously different between the IL-27-treated CD4+T cell-depleted Spl-transferred group and
the CD4+T cell-depleted Spl-transferred group (P>0.05). Spl and CD4+T cell-depleted Spl from 12-wk diabetic female NOD mice were
cultured in vitro without, or in the presence of 10 ng/ml IL-27 for three days and injected into the tail veins of six- to eight-wk-old male NOD
mice (B) or female NOD-scid mice (C). Recipient mice (1 � 107 cells per mouse, 10 mice per group) were monitored for the development of
diabetes up to 4 wk. The c quadrate test analysis showed that diabetes incidence in (B) (showed the data at 4 weeks after transfer) was
significantly different between the Spl-transferred group and the IL-27-treated Spl-transferred group at two and three weeks after transfer
(**P<0.01) and not significantly different between the IL-27-treated CD4+T cell-depleted Spl-transferred group and the CD4+T cell-
depleted Spl-transferred group (P>0.05). Kaplan–Meier analysis showed that the cumulative diabetes onset in (C) was significantly
different between the untreated Spl-transferred group and the IL-27-treated Spl-transferred group at two and three weeks after transfer
(P<0.01) and not significantly different between the IL-27-treated CD4+T cell-depleted Spl-transferred group and the CD4+T cell-
depleted Spl-transferred group (P>0.05). Results of diabetes incidence (number of diabetic out of total mice) represent three separate
experiments.
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shown to be expressed in EBV-transformed B cells,
tonsils, spleens, and placental trophoblasts [18, 19] .
In normal mice, IL-27 expression could not be
detected. We also could not detect IL-27 expression
in Balb/C or C57BL/6J (Fig. 1). However, IL-27
expression could be induced under some conditions
[20] . IL-27 is also highly expressed in inflammatory
bowel diseases [15, 21] and experimental autoim-
mune encephalomyelitis [22] . Here, we also detect-
ed IL-27 expression in autoimmune diabetic NOD
mice (Fig. 1).
IL-27 is produced early by activated antigen-present-
ing cells in response to microbial infection. DCs are
the relevant APCs which provoke an autoimmune
response in NOD mice and not in other strains. We
found that DCs could secrete IL-27 in diabetic NOD
mice (Fig. 2). IL-27 synergizes with IL-12 in IFN-g
production by naive CD4+ T cells [23]. We also found
that the level of IFN-g was high in diabetic NOD mice
(Fig. 2). On the other hand, it also showed that IFN-g
could promote IL-27 production. In addition, we also

found that IL-27 could up-regulated IL-23 (not
shown). Thus, these pro-inflammation cytokines
might be induced by each other.
Previous studies have shown that neutralizing the p28
subunit suppressed the ongoing adjuvant-induced
arthritis [24]. To detect the role of IL-27 in diabetes,
we used diabetes-transfer model. Blockade of IL-27
could reduce the incidence of diabetes (Fig. 3), while
IL-27-treated diabetic splenocytes could promote
diabetes onset or incidence (Fig. 4). This suggests
that IL-27 is the most important key for diabetes in
NOD mice. In addition, we also found that CD4+T
cells were critical for splenocyte-transferred diabetes
and IL-27 promoted diabetes by affecting CD4+T cells
(Fig. 3, 4).
Generally, CD4+Th cell differentiation was affected
by the profile of Th cytokines. Therefore, we wanted to
know which cytokine IL-27 could cause the effect.
Previous studies also showed that rIL-27 could aug-
ment proliferation and secretion of IFN-g by naive
CD4+ T cells [20]. We found IL-27 could up-regulate

Figure 5. The effect of IL-27 on the production of cytokines in diabetic splenocytes. Splenocytes (Spl), CD4+T-depleted Spl and gsT-
depleted Spl from 12-wk diabetic female NOD mice were cultured in vitro for three days without, or in the presence of 10 ng/ml IL-27, or 10
ng/ml IL-27 and 10 mg/ml rat anti-mouse IFN-g antibody. Spl from 12-wk nondiabetic male NOD mice were used as a control (Ctrl).The
production of IFN-g, IL-17A, IL-4, TGF-b and IL-10 was measured by ELISA from cell-free supernatants. The results are representative of
three separate experiments, with three mice per group per experiment (*P<0.05 and **P<0.01).

3858 R. Wang et al. IL-27 and autoimmune diabetes



IFN-g secreted by CD4+ T cells in diabetic splenocytes
(Fig. 5). IL-27 might affect diabetes in NOD mice by
promoting Th1 cell differentiation. The fact that the
IL-12 knockout NOD mouse develops diabetes nor-
mally [13], makes us propose that while the IL-27
knockout NOD mouse may develop diabetes normal-
ly, IL-27 promotes the incidence of diabetes. This
suggests that the mechanisms by which diabetes in
NOD mice is induced are very complicated.
A new type IL-17-secreting Th cell, namely Th17 has
shown a pathogenic role in other autoimmune dis-
eases such as those of the central nervous system
(CNS). We found that IL-17 was high and IL-27 could
up-regulate the production of IL-17 in diabetic
splenocytes (Fig. 5). However, these findings disagree
with previous reports that IL-27 negatively regulates
the development of Th17 cells during inflammation in
the CNS [17]. These findings apparently disagree. We
found that mainly gdT cells but not Th17 secreted IL-
17 in NOD mice (unpublished data). IL-17-secreting
gdT cells in NOD mice are currently under study. We
here found that IL-27 could up-regulate the produc-
tion of IL-17 secreted by gdT cells but not Th17 in
diabetic splenocytes (Fig. 5). However, the mecha-
nisms by which IL-27 regulated the secretion of IL-17
in gdT cells need further study.
The absence of regulatory Th2 cytokines such as IL-4
might have resulted in exacerbating diabetes in the
NOD setting. We also found that the production of IL-
4 decreased, and IL-27 could reduce the production of
IL-4 in diabetic splenocytes (Fig. 5). Our results
showed that IL-27 was an intrinsic change in cytokine
production that altered Th1/Th2 polarization in NOD
mice. This might be a mechanism by which IL-27
promoted diabetes in NOD mice. Based on the fact
that IL-27 suppresses Th2 cell development and Th2
cytokines production from polarized Th2 cells, a novel
therapeutic way for Th2-mediated allergic inflamma-
tion has been studied [23].
Previous studies have shown that IL-27 can suppress
the differentiation of CD4+Foxp3+ Treg cells which
suppress immune reactivity to self-antigens [25]. Now
we know that TGF-b can induce the differentiation of
CD4+Foxp3+ Treg cells. We found that IL-27 reduced
the production of TGF-b in diabetic splenocytes.
Compared with non-diabetic splenocytes, diabetic
splenocytes secreted a low level of TGF-b. Thus, IL-
27 might promote diabetes by suppressing the pro-
duction of TGF-b.
Previous studies have shown that IL-27 can induce IL-
10 secretion [16]. However, our findings disagree, as
we found that IL-27 reduced the production of IL-10
in diabetic splenocytes (Fig. 5). IL-27 may mainly
induce IFN-g secretion in diabetic splenocytes. IFN-g
induced the differentiation of CD4+T cells and sup-

pressed the differentiation IL-10-secreting Tr1 in
diabetic splenocytes. When IFN-g was blocked, IL-
27 promoted IL-10 secretion in diabetic splenocytes
(Fig. 5). Thus, IL-27 mainly reduced IL-10 levels by
indirectly up-regulating IFN-g, although IL-27 to
some extent may induce the IL-10 secretion in
diabetic splenocytes.
In summary, IL-27 plays a pathogenic role in T-cell-
mediated diabetes by suppressing anti-inflammatory
cytokines and promoting pro-inflammatory cytokines.
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