
MOLECULAR MEDICINE REPORTS  17:  1660-1666,  20181660

Abstract. The interleukin (IL)‑12 family cytokines have been 
examined as therapeutic targets in the treatment of several 
autoimmune diseases. Our previous study showed that a 
novel IL‑12 family cytokine, IL‑39 (IL‑23p19/Ebi3) mediates 
inflammation in lupus‑like mice. In the present study, the 
effect of anti‑mouse IL‑39 polyclonal antibodies on autoim-
mune symptoms in lupus‑like mice was investigated. Rabbit 
anti‑mouse IL‑39 polyclonal antibodies were produced by 
immunization with recombinant mouse IL‑39, and purified 
using protein A chromatography. These antibodies were 
subsequently used to treat lupus‑like mice. Flow cytometry, 
captured images, ELISA and H&E staining were used to 
determine the effect of anti‑IL‑39 polyclonal antibodies on 
inflammatory cells, autoantibody titers, proteinuria, infiltrating 
inflammatory cells and the structure of the glomerular region. 
The anti‑IL‑39 polyclonal antibodies effectively reduced the 
numbers of inflammatory cells, splenomegaly, autoantibody 

titers, proteinuria, infiltrating inflammatory cells, and restored 
the structure of the glomerular region in MRL/lpr mice. Taken 
together, these results suggested that anti‑IL‑39 polyclonal 
antibodies ameliorated autoimmune symptoms in lupus‑like 
mice. Therefore, IL‑39 may be used as a possible target for the 
treatment of systemic lupus erythematosus.

Introduction

As interleukin (IL)‑12 family members (IL‑12, IL‑23, IL‑27 
and IL‑35) are important in several autoimmune diseases (1‑4), 
they have been examined as therapeutic targets in the treat-
ment of a number of autoimmune diseases. Ustekinumab, 
a therapeutic agent targeting IL‑12/IL‑23p40, has been 
approved to treat psoriasis and psoriatic arthritis (5). In addi-
tion, at least 10 therapeutic agents targeting IL‑12, IL‑23, or 
the IL‑23‑related signaling pathway are being clinically exam-
ined in >17 human immune‑mediated diseases (5). Therefore, 
therapeutically targeting IL‑12 family members appears to be 
an effective approach in treating several autoimmune diseases.

Systemic lupus erythematosus (SLE) is a systemic auto-
immune disease characterized by increased autoantibody 
production, B cell hypersensitivity and ultimate end organ 
damage (6). Immunosuppressants, including corticosteroids 
are the most commonly used drugs to treat SLE (7,8). However, 
the immunosuppressants are unspecific, exhibit high toxicity 
and they have several negative side effects. Therefore, it is 
necessary to identify alternative and more specific drugs for 
SLE (9). Autoantibody‑producing B cells appear to be central 
to the pathogenesis of SLE (6,7,10). In 2011, the US Food and 
Drug Administration approved the novel B  cell‑targeting 
reagent, belimumab, a fully human anti‑B‑cell activation 
factor (BAFF) monoclonal antibody, for the treatment of SLE.

MRL/lpr mice develop autoimmunity as they carry Fas/Fas 
ligand mutant genes, which result in lymphoproliferative 
disease similar to human SLE (11,12). Lymphoproliferation 
can significantly enhance the size of the spleen in MRL/lpr 
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mice (13). The overactivation of B cells is considered to be 
an important hallmark feature of SLE (14,15). In addition, 
the numbers of activated GL7+B220+ B cells (16,17) and IgG+ 
class‑switched memory B cells (15) are significantly increased 
in lupus‑like mice. SLE and the lupus‑like mouse model are 
characterized by a high level of autoantibodies due to the over-
activation of autoreactive B cells (15,18,19). Autoantibodies 
from MRL/lpr mice induce increased proteinuria and lupus 
nephritis in normal mice (20).

Our previous study showed that the IL‑12 family cytokine 
subunits, p19 and Ebi3, form a novel p19/Ebi3 heterodimer, 
termed IL‑39, which mediates inflammation in lupus‑like 
MRL/lpr mice (13). The present study investigated whether 
IL‑39 is a potential therapeutic target for SLE. Rabbit 
anti‑mouse IL‑39 polyclonal antibodies were produced, and 
these antibodies were used to treat lupus‑like MRL/lpr mice. 
The results suggested that anti‑IL‑39 polyclonal antibodies 
ameliorated autoimmune symptoms in the lupus‑like MRL/lpr 
mice.

Materials and methods

Ethics Committee approval. The care, use and treatment of 
the mice used in the present study were in strict agreement 
with the international guidelines for the Care and Use of 
Laboratory Animals (21). The present study was approved by 
the Animal Ethics Committee of Beijing Institute of Basic 
Medical Sciences (Beijing, China).

Mice. A total of 36 female 6-month‑old (35‑40 mg) lupus‑like 
MRL/MpJ/lpr/lpr (MRL/lpr) mice (Nanjing Biomedical 
Research Institute of Nanjing University, Nanjing, China) have 
been described in detail previously (17,19) and were bred in 
our animal facilities under specific pathogen‑free conditions 
in a room maintained at 22˚C, 60% humidity with a 12/12‑h 
light/dark cycle and with free access to food and water.

Production of anti‑mouse IL‑39 polyclonal antibodies. The 
production of anti‑mouse polyclonal antibodies has been 
described in detail previously (22). The production of puri-
fied mouse IL‑39 (p19/Ebi3) has also been described in detail 
previously (13), and these were used for the immunization of 
rabbits and the production of anti‑mouse IL‑39 antibodies. The 
polyclonal antibodies were purified using protein A chroma-
tography, and its reactivity with recombinant mouse IL‑39 was 
confirmed using ELISA.

Treatment of MRL/lpr mice with anti‑mouse IL‑39 polyclonal 
antibodies. The MRL/lpr mice were divided into the following 
two groups: i) control mice; and ii) anti‑mouse IL‑39 poly-
clonal antibody‑treated mice. In these groups, on day 0 and 
day 3, a single injection of 400 µg of preimmune IgG (control) 
or anti‑IL‑39 polyclonal antibodies was injected intravenously 
into 6‑month‑old female MRL/lpr mice (n=6 mice/group), for 
a total of two injections.

Flow cytometric analysis. Flow cytometric analysis has 
been described in detail previously (13,23). The spleens were 
removed and compressed firmly with the end of the plunger 
from a sterile 5 ml syringe to allow cells to pass through a 

200‑gauge stainless steel wire gauze. The cell suspension 
(1x106 cells/sample) was washed with fluorescence‑activated 
cell sorting staining buffer, comprising phosphate‑buffered 
saline, 2% fetal bovine serum (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) or 1% bovine serum 
albumin (Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany), 
and 0.1% sodium azide. All samples were incubated for 
30 min at 4˚C with 1:50 diluted anti‑Fc receptor antibody 
(BD Biosciences, Franklin Lakes, NJ, USA). Subsequently, 
samples were incubated for 30 min at 4˚C with the primary 
antibodies diluted 1:50 in fluorescence‑activated cell sorting 
buffer supplemented with 2% anti‑Fc receptor antibody. The 
following fluorescence‑conjugated anti‑mouse antibodies 
were used: CD3 (100204), B220 (103234), CD19 (115512), 
Gr‑1 (108410) (all from BioLegend, Inc., San  Diego, CA, 
USA), GL7 (12‑5902‑82), IgM (17‑5790‑82), IgG (11‑4011‑85), 
CD11c (12‑0114‑81) and CD11b (11‑0112‑85) (all from eBio-
science; Thermo Fisher Scientific, Inc.). The samples were 
filtered immediately prior to analysis or cell sorting to remove 
any clumps. Data collection and analyses were performed 
on a FACSCalibur flow cytometer using CellQuest software 
(version 5.1; BD Biosciences).

Cytokine and autoantibody titer analysis using ELISA. The 
concentration of cytokines and the titer of anti‑dsDNA auto-
antibody (IgM and IgG) were measured using ELISA kits, as 
described in detail previously (13,23). Anti‑mouse IL‑23p19, 
IL‑27Ebi3, anti‑dsDNA IgM and IgG ELISA kits were all 
purchased from eBioscience, Inc. Briefly, sera from mice were 
separated by centrifugation for 15 min at 900 x g at room 
temperature. Sera (1:250 dilution) or the purified p19/Ebi3 
(4 µg/ml, 1:250 dilution) proteins were added in triplicate to 
the plate for 1 h at 37˚C. The plate was subsequently washed 
with PBS + 0.05% Tween-20. The following antibodies were 
then diluted 1:250, added to the plate and incubated for 1 h at 
37˚C: Biotin rat anti‑mouse IL‑23p19 (88‑7230‑22), IL‑27Ebi3 
(14‑7273‑80), IgM (88‑50470‑88), and IgG (88‑50400‑22) anti-
bodies (all from eBioscience; Thermo Fisher Scientific, Inc.). 
The unbound antibodies were then washed off, followed by the 
addition of avidin‑HRP (1:1,000 dilution) and incubation of 
the plates for 1 h at 37˚C. Finally, the color was developed by 
incubation with o‑phenylenediamine. The optical density was 
read at 492 nm with an ELISA reader (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA). Standard curves were established to 
quantify the concentrations of the respective cytokines.

Assessment of proteinuria. The assessment of proteinuria has 
been described in detail previously (13). Urine (10 ml) was 
manually expressed into a sterile container from each mouse 
on days 0 and 7 following treatment, and assayed for the pres-
ence of protein, specifically albumin, using a colorimetric 
method with Albustix reagent strips (Bayer Corporation, 
Elkhart, IN, USA).

Hematoxylin and eosin (H&E) staining. H&E staining has 
been described in detail previously (19,24). Kidney specimens 
were fixed in formalin for 24 h, dehydrated by successive 
incubation in 70, 80 and 90% ethanol for 3 h, 100% ethanol I 
for 2 h and 100% ethanol II for 2 h, and then vitrified with 
xylene I and xylene II for 20 min. Following immersion in 
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paraffin I and II for 40 min, the specimens were embedded 
and sectioned (4 µm). Staining was performed as follows: 
Hematoxylin staining for 15 min, followed by hydrochloric 
acid alcohol solution for 35 sec, eosin staining for 10 min 
followed by 90% ethanol for 40 sec. Neutral balsam was then 
used for mounting, following which the section was visualized 
and images were captured using a light microscope.

Histological analysis. The complete kidney sections 
were analyzed under a light microscope (Carl Zeiss AG, 
Oberkochen, Germany) using a x20 magnification lens by 
two investigators blinded to the groups (anti‑IL‑39‑treatment 
vs. control). The degrees of glomerular lesions were evaluated 
using a semiquantitative score methodology, as described 
previously (25). The severity of the lesion was graded between 
0 and 4+ according to the percentage of glomerular involve-
ment. A 1+ lesion represented an involvement of 25% of the 
glomerulus, wheras a 4+ lesion indicated that 100% of the 
glomerulus was involved.

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism (version 5.0; GraphPad Software, Inc., 
La Jolla, CA USA). The data are shown as the mean ± standard 
error of the mean. Student's t‑test was used to determine signif-
icance between two groups (paired or unpaired) and two‑way 
analysis of variance was used to determine significance among 
several groups. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Production of anti‑mouse IL‑39 polyclonal antibodies. To 
determine whether IL‑39 can be used as a possible target for 
the treatment of autoimmune diseases, including SLE, the 
initial production of anti‑mouse IL‑39 polyclonal antibodies 
was required. Anti‑mouse IL‑39 polyclonal antibodies from 
the serum of IL‑39‑immunized rabbits were purified using 
protein A chromatography (Fig. 1A). The results of the ELISA 
assay demonstrated that anti‑IL‑39 antibodies dose‑depend-
ently bound with recombinant mouse IL‑39 (p19/Ebi3), 
whereas the commercial anti‑mouse p19 antibody, used as a 
control, showed no binding capacity (Fig. 1B). These results 
suggested that anti‑mouse IL‑39 polyclonal antibodies were 
able to effectively bind to its molecular target.

Anti‑IL‑39 polyclonal antibodies reduce the numbers of 
inflammatory cells in MRL/lpr mice. To examine the effect 
of targeting IL‑39 on autoimmune diseases, anti‑IL‑39 
polyclonal antibodies were intravenously injected into 
6‑month‑old female MRL/lpr mice. The effect of anti‑IL‑39 
polyclonal antibodies on lymphoproliferation was first exam-
ined. As expected, it was found that the absolute numbers of 
innate lymphocytes, including CD11b+Gr‑1+ neutrophils, and 
adaptive lymphocytes, including CD3+ T and B220+ B, were 
significantly decreased in the spleen (Fig. 2) and mesenteric 
lymph nodes (data not shown) in the IL‑39 antibody‑treated 
group. In addition, it was found that the levels of activated 
GL7+B220+ B cells and IgG+ class‑switched memory B cells 
were significantly decreased in the IL‑39 antibody‑treated 
group (Fig.  2). These results suggested that anti‑IL‑39 

polyclonal antibodies reduced the numbers of inflammatory 
cells in the MRL/lpr mice.

Anti‑IL‑39 polyclonal antibodies reduce splenomegaly in 
MRL/lpr mice. To examine the effect of anti‑IL‑39 polyclonal 
antibodies on splenomegaly in the MRL/lpr mice, the spleens 
were harvested and images were captured 7 days following 
intravenous injection of anti‑IL‑39 polyclonal antibodies into 
the 6‑month‑old female MRL/lpr mice. The results revealed 
that treatment with anti‑IL‑39 polyclonal antibodies reduced 
splenomegaly in the MRL/lpr mice (Fig.  3A). Statistical 
analysis showed that anti‑IL‑39 polyclonal antibodies signifi-
cantly reduced the size of the spleen (Fig. 3B). These results 
suggested that anti‑IL‑39 polyclonal antibodies effectively 
reduced splenomegaly in the MRL/lpr mice by reducing the 
number of inflammatory cells.

Anti‑IL‑39 polyclonal antibodies reduce autoantibody titers in 
MRL/lpr mice. To examine the effect of anti‑IL‑39 polyclonal 
antibodies on the production of autoantibody in MRL/lpr 
mice, sera were obtained from the preimmune IgG‑(control) 
or anti‑IL‑39 polyclonal antibody‑treated MRL/lpr mice. The 
ELISA assay showed that anti‑IL‑39 polyclonal antibodies 
significantly reduced anti‑dsDNA IgM autoantibody titers 
in the MRL/lpr mice (Fig.  4, left panel). The anti‑IL‑39 
polyclonal antibodies also reduced the anti‑dsDNA IgG 
autoantibody titers, although the reduction was not significant 

Figure 1. Production of αIL‑39. Purified mouse IL‑39 was used for immu-
nization of rabbits and production of αIL‑39. (A) Purification of αIL‑39 was 
performed by protein A chromatography. Blue, green and grey lines repre-
sent the UV absorption value, column pressure and pH values, respectively. 
(B) The binding of αIL‑39 with recombinant mouse IL‑39 (p19/Ebi3) was 
confirmed by ELISA. Commercial anti‑mouse p19 antibody was used as a 
control. αIL‑39, anti‑mouse interleukin‑39 polyclonal antibodies; OD, optical 
densisty; Ab, antibody.
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(Fig. 4, right panel). Taken together, these results suggested 
that anti‑IL‑39 polyclonal antibodies reduced autoantibody 
titers in the MRL/lpr mice.

Anti‑IL‑39 polyclonal antibodies reduce proteinuria in 
MRL/lpr mice. The present study also examined the effect 
of anti‑IL‑39 polyclonal antibodies on the production of 
proteinuria in MRL/lpr mice. Proteinuria was measured on 
days 0 and 7 following injection with anti‑IL‑39 polyclonal 
antibodies in the MRL/lpr mice. Proteinuria increased in a 
time‑dependent manner in the control‑treated MRL/lpr mice 
(Fig. 5). Anti‑IL‑39 polyclonal antibodies effectively inhibited 
the upregulation of proteinuria in the MRL/lpr mice (Fig. 5). 
The results suggested that anti‑IL‑39 polyclonal antibodies 
reduced proteinuria in the MRL/lpr mice.

Anti‑IL‑39 polyclonal antibodies reduce infiltrating inflam‑
matory cells and restore the structure of the glomerular 
region in MRL/lpr mice. Autoantibody production and 
immune‑complex‑mediated glomerulonephritis are important 
features of systemic autoimmunity in human SLE. As the 
anti‑IL‑39 polyclonal antibodies were shown to reduce the 
levels of autoantibody and proteinuria in the MRL/lpr mice 
in the present study, it was hypothesized that anti‑IL‑39 poly-
clonal antibodies can reduce infiltrating inflammatory cells 
and glomerulonephritis. To examine this, kidney sections 
were stained with H&E and analyzed 7 days following treat-
ment with anti‑IL‑39 polyclonal antibodies. As expected, 
the untreated MRL/lpr mice developed severe renal lesions, 
consisting predominantly of glomerulosclerosis, and multi-
focal mononuclear cell infiltration (Fig.  6A). However, 
the frequency and severity of renal lesions were markedly 
reduced in the anti‑IL‑39‑treated MRL/lpr mice (Fig. 6A). 
Quantification showed that the anti‑IL‑39‑treated MRL/lpr 
mice had significantly fewer glomerular lesions, compared 

Figure 2. Treatment with αIL‑39 reduces inflammatory cells in MRL/lpr mice. On day 7 following intravenous injection of 400 µg preimmune IgG (control) or 
αIL‑39 into 6‑month‑old female MRL/lpr mice (6 mice/group), lymphocytes were collected from the spleen. The cells were stained with fluorescence‑conju-
gated anti‑mouse CD3, B220, GL7, IgG, CD11b and Gr‑1 antibodies, and then analyzed by flow cytometry. The absolute numbers of CD11b+Gr‑1+ neutrophils, 
CD3+ T cells, B220+ B cells, GL7+ B cells, 220+ B cells, and IgG class‑switch B cells per mouse are shown. The data are presented as the mean ± standard error 
of the mean of three independent experiments (n=18). *P<0.05; **P<0.01 (two‑tailed Student's t‑test). αIL‑39, anti‑mouse interleukin‑39 polyclonal antibodies.

Figure 3. Treatment with αIL‑39 reduces splenomegaly in MRL/lpr mice. On 
day 7 following intravenous injection of 400 µg preimmune IgG (control) or 
αIL‑39 into 6‑month‑old female MRL/lpr mice (6 mice/group), spleens were 
harvested, (A) images were captured and (B) spleen length was analyzed. The 
data are presented as the mean ± standard error of the mean of three inde-
pendent experiments (n=12). *P<0.05 (two‑tailed Student's t‑test). αIL‑39, 
anti‑mouse interleukin‑39 polyclonal antibodies.
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with the untreated MRL/lpr mice (Fig. 6B). These results 
indicated that anti‑IL‑39 polyclonal antibodies reduced infil-
trating inflammatory cells and restored the structure of the 
glomerular region in MRL/lpr mice.

Discussion

IL‑12 family members include important pro‑ and 
anti‑inflammatory cytokines, which are important in autoim-
mune diseases (1‑3). Our previous study showed that IL‑12 
family cytokine subunits IL‑23p19 and Ebi3 formed a novel 
heterodimer (IL‑23p19/Ebi3) cytokine in lupus‑like mice (13). 
In the present study, it was demonstrated that the inhibition 
of IL‑39 with anti‑mouse IL‑39 polyclonal antibodies amelio-
rated autoimmune symptoms in lupus‑like mice. Together, the 
results suggested that this novel IL‑12 family member, IL‑39, 
is an important pro‑inflammatory cytokine, which appears to 
be important in autoimmune diseases, including SLE.

Compared with the anti‑mouse p19 antibody, the anti‑mouse 
IL‑39 polyclonal antibody had a higher capacity to bind 
with the recombinant mouse IL‑39 (p19/Ebi3) heterodimer 
(Fig. 1B). Of note, the binding of anti‑mouse IL‑39 polyclonal 
antibodies with recombinant mouse IL‑39 subunits p19 or 
Ebi3 was marginal (data not shown). Taken together, these 
results suggested that anti‑mouse IL‑39 polyclonal antibodies 
were able to effectively and specifically bind with its target, 
molecular IL‑39 (p19/Ebi3 heterodimer).

SLE is an autoimmune disease with hyperactive immune 
responses, abnormal autoantibody production and B‑cell 
overactivation. Belimumab, a monoclonal antibody inhibiting 
BAFF, is the only biotherapy to be approved for SLE in the 
last 50 years, and only modest and time‑limited effects have 
been recorded in large, phase three clinical trials (10,26,27). 
Drugs directly targeting/depleting B cells, including ritux-
imab, atumumab and epratuzumab, have also been used 
to treat patients with SLE and other autoimmune diseases, 
and they have all shown biological effects against SLE (18), 
although the identification of novel relevant targets is required. 
In the present study, anti‑mouse IL‑39 polyclonal antibodies 
were used to effectively ameliorate autoimmune symptoms in 
lupus‑like mice. Therefore, targeting IL‑39 may be an effective 
approach to treat autoimmune diseases, including SLE.

Increased quantities of inflammatory cytokines have been 
described in chronic immune activation in SLE, which actively 
contribute to local inflammation and tissue damage  (27). 
Understanding the inflammatory pathways involved in SLE is 
of primary importance for the development of novel targeted 
biotherapies, which are currently lacking for the therapeutic 
treatment of SLE (28). In our previous study, it was found 
that IL‑39 induced the differentiation and/or expansion of 
neutrophils, and IL‑39‑induced neutrophils secreted BAFF in 
lupus‑prone mice (29). Accordingly, the present study showed 
that anti‑mouse IL‑39 polyclonal antibodies effectively reduced 
the number of neutrophils (Fig. 2). Neutrophils contribute to 
excess serum levels of BAFF, and promote CD4+ T cell and 
B cell activation and responses in lupus‑prone mice (30). It is 
possible that anti‑mouse IL‑39 polyclonal antibodies effectively 
reduce activated B and T cells by reducing BAFF‑secreting 
neutrophils. By reducing the number of inflammatory cells, 
the anti‑mouse IL‑39 polyclonal antibodies also reduced sple-
nomegaly, autoantibody titers, proteinuria and the infiltration 
of inflammatory cells, and restored structure in the glomerular 
region in lupus‑like mice. Therefore, anti‑IL‑39 may be an 
effective reagent in the treatment of autoimmune diseases, 
including SLE.

A previous study involving anti‑BAFF treatment in 
mice demonstrated that memory B cells, long‑lived plasma 
cells and secondary immune responses were transiently 
increased and maintained at high levels, during and following 
exposure (31,32). IgG‑bearing memory B cells and natural 
antibody‑secreting B cells were insensitive to anti‑BAFF 
treatment, which suggests they were BAFF‑independent and, 
therefore, may be manipulated separately (33). In the present 
study, anti‑IL‑39 polyclonal antibodies effectively reduced 
IgM titers (Fig. 4) and IgG‑bearing memory B cells (Fig. 2). 
These results showed the potential advantages of anti‑IL‑39 
polyclonal antibodies in the treatment of autoimmune 
diseases. However, the polyclonal antibodies reduced only 

Figure 5. Treatment with αIL‑39 reduces proteinuria in MRL/lpr mice. 
Proteinuria was measured on days 0 and 7 following intravenous injection 
of 400 µg of preimmune IgG (control) or αIL‑39 into 6‑month‑old female 
MRL/lpr mice (6 mice/group). The data are presented as the mean ± standard 
error of the mean of three independent experiments (n=18). *P<0.05 (two‑way 
analysis of variance). αIL‑39, anti‑mouse interleukin‑39 polyclonal anti-
bodies; OD, optical density; d, day; NS, not significant.

Figure 4. Treatment with αIL‑39 reduces autoantibody titers in MRL/lpr 
mice. Either 400 µg of preimmune IgG (control) or αIL‑39 were intrave-
nously injected into 6‑month‑old female MRL/lpr mice (6 mice/group). On 
day 7 post‑treatment, sera were separated from the peripheral blood of the 
control‑ and αIL‑39‑treated mice. The concentrations of anti‑dsDNA IgM 
and IgG antibody in the sera were measured using an ELISA assay. The data 
are presented as the mean ± standard error of the mean of three indepen-
dent experiments (n=18). ****P<0.0001 (two‑tailed Student's t‑test). αIL‑39, 
anti‑mouse interleukin‑39 polyclonal antibodies.
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anti‑dsDNA IgM, but not anti‑dsDNA IgG (Fig. 4). A previous 
study suggested that pathogenic IgG autoantibody produc-
tion requires B‑cell activation, leading to the production of 
activation‑induced deaminase (AID), and class switching of 
IgM genes to IgG. The absence of AID in early developing B 
cells resulted in the increased production of self‑reactive IgM 
in lupus‑prone mice (34), which also suggests that the produc-
tion of IgM and IgG are separate.

In the present study, a single dose (400  µg/mouse) of 
anti‑mouse IL‑39 polyclonal antibodies was used for injection. 
This was based on our previous experiments, in which a single 
dose (400 µg/mouse) of anti‑mouse C5a polyclonal antibody 
neutralized the effect of C5a in mice with sepsis (22). However, 
the present study showed no statistically significant difference 
in proteinuria 7 days following treatment between the control‑ 
and anti‑IL‑39 antibody‑treated MRL/lpr mice (Fig. 5). In 
addition, the polyclonal antibodies reduced anti‑dsDNA IgM, 
but not anti‑dsDNA IgG (Fig. 4). These results suggest that 
further investigations are required to examine the detailed 
effect of anti‑IL‑39 polyclonal antibodies by comparing 
a single dose, vs. multiple doses, and a 7 day interval, vs. 
longer intervals between injection and sacrifice, considering 
dose‑dependency, the duration of effects of single administra-
tion, and the half‑life of anti‑IL‑39 following administration into 
MLR/lpr mice. Future investigations aim to examine these and 
other parameters.

In conclusion, the anti‑mouse IL‑39 polyclonal antibodies 
produced in the present study effectively ameliorated autoim-
mune symptoms in lupus‑like mice. IL‑12 family members 
have been examined as the therapeutic targets for several auto-
immune diseases. The results of the present study suggested 
that IL‑39 may be used as a potential target for the treatment 
of SLE. Future investigations are required to understand the 
immunobiology of this novel IL‑12 family member, which 

is likely to provide valuable knowledge for therapeutic 
exploitation.
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