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Interleukin-12 exacerbates symptoms in an MRL/MpJ-Faslpr
mouse model of systemic lupus erythematosus
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Abstract. Interleukin (IL)-12 modulates the generation and
function of a variety of immune cells and serves an important
role in the pathogenesis of autoimmune diseases. However,
the precise role of IL-12 in the pathogenesis of systemic lupus
erythematosus (SLE) remains to be elucidated. In the present
study, the serum levels of IL-12 in patients with SLE were
determined using an ELISA. The association between serum
levels of IL-12 and clinical and laboratory indices, specifically,
disease activity and complement 3, were analyzed. Recombinant
IL-12 or an anti-IL-12 antibody was used to treat the MRL/
MpJ-Faslpr mouse model of systemic lupus erythematosus.
The glomerulonephritis and inflammatory cell infiltration was
examined to evaluate histological changes using hematoxylin
and eosin and Periodic acid-Schiff staining. Serum creatinine
and proteinuria were used to determine renal function. The
levels of anti-double stranded DNA and anti-nuclear autoantibodies were assessed. The results demonstrated that serum
levels of IL-12 were markedly increased in patients with SLE
compared with controls and in lupus model mice in comparison
with control mice. The serum levels of IL-12 increased with
disease severity in patients with SLE. SLE-like symptoms
were exacerbated in lupus model mice treated with exogenous
IL-12. However, SLE-like symptoms were ameliorated in lupus
model mice treated with an anti-IL-12 antibody. The present
results demonstrated that IL-12 aggravated SLE and anti-IL12
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antibodies ameliorated SLE. The present data suggest that
blocking IL-12 may be a beneficial therapeutic strategy to halt
the progression of lupus nephritis.
Introduction
Systemic lupus erythematosus (SLE) is a systemic autoimmune
disease that may injure the kidneys, joints, blood vessels, lungs,
heart and skin (1). Lupus nephritis (LN), inflammation of the
kidney due to lupus, is one of the most severe complications
seen in patients with SLE. Furthermore, 50-60% of patients
with SLE exhibit renal symptoms within 10 years of the onset
of disease (2). LN is characterized by progressive renal function decline, microscopic hematuria and proteinuria (3).
The pathogenesis of LN is associated with multiple factors,
including sex, steroids and excess salt intake, which lead to
the malfunction of immune self-tolerance and the development of autoimmunity (4,5). Evidence from both human and
experimental models supports the hypothesis that cytokine
dysregulation contributes to kidney diseases, including
LN (6,7). Among these cytokines, IL-12 is an important
mediator of immunity that has been implicated in the pathogenesis of SLE. IL-12 is secreted by innate immune cells
upon microbial stimulation (8,9). Studies have demonstrated
that IL-12 is a pro-inflammatory cytokine that can promote
T helper 1 (Th1) and T follicular helper cell differentiation.
Studies have also reported that IL-12 is essential for cytotoxic
T cell activation and function (8,10). Additionally, studies
have demonstrated that IL-12 could be an effective therapeutic target for psoriasis, Crohn's disease and rheumatoid
arthritis (11,12). Vom Berg et al (13) found that inhibition
of IL-12/IL-23 signaling reduced Alzheimer's disease-like
pathology and cognitive decline. An increase in IL-12 concentration has been observed in patients with SLE compared with
healthy controls, and this is positively associated with the
SLE disease activity index (SLEDAI), a clinical assessment of
lupus disease activity in the preceding 10 days (14). However,
Huang et al (15) suggested that IL-12 expression is reduced in
patients with SLE in comparison with controls. Therefore, the
precise role of IL-12 in the pathogenesis of SLE remains to be
elucidated.
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To understand the role of IL-12 in the pathogenesis of
LN, the serum levels of IL-12 in patients with SLE and mice
were determined. The lupus model mice were treated with
recombinant IL-12 or an anti-IL-12 antibody. It was revealed
that serum levels of IL-12 were markedly increased in patients
with SLE. Exogenous IL-12 exacerbated LN-like symptoms in
lupus model mice.
Materials and methods
Patients and healthy controls. A total of 30 patients with
SLE and 30 healthy volunteers were recruited at Taizhou
Hospital Affiliated to Nanjing University of Chinese Medicine
(Taizhou, China) between January 2018 and December 2019
for the present study. All patients were diagnosed with SLE
according to the criteria set out by the American College of
Rheumatology, which were revised in 1997, and all underwent
a renal biopsy prior to the study, in order to reveal cases of
LN according to the International Society of Nephrology/
Renal Pathology Society 2003 classification (16,17). The
inclusion criteria were as follows: i) Patients aged 18 years;
and ii) patients with complete documented data. The exclusion
criteria were as follows: i) Infections, malignancies and other
inflammatory diseases; and ii) lack of key information that
rendered evaluation impossible. The demographic and clinical
characteristics of the patients with SLE are shown in Table I.
The patients with SLE were divided into two groups according
to their SLEDAI score (17): Inactive patients, <5; active
patients, ≥5. Complement 3 and 4 (C3 and C4) was determined
by biochemical analyzer (Hitachi, Ltd.). The anti-anti-nuclear
antibody (ANA) antibody ELISA kit was from Zeus Scientific
Inc. (cat. no. 2Z29001G). Patient serum was prepared with
1:21 dilution, following which 100 µl sample was added to
each well coated with inactivated antigen and incubated for
60 min at 20-25˚C. After washing, the horseradish peroxidase
(HRP)-conjugated goat anti-human IgG was added for 30 min
at 20-25˚C. After washing, 3,3',5,5'-Tetramethylbenzidine
substrate solution (TMB) was added for 30 min at 20-25˚C.
Finally, the stop solution (1 M H2SO4, 0.7 MHCl) was added
and absorbance was measured using a microplate reader at a
wavelength of 450 nm.
The anti-double-stranded DNA (ds-DNA) ELISA kit
was from Zeus Scientific Inc. (cat. no. 2Z2881G). The serum
samples from each patient was prepared in a 1:21 dilution
before 100 µl diluted serum was added each well coated with
inactivated antigen and incubated for 30 min at 20-25˚C.
After washing, the HRP-conjugated goat anti-human IgG
was added for 30 min at 20-25˚C. After washing, TMB was
added for 30 min at 20-25˚C. Finally, the stop solution (1 M
H2SO4, 0.7 MHCl) was added. A microplate reader was used
to read absorbance in each well at a wavelength of 450 nm.
The calibrator within this ELISA kit has been assigned with
both a correction factor for the generation of index values and
a calibrator value for the generation of unit values. According
to the interpretation of results of the anti-ANA and anti-dsDNA ELISA kits, the serum in each patient was defined as
negative (anti-ANA-, anti-ds-DNA-) or positive (anti-ANA+,
anti-ds-DNA+). The anti-ANA+ (%) in Table I was referring to
patients with anti-ANA+ among all patients. The Anti-dsDNA+
(%) in Table I was referring to patients with Anti-dsDNA+

among all patients. Written informed consent was obtained
from each participant. The present study was approved by the
Ethics Committee of Taizhou Hospital Affiliated to Nanjing
University of Chinese Medicine (Taizhou, China).
Mice. In total, 36 female MRL/MpJ-Faslpr and six female
C57BL/6 mice were obtained from the Laboratory Animal
Center, Academy of Military Medical Sciences (Beijing,
China). MRL/MpJ-Faslpr mice develop an autoimmune disease
resembling SLE, including an increase in anti-double-stranded
DNA (anti-dsDNA) antibodies in the blood, and develop severe
nephritis (18). All the mice used in this study were housed at
room temperature (20-24˚C) and 45-60% humidity in a 12-h
light/dark cycle. Mice had access to diet and water ad libitum.
Animal experiments were performed in accordance with the
guidelines and approved by the Committee of Experimental
Animal Administration of Taizhou Hospital Affiliated to
Nanjing University of Chinese Medicine (Taizhou, China).
Recombinant IL-12 or anti-IL-12 antibody treatment of MRL/
MpJ-Faslpr mice. Six female 16-week-old MRL/MpJ-Faslpr
mice (35-40 g) were injected intraperitoneally with murine
recombinant IL-12 (100 µg/kg body weight; cat. no. 419-ML050/CF; R&D Systems, Inc.) for 7 consecutive days. Six
16-week-old MRL/MpJ-Faslpr mice of the same age (35-40 g)
that received an equal volume of PBS served as controls.
For anti-IL-12 treatment, six female 16-week-old MRL/
MpJ-Faslpr mice were injected intraperitoneally with the antiIL-12 antibody (5 µg/g body weight, cat. no. MAB419-100;
R&D Systems, Inc.) once. Six female mice of the same age
received an equal volume of rat IgG2a isotype antibody (cat.
no. MAB005R, R&D Systems, Inc.) served as controls.
ELISA for IL-12. Whole blood was collected from patients
with SLE, healthy controls and mice. The blood was immediately centrifuged at 500 x g for 5 min at 4˚C for isolation
of serum. Subsequently, the serum was stored at -80˚C. All
serum samples were brought to room temperature before the
assay. Human (cat. no. D1200) and mouse (cat. no. M1270)
IL-12 ELISA kits were purchased from R&D Systems, Inc. All
experiments were performed according to the manufacturer's
protocols.
Anti-dsDNA antibody. Anti-dsDNA antibodies in serum
from mice were detected as previously described (19). Briefly,
96-well microtiter plates were coated with 50 µg/ml calf thymus
dsDNA (Sigma-Aldrich; Merck KGaA) overnight at 4˚C. After
blocking with 1%BSA (Sigma-Aldrich; Merck KGaA) in PBS
at room temperature for 1 h, 100-fold diluted serum (100 µl)
was added, followed by incubation at room temperature for
2 h. Subsequently, goat anti-mouse antibody conjugated
to horseradish peroxidase (1:2,000; cat. no. SA00001-1;
Proteintech Group, Inc.) was added, followed by incubation at
room temperature for 1 h. Next, 3,3', 5,5'-Tetramethylbenzidine
substrate solution (cat. no. B019-1-1; Nanjing Jiancheng
Bioengineering Institute)was added, and plates were incubated at room temperature for 30 min. Finally, stop solution
(1 M H2SO4) was added and the absorbance in each well was
monitored at 450 nmin a microplate reader (ELX808; BioTek
China).
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Table I. Characteristics of patients with SLE.
Characteristic
N
Age, years
Sex, male/female
Disease duration, months, mean ± SD (range)
SLEDAI
Scr (mg/dl)
Proteinuria (g/day)
Serum albumin (g/l)
Anti-dsDNA+ (%)
Anti-ANA+ (%)
C3(g/l)
C4(g/l)
Mean blood pressure (mmHg)
Hb (g/dl)
Urine RBC count (104/ml) mean ± SD (range)

Patients with SLE

Healthy control

P-value

30
29.13±7.24
3/27
37.04±16.04 (1-234)
8.71±3.12
1.69±0.22
3.44±0.53
29.84±1.52
76.52
86.44
0.57±0.17
0.17±0.06
97.05±11.04
8.91±2.32
349.03±105.02 (2-2300)

30
31.34±5.41
5/25
ND
ND
1.36±0.19
ND
43.34±2.11
ND
ND
0.91±0.22
0.49±0.12
86.06±16.08
15.33±1.74
ND

N/A
>0.05
>0.05
N/A
N/A
<0.05
N/A
<0.01
N/A
N/A
<0.01
<0.01
>0.05
<0.01
N/A

SLE, systemic lupus erythematosus; SLEDAI, systemic lupus erythematosus disease activity index; Scr, serum creatinine; Anti-dsDNA, antidouble-stranded DNA antibody; ANA, antinuclear antibody; Hb: hemoglobin; RBC, red blood cell; ND, not determined; N/A, not applicable.

Serum creatinine level and proteinuria analysis. The creatinine
levels in the serum of mice were measured using quantitative
enzyme colorimetric kits (cat. no. C011-2-1; Nanjing Jiancheng
Bioengineering Institute) according to the manufacturer's
protocols. The random urine of the mice was collected and
urine protein was determined using a Bradford Protein Assay
Kit (Nanjing KeyGen Biotech Co., Ltd.). Urinary albumin was
determined using an Albumin Assay kit (cat. no. E038-1-1;
Nanjing Jiancheng Bioengineering Institute).
Histopathological analysis of kidney samples. The mice were
anesthetized with sodium pentobarbital (200 mg/kg i.p.) before
being sacrificed. The kidneys of the mice were collected and
fixed in 4% paraformaldehyde at room temperature for 24 h.
Subsequently, the kidneys were embedded in paraffin, cut
into 3-µm-thick sections, dehydrated in an ascending ethanol
gradient and xylene and stained with hematoxylin and eosin
(H&E, at room temperature for 5 min) according to standard
procedures.
For periodic acid-Schiff (PAS) staining, the PAS staining
kit was used according to manufacturer's protocol (cat.
no. D004-1-2; Nanjing Jiancheng Bioengineering Institute).
The sections were first dewaxed with xylene and rehydrated in
a descending ethanol gradient. The sections were then oxidized
with 10 g/l period ate for 15 min at 20-25˚C. Next, the sections
were stained with Schiff's reagent for 45 min at 20-25˚C. The
20 g/l methyl green was used for counterstaining for 15 min at
20-25˚C. The histopathological analysis of the kidney samples
was performed by two pathologists in a blinded manner with
an optical light microscope (10 fields for each sample, magnification, x20, Olympus BH-2; Olympus Corporation).
RNA extraction and reverse transcription-quantitative PCR
of IL-12. Total RNA was extracted from peripheral blood

mononuclear cells and kidney tissues of mice using an RNA
isolation kit (cat. no. 9108Q; Takara Bio, Inc.). The peripheral
blood mononuclear cells were isolated from mice by FicollPaque density gradient centrifugation (cat. no. LTS1092,
Tianjin Haoyang Biological Manufacture, Co., Ltd.) before the
samples were centrifuged at 400 x g for 20 min in 25˚C. The
kidney homogenate was grounded using glass homogenizer.
Complementary DNA was synthesized using PrimeScript™
RTMaster Mix kit (cat. no. RR036Q; Takara Bio, Inc.) at 37˚C
for 15 min and 85˚C for 5 sec. The IL-12 mRNA was detected
using TB Green Premix Ex Taq (Tli RNase H Plus) kit (Takara
Bio, Inc.) in an Applied Biosystems 7500 PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The RT-qPCR
cycling program was set at one cycle of pre-denaturation at 95˚C
for 5 min, followed by 40 cycles at 95˚C for 10 sec and 60˚C for
1 min. The primers were synthesized by Takara Bio, Inc. The
relative expression of IL-12 was determined and normalized to
the expression of housekeeping gene GAPDH and calculated
with the 2-∆∆Cq assay (20). The primers of mouse IL-12 were as
follows Forward, 5'-ACCCTGACCATCACTGTCAA-3' and
reverse, 5'-GTGGAGCAGCAGATGTGAGT-3' and GAPDH
forward, 5'-ACAACTTTGGCATTGTGGAA-3' and reverse,
5'-GATGCAGGGATGATGTTCTG-3'.
Statistical analysis. Data are presented as the mean ± SEM.
For the comparison of means between two groups, two-tailed
unpaired t-tests were performed. Categorical variables are
presented as frequencies and percentages. Fisher's exact test
was used to compare categorical variables, such as the sex
distribution. Correlations between values were analyzed using
Spearman's test. All statistical calculations were performed
using GraphPad Prism software (version 7.0; GraphPad
Software, Inc.). P<0.05 was considered to indicate a statistically significant difference.
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Figure 1. Serum levels of IL-12 are increased and are positively associated with disease activity in patients with SLE. (A) Serum levels of IL-12 in patients with
SLE. (B) Receiver operating characteristic curve for IL-12 in the evaluation of patients with SLE, and the optimal cut-off value based on the Youden index.
(C) Serum levels of IL-12 were evaluated in patients with SLE according to disease activity. (D) Association between IL-12 and C3 in the serum of patients
with SLE. **P<0.01. IL, interleukin; SLE, systemic lupus erythematosus.

Results
Characteristics of patients with SLE. A total of 30 patients
diagnosed with SLE were recruited in the present study. Table I
summarizes the sex, age, SLE disease history and clinical
symptoms of the patients. The mean age was 29.1±7.2 years
(range, 21-57 years). The median SLE disease duration
since diagnosis was 37 months (range, 1-234 months). The
SLEDAI score was 7 (range, 4-23). Among the patients, 76.5%
were anti-dsDNA-positive and 86.4% were anti-antinuclear
antibody-positive (Table I). All patients with SLE received
standard therapy, including steroids and immunosuppressive
after presentation in the hospital.
Serum levels of IL-12 are elevated in patients with SLE. To
determine whether IL-12 was involved in the pathogenesis of
SLE, the IL-12 levels in serum from patients with SLE and
healthy controls were measured. The patients with SLE had
significantly increased serum levels of IL-12 compared with
healthy controls (23.09±6.47 vs. 11.26±4.58 pg/ml; Fig. 1A).
By constructing an empirical receiver operating characteristic
(ROC) curve, the optimal cut-off value of 22.41 pg/ml was
selected according to the Youden index, which gave a sensitivity
and specificity of 51.25 and 98.75 %, respectively (Fig. 1B).
The area under the ROC curve was 0.9392. To determine the
clinical significance of IL-12, patients with SLE were divided

into active and inactive groups according to their SLEDAI
score. The correlation between serum IL-12 and SLEDAI was
assessed, however no significant correlation was identified
(data not shown). It was established that the levels of IL-12
in patients with active SLE (25.93±6.21 pg/ml) were higher
than those in patients with inactive SLE (20.25±5.45 pg/ml;
Fig. 1C). As hypocomplementemia is one of the immunological abnormalities in patients with SLE (3), the associations
among IL-12, C3 and C4 were evaluated. The results revealed
that serum levels of IL-12 were negatively associated with C3
in patients with SLE (Fig. 1D), whilst serum levels of IL-12
exhibited no significant association with C4 (data not shown).
The relationship between IL-12 and titers of anti-dsDNA
antibody was also analyzed. However, no significant correlation was found (data not shown). These findings indicated that
serum levels of IL-12 may reflect the severity of symptoms in
patients with SLE.
IL-12 levels are increased in a mouse model of lupus. The
levels of IL-12 in the lupus-model MRL/MpJ-Faslpr mice were
examined and compared with those in control mice. It was identified that the serum levels of IL-12 were markedly increased
in the MRL/MpJ-Faslpr mice (21.30±2.73 pg/ml) compared
with control C57/BL6 mice (8.11±0.72 pg/ml; Fig. 2A).
IL-12 mRNA expression in the peripheral blood mononuclear cells of MRL/MpJ-Faslpr mice was also increased
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Figure 2. IL-12 expression is increased in lupus-model MRL/MpJ-Faslpr mice. (A) Serum levels of IL-12 in MRL/MpJ-Faslpr mice in comparison with C57BL/6
mice. (B) IL-12 mRNA expression in PBMCs of MRL/MpJ-Faslpr mice in comparison with C57BL/6 mice. (C) IL-12 expression in renal homogenate from
MRL/MpJ-Faslpr mice in comparison with C57BL/6 mice. (D) IL-12 mRNA expression in kidney samples from MRL/MpJ-Faslpr mice in comparison with
C57BL/6 mice. **P<0.01 and ***P<0.001. IL, interleukin; PBMCs, peripheral blood mononuclear cells.

compared with that in control mice (Fig. 2B). Subsequently,
the mRNA and protein expression levels of IL-12 in the
kidneys of mice were examined. The results revealed that
IL-12 levels in renal homogenate from MRL/MpJ-Faslpr mice
(58.94±6.99 pg/ml) were increased compared with those in
control mice (19.82±1.90 pg/ml; Fig. 2C). Additionally, IL-12
mRNA expression in kidneys tissue from MRL/MpJ-Faslpr
mice was increased (Fig. 2D). These findings suggested that
IL-12 levels were increased in lupus-model MRL/MpJ-Faslpr
mice in comparison with controls.
Exogenous IL-12 aggravates LN. MRL/MpJ-Faslpr mice (age,
16 weeks) were injected with recombinant mouse IL-12. It
was revealed that the pathology of the kidney deteriorated
following this injection, as indicated by increased mesangial
cell proliferation and mesangial matrix deposition in glomeruli
(Fig. 3A), and interstitial cellular infiltration (Fig. 3B). Levels
of the anti-dsDNA antibody, one of the hallmarks of SLE (2),
were demonstrated to be increased following exogenous
IL-12 treatment in comparison with PBS treatment (Fig. 3C).
Compared with control treated mice, the MRL/MpJ-Faslpr
mice treated with recombinant murine IL-12 exhibited higher
levels of serum creatinine (4.45±0.37 vs. 6.31±0.38 µmol/l) and
proteinuria (5.95±0.16 vs. 7.32±0.21 mg/ml; Fig. 3D and E).
These results highlighted that exogenous IL-12 treatment
exacerbated the SLE-like symptoms in MRL/MpJ-Faslpr mice.
Anti-IL-12 antibody treatment improves LN. To verify the
effects of IL-12 on the pathogenesis of SLE, MRL/MpJ-Faslpr

mice were treated with an anti-IL-12 antibody. The histological
results demonstrated that anti-IL-12 treatment alleviated the
kidney injury, such as mesangial cell proliferation and mesangial matrix deposition in glomeruli (Fig. 4A), and interstitial
cellular infiltration (Fig. 4B). Additionally, the serum levels
of anti-dsDNA antibody were identified to be decreased in
the anti-IL-12 treatment group in comparison with the mice
treated with an isotype control (Fig. 4C). Compared with
that in mice in the isotype control group, the concentration
of serum creatinine was decreased in mice in the anti-IL-12
treatment group (4.23±0.35 vs. 2.99±0.27 µmol/l; Fig. 4D).
In addition, the levels of proteinuria were reduced in mice in
the anti-IL-12 treatment group in comparison with the isotype
control (7.20±0.20 vs. 5.19±0.15 mg/ml; Fig. 4E). These findings indicated that anti-IL-12 treatment ameliorated LN-like
symptoms in MRL/MpJ-Faslpr mice.
Discussion
The precise role of IL-12 in the pathogenesis of LN is not
fully understood (8,10). The present study revealed that serum
levels of IL-12 were increased in patients with lupus and in
lupus-model mice in comparison with controls. IL-12 reflected
the disease severity of patients with SLE using the SLEDAI
score. The present results suggested that IL-12 may serve an
important role in SLE. Several lines of experimental evidence
supported this conclusion. First, exogenous IL-12 treatment
resulted in increased SLE-like symptoms in MRL/MpJ-Faslpr
mice in comparison with controls. Second, blocking of IL-12
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Figure 3. Exogenous IL-12 treatment aggravates lupus nephritis in MRL/MpJ-Faslpr mice. (A) Representative images of H&E staining of kidney samples from
MRL/MpJ-Faslpr mice treated with IL-12 or PBS. The mesangial cell proliferation and mesangial matrix deposition in glomeruli were indicated in yellow
arrow. Magnification, x200.(B) Representative images of periodic acid-Schiff staining of kidney samples from MRL/MpJ-Faslpr mice treated with IL-12 or
PBS. The interstitial cellular infiltration was indicated in yellow arrows. Magnification, x200. (C) Serum levels of anti-dsDNA antibody in mice treated with
IL-12 or PBS. (D) Scr levels in mice treated with IL-12 or PBS. (E) Protein levels in urine of MRL/MpJ-Faslpr mice treated with IL-12 or PBS. IL, interleukin,
anti-dsDNA, anti-double stranded DNA; scr, serum creatine. *P<0.05.

Figure 4. Anti-IL-12 antibody alleviates lupus nephritis in MRL/MpJ-Faslpr mice. (A) Representative images of H&E staining of kidney samples from MRL/
MpJ-Faslpr mice treated with anti-IL-12 or PBS. The mesangial cell proliferation and mesangial matrix deposition in glomeruli were indicated in yellow arrow.
Magnification, x200.(B) Representative images of periodic acid-Schiff staining of kidney samples from MRL/MpJ-Faslpr mice treated with anti-IL-12 or
PBS. The interstitial cellular infiltration was indicated in yellow arrows. Magnification, x200. (C) Serum levels of anti-dsDNA antibody in mice treated with
anti-IL-12 or PBS. (D) Scr levels in mice treated with anti-IL-12 or PBS. (E) Protein levels in urine of MRL/MpJ-Faslprmice treated with anti-IL-12 or PBS.
IL, interleukin, anti-dsDNA, anti-double stranded DNA; scr, serum creatine. *P<0.05 and **P<0.01.

with a monoclonal anti-IL-12 antibody improved SLE symptoms in MRL/MpJ-Faslpr mice in comparison with controls.

SLE is a rheumatic disease characterized by loss of
self-tolerance, leading to the development of autoantibodies
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against self-antigens. The autoantibodies and self-antigens
form an immune complex and induce organ damage (1,3).
Previous studies have demonstrated that a variety of cytokines are involved in SLE (2,21). IL-12 is a pro-inflammatory
cytokine, largely produced by antigen-presenting cells (22).
The pro-inflammatory capacity of IL-12 is ascribed to
promotion of Th1 cell differentiation. Furthermore, IL-12
has been linked to innate immunity, as well as the development of adaptive immunity characterized by the induction of
interferon-γ production (9). IL-12 has been extensively studied
in several animal models of autoimmune diseases and cancer.
Trembleau et al (23) demonstrated that IL-12 accelerates the
onset of autoimmune insulitis and diabetes. Studies have
also demonstrated that exogenous administration of IL-12
causes severe manifestations of encephalomyelitis symptoms,
while treatment with an anti-IL-12 antibody could ameliorate experimental autoimmune encephalomyelitis (24,25).
Previous studies have revealed that IL-12-deficient mice are
protected from collagen-induced arthritis. The exogenous
administration of IL-12 aggravates the disease, while inhibition of IL-12 by an anti-IL-12 antibody results in the reduced
severity of collagen-induced arthritis (26,27). However, the
roles and mechanisms of IL-12 in SLE remain incompletely
understood. Studies have demonstrated that IL-12 expression
is elevated in the sera of patients with SLE commensurate
with disease activity (11,28). The present results are consistent
with these findings of higher IL-12 levels in patients with SLE.
However, a non-significant correlation existed between serum
IL-12 levels and the SLEDAI. Patients were divided into two
groups according to SLEDAI scores (<5, inactive patients;
≥5, active patients). The IL-12 levels in patients with inactive
SLE were lower than those in patients with active SLE, which
suggested that IL-12 reflected the disease severity of patients
with SLE. Furthermore, the present study revealed that the
levels of IL-12 were negatively associated with C3 in serum,
which was consistent with the findings of Lauwerys et al (29).
However, Huang et al (15) reported that IL-12 specific subunit
p35 mRNA expression in untreated and treated patients with
SLE was lower than that in healthy controls and hypothesized
that deficiency of IL-12 may contribute to the pathogenesis of
SLE. Although the reasons for these different observations
remain unknown, this may be because the mRNA expression
was assessed in their study, while protein expression levels of
IL-12 were determined in the present study.
The present study revealed that exogenous IL-12 treatment
resulted in increased SLE-like symptoms in MRL/MpJ-Faslpr
mice in comparison with control treatment. In line with the
present findings, Segal et al (30) found that administration
of IL-12 to aging mice reversed the Th1/T helper 2 cytokine profile and, therefore, rendered them vulnerable to the
induction of experimental SLE. However, injection of cDNA
encoding IL-12 has been demonstrated to provoke limited
amelioration in the pathogenesis of SLE model mice (31). The
differences between the study by Neumann et al (31) and the
present study may be ascribed to anti-IL-12 activity induced
by the cDNA injection procedure, as the authors described.
In the present study, blocking of IL-12 with a monoclonal anti-IL-12 antibody improved SLE-like symptoms in
MRL/MpJ-Faslpr mice. A previous study demonstrated that
MRL/MpJ-Faslpr mice with a genetic deficiency in IL-12 have
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reduced kidney pathology, diminished lymphadenopathy and
prolonged survival (32). Therefore, these findings indicated
that eliminating IL-12 may reduce systemic pathology in
lupus-model MRL/MpJ-Faslpr mice. Increasing knowledge
regarding IL-12 in SLE has led to the development of a novel
therapeutic strategy targeting IL-12. Phase III clinical trials
have demonstrated the efficacy of ustekinumab (a fully human
IgG1κ mAb directed against the p40 subunit of IL-12 and
IL-23) in treating moderate to severe plaque psoriasis (28).
In a phase II randomized controlled trial in patients with
active SLE, ustekinumab was superior to the placebo in terms
of SLE Responder Index-4 response after 24 weeks (25).
However, phase III clinical trials on the efficacy and safety of
ustekinumab in patients with SLE are required.
In summary, the present study demonstrated that an
increase in IL-12 reflected the disease severity in patients
with SLE and mouse models. Exogenous administration of
IL-12 aggravated manifestations of LN and treatment with
neutralizing anti-IL-12 antibody ameliorated LN in lupusmodel MRL/MpJ-Faslpr mice in comparison with controls.
The present data suggested that blocking IL-12 may be a therapeutic strategy to halt the progression of LN. However, there
are certain unresolved questions concerning the mechanisms
of IL-12 in LN that need to be addressed.
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