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Abstract

Background: Interleukin-37 (IL-37), a new member of IL-1 family cytokine, is recently identified as a natural inhibitor
of innate immunity. This study aimed to measure the peripheral blood mononuclear cells (PBMCs) and serum levels
of IL-37 in patients with systemic lupus erythematosus (SLE) and to investigate its role in SLE, including its correlation
with disease activity, organ disorder and the regulation of inflammatory cytokines.

Methods: The expressions of IL-37 mRNAs in PBMCs and serum IL-37 levels in 66 SLE patients were measured by
real-time polymerase chain reaction (RT-PCR) and enzyme-linked immunosorbent assay (ELISA). SLE patients PBMCs were
stimulated with recombinant IL-37, levels of cytokines TNF-α, IL-1β, IL-6 and IL-10 were detected by RT-PCR and ELISA.

Results: IL-37 mRNAs and serum protein levels were higher in patients with SLE compared with healthy controls. Patients
with active disease showed higher IL-37 mRNAs and serum protein levels compared with those with inactive disease as
well as healthy controls. Serum IL-37 levels correlated with SLEDAI and inversely with C3 and C4. Serum IL-37 levels were
higher in SLE patients with renal involvement compared with those without renal disease. In vitro, IL-37 inhibited
the production of TNF-α, IL-1β and IL-6 in PBMCs of patients with SLE, whereas the production of IL-10 was unaffected.

Conclusions: IL-37 associated with SLE disease activity, especially related with SLE renal disease activity. IL-37 is an
important cytokine in the control of SLE pathogenesis by suppressing the production of inflammatory cytokines. Thus,
IL-37 may provide a novel research target for the pathogenesis and therapy of SLE.
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Background
The interleukin (IL)-1 family of cytokines possesses a
variety of immunoregulatory properties in response to
inflammation and autoimmune diseases [1]. As the
members of the IL-1 family, seven cytokines (IL-1α,
IL-1β, IL-18, IL-33, IL-36α, IL-36β and IL-36γ) act as
agonists, and two are classified as naturally occurring re-
ceptor antagonists (IL-1Ra and IL-36Ra) [2,3]. IL-37, the
most recently identified IL-1 member, originally defined
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as IL-1 family member 7 (IL-1F7), is a fundamental
inhibitor of innate immunity [4].
Recent studies demonstrated that anti-inflammatory

cytokines TGF-β, IL-10, several toll-like receptor (TLR)
ligands and pro-inflammatory cytokines such as IL-1β,
TNF-α, IFN-γ and IL-18 induce IL-37 production in per-
ipheral blood mononuclear cells (PBMCs) [4,5]. However,
over-expressed human IL-37 suppressed the TLR-induced
pro-inflammatory cytokines in a mouse macrophage
RAW cell line, in human monocyte cell line THP-1
and in alveolar epithelial A549 cells [1,4]. In vivo, mice
transgenic for IL-37 (IL-37tg) exhibited markedly reduced
manifestations of DSS colitis, ischemia–reperfusion injury
and obesity-induced inflammation [6-8]. Compared to
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Table 1 Demographic and clinical characteristics at the
time of study of SLE and healthy controls

Characteristics SLE patients
(n = 66)

Healthy controls
(n = 41)

Age (years) 30.5 ± 8.02 (18-54) 31.8 ± 9.57 (19-58)

Sex (female/male) 59/7 37/4

Disease duration (years) 2.0 ± 1.12 -

Arthritis n (%) 3 (4.5) -

Renal diseases n (%) 40 (60.6) -

Fever n (%) 13 (19.7) -

Neurological disorder n (%) 1 (1.5) -

Leukopenia n (%) 11 (16.7) -

Thrombocytopenia n (%) 8 (12.1) -

Anti-ds-DNA antibody n (%) 39 (59.1) -

Anti-Smith antibody n (%) 30 (45.5) -

Anti-AnuA antibody n (%) 20 (30.3) -

Anti-rRNP antibody n (%) 11 (16.7) -

ESR 29.2 ± 27.80 -

Low C3 n (%) 33 (50.0) -

Low C4 n (%) 29 (43.9) -

IgG (g/L) 16.2 ± 5.63 -

IgM (g/L) 1.21 ± 0.64 -

IgA (g/L) 2.33 ± 1.09 -

SLEDAI (2-14) 6.34 ± 3.26 -

Except where otherwise indicated, values are expressed as mean ± standard
deviation. There were no significant differences between patients with SLE and
healthy donors in terms of age and sex. Anti-ds-DNA antibody, anti-double
stranded DNA antibody; Anti-Smith antibody, anti-smith-antibody; Anti-AnuA
antibody, anti-nucleosome antibody; Anti-rRNP antibody, Anti-Ribosomal RNP
Antibody; ESR, erythrocyte sedimentation rate; C3, complement 3; C4,
complement 4; IgG, Immunoglobulin G; IgM, Immunoglobulin M; IgA,
Immunoglobulin A; SLE, systemic lupus erythematosus; SLEDAI, SLE disease
activity index.
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health subjects, IL-37 was constitutively expressed in tis-
sues from patients with rheumatoid arthritis [4]. Similar
studies have found that IL-37 was not detected in the nor-
mal colonic mucosa, but in the inflamed mucosa of IBD
patients [9]. These findings tend to imply that IL-37 medi-
ates a negative feedback mechanism to suppress excessive
inflammation.
Systemic lupus erythematosus (SLE) is an autoimmune

and inflammatory disease characterized by the activation
of T and polyclonal B lymphocytes. The activation of B
cells produces numerous auto-antibodies and form im-
mune complexes with variety antigens, which result in
tissue and organ damage [10]. Cytokines collectively play
key roles in the regulation of systemic inflammation,
local tissue damage and immunoreactions [11]. Abnor-
mal release various cytokines have been identified in
SLE patients and animal models both in vitro and
in vivo [12]. Abundant studies have demonstrated that
pro- and anti-inflammatory cytokines, including TNF-α,
IL-1β, IL-6 and IL-10, play crucial pathogenic roles in
the disease of SLE [12,13]. Although the serum IL-37
levels have been found to be elevated in active patients
with SLE [14], its causal relationship with disease activity
and their clinical association and disease manifestations
in SLE is still unclear, especially the regulations of
cytokines expression by IL-37 in SLE PBMCs remain to
be studied.
In present study, we compared expressions of IL-37

mRNAs in PBMCs and serum IL-37 protein levels in
SLE patients with healthy controls. In addition, we deter-
mined the correlation of serum IL-37 levels with disease
activity and clinical manifestations in SLE, investigated
the effect of IL-37 on the expressions of cytokine TNF-α,
IL-1β, IL-6 and IL-10.

Materials and methods
Patients and controls
The study was approved by the Review Board for Peking
University Shenzhen Hospital in Shenzhen, People’s
Republic of China. Sixty-six patients who satisfied the
revised classification criteria of the ACR for SLE [15] were
recruited from the Rheumatology Department, Peking
University Shenzhen Hospital. Forty-one age- and sex-
matched volunteers were recruited from Peking University
Shenzhen Hospital as healthy controls. Informed consent
was obtained from recruited subjects. Individuals with
other rheumatic diseases, infections or malignant tumors
were excluded from the study.
SLE patients’ laboratory tests containing anti-double

stranded (ds) DNA antibody, anti-nucleosome antibody
(AnuA), anti-smith antibody (Smith), Anti-Ribosomal
RNP Antibody (rRNP), erythrocyte sedimentation rate
(ESR), complement 3 (C3), complement 4 (C4), IgG,
IgM and IgA were performed. Clinical data from each
patients were recorded. Lupus disease activities were
assessed by using the Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI) score [16]. Active lupus
disease was defined as SLEDAI score ≥ 6 [17,18]. Demo-
graphic characteristics of the SLE patients and healthy
controls are listed in Table 1.

Blood samples
Fasting venous bloods (4 ml) were collected and processed
within three hours. PBMCs were isolated from patients
and healthy controls by a Ficoll-Paque Plus (TBDscience,
China) density gradient centrifugation for cell culture or
stored at -80°C until RNA extraction. Serum samples were
stored at -80°C until cytokine were determined.

Recombinant human IL-37 protein
Cloning
The gene for interleukin 37 gene (homo species) was
amplified from cDNA of peripheral blood mononuclear
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cell using the primer pair 5′- CGGGATCCATGGTTCA
CACAAGTCCA-3′ and 5′- CCCAAGCTTCTAATCGC
TGACCTCACT-3′. The PCR fragments were double
digested with restriction endonucleases (Takara, China)
and ligated into the prokaryotic expression vectors.

Expression
The fusion proteins were expressed in a stable prokaryotic
expression system. Briefly, ligation mixtures (as described
above) were transformed into E. coli Trans (T1) compe-
tent cells. The positive clones were identified by colony
PCR. The plasmids of positive clones were then sequenced
by Sanger method. The plasmid that was 100% identify
with the published sequence (GenBank:AF167368) was
transformed into expression host E. coli competent cells.
The induced and uninduced cultures were analyzed by
SDS-PAGE to identify the expression of recombinant
protein.

Purification and characterization of IL-37
The harvested cells were resuspended in NaCl- Tris-HCl
buffer, sonicated in an ice bath, 12000 rpm centrifuged
30 min, then the supernatant were collected. The super-
natant were added to His Trap HP, 1 ml column (GE)
that had been equilibrated with NaCl-Tris-HCl buffer.
Different concentrations of imidazole buffer were used
to elute the recombinant protein. Collected target pro-
tein peaks were examined by SDS-PAGE electrophoresis
and immunoblot analysis using anti-human IL-37 anti-
bodies (Abcam, UK). The eluted recombinant proteins
were dialyzed in PBS at 4°C for overnight. The concen-
trations were detected by Brandford methods, and the
recombinant protein was stored at -20°C.

Cell culture condition
Culture medium, consisted of RPMI 1640 (Hyclone,
Thermo, USA) supplemented with 10% Fetal Calf Serum
(Sijiqing, Zhejiang, China), 100 IU/ml penicillin and
100 μg/ml streptomycin (Beyotime, China), respectively.
Whole PBMCs were cultured in 24 well, flat-bottomed
plates (5 × 105 cells/ml/well) for 24 h, PBMCs were stim-
ulated with or without human recombinant IL-37 at
100 ng/ml for 6 h, total RNAs were extracted, and cyto-
kine transcriptions were analyzed by RT-PCR. PBMCs
were stimulated with or without human recombinant
IL-37 at 100 ng/ml for 24 h, and then incubated further
with LPS (1 μg/ml) for 6 h, culture supernatants were
harvested and froze at -80°C for later cytokine analysis
by ELISA.

RNA extraction and real-time polymerase chain reaction
(RT-PCR)
Total RNA was extracted from PBMCs with Trizol
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Then the quantity and
purity of RNA was determined by absorbance on a
FilterMax F5 Multi-Mode Microplate Reader (Sunnyvale,
California, USA) at 260 nm and 280 nm. Samples with
ratios from 1.8 to 2.0 were accepted for next reverse tran-
scription reaction. cDNAs were prepared by using the
iScript™ cDNA Synthesis kit (Bio-Rad, USA). PCR primers
(Generay, Shanghai, China) used for RT-PCR were as
follows: for IL-37, sense: 5′-AGTGCTGCTTAGAAGAC
CCGG-3′ and 5′-AGAGTCCAGGACCAGTACTTTGT
GA-3′(reverse); TNF-α, sense: 5′-ACCTCTCTCTAATCA
GCCCTCT-3′ and anti-sense: 5′-GGGTTTGCTACAAC
ATGGGCTA; IL-1β, sense: 5′- CCACAGACCTTCCAG
GAGAAT-3′ and anti-sense: 5′-GTGCACATAAGCCT
CGTTATCC-3′; IL-6, sense: 5′-AGCCACTCACCTCTTC
AGAAC-3′ and anti-sense: 5′-ACATGTCTCCTTTCTCA
GGGC-3′; IL-10, sense: 5′-CTGCCTAACATGCTTCGA
GATC-3′ and anti-sense: 5′-TCCTCCAGCAAGGACTC
CTTT-3′; β-actin, 5′-CCTGACTGACTACCTCATGAA
G-3′ and anti-sense: 5′-GACGTAGCACAGCTTCTCCT
TA-3′. RT-PCR amplification reactions were prepared with
the SYBR Green PCR kit (Bio-rad, USA) and performed
using the 7500 fast Real-Time PCR system (Applied
Biosystems, USA). PCR products were verified by melting
curve analysis. Relative mRNA levels of target genes were
calculated by the 2-ΔΔct method.

Enzyme-linked immunosorbent assay (ELISA)
Serum IL-37 levels and cell culture supernatant IL-37,
TNF-α, IL-1β, IL-6 and IL-10 levels were determined by
ELISA following the manufacturer’s instructions. IL-37
was quantified using ELISA reagent kits purchased from
AdipoGen (San Diego, CA, USA). Detection of the cyto-
kines TNF-α, IL-1β, IL-6 and IL-10 were accomplished
using the eBioscience kit (San Diego, CA, USA).

Statistical analysis
Data were expressed as mean (±SEM) or median (range)
and analysed by Graphpad Prism V.5.00 software
(GraphPad Software, San Diego CA, USA). Comparisons
between groups were made using nonparametric Mann-
Whitney U-test. Spearman correlation test was used to
assess the association between serum IL-37 levels and
different variables. P values under 0.05 were considered
statistically significant.

Results
IL-37 mRNAs and serum protein levels were higher in
patients with SLE compared with healthy controls
The expressions of IL-37 mRNAs in PBMCs and Serum
IL-37 protein levels from 66 SLE patients and 41 age-
and sex-matched healthy controls (HC) were measured
by RT-PCR and ELISA, respectively. SLE patients and
healthy controls did not reveal significant differences in
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terms of mean age or sex distribution (Table 1). As
shown in Figure 1A, SLE patients had significantly higher
IL-37 mRNAs levels than healthy controls (P = 0.0009).
Figure 1B also displayed significant elevation of serum
IL-37 protein levels in patients with SLE compared with
healthy controls (P = 0.0002), indicating that IL-37 prob-
ably participated in the mediation of pathogenesis of SLE.

IL-37 mRNAs and serum protein levels were higher in SLE
patients with active disease compared with those with
inactive disease
We next investigated whether IL-37 was related to dis-
ease activity in SLE patients. We divided SLE patients
into active groups (SLEDAI score ≥ 6) and inactive groups
(SLEDAI score < 6) according to SLEDAI. As seen in
Figure 2A and B, significant differences were viewed in
IL-37 mRNAs and protein levels between patients with
active and those with inactive diseases (P = 0.0218,
P = 0.0023, respectively). In the meantime, patients with
active disease displayed higher IL-37 mRNAs and serum
IL-37 protein levels than healthy controls (P < 0.0001,
P < 0.0001, respectively). However, we did not observe the
differences of IL-37 mRNAs and protein levels between
patients with inactive disease and healthy controls
(Figure 2). Thus, we speculated that IL-37 probably
was associated with disease activity of SLE.

Correlation between IL-37 levels and SLEDAI as well as
laboratory values
To further survey the relationship between serum IL-37
protein levels and disease activity, we next detected
correlations between IL-37 and SLEDAI as well as la-
boratory values such as anti-dsDNA, smith, AnuA, rRNP
antibody, IgG, IgM, IgA, ESR, C3 and C4. A significantly
positive correlation was observed between serum IL-37
levels and SLEDAI (r = 0.3416, P = 0.005, Figure 3A).
There was a negative correlation between serum IL-37
and C3 levels (r = -0.3687, P = 0.0023, Figure 3B), as well
as C4 levels (r = -0.3175, P = 0.0094, Figure 3C). No
Figure 1 Comparison of IL-37 mRNAs and protein levels between SLE
(n = 66) and healthy controls (HC, n = 41) were determined by RT-PCR. Resu
box) and 10th, 25th, 75th, and 90th percentiles (bottom bar, bottom of box,
SLE patients (n = 66) and healthy controls (HC, n = 41) were determined by
controls. Horizontal lines indicate median values. Mann-Whitney U-test and
significant correlations were found between serum IL-37
levels and anti-dsDNA, smith, AnuA, rRNP antibody,
IgG, IgM, IgA and ESR, respectively (data not shown).

Association of serum IL-37 protein levels with clinical
features in SLE
To assess associations between serum IL-37 protein
levels and clinical manifestations, serum IL-37 protein
levels were compared among patients with and those
without certain clinical features as well as healthy con-
trols. We identified that no significant differences in
serum IL-37 protein levels between patients in the pres-
ence of malar rash, serositis, arthritis, fever, neurological
disorder, anemia, leucopenia and thrombocytopenia, and
patients in the absence of the above-mentioned clinical
manifestations (data not shown). Nevertheless, we dis-
cerned that serum IL-37 levels were significantly higher
in patients with renal disease compared with those with-
out these manifestations (P = 0.033, Figure 4), further-
more the patients without renal disease did not show
significant higher serum IL-37 level than healthy con-
trols (Figure 4), illustrating that IL-37 probably related
with renal disorder in SLE.

IL-37 inhibits the productions of inflammatory cytokines
in PBMCs of SLE patients
IL-37 has been reported as an inhibitor of innate immun-
ity [4]. To assess whether IL-37 had a similar capacity to
regulate the expressions of inflammatory cytokines in-
volved in the pathogenesis of SLE. We have expressed
and purified recombinant human IL-37 protein (Additional
file 1). Initially, we evaluated the effects of IL-37 on LPS-
induced cytokines expression in PBMCs. The cells were
pre-incubated with or without different concentrations of
IL-37 (0 ng/ml, 1 ng/ml, 10 ng/ml, 100 ng/ml and 200 ng/
ml) for 6 h, and then incubated further with LPS (1 μg/ml)
for 6 h. IL-37 significantly reduced the LPS-induced TNF-
α, IL-6 and IL-1β mRNA expressions at 100 ng/ml and
200 ng/ml (Additional file 2A-C), but the expression of
and HC. (A) Expressions of IL-37 mRNAs in PBMCs from SLE patients
lts are depicted as box plots, with median (horizontal line within each
top of box, and top bar, respectively). (B) Serum IL-37 protein levels in
ELISA. Each symbol represents an individual SLE patients and healthy
associated P values are indicated.



Figure 2 Comparison of IL-37 mRNAs and protein levels among SLE patients with active disease and inactive disease as well as HC.
(A) Levels of IL-37 mRNAs in PBMCs from SLE patients, distributed according to disease activity (i.e. active (n = 36) versus inactive (n = 30)), were
compared by RT-PCR with those from healthy controls (HC, n = 41). Results are depicted as box plots, with median values, 25th and 75th quartile
and the range of values. (B) Serum IL-37 protein levels in SLE patients, distributed according to disease activity (i.e. active (n = 36) versus inactive
(n = 30)), were compared by ELISA with those from healthy controls (HC, n = 41). Each symbol represents an individual patient. Horizontal lines
indicate median values. Mann-Whitney U-test and associated P values are indicated. NS, no significant.
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IL-10 mRNA was not clearly to be inhibited (Additional
file 2D).
To further address the effect of IL-37 on cytokines in

PBMCs from SLE patients, IL-37 (100 ng/ml) was added
to the cultures of PBMCs from SLE and healthy controls
separately. Our experiments showed that the expressions
of pro-inflammatory cytokines TNF-α, IL-6 and IL-1β
mRNAs in PBMCs of SLE patients were significantly
suppressed by IL-37 (Figure 5A,C,E). Meanwhile, IL-37
also markedly reduced the secretions of TNF-α, IL-6
and IL-1β in PBMCs of SLE patients (Figure 5B,D,F).
By contrast, no change of IL-10 mRNAs and protein
levels were detected (Figure 5G and H). Interestingly,
these cytokines expressions in PBMCs of healthy con-
trols were unaffected by treatment with IL-37 (data not
shown).

Discussion
Although IL-37 mRNA expression and serum protein
level has been demonstrated to be higher in active SLE
patients [14], but information with regard to its clinical
association and disease manifestation is lacking. Our
results provide a detailed analysis of IL-37 expression in
Figure 3 Correlation of serum IL-37 levels with SLEDAI as well as labo
Serum IL-37 levels were positively correlated with SLEDAI. (B) Negative relatio
relationship was observed between serum IL-37 levels and C4. The correlation
SLE patients (SLEDAI ≥ 6, active SLE and SLEDAI < 6,
inactive SLE) and healthy controls. We demonstrated
that IL-37 mRNAs expressions and serum protein levels
were higher in 66 patients with SLE than in 41 healthy
controls (Figure 1). Further investigation revealed that
IL-37 mRNAs and protein levels were significantly
higher in 36 patients with active diseases than in 30 pa-
tients with inactive diseases and in 41 healthy controls.
However, there is no difference between inactive diseases
and healthy controls (Figure 2). In order to further
proved the relationship between IL-37 expression and
SLE laboratory values, we made efforts to analyze the
correlation between serum IL-37 protein levels and sev-
eral laboratory values. Our novel data suggested that
serum IL-37 levels were negatively correlated with C3
and C4 (Figure 3), but it lacked association with other
laboratory values (anti-dsDNA, smith, AnuA, rRNP anti-
body, IgG, IgM, IgA and ESR) (data not shown). Thus,
our findings implied that the expression of IL-37 is cor-
related with activity of SLE, and IL-37 probably involved
in the mediation of the disease activity. In patients with
SLE, skin involvement, arthritis and renal disorder are
very common manifestations. We showed that no
ratory values. Each symbol represents an individual SLE patient. (A)
nship was observed between serum IL-37 levels and C3. (C) Negative
s were evaluated with Spearman’s non-parametric test.



Figure 4 Elevated serum IL-37 levels in SLE patients with renal
disease. Serum IL-37 levels exhibited a significant elevation in patients
with renal involvement (n = 40) relative to patients without renal
disease (n = 26) as well as healthy control (HC, n = 41). Each symbol
represents an individual patient or healthy control. Horizontal lines
indicate median values. Mann-Whitney U-test and associated P values
are indicated. NS, no significant.

Figure 5 IL-37 inhibits the expression of inflammatory cytokines in PB
healthy controls (n = 41) were stimulated with IL-37 (100 ng/ml) for 6 hour
and IL-6 (E) IL-10 (G) mRNAs by RT-PCR. Box plots show the median values, 2
with IL-37 (100 ng/ml) for 24 hour, and then incubated further with LPS (1 μg
and IL-10 (H) levels using enzyme-linked immunosorbent assay (ELISA). Each s
indicate median values. Actual P values are shown in the graph. NS, no signifi
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significant differences in serum IL-37 protein levels
between the patients who had malar rash, serositis, arth-
ritis, fever, neurological disorder, anemia, leucopenia and
thrombocytopenia and the patients who absented the
above-mentioned clinical manifestations (data not shown).
Surprisingly, serum IL-37 levels were significantly higher
in patients with renal disease compared with patients
without renal involvement together with healthy controls
(Figure 4). In summary, our experiments demonstrated
that the expression levels of IL-37 correlated with the
disease activity, laboratory values and clinical manifes-
tations of SLE.
Imbalances between pro- and anti-inflammatory cyto-

kines are hallmarks of the pathogenesis of SLE [19,20]. It
has been demonstrated that pro-inflammatory cytokines
TNF-α, IL-1β, IL-6 and cytokine IL-10 levels are signifi-
cantly elevated in the serum of SLE patients and correl-
ate with disease activity [13,21,22]. In particular, the
expressions of TNF-α, IL-6 and IL-10 are markedly ele-
vated in SLE patients with lupus nephritis [20-22]. Pub-
lished data have shown that blocking these cytokines
significantly improved the development of SLE [23-26].
Uppal SS et al showed that nine SLE patients treated
with anti-TNF-α monoclonal antibody, five patients
showed improvement in disease activity (SLEDAI) [24].
Two very small uncontrolled studies of three and four
SLE patients suggested that blocking IL-1 signaling might
have beneficial effects on lupus-related manifestations
MCs of patients with SLE. PBMCs from SLE patients (n = 66) and
, the total RNAs were extracted and analyzed for TNF-α (A), IL-1β (C)
5th and 75th quartile and the range of values. The cells were stimulated
/ml) for 6 h, supernatants were examined for TNF-α (B), IL-1β (D), IL-6 (F)
ymbol represents an individual patient or healthy control. Horizontal lines
cant.
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[24]. In addition, SLE patients with tocilizumab (anti-IL-6
receptor antibody) treatment resulted in significant clinical
improvement, especially in SLE patients with arthritis [25].
Another study found that administration of anti-IL-10
monoclonal antibody (21 consecutive days) to six patients
with moderate lupus (an open study) resulted in healing of
arthritis and cutaneous lesions [26].
In our present study, the expressions of TNF-α, IL-1β,

IL-6 and IL-10 were significantly increased in PBMCs of
SLE patients than in PBMCs from healthy controls.
Interestingly, our result also showed that the expression
of IL-37 was correlated with the activity of disease in
SLE. What are the functions of a fundamental innate im-
munity inhibitor IL-37 [4] in SLE? To answer the ques-
tion, recombinant purified IL-37 was used to stimulate
PBMCs from SLE patients and health controls. Our
study is the first to reveal that IL-37 could effectively
decrease the productions of pro-inflammatory cytokines
TNF-α, IL-6 and IL-1β (Figure 5A-F), whereas the pro-
ductions of cytokine IL-10 were unaffected in PBMCs of
SLE patients (Figure 5G-H). Researcher showed that
IL-37 can be up-regulated by cytokines IL-1β, TNF-α
and IL-10 [4,5], indicating these cytokines act as positive
feedback loops for up-regulation of IL-37 production.
Therefore, it is reasonable to explain the correlation
between higher activity of disease and the higher expres-
sion levels of IL-37 in SLE. Recently, IL-37 has been
shown to inhibit the production of pro-inflammatory
cytokines TNF-α, IL-1β and IL-6 in PBMCs in vitro [4].
Together with this result, the down regulation of pro-
inflammatory cytokines in our experiments imply that
IL-37 may play an important role in the inhibition of
inflammatory response in SLE, the up regulation of
IL-37 by SLE immune reaction may be the result of in-
flammatory diseases self-limiting. It has been shown that
the expression of IL-10 in PBMCs was unaffected by
treatment with siIL-37 [4], which was consistent with
our finding. These data demonstrated that IL-37 acts as
an inhibitor of inflammatory responses in SLE disease,
but this function does not extend to cytokines IL-10.
Interestingly, the pro-inflammatory cytokine produc-

tions in PBMCs of healthy controls and inactive disease
with SLE patients were unaffected by treatment with IL-37
(Figure 5), suggesting that anti-inflammatory actions of
IL-37 are only in the inflammatory phase and active dis-
ease conditions of SLE. Nold et al. showed that IL-37 sup-
presses the phosphorylation of p38 MAPK [4], which are
known to be involved in the pathogenesis of SLE and con-
tributes to several pro-inflammatory signaling cascades
[27]. It has been demonstrated that inhibition of p38
MAPK activation reduced serum TNF-a, IL-1β and IL-6
levels and attenuated SLE renal injury [28,29]. Thus, it is
plausible that down-regulation of several kinase activity by
IL-37, such as p38 MAPK, might result in reduced
expression of pro-inflammatory cytokines in PBMC during
inflammatory responses, which could lead to suppression
of excessive immune response, and protection of tissue
damage in SLE.

Conclusions
In summary, our study showed that the expressions of
IL-37 correlated with the disease activity of SLE. Mean-
while, it was likely to mediate a negative feedback mechan-
ism to suppress excessive inflammation in SLE, especially
in renal disease of SLE. Furthermore, we demonstrated
that the expressions of pro-inflammatory cytokines TNF-
α, IL-6 and IL-1β were suppressed by IL-37 in active SLE
patients. These observations implicate that IL-37 probably
played an important role in the inhibition of pathogenesis
of SLE. Future efforts need to define the regulatory
mechanisms of IL-37 in the mediation of immune
reaction of SLE.

Additional files

Additional file 1: Recombinant human IL-37 fusion protein. (A)
Cloning of human IL-37 gene. Human IL-37 gene was amplified using
Taq polymerase and the PCR product was found about 522 bp. Molecular
weight makers and sizes were shown on the left. Lane 1-5: Positive clones
of human IL-37 gene; Lane 6: negative control. (B) Expressions of human
IL-37 in E. coli Transetta (DE3) cells. The expression of human IL-37 was
induced with IPTG. Induced and uninduced cultures were compared by
SDS-PAGE. Molecular weight makers and sizes are shown on the left.
Lane 1: uninduced cells; Lane 2 and 3: induced cells respectively. (C)
Gel electrophoresis of purified human IL-37. Molecular weight makers
and sizes are shown on the left. (D) Western blot analysis using monoclonal
antibodies (mAb) against the human IL-37.

Additional file 2: Dose-dependent effects of IL-37 on inflammatory
cytokines mRNA expression in PBMCs of healthy donors. PBMCs of
healthy donors were stimulated for 6 h with different concentrations of
IL-37, and then incubated further with or without LPS (1 μg/ml) for 6 h.
The TNF-α (A), IL-6 (B), IL-1β (C) and IL-10 (D) mRNAs expression was analyzed
by real-time polymerase chain reaction (PCR). Values are the mean ± SEM
(n = 3). *P < 0.05; **P < 0.01.

Abbreviations
IL-37: Interleukin-37; SLE: Systemic lupus erythematosus; SLEDAI: Systemic
lupus erythematosus disease activity index; PBMC: Peripheral blood
mononuclear cell; PCR: Polymerase chain reaction; RT-PCR: Real-time
polymerase chain reaction; ELISA: Enzyme-linked immunosorbent assay;
TNF: Tumor necrosis factor; Anti-ds-DNA antibody: Anti-double stranded
DNA antibody; Anti-anuA antibody: Anti-nucleosome antibody; Anti-smith
antibody: Anti-smith-antibody; Anti-rRNP antibody: Anti-ribosome
ribonucleoprotein antibody; ESR: Erythrocyte sedimentation rate;
C3: Complement 3; C4: Complement 4; IgG: Immunoglobulin G;
IgM: Immunoglobulin M; IgA: Immunoglobulin A.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
LY contributed to the experimental design, data acquisition, data analysis
and the manuscript draft and edition. YW, YL, TY, BC, JZ and LD performed
the data acquisition and interpretation of cell culture, RT-PCR and ELISA. LY
and SH participated in data analysis. FZ provided recombinant human IL-37
fusion protein. LJ and JD supplied samples, clinical and laboratory data. ZH

http://www.biomedcentral.com/content/supplementary/1479-5876-12-69-S1.tiff
http://www.biomedcentral.com/content/supplementary/1479-5876-12-69-S2.tiff


Ye et al. Journal of Translational Medicine 2014, 12:69 Page 8 of 8
http://www.translational-medicine.com/content/12/1/69
designed experiments, analyzed the data, read and revised the draft paper.
All authors read and gave final approval of the version to be published.
Acknowledgements
This work was supported by grants from the National Natural Science
Foundation of China (No: 81273305), the Basic Research Program of Science
and Technology Plan of Shenzhen (No: JC201005280578A), and the Special
Program of Construction National Innovative City of Shenzhen (No:
301201003010). The authors would like to thank the patients and their
parents for donation of samples to the study. In addition, the authors
thank the staff of Peking University Shenzhen Hospital for assistance with
the collection of clinical samples, members of the laboratory for help
with sample processing and clinical data collection.

Author details
1Biological therapy institute, Shenzhen University School of Medicine, 518060
Shenzhen, China. 2Department of Pathogen Biology and Immunology,
Shenzhen University School of Medicine, 518060 Shenzhen, China.
3Shenzhen City Shenzhen University Immunodiagnostic Technology
Platforms, 518060 Shenzhen, China. 4Department of laboratory medicine,
Peking University Shenzhen Hospital, 518036 Shenzhen, China. 5Department
of Preventive Medicine, Shenzhen University School of Medicine, 518060
Shenzhen, China.

Received: 19 October 2013 Accepted: 12 March 2014
Published: 16 March 2014
References
1. Akdis M, Burgler S, Crameri R, Eiwegger T, Fujita H, Gomez E, Klunker S,

Meyer N, O'Mahony L, Palomares O, Rhyner C, Ouaked N, Schaffartzik A, Van
De Veen W, Zeller S, Zimmermann M, Akdis CA: Interleukins, from 1 to 37,
and interferon-γ: receptors, functions, and roles in diseases. J Allergy Clin
Immunol 2011, 127:701–721.

2. Boraschi D, Lucchesi D, Hainzl S, Leitner M, Maier E, Mangelberger D,
Oostingh GJ, Pfaller T, Pixner C, Posselt G, Italiani P, Nold MF, Nold-Petry CA,
Bufler P, Dinarello CA: IL-37: a new anti-inflammatory cytokine of the IL-1
family. Eur Cytokine Netw 2011, 22:127–147.

3. Dinarello C, Arend W, Sims J, Smith D, Blumberg H, O'Neill L, Goldbach-
Mansky R, Pizarro T, Hoffman H, Bufler P, Nold M, Ghezzi P, Mantovani A,
Garlanda C, Boraschi D, Rubartelli A, Netea M, van der Meer J, Joosten L,
Mandrup-Poulsen T, Donath M, Lewis E, Pfeilschifter J, Martin M, Kracht M,
Muehl H, Novick D, Lukic M, Conti B, Solinger A, et al: IL-1 family
nomenclature. Nat Immunol 2010, 11:973.

4. Nold MF, Nold-Petry CA, Zepp JA, Palmer BE, Bufler P, Dinarello CA: IL-37 is a
fundamental inhibitor of innate immunity. Nat Immunol 2010, 11:1014–1022.

5. Bufler P, Gamboni-Robertson F, Azam T, Kim SH, Dinarello CA: Interleukin-1
homologues IL-1F7b and IL-18 contain functional mRNA instability
elements within the coding region responsive to lipopolysaccharide.
Biochem J 2004, 381:503–510.

6. McNamee EN, Masterson JC, Jedlicka P, McManus M, Grenz A, Collins CB,
Nold MF, Nold-Petry C, Bufler P, Dinarello CA, Rivera-Nieves J: Interleukin 37
expression protects mice from colitis. Proc Natl Acad Sci U S A 2011,
108:16711–16716.

7. Sakai N, Van Sweringen HL, Belizaire RM, Quillin RC, Schuster R, Blanchard J,
Burns JM, Tevar AD, Edwards MJ, Lentsch AB: Interleukin-37 reduces liver
inflammatory injury via effects on hepatocytes and non-parenchymal
cells. J Gastroenterol Hepatol 2012, 27:1609–1616.

8. Ballak DB, Suzhao L, Janna AVD, Alexander RM, Henry J, Anneke H, Gert-Jan
G, Philip B, Sander K, Leo ABJ, Herbert T, Charles AD, Mihai GN, Cees JT,
Rinke S: IL-37 protects against obesity-induced inflammation and insulin
resistance. Cytokine 2013, 63:245–246.

9. Imaeda H, Takahashi K, Fujimoto T, Kasumi E, Ban H, Bamba S, Sonoda H,
Shimizu T, Fujiyam Y, Andoh A: Epithelial expression of interleukin-37b in
inflammatory bowel disease. Clin Exp Immunol 2013, 172:410–416.

10. Crispín JC, Liossis S-NC, Kis-Toth K, Lieberman LA, Kyttaris VC, Juang YT,
Tsokos GC: Pathogenesis of human systemic lupus erythematosus: recent
advances. Trends Mol Med 2010, 16:47–57.

11. Jacob N, Stohl W: Cytokine disturbances in systemic lupus
erythematosus. Arthritis Res Ther 2011, 13:228.
12. Su DL, Lu ZM, Shen MN, Li X, Sun LY: Roles of pro- and anti-inflammatory
cytokines in the pathogenesis of SLE. J Biomed Biotechnol 2012,
2012:347141.

13. Bezalel S, Asher I, Elbirt D, Sthoeger ZM: Novel biological treatments for
systemic lupus erythematosus: current and future modalities. Isr Med
Assoc J 2012, 14:508–514.

14. Song L, Qiu F, Fan Y, Ding F, Liu H, Shu Q, Liu W, Li X: Glucocorticoid
regulates interleukin-37 in systemic lupus erythematosus. J Clin Immunol
2013, 33:111–117.

15. Hochberg MC: Updating the American College of Rheumatology revised
criteria for the classification ofsystemic lupus erythematosus. Arthritis
Rheum 1997, 40:1725.

16. Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH: Derivation of
the SLEDAI. A disease activity index for lupus patients. Arthritis Rheum
1992, 35:630–640.

17. Wu Q, Yang Q, Lourenco E, Sun H, Zhang Y: Interferon-lambda1 induces
peripheral blood mononuclear cell-derived chemokines secretion in
patients with systemic lupus erythematosus: its correlation with disease
activity. Arthritis Res Ther 2011, 13:R88.

18. Novick D, Elbirt D, Miller G, Dinarello CA, Rubinstein M, Sthoeger ZM: High
circulating levels of free interleukin-18 in patients with active SLE in the
presence of elevated levels of interleukin-18 binding protein.
J Autoimmun 2010, 34:121–126.

19. Yu SL, Kuan WP, Wong CK, Li EK, Tam LS: Immunopathological roles of
cytokines, chemokines, signaling molecules, and pattern-recognition
receptors in systemic lupus erythematosus. Clin Dev Immunol 2012,
2012:715190.

20. Apostolidis SA, Lieberman LA, Kis-Toth K, Crispín JC, Tsokos GC: The
dysregulation of cytokine networks in systemic lupus erythematosus.
J Interferon Cytokines Res 2011, 31:769–779.

21. Tsai C-Y, Wu T-H, Yu C-L, Lu J-Y, Tsai Y-Y: Increased excretions of β2-
microglobulin, IL-6, and IL-8 and decreased excretion of Tamm-Horsfall
glycoprotein in urine of patients with active lupus nephritis.
Nephron 2000, 85:207–214.

22. Herrera-Esparza R, Barbosa-Cisneros O, Villalobos-Hurtado R, Avalos-Díaz E:
Renal expression of IL-6 and TNFα genes in lupus nephritis. Lupus 1998,
7:154–158.

23. Uppal SS, Hayat SJ, Raghupathy R: Efficacy and safety of infliximab in
active SLE: a pilot study. Lupus 2009, 18:690–697.

24. Ostendorf B, Iking-Konert C, Kurz K, Jung G, Sander O, Schneider M:
Preliminary results of safety and efficacy of the interleukin 1 receptor
antagonist anakinra in patients with severe lupus arthritis. Ann Rheum
Dis 2005, 64:630–633.

25. Illei GG, Shirota Y, Yarboro CH, Daruwalla J, Tackey E, Takada K, Fleisher T,
Balow JE, Lipsky PE: Tocilizumab in systemic lupus erythematosus: data
on safety, preliminary efficacy, and impact on circulating plasma cells
from an open-label phase I dosage-escalation study. Arthritis Rheum 2010,
62:542–552.

26. Llorente L, Weiping Z, Yves L, Yvonne RP, John W, Jorge AV, Brigitte MF,
Jean CB, Donato AS, Pierre G, Dominique E: Role of interleukin 10 in the B
lymphocyte hyperactivity and autoantibody production of human
systemic lupus erythematosus. J Exp Med 1995, 181:839–844.

27. Wong CK, Wong PTY, Tam LS, Li EK, Chen DP, Lam CWK: Activation profile
of intracellular mitogen-activated protein kinases in peripheral lymphocytes
of patients with systemic lupus erythematosus. J Clin Immunol 2009,
29:738–746.

28. Thalhamer T, McGrath MA, Harnett MM: MAPKs and their relevance to
arthritis and inflammation. Rheumatology 2008, 47:409–414.

29. Iwata Y, Wada T, Furuichi K, Sakai N, Matsushima K, Yokoyama H, Kobayashi K:
p38 Mitogen-activated protein kinase contributes to autoimmune renal
injury in MRL-Fas lpr mice. J Am Soc Nephrol 2003, 14:57–67.

doi:10.1186/1479-5876-12-69
Cite this article as: Ye et al.: IL-37 inhibits the production of inflammatory
cytokines in peripheral blood mononuclear cells of patients with systemic
lupus erythematosus: its correlation with disease activity. Journal of
Translational Medicine 2014 12:69.


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Patients and controls
	Blood samples
	Recombinant human IL-37 protein
	Cloning
	Expression
	Purification and characterization of IL-37

	Cell culture condition
	RNA extraction and real-time polymerase chain reaction (RT-PCR)
	Enzyme-linked immunosorbent assay (ELISA)
	Statistical analysis

	Results
	IL-37 mRNAs and serum protein levels were higher in patients with SLE compared with healthy controls
	IL-37 mRNAs and serum protein levels were higher in SLE patients with active disease compared with those with inactive disease
	Correlation between IL-37 levels and SLEDAI as well as laboratory values
	Association of serum IL-37 protein levels with clinical features in SLE
	IL-37 inhibits the productions of inflammatory cytokines in PBMCs of SLE patients

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


