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Interleukin-34 in rheumatoid
arthritis: potential role in clinical therapy
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Abstract: Objective: To investigate, whether interleukin (IL)-34 can be used as marker for treatment effectiveness
in rheumatoid arthritis (RA). Methods: Serum samples were collected from 35 healthy participants and 83 patients
with RA before as well as 4 weeks and 12 weeks after treatment initiation with the tumor necrosis factor o (TNF-cx)
inhibitor Etanercept. Related clinical data and hand radiograms of the patients were evaluated and serum IL-34,
IL-6, IL-8, TNF-a, matrix metalloproteinase-3 (MMP-3) in addition to anti-cyclic citrullinated peptide (CCP) antibody
concentrations were measured by ELISA. Results: Serum concentrations of IL-34, IL-6, IL-8, TNF-&, MMP-3 and anti-
CCP antibodies were markedly elevated in RA patients compared with controls (P<0.001), significantly decreased
during treatment and correlated with erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) and RA disease
activity (P<0.05). IL.-34 correlated withIL-6, IL-8, TNF-a, MMP-3 and anti-CCP antibodies in RA patients at baseline
(P<0.01) and also with IL-8, MMP-3, IL-6, and DAS28 changes during therapy. Patients in stage Ill of hand X-ray RA
scores had higher IL-34 serum concentrations than in stage Il (P<0.05). IL-34 level decreased significantly (P<0.01)
starting from 4 weeks after therapy initiation. Conclusions: IL.-34 serum concentrations correlated with inflammatory
cytokines before and during therapy and were significantly higher in stage Ill of hand X-ray score patients than in

stage Il participants. IL-34 might be used both as a biomarker for RA diagnosis and therapy efficiency.
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Introduction

Rheumatoid Arthritis (RA) is a chronic autoim-
mune disease characterized by persistent
synovitis, systemic inflammation, and autoanti-
bodies (rheumatoid factors and citrullinated
peptide), resulting in bone erosion, deformity
and dysfunctional joints [1]. Interleukin (IL)-34
is a cytokine, which shares the same receptor
with the macrophage colony-stimulating factor
(M-CSF) [2, 3]. Recent studies have shown that
IL-34 might be involved in the pathogenesis of
RA:1) IL-34 was increased in serum and syno-
vial fluid of RA patients and decreased after
treatments [4, B]; 2) Levels of IL-34 in synovial
fluid of RA patients were increased by TNF-a
stimulated synovial fibroblasts and might be
related to the severity of synovitis [6]; 3) IL.-34
might be involved in bone destruction in RA [7,
8]. Evidence from previous studies has revealed
that some cytokines play key roles in the patho-
genesis of RA and might also be valuable for

evaluating therapeutic efficacies. For instance,
TNF-a0 was shown to serve as a center of the
cytokine network in the pathogenesis of RA by
activating mononuclear macrophages, T-cells,
synovial fibroblasts, chondrocytes and osteo-
clasts via related signaling pathways (NF-kB/
RANKL, PI3K/Akt, JNK) [9-12] and it might also
influence the secretion of some pro-inflamma-
tory cytokines [13]. Thus, TNF-a inhibitors have
been widely used as disease-modifying anti-
rheumatic drugs (DMARDs) for RA treatments.
MMP-3, inter leukin-6 (IL-6), and IL-8 are also
involved in RA pathogenesis by precipitating
bone destruction, joint inflammation, and neu-
trophil aggravation and have already been
reported to be associated with the clinical out-
come of RA treatments. [14-18].

However, how IL-34 is related to clinical diagno-
sis or treatment of RA is not entirely clear.
Therefore, the aim of this study was to deter-
mine the value of IL-34 for diagnosis and even-
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Table 1. Baseline clinical characteristics of RA patients (X
+ SD)

Baseline value

Age, year 48.06 £ 11.98
Gender, female 80 (96.3%)
Disease duration, months 51.76 + 66.44
TJC, 28 joints 840+ 761
SJC, 28 joints 8.73+6.75
Patient global VAS, mm 63.01+12.76
Physician global VAS, mm 54.46 £ 12.52

Morning stiffness, minute 102.20 + 112.86

TJC, tender joint count; SJC, swollen joint count; VAS, visual analogue
scale; SDAI, simplified disease activity index; CDAI, clinical disease activ-
ity index.

Table 2. Cytokine serum levels of in the RA and control
groups at baseline

RA (n = 83) Control (n = 35)
IL-34 (pg/ml) 382.97 + 381.12" 30.20 + 15.88
TNF-ox (pg/ml) 73.05 + 50.90"" 5.28 + 4.44
MMP-3 (ng/ml) 274.44 + 263.05™" 33.06 + 17.17
IL-6 (pg/ml) 41.38 + 38.96"" 9.13+1.77
IL-8 (pg/ml) 29.08 £ 26.36™"" 8.33+5.74

Anti-CCP antibody (pg/ml) 510.61 + 507.32""" 46.15 + 11.09

RA, rheumatoid arthritis; IL-34, Interleukin-34; TNF-&, Tumor necrosis
factor o; MMP-3, Matrix Metalloproteinase-3; IL-6, Interleukin-6; IL-8,
Interleukin-8; Anti-CCP antibody, anti-cyclic citrullinated peptide antibody;

2010 ACR/EULAR criteria, at the
Department of Rheumatology and
Immunology of China-Japan Union
Hospital of Jilin University in China,
were investigated and their baseline
serum cytokine concentrations com-
pared with 35 healthy volunteers.

The RA group comprised 3 males and
80 females, mean age 49 years (range
20 to 74), with mean disease duration
of 51 months (range 1.5 to 420). These
patients were given a TNF-a inhibitor
(Etanercept) as 25 mg subcutaneous
injections twice a week for at least 12
weeks. We evaluated the clinical char-
acteristics and serum of all patients at
baseline and during a 12-week follow-
up period, 4 weeks, and 12 weeks after
treatment. The clinical data included
swollen joint count (SJC), tender joint
count (TJC), morning stiffness, Disease
Activity Score 28 (DAS28) [19], patient’s
and physician’s global Visual Analogue
Scale (VAS) scores, erythrocyte sedi-
mentation rate (ESR), C-reactive pro-
tein (CRP), as well as X-ray radiograms
of the hands. Serum samples were pre-
pared and stored at -80°C until used.

“*P<0.001.

tually treatment of RA, and in order to clarify
whether or not IL-34 could be used as a new
biomarker for RA medication efficiency, we
investigated the correlations among I1L-34 and
TNF-a, MMP-3, IL-6, IL-8 as well as clinical and
radiographic data at different times before and
after administration of the TNF-a inhibitor
Etanercept.

Patients and methods
Patients

The study was conducted in accordance with
the ethical standards formulated in the Helsinki
Declaration, and written informed consent was
given by all patients and volunteers. The study
was approved by the Ethical Committee of
China-Japan Union Hospital of Jilin University.
In this retrospective study, a total of 83 patients
with established RA, diagnosed between June
2012 and November 2013, according to the
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For comparing baseline cytokine serum

concentrations, 35 healthy volunteers
were recruited, including 1 male and 34 female,
mean age 42 years (range 22 to 70).

None of the participants had any co-existing
infectious diseases, tuberculosis, tumor, hema-
tologic disease, or any other systemic
diseases.

Enzyme-linked immunosorbent assays (ELISA)

The ELISA kit for human serum IL-34, TNF-«,
IL-6, IL-8, MMP-3, and anti-CCP antibodies
were all purchased from Xinfan Biotechnology
Co., Ltd, Shanghai, China. The serum IL-34,
TNF-q, IL-6, IL-8, MMP-3, and anti-CCP antibody
concentrations were measured by ELISA with
the specific double-antibody sandwich method,
and all procedures were performed according
to the manufacturer’s instructions. The OD
value was measured with a microplate reader
(RT6000, Rayto, Shenzhen, China) at a wave-
length of 450 nm. We then drew the standard
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Figure 1. Serum cytokine levels of RA patients before and during 4 and 12 weeks therapy. A. IL-34, B. TNF-¢, C.
MMP-3, D. IL-6, and E. IL-8. "P<0.05 compared with baseline, "*P<0.01 compared with baseline; #P<0.05 compared
with 4 weeks; #*P<0.01 compared with 4 weeks. Error bars: Minimum, mean to maximum.

curves and calculated the concentrations of
the indicated cytokines and anti-CCP antibod-
ies according to the standard curves.

Statistical analyses

Values are given as mean + SD. The Mann-
Whitney test was used for comparison of 2
independent variables, and the Wilcoxon test
was used for comparison of 2 dependent vari-
ables. The Kruskal-Wallis test was used for
comparison of cytokine levels in different sub-
groups of radiographic progression first, and
then the Mann-Whitney test was performed for
comparison of each 2 subgroups. The Sp-
earman test was used to analyze the correla-
tion between the variables. Differences were
considered significant if P values were <0.05.

Results

Baseline characteristics are shown in Table 1.
There were no significant differences in age
and gender between the RA and the control
group. In the RA group, we subdivided the
patients into 5 subgroups based on radiograph-
ic staging [20]: Normal: 33 cases; Stage |: 12
cases; Stage II: 21 cases; Stage lll: 15 cases;
Stage IV: 2 cases.
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Serum level of IL-34 in RA patients pre- and
post-therapy (Table 2; Figures 1, 2)

The serum levels of IL-34, TNF-a, MMP-3, IL-6,
IL-8, and anti-CCP antibody in the RA group and
healthy controls were recorded (Table 2). IL.-34,
TNF-a, MMP-3, IL-6, and IL-8inthe RA group at
baseline were considerably higher than those
in healthy controls (P<0.001) when analyzed
with the Mann-Whitney test. Meanwhile, the
serum anti-CCP antibody concentration of RA
patients was also significantly higher than that
of the controls (P<0.001).

When analyzed with the Wilcoxon test, serum
IL-34 (P<0.05), TNF-a (P<0.05), MMP-3 (P<
0.05), and IL-8 (P<0.01) levels were all
decreased at 4 weeks compared with baseline,
while no significant difference was observed in
serum |L-6 level. However, after 12 weeks of
treatment, serum IL-:34, MMP-3, TNF-&, and
IL-8 levels decreased further (P<0.01), and IL-6
began to decrease (P<0.05). When compared
with the levels at the 4-week follow-up, levels of
IL-34, MMP-3, TNF-a, and IL-8 at 12 weeks
were all decreased significantly (P<0.01), while
IL-6 was also markedly lower (P<0.05) (Figure
1).
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Regarding clinical data and disease activity,
ESR, CRP, DAS28, SJC, TJC, morning stiffness
and patient global VAS score were decrea-
sed within 4 weeks compared with baseline
(P<0.01), and a further decrease was noti-
ced within 12 weeks after therapy (P<0.01)
(Figure 2).
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Figure 2. Clinical characteristics of RA patients
before and 4, 8 weeks after therapy. A. ESR, B.
CRP, C. DAS28, D. SJC, E. TJC, F. morning stiff-
ness and G. patient global VAS. "P<0.05 com-
pared with baseline; “*P<0.01 compared with
baseline. #P<0.05 compared with 4 weeks;
#P<0.01 compared with 4 weeks. Error bars:
Minimum, mean to maximum.

Correlation between IL-34 and serum cyto-
kines, clinical data (Table 3)

Next, we analyzed the correlations among
IL-34, clinical parameters and other serum
cytokines with Spearman’s correlation test.
Serum IL-34 was positively correlated with ESR,

Int J Clin Exp Med 2015;8(5):7809-7815
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Table 3. Correlations between IL-34 and cyto-
kines as well as RT severity indicators before
and during treatment

IL-34
Baseline 4 weeks 12 weeks
r r r
ESR 0.275" 0.285" 0.317"
CRP 0.320™ 0.306™ 0.364™
DAS28 0.236" 0.215" 0.347"
MMP-3 0.599*" 0.591™ 0.545"
IL-8 0.424* 0.270" 0.244~
IL-6 0.554"" 0.586™" 0.217"
TNF-a 0.417" 0.123 0.222

“P<0.05; "P<0.01.

CRP, and DAS28 before and after treatment. It
was also positively correlated with TNF-a, IL-6,
IL-8, MMP-3 (P<0.01), and anti-CCP antibody
(r=0.657, P<0.01) at baseline. After TNF-a
inhibitor treatment, IL-34 was still positively
correlated with IL-6, IL-8, and MMP-3.In addi-
tion, serum TNF-a (r=0.244, 0.313), IL-6
(r=0.223, 0.303), IL-8 (r=0.308, 0.342), and
MMP-3 (r=0.233, 0.176) were all positively cor-
related with ESR and CRP (P<0.05). Correlation
coefficients are shown in Table 3. However, we
didn’t find a direct association between any of
the cytokines, SJC, TJC, morning stiffness, and
patient global VAS scores (P>0.05).

Serum IL-34 in stage-llIRA

We analyzed the 5 cytokines in the subgroup
using the Kruskal-Wallis test first (stage IV was
excluded because of the small sample size),
and none of the subgroups showed statistically
significant differences in ESR, CRP or DAS28 at
baseline. Only serum IL-34 showed statistically
significant differences among these subgroups
(P<0.05). Furthermore, when analyzed with the
Mann-Whitney test, serum IL-34 was markedly
elevated in the stage Ill subgroup (427.90 +
290.22 pg/ml) compared with stage Il (214.93
+ 152.24 pg/ml) (P<0.05).

Discussion

Hwang and colleagues showed that IL-34
expression was elevated in RA synovial fluid
(SF) and was a biologically active stimulator of
osteoclast differentiation [8]. Regarding the
clinical significance of I1L.-34, only one study has
demonstrated that IL-34 correlated with dis-
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ease activity, but changes of IL-34 levels during
or after treatment were not determined [4].
Therefore, in this study, we investigated the
effectiveness of IL-34 for RA diagnosis and
treatment marker. It has been demonstrated
that TNF-a can influence the expressions of
pro-inflammatory cytokines such as IL-6, MMP-
3, and IL-8, which triggers synovitis, chondro-
cyte activation, and leukocyte accumulation.
Studies have also shown that TNF-a, IL-6, and
MMP-3 are related to disease activity and could
be used as biomarkers for evaluating RA thera-
py outcomes [21-23]. In this study, we found
that IL-34 concentrations were significantly
elevated in the sera of RA patients compared
with healthy volunteers, which suggested that
IL-34 is associated with RA. We found that IL-34
significantly correlated positively with inflam-
matory parameter changes such as ESR, CRP
and disease activity, as assessed by DAS28, as
well as with IL-6, IL-8, TNF-a, MMP-3 and anti-
CCP antibody serum fluctuations. We suggest
that IL-34 might be used to monitor the efficacy
of TNF-ainhibitortherapies, asitalso decreased
nearly simultaneously with clinical disease
characteristics (TJC, SJC, morning stiffness,
patients global VAS).

Based on previous studies, using synovium
biopsy, which have already demonstrated that
IL-34 was related to bone erosion in RA patho-
genesis [7, 8], we investigated the expression
of IL-34 in different stages of RA, in order to
confirm the role of IL-34 in bone destruction
without the use of invasive examinations. We
detected that the serum level of IL-34 was
much higher in the third stage of X-ray progres-
sion than in the second, which suggests that
IL-34 level is also related to the severity of bone
destruction. This is also supported by the find-
ing, that IL-34 positively correlated with MMP-3
expression and anti-CCP antibody secretion,
which have already been confirmed to be asso-
ciated with the severity of RA bone erosion [24-
26]. Considering the diagnostic significance of
anti-CCP antibodies and its strong correlation
with 1L-34, IL.-34 may play a role in the diagnos-
tic severity evaluation of RA, although more
studies are needed to confirm this.

In summary, we demonstrated for the first time
that IL-34 serum concentrations correlated
with clinical symptoms, inflammatory indica-
tors, disease activity, and serum biomarkers of

Int J Clin Exp Med 2015;8(5):7809-7815
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RA during a TNF-atinhibitor therapy. Additionally,
according to X-ray radiography scores, since its
serum level also correlated with RA progression
and anti-CCP antibody concentrations, 1L-34
might become a marker of RA severity.
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