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Abstract Interleukin-17 is a proinflammatory cytokine.
Recent animal studies have shown that IL-17 plays a role in
the initiation and progression of arthritis. However, whe-
ther IL-17 has a prominent role in human rheumatoid
arthritis (RA) or not remains unclear. Here we investigated
the role of IL-17 in patients with RA. cDNA was prepared
from knee joint synovial tissues of RA (n =11) and
osteoarthritic (OA, n = 10) patients and PBMC of RA
(n=152) and healthy subjects (n =34). IL-17 gene
expression level was measured by real-time PCR, and was
compared with various clinical parameters. IL-17 gene
expression in synovial tissues of RA was similar to that in
OA. IL-17 gene expression level in PBMC of RA patients
was significantly higher than in the control. The response
(changes in DAS) to two-week treatment with anti-TNF-«
blockers (infliximab or etanercept) did not correlate with
changes in IL-17 gene expression levels. The IL-17/TNF-«
gene expression ratio at baseline (before treatment) tended
to be lower in responders to the treatment. Expression of
IL-17 gene in PBMC may be associated with the inflam-
matory process of RA. IL-17/TNF-o expression ratio is a
potentially suitable marker of response to anti-TNF-«
therapy.
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Introduction

Rheumatoid arthritis (RA) is characterized by chronic
synovial inflammation, cartilage degradation and bone
erosion in multiple joints, which ultimately lead to joint
destruction and disability. Inflammatory cytokines such as
tumor necrosis factor o (TNF-«), interleukin-1 (IL-1) and
IL-6 are involved in the pathogenesis of RA [1-3], and the
beneficial effects of antagonists to these cytokines have
been reported [4-6]. However, not all patients respond
to these agents, suggesting that other pro-inflammatory
cytokines, e.g., IL-17, may be important in the pathogen-
esis of RA.

IL-17 is a proinflammatory cytokine produced by acti-
vated and memory CD4* CD45RO™ T cells [7-8], and is a
potent inducer of other cytokines, such as TNF-o, IL-1p,
IL-6, IL-8, and granulocyte colony stimulating factor (G-
CSF) in a variety of epithelial, endothelial, and fibroblastic
cell types [9]. In experimental arthritis, IL-17 was found to
be important in both the early initiation phase and late
progression phase, especially in arthritis models driven
mainly by T cells, such as the IL-1 Ra~’~ mouse model and
streptococcal cell wall-induced arthritis [10-15].

Several studies have suggested that IL-17 plays a role in
the pathogenesis of RA. Chabaud et al. [16] reported that
the proportion of synovial membrane cultures that pro-
duced IL-17 was higher in those from RA patients than
those from OA patients or healthy controls. In addition,
previous studies indicated the presence of elevated IL-17
levels in the synovial fluid of patients with sRA [17, 18].
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Although these observations imply that IL-17 is involved
in the pathogenesis of human RA, there is no solid infor-
mation on whether IL-17 actually plays a role in RA
pathogenesis.

With regard to TNF-a, previous studies reported that IL-
17 contributes to the arthritic process not only by inducing
the production of TNF-«, but also acting in synergy with
or independently of TNF-a [8, 19-23]. Although it is
unknown whether these observations are relevant in human
RA, we hypothesized that IL-17 gene expression level in
PBMC might be enhanced independent of that of TNF-o
in some patients with RA, and that these patients may
comprise a subpopulation of RA refractory to anti-TNF-a
therapy.

The aims of the present study were to clarify the role of
IL-17 in disease activity and progression of human RA and
to explore the possibility of IL-17 as a target for the
treatment for RA. For this purpose, we measured the gene
expression of IL-17 in peripheral blood mononuclear cells
(PBMC) and synovial tissues from RA patients. We cor-
related the findings of PBMC samples with various clinical
parameters, TNF-a gene expression and the efficacy of
infliximab or etanercept.

Methods
Patients

Peripheral blood was taken from 52 patients who fulfilled
the 1987 American Rheumatism Association criteria for
the classification of RA [24]. The patient group comprised
19 males and 33 females (age, 25-84 years, mean + SD:
54.0 £ 13.0 years). The fifty-two RA patients included 25
infliximab- and 11 etanercept-treated patients who attended
our unit between 29 September 2003 and 22 August 2006,

Table 1 Demographics of the subjects included in the study

and, as a control group, 16 RA patients who visited our unit
between October 11 and October 25 2006. Clinical data
such as white blood cell count (WBC), erythrocyte sedi-
ment rate (ESR), c-reactive protein (CRP) and matrix
metalloproteinase 3 (MMP-3) was obtained at the time of
blood sampling. We also included a group of control
healthy donors (13 men and 21 women, age 30.0 £
5.0 years). Synovial tissues were obtained at the time of
total knee replacement performed from April 2001 to June
2002 on 11 RA patients (one male and ten females, age
56.8 £+ 8.7 years) and ten osteoarthritis (OA) patients (ten
females, age 73.4 £ 2.7 years). No patient underwent both
blood and synovial tissue sampling. Patient demographics
are listed in Table 1. Written informed consent was
obtained from all subjects, and the study was approved by
the appropriate ethics committee.

Treatment with infliximab or etanercept and assessment
of efficacy

Twenty-five RA patients were treated with 3 mg/kg of
infliximab at weeks 0, 2, 6, and 14, and every eight weeks
thereafter. Another RA group consisting of 11 patients
were treated with etanercept (25 mg injection twice
weekly). Drug efficacy was evaluated by comparing the
differences in European League Against Rheumatism
improvement criteria [Disease Activity Score (DAS)] at
week O (before treatment) and at 2 weeks.

Synovial and blood samples for cDNA synthesis
Part of each synovial tissue was cut into small pieces and

rinsed with phosphate-buffered saline (PBS). Comple-
mentary DNA (cDNA) was prepared from synovial tissues

PBMC Mean + SD Range Synovium Mean + SD Range
RA patients RA patients

Age (years) 54.0 + 13.0 (25-84) Age (years) 56.8 + 8.7 (37-170)
Males 19 Males 1

Females 33 Females 10

C-reactive protein (mg/dl) 2.15 £ 1.63 (0.25-8.95) C-reactive protein (mg/dl) 1.65 + 2.64 (0.07-7.17)
ESR (mm/h) 48.5 £ 21.1 (12-104) ESR (mm/h) 334 + 25.1 (10-95)
Rheumatoid factor (IU/ml) 245 4+ 231 (5-1790) Rheumatoid factor (IU/ml) 161 £+ 199 (4-715)
Healthy controls OA patients

Age (years) 30.0 £5.0 (22-50) Age (years) 734 £+ 2.7 (69-78)
Males 13 Males 0

Females 21 Females 10

ESR erythrocyte sedimentation rate
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using Revertaid first strand cDNA synthesis kit (Fermentas,
Hanover, MD, USA), following the instructions provided
by the manufacturer.

Peripheral blood mononuclear cells (PBMC) were iso-
lated from heparinized peripheral blood obtained from
normal subjects and RA patients using Ficoll-Paque PLUS
(Amersham Biosciences, Uppsala, Sweden) following the
protocol recommended by the manufacturer. Cells were
spun down to pellets and total RNA was extracted from the
cell pellets using Isogen (Nippongene, Tokyo, Japan). The
cDNAs were synthesized using a Revertaid first strand
cDNA synthesis kit (Fermentas), following the instructions
provided by the manufacturer. These cDNA samples
underwent gene expression analyses.

Quantification of gene expression by real-time
polymerase chain reaction

The cDNA samples were amplified with specific primers
and fluorescence-labeled probes for the target genes.
Specific primers and probes for IL-17, IL-6. TNF-«
and glyceraldehyde-2-phosphate dehydrogenase (GAPDH)
were purchased from Applied Biosystems Japan (Tokyo).
The amplified product genes were monitored on an ABI
7700 sequence detector (Applied Biosystems Japan). The
gPCR master mix was also purchased from Applied Bio-
systems Japan. The final concentrations of the primers were
200 nM for each of the 5’ and 3’ primers, and the final
probe concentration was 100 nM. The thermal cycler
conditions used were 50 °C for 2 min, 95 °C for 10 min,
then 50 cycles of 95 °C for 15 s and 60 °C for 1 min.
Serial dilutions of a standard sample were included in
every assay, and standard curves for the genes of interest
and GAPDH genes were generated. All measurements
were performed in triplicate. The level of gene expression
was calculated from the standard curve, and expressed
relative to GAPDH gene expression.

Statistical analysis

All data were expressed as mean + standard deviation (SD).
The Mann—Whitney U test was used to compare the
expression levels of genes between RA patients and healthy
controls. Spearman’s correlation coefficient by rank test was
calculated to assess the correlations between the expression
levels of IL-17 and TNF-a genes, as was the correlation
between IL-17/TNF-a gene expression ratio and changes in
DAS after two weeks of therapy with etanercept or inflix-
imab relative to baseline (before treatment, i.e., DAS
0-2 weeks). Paired Wilcoxon’s rank test was used to com-
pare the gene expression levels between week 0 and week 2.
A P value of less than 0.05 was considered significant.

Results
Expression levels of IL-17 genes in synovial tissues

We anticipated that the expression of IL-17 would be
enhanced in RA patients at the site of inflammation,
namely the synovial tissue. However, the expression of
IL-17 gene in synovial tissues of RA patients, as measured
by real-time PCR, was not significantly different from that
of the OA patients (Fig. 1).

Expression levels of IL-17 genes in PBMC

We next asked whether the expression level of IL-17 gene
is upregulated in PBMC of RA patients. Expression of the
IL-17 gene in PBMC from RA patients was significantly
higher than that of the control (RA: 0.0437 £ 0.1112,
control: 0.0134 +£ 0.0033, P = 0.011, Fig. 2).

Relationship between IL-17 and IL-6 or TNF-o gene
expression in RA patients

We wished to determine whether the expression of IL-17
gene in patients with RA is significantly associated with
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Fig. 1 Expression levels of IL-17 gene in the synovium tissues of
patients with RA (closed circles, n = 11) and osteoarthritis (OA, open
circles, n = 10). Data are mean £ SD. The P value was calculated by
the Mann—Whitney U test
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expressions of other inflammatory cytokines such as TNF-«
and IL-6. No significant relationship between expression of
the IL-17 gene and that of IL-6 or TNF-a was observed
(Fig. 3a, b). In addition, there was no significant

relationship between the expression level of IL-6 and that
of TNF-« (Fig. 3c). Furthermore, the expression levels of
IL-17 in PBMC of RA patients did not correlate signifi-
cantly with WBC count, serum CRP, ESR or serum MMP-3
(data not shown).

p=0.0118
Effects of infliximab and etanercept therapy on IL-17

0.7 gene expression in PBMC

0.6 .
Z 051 We compared the gene expression levels of IL-17 in
% 04 * PBMC samples at baseline, and two weeks after the first
Q 03 | ° infusion or injection of biologics that target TNF-a. In
; 02 1 o . patients who received infliximab, no significant differences

o ] . were observed between baseline and week 2 samples (week

’ R 008 I”I 25k a0 0: 0.089 £ 0.157, week 2: 0.044 £ 0.056, Fig. 4a). On the

0 HC RA other hand, etanercept significantly increased IL-17 gene

0.0134 £ 0.0033 0.0437 £0.1112

Fig. 2 Expression levels of IL-17 gene in peripheral blood mononu-
clear cells from patients with RA (closed circles, n = 52) and from
healthy controls (HC, open circles, n = 34). Data are mean + SD.
The P values were calculated by the Mann—Whitney U test

expression at two weeks after initiation of therapy (week 0:
0.041 + 0.132, week 2: 0.134 £ 0.274, P = 0.028, Fig. 4
b). There were no relationships between changes in IL-17
gene expression levels and efficacy (changes in DAS) of
infliximab and etanercept.

Fig. 3 Relationships between A 021 B 0.016 -
expression levels of IL-17, 0.18 °
TNF-o and IL-6 genes in : =0.0622 0.014 o ®
. L p=U. p=0.1321
peripheral blood mononuclear 0.16 0012
cells from rheumatoid arthritis 0.14 - r=-0.335 ’ r=0.403
(RA) patients. a Relationship as T 0.01 o
. A 0.12 4 a 0.
between expression levels of = %
IL-17 and TNF-¢ in PBMC S 014 S 0.008® d
from RA (n = 31). = 0.08 4 ° = -
b Relationship between o 4 000617 .. .
expression levels of IL-17 and = 0.06 1 b 0.004 @ ¢
IL-6 in PBMC from RA 0.04 .: °
(n = 15). ¢ Relationship 0.02 _\ 0.002
H ! LLX)
between expression levels of 0 : o o (] e ® o - 0
TNF-¢ and IL-6 in PBMC from B ! j ) ! ' j '
RA (n = 15) r = correlation 0 3 4 5 6 7 8 9 o 2 4 6 8 10 12 14
coefficient. The P values were TNF-o0/GAPDH IL-6/GAPDH
calculated by Spearman’s
correlation coefficient by rank C 91 p=0.6397
test g ] r=0.125
] L]
7 -
E ] L]
=
s .
5 41
=37 .
7 L]
1 e
] L]
0 T T T T T 1

@ Springer

4 6 8 10 12 14

IL-6/GAPDH



Mod Rheumatol (2008) 18:15-22 19
Fig. 4 IL-17 gene expression infliximab etanercept
levels in peripheral blood _ _
mononuclear cells at baseline p=0.3635 p=0.0284
and two weeks after the first
infusion of infliximab (n = 17) A 0.7 B 091
(a), and after the first injection 0.6 - 0.8 1
of etanercept (n = 11) (b). Data = o 0.7 7
are mean & SD. The P values =) 0.5 1 E 0.6 -
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We next examined whether patients with a high expression r=-0.419
level of IL-17 gene relative to that of the TNF-o gene were
more refractory to anti-TNF-o therapy. For this purpose, ¢ 0.2 4
we calculated the IL-17/TNF-a gene expression ratio in g
PBMC of RA patients prior to anti-TNF-o therapy and £ 0154
correlated it with changes in DAS from pre- to two-week é
post-therapy (DASO-2 week). The results showed that the E °
IL-17/TNF-a gene expression ratio prior to treatment ten- = 0.1+ ® o
ded to be lower in patients who responded to anti-TNFux 1
therapy, although the relationship was not statistically 0054 1 L °
significant (Fig. 5). °
®
0 L L

Discussion

The active involvement of IL-17 in both the initiation stage
and the progression stage of murine experimental arthritis
has been demonstrated and IL-17 is considered a key
cytokine in the pathogenesis of arthritis in such experi-
mental models [10-13]. A few studies suggest that IL-17
may have a role in the pathogenesis of human RA as well
[16-18].

Based on the above background, we measured IL-17
gene expression in synovial tissues and PBMC of RA
patients, and compared them with those in control samples.
We first compared the expression of IL-17 gene in synovial
tissues from RA patients with that in OA patients. Unex-
pectedly, the IL-17 gene expression level in synovial
tissues of OA patients was comparable to that in RA
patients. This result is in contrast to that described by
Chabaud et al. [16], where expression of IL-17 gene was
higher in RA synovium than in OA synovium. Differences
in patient demographics and sample size may partly
account for this discrepancy. While OA is not generally
considered an inflammatory disorder, it is reported that IL-
17 upregulates the release of IL-8 and GRO-« in synovial

L
1 15 2 25 3 35 4 45
DAS 0-2wk

Fig. 5 Relationship between IL-17/TNF-« ratio in peripheral blood
mononuclear cells and response to anti-TNF-o therapy. Number of
patients = 20, r = correlation coefficient. The P values were calcu-
lated by Spearman’s correlation coefficient by the rank test

fibroblasts and chondrocytes isolated from patients from
OA, suggesting that IL-17 does play a role in the joint
destruction process of OA [25]. In this study, we were
unable to obtain synovial tissues from healthy individuals,
which would have been a better control for this study. In
contrast to our study, Kotake et al. [17] reported the
presence of high IL-17 protein levels in synovial fluids of
patients with RA, but not those with OA. The reason for
this discrepancy is unclear, but it is possible that differ-
ences in post-transcription regulation of IL-17 production
between RA and OA partly contributes to the difference in
protein levels in the synovial fluid.

We next examined whether IL-17 gene expression in
PBMC is elevated in patients with RA. As expected, the
expression of IL-17 gene was significantly higher in PBMC
of RA patients than in those of healthy controls. This result
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implies that IL-17 does have a role in the inflammatory
process of RA, at least in some patients. We did not
measure expression of the IL-17 gene in PBMC from OA
patients. Comparison of IL-17 gene expression in synovial
tissues and PBMC taken simultaneously in both RA
patients and OA patients could be informative. Expression
of the IL-17 gene in PMBC of RA patients differed greatly
among individuals, suggesting that such expression is
important in some patients at some points during the course
of the disease. Future studies with serial samples from RA
patients would be informative. In this regard, IL-17 protein
levels were undetectable in serum samples of 15 RA and 15
healthy controls (<15.6 pg/ml) by enzyme immunoassay
(data not shown). Thus, we were unable to determine
whether IL-17 gene expression levels in PBMC reflect the
levels of serum IL-17 protein.

Interleukin-17 is known to enhance the pro-inflamma-
tory effects of TNF-« in vitro and to act in synergy with
TNF-« in the progression of arthritis in experimental
arthritis mouse models [8, 19, 20, 21]. IL-17 is reported to
depend strongly on TNF-o in induction of arthritis under
naive conditions in another experimental arthritis model
[15]. However, it was recently reported that IL-17 could
induce arthritis in the absence of TNFu in an experimental
arthritis model [22]. Therefore, we considered it possible
that (1) the expression of IL-17 gene in PBMC may be
related to that of TNF-«, or (2) some RA patients show
enhanced IL-17 gene expression level in PBMC regardless
of the TNFo gene expression level, and comprise a sub-
population of anti-TNF-ua refractory patients. We found a
tendency towards a negative relationship between the
expression of IL-17 gene and that of TNF-o gene in PBMC
of RA patients, although the relationship was not signifi-
cant. In addition, we found no significant relationship
between IL-17 gene expression in PBMC and various
parameters of inflammation, including ESR and serum
CRP. These results imply that, in RA, which is a multi-
factorial and heterogeneous disease, gene expressions of
TNF-o and IL-17 in PBMC are not directly associated with
each other, and the expression of IL-17 in PBMC does not
have an overwhelming influence on the inflammatory
status.

Interleukin-6 is also a pro-inflammatory cytokine known
to play an important role in the pathogenesis of RA [26,
27], and also to regulate the differentiation of Th17 T cells.
Previous studies indicated that IL-6'~CD4+ T cells from
draining lymph nodes produced less IL-17 than cells from
wild-type mice, and that IL-6-deficient SKG mice were
completely devoid of IL-17"CD4+ T cells [28-30]. Con-
versely, IL-17 induced secretion of IL-6 from cultured
fibroblasts [7, 8]. Based on this background, we compared
the expression of IL-17 and IL-6 genes in PBMC of RA
patients. In contrast to the relationship between IL-17 gene
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expression and TNF-o gene expression, a tendency towards
a positive relationship was observed, albeit statistically
insignificant.

It has been reported that IL-23 is important in the sur-
vival and expansion of IL-17- and IL-6-producing Th17
T cells and the development of collagen-induced arthritis
in mice [30-33]. A recent study reported that self-reactive
T cells produced by genetic alteration of thymic T cell
selection spontaneously differentiate into Th17 T cells, and
that these T cells stimulate antigen presenting cells (APC)
to secrete 1L-6 [29]. APC-derived IL-6 and T-cell derived
IL-6 drive naive T cells to differentiate into arthritogenic
Th17 T cells [34]. Our observation may reflect the fact that
Th17 T cells have an important role in the pathogenesis of
human RA.

The efficacy of anti-TNF-o therapy in RA is well
established [35]. However, non-responders hardly show
any improvement in symptoms even after continuous
injection or infusion of TNF-o antagonists. These obser-
vations imply that some cytokines other than TNF-o can
act independently of TNF-« in the pathogenesis of RA. If
IL-17 is one of these cytokines, IL-17 may become an
appropriate target for treatment of RA patients refractory to
TNF-o antagonists. To gain an insight into this question,
we first addressed how TNF-o blockage affected the
expression of IL-17 gene in PBMC of patients with RA by
comparing IL-17 gene expression before and two weeks
after the first infliximab or etanercept injection. Infliximab
did not significantly affect IL.-17 expression but etanercept
significantly increased the expression in PBMC after two
weeks of therapy. The reason for this difference is not clear
at present. However, etanercept is known to be a decoy
receptor and inhibitor of the action of soluble TNF-«, while
infliximab is an antibody against TNF-« and is reported to
induce negative signals through membrane TNF-o [36].
This may partly account for the observed differences in the
action of these two agents. At present, we could not find
any significant relationship between the efficacy of TNF-a
blockade therapy and fluctuation of IL-17 gene expression
in PBMC. A study in a larger number of patients is war-
ranted to examine this issue.

We also calculated the IL-17/TNF-o ratio in PBMC of
RA patients prior to initiation of therapy using TNF-o
blocking agents, and examined the changes in the ratio
after such treatment. While there was no relationship
between DAS 0-2 week and IL-17 or TNF-o gene
expression, the IL-17/TNF-o ratio tended to be lower in
responders. These results suggest that RA patients with low
IL-17 gene expression and high TNF-o gene expression in
PBMC before treatment are more likely to respond to anti-
TNF-o therapy. Currently there are no tools available to
distinguish between responders and non-responders before
TNF-o blockade therapy. IL-17/TNF-a expression ratio in
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PBMC may be a suitable predictor of the response to
treatment with TNF-a blockers.

In conclusion, we have demonstrated that IL-17 gene

expression in PBMC of RA patients is higher than those in
controls. We speculate that IL-17 might play an important
role in the pathogenesis of RA, and that IL-17/TNF-« gene
expression ratio in PBMC prior to infliximab or etanercept
therapy may predict the response to treatment. Further
studies are necessary to clarify the molecular basis of IL-17
action in the pathogenesis of RA and whether IL-17 is a
suitable target for the treatment of RA.
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