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Introduction

Summary

Prognosis of patients with early inflammatory arthritis (EIA) is highly vari-
able. The aim of this study was to compare, longitudinally and cross-
sectionally, the levels of cytokine-expressing cells in peripheral blood (PB)
from patients with EIA to those in established rheumatoid arthritis (RA) and
healthy controls (HC). PB mononuclear cells from HC (n = 30), patients with
EIA (n=20) or RA (n=38) were stimulated with phorbol myristate acetate
(PMA)/ionomycin for 3 h, and stained for cell markers and cytokines. Serum
cytokines and chemokines were measured by Luminex. Patients with EIA
were reassessed at 6 and 12 months. The percentage of interleukin (IL)-
17*interferon (IFN)-y CD4* T cells [T helper type 17 (Th17)] was increased
in RA and EIA versus HC. Serum IL-1f, IL-2, IL-4 IL-17 and macrophage
inflammatory protein (MIP)-1o were increased in RA and EIA versus HC.
IL-1Ra, IL-15 and IFN-o were increased in EIA versus HC. IL-6 and tumour
necrosis factor (TNF)-ol was increased in RA but not EIA versus HC. Disease
activity scores in EIA patients improved over 12 months’ treatment. Th17
percentage at baseline was correlated with both rheumatoid factor (RF) titre
and functional deficit at 12 months. Baseline levels of serum granulocyte—
macrophage colony-stimulating factor (GM-CSF), IL-6 and IL-8 were corre-
lated with Larsen score at 12 months. There were no significant changes in
cytokine-expressing CD4*T cells over time, although the percentage of IL-6*
monocytes increased. IL-17°CD4" T cells and serum IL-17 levels are
increased in EIA. IL-6-expressing monocytes increase during the first year of
disease, irrespective of disease-modifying anti-rheumatic drug (DMARD)
therapy. We observed incomplete clinical responses, suggesting EIA patients
need more intensive early therapy.
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tions, with early data suggesting clinically relevant
responses [10,11]. However, IL-17 is not present universally

The prognosis of patients with early inflammatory arthritis
(EIA) is highly variable, ranging from persistent arthritis,
development of rheumatoid arthritis (RA) or clinical remis-
sion [1]. Patients with very early RA have a distinct cytokine
profile within synovial fluid (SF), which includes increased
levels of interleukin (IL)-17 [2] and higher levels of
IL-17*CD4* T cells [3]. Multiple data from animal models
and human studies suggest a role for IL-17 and IL-17*CD4*
T cells in chronic inflammation and joint damage progres-
sion in RA [4-9]. IL-17 antagonists have entered clinical
trials in RA and a number of other inflammatory condi-
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in RA synovial tissue [12] and may be a predominant player
in pathogenesis in only selected patients, or at only certain
stages in the disease.

In RA, data suggest that patients with higher levels of
IL-17"CD4" T cells have higher levels of systemic inflamma-
tory response [3] and synovial tissue IL-17 is associated
with more rapid joint damage progression in synergy with
tumour necrosis factor (TNF)-o. [13]. Indeed, we have pre-
viously demonstrated increased levels of IL-17*interferon
(IFN)-y CD4"* T cells (Th17 cells) in peripheral blood (PB)
from patients with established RA versus healthy controls.
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Additionally, power Doppler ultrasound signal, used
increasingly as a marker of active synovitis, was associated
with increased levels of T helper type 17 (Th17) cells in
RA SE and IL-17*T cells were higher in synovial tissue
of patients with active disease compared to patients in
remission [14].

The purpose of this study was to compare levels of
cytokine-expressing cells, including Th17 cells, in the PB of
patients with EIA or established RA with healthy controls
(HC). Patients with EIA were followed for 12 months to
correlate changes in disease activity with PB cytokines and
chemokines.

Methods

Study population

Peripheral blood (PB) was obtained from patients with EIA
attending King’s College Hospital. Patients with EIA all had
documented swelling of at least one joint (either at their
baseline visit or within the previous 2 years), and symptom
duration of less than 2 years, prior to treatment with disease
modifying agents. Within this group, a number of patients
could be classified as RA by the 1987 American College of
Rheumatology (ACR) criteria [15]; the remainder were
termed ‘undifferentiated arthritis’ Patients with undifferen-
tiated arthritis could not be classified as either RA, or
another inflammatory arthritis, e.g. spondylarthropathy. A
second cohort of patients with established RA (median
duration 72 months), according to the 1987 ACR criteria
attending Guy’s & St Thomas’ Rheumatology Department,
was also recruited. Healthy controls were recruited from
hospital/university students and members of staff. For
established RA patients, clinical data including age, disease
duration, medication, presence or absence of immuno-
globulin (Ig)M rheumatoid factor or erosions were
obtained from review of the medical notes. Patients with
early arthritis were assessed at baseline, 6 and 12 months
(clinical examination, peripheral blood cytokine profiling,
rheumatoid factor, anti-citrullinated peptide antibodies and
X-rays of hands and feet) and assigned to a final diagnostic
category (RA or non-RA) based on fulfilment of the 1987
ACR criteria at 12 months. Disease activity was assessed by
disease activity score 28 (DAS28) on the day of sample col-
lection. Erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) were determined on the day of
sample collection in the clinical laboratory. Ethical approval
was obtained from the Bromley and Brent NHS research
ethics committees. All subjects gave informed consent.

Cell culture

PB mononuclear cells (PBMC) were isolated by density gra-
dient centrifugation using Lymphoprep (PAA Laboratories,
Pasching, Austria) and cultured for 3 or 4 h at a concentra-
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tion of 1x10%ml in RPMI-1640 medium supplemented
with 1% penicillin/streptomycin, 1% glutamine and 10%
heat-inactivated fetal calf serum (PAA Laboratories). Cul-
tures were stimulated with either phorbol myristate acetate
(PMA) (50 ng/ml; Sigma-Aldrich, St Louis, MO, USA) and
ionomycin (750 ng/ml; Sigma-Aldrich) or lipopolysac-
charide (LPS) (50 ng/ml; Sigma-Aldrich) in the presence of
GolgiStop (Becton Dickinson, Franklin Lakes, NJ, USA).

Flow cytometry

Cells were stained for 30 min at 4°C with anti-CD14-
allophycocyanin/cyanin 7 (APC/Cy7) (Biolegend, San
Diego, CA, USA), fixed in 2% paraformaldehyde, then
permeabilized with Saponin 0-5% (Sigma-Aldrich) and
stained for 30 min at 4°C with anti-CD3-phycoerythrin
(PE)/Cy7 (both Biolegend), anti-CD4-peridinin chlorophyll
(PerCP)/Cy5-5 (Becton Dickinson), anti-IFN-y-fluorescein
isothiocyanate (FITC), anti-TNF-0-APC (eBiosciences, San
Diego, CA, USA), anti-IL-6-FITC and anti-IL-17-PE (both
Biolegend) or the appropriate isotype controls. Cells were
acquired on a FACSCanto II (Becton Dickinson) using bead
compensation and analysed using FlowJo (Treestar Inc,
Ashland, OR, USA). Live cells were gated using forward-
and side-scatter; monocytes and CD4* T cells were identi-
fied by CD14 and CD3/CD4 expression respectively.

Serum cytokine and chemokine analysis

Cell-free serum was stored at —80°C prior to analysis of 25
cytokines and chemokines using a multiplex detection kit
according to the manufacturer’s instructions (Invitrogen,
Carlsbad, CA, USA): granulocyte-macrophage colony-
stimulating factor (GM-CSF), IFN-a,, IFN-y, IL-1 receptor
antagonist (Ra), IL-1B, IL-2, IL-2R, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-10, IL-12 (p40/p70), IL-13, IL-15, IL-17, monocyte
chemoattractant protein (MCP)-1/CCL2, macrophage
inflammatory protein (MIP)-10/CCL3, MIP-1B3/CCL4,
regulated on activation, normal T expressed and secreted
(RANTES/CCL5), monokine induced by IFN-y (MIG/
CXCL9), IFN-y-induced protein (IP-10/CXCL10) and
TNF-0.. Analysis was performed on undiluted serum
samples using a Luminex 100 system (Luminex Corpora-
tion, Austin, TX, USA). Minimum cytokine detection levels
with these assays ranged between 3 and 40 pg/ml.

Clinical assessments and drug therapy in EIA patients

Disease activity was assessed in EIA patients at baseline, 6
and 12 months by the following: tender and swollen joint
count (28 joints), visual analogue scores for patient and
physician global, ESR and CRP. DAS28 was calculated at
each visit. Ultrasound was not used to assess joint swelling.
Function was assessed by the health assessment ques-
tionnaire (HAQ), and quality of life using EQ-5D
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Table 1. Characteristics of patients and healthy controls.

Healthy controls RA EIA
Number of patients 30 38 20
Female sex, n (%) 18 (60) 27 (71) 15 (75)
Age in years, mean (s.d.) 51 (20) 55 (16) 51 (14)
Duration of symptoms in months, median (IQR) 72 (24, 111) 9(5,17)
Rheumatoid factor +ve, n% 28 (72) 11 (55)
ESR, mm/h, median (IQR) 20 (11-5, 33) 22 (12, 36)
DAS28, mean (s.d.) 46 (1:5) 53 (1-3)
C-reactive protein mg/l, mean (s.d.) 14 (14-6) 276 (60-0)
Erosive disease, 1 (%) 22 (58) 11 (55)

Patients with early inflammatory arthritis (EIA) were recruited from an early arthritis clinic, and patients with established rheumatoid arthritis

(RA) were recruited from general rheumatology clinics. Erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) and disease activity score 28

(DAS28) were measured on the day blood was drawn. Disease activity assessments were not performed in healthy subjects. IQR: interquartile ratio;

s.d.: standard deviation.

questionnaires. Joint damage was assessed by standard
radiographs of hands and wrists, read using the Larsen
scoring method [16]. The X-ray reader was blinded to
experimental and laboratory data.

No specific treatment strategy was specified in the obser-
vational study of EIA patients. Eleven of 16 EIA patients
received disease-modifying anti-rheumatic drug (DMARD)
therapy following their baseline visit: six received
monotherapy (either sulphasalazine or methotrexate) and
five received combination therapy with methotrexate and
hydroxychloroquine. Five patients received steroids or non-
steroidal anti-inflammatory drugs (NSAIDs) alone, with
some patients refusing DMARDs. All but two patients
received corticosteroids (oral, intramuscular or intra-
articular). The treating rheumatologists were blinded to all
experimental data, and therefore decisions to start or
change therapy were independent of cytokine expression
results.

Statistical methods

Values are expressed as mean and standard deviations for
normally distributed data, or median and interquartile
range for non-parametric data. Data were assessed for nor-
mality using the D’Agostino and Pearson omnibus normal-
ity test. Comparisons between patients and healthy controls
were made using unpaired ¢-tests or Mann—Whitney U-tests
for parametric and non-parametric data, respectively.
Changes over time were analysed using either analysis of
variance (aNova) with Bonferroni’s post-test or Kruskal—
Wallis with Dunn’s post-test. Correlation coefficients were
obtained using Spearman’s method. Linear and logistic
regression were used to assess prediction of outcome at 12
months. Data were analysed using Prism version 5
(GraphPad Software, Inc., La Jolla, CA, USA) and spss
version 18 (IBM, Armonk, NY, USA). For all tests, P-values
of less than 0-05 were considered significant.

Results

Subject characteristics

Twenty patients with EIA, 38 patients with established RA
and 30 healthy controls were recruited. There were no sig-
nificant differences in age or sex between the three groups.
Clinical characteristics of patients and controls are shown
in Table 1.

Peripheral blood from EIA and RA patients show
comparable changes in IL-17*CD4" T cells versus
healthy controls

We first examined whether IL-17 or IFEN-y producing CD4*
T cells were enhanced in the PB of patients with EIA and
established RA versus healthy controls. The percentage of
ex-vivo (PMA/ionomycin/GolgiStop stimulated for 3h)
CD3*CD4'IL-17TFN-y" (Th17) cells was low in healthy
controls [median 0-40, interquartile range (IQR) 0-24-
0-65%], but elevated significantly in patients with RA
(median 0-59, IQR 0-38-1-55%) and EIA (median 0-81, IQR
0-15-1-46%; P = 0-0067 by Kruskal-Wallis test, P < 0-05 for
RA and EIA versus HC by Dunn’s post-test). The percentage
of cells expressing both IL-17 and IFN-y was increased in
patients with RA but not EIA versus HC. The percentage of
CDA4" T cells expressing IFN-y but not IL-17 was high in all
groups, with no differences observed between healthy con-
trols and patients with either EIA or RA (Fig. 1).

PBMC:s from healthy controls and patients with EIA were
also stimulated with LPS for 4 h and the percentage of
TNF-o or IL-6 expressing CD14" monocytes analysed, but
no differences were observed (data not shown).

T cell and stromal cytokines and chemokines are
increased in EIA and RA

Sera were available from 12 healthy controls, 17 patients
with established RA and 14 patients with EIA at baseline,
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Fig. 1. Interleukin (IL)-17*CD4" T cell frequencies are increased in early inflammatory arthritis (EIA) and rheumatoid arthritis (RA). Peripheral
blood mononuclear cells (PBMC) were isolated by density gradient separation and plated at a density of 1 x 10° with phorbol myristate acetate

(PMA) and ionomycin in the presence of GolgiStop for 3 h prior to staining for CD3, CD4, IL-17 and interferon (IFN)-y. Symbols represent

individual patients and lines median values. Between-group comparisons were performed using the Kruskal-Wallis test with Dunn’s post-test
(versus healthy controls). A number of patients within the EIA group could be classified at baseline as RA using the 1987 criteria, shown by open
symbols; those with undifferentiated arthritis (UA) are designated by closed symbols within the EIA group. *P < 0-05.

for analysis of cytokine and chemokine levels using a
25-plex Luminex assay. Serum IL-1B, IL-2, IL-4, IL-17 and
MIP-10. were all increased in RA and EIA versus HC. Some
cytokines were differentially elevated in either RA or EIA:
IL-1Ra, IL-15 and IFN-o were increased in EIA versus HC,
and IL-6 and TNF-o were increased in RA but not EIA
versus HC (Fig. 2). No differences were observed in serum
levels of GM-CSFE, IFN-y, IL-2R, IL-5, IL-7, IL-8, IL-10,
IL-12 (p40/p70), IL-13, IP-10, MCP-1, MIG, MIP-1B or
RANTES. Cytokines and chemokines were above the detec-
tion limits in the great majority of serum samples.

Most EIA patients were classifiable as RA at baseline
but full disease suppression was not achieved at
12 months

At baseline, 12 patients with EIA were classifiable as RA
using the 1987 criteria, and a further two patients were clas-
sified as RA at subsequent visits [if the 2010 European
League Against Rheumatism (EULAR)/ACR criteria [17]
for RA were applied then one additional patient could be
classified as RA at baseline]. Patients classifiable as RA using
the 1987 criteria had significantly higher age, ESR and
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Fig. 2. Serum cytokines and chemokines. Sera from patients with early inflammatory arthritis (EIA), rheumatoid arthritis (RA) and healthy controls

(HC) were frozen at —80°C until thawed for analysis using a multiplex assay. Cytokines and chemokines with significant differences versus HC are

shown. Symbols represent individual patients and lines median values. Between-group comparisons were performed using the Kruskal-Wallis test
with Dunn’s post-test (versus healthy controls). Within the EIA group, patients classified as RA are shown by open symbols, and undifferentiated

arthritis (UA) by closed symbols. *P < 0-05; **P < 0-01.
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Table 2. Characteristics of rheumatoid arthritis (RA) and undifferenti-
ated arthritis (UA) patients at baseline within the early inflammatory
arthritis (EIA) cohort.

RA at baseline UA at baseline
(n=14) (n=6)

Female sex 1 (%) 10 (71) 5(83)
Age (years) 5612 40 £13*
Symptom duration (months) 10+6 1218
Rheumatoid factor titre 38 (16, 147) 13-5 (10, 165)
Anti-CCP titre (n1=9) 52 (1, 340)" 2(2,27)
Tender joint count 16:5 (125, 19:3) 12 (45, 23-75)
Swollen joint count 2-0 (0-0, 6-5) 2-0 (0-0, 6:5)
Assessor global score 48 (35, 61) 49 (37, 62)
ESR 28 (13, 46) 14 (4, 22)*
DAS28 5:5(4-7, 6:8) 4.6 (3:3, 6:0)
C-reactive protein 4 (4,23) 4 (4,128)
Modified HAQ 0-94 (0-35, 1-56)  0-82 (043, 1-69)
Larsen score 2(0,2) 0 (0, 0-5)*
EQ-5D total 0-62 (0-40, 0-74) 0-69 (0-44, 0-80)

Patients in the EIA cohort were classified as either UA or RA based
on fulfilment of the 1987 American College of Rheumatology (ACR)
criteria for RA. Values are presented as mean + standard deviation or
median (interquartile values). *P < 0-05 versus RA at baseline. TAnti-
cyclic citrullinated peptide (CCP) titre was not available for all patients
at baseline. DAS28: disease activity score 28; ESR: erythrocyte sedimen-
tation rate; HAQ: health assessment questionnaire.

Larsen scores at baseline but there were no differences in
tender or swollen joint count, CRP, DAS28, HAQ or EQ-5D
(Table 2). Patients with undifferentiated arthritis could not
be classified as either RA or another inflammatory arthritis,
e.g. spondylarthropathy. Longitudinal data were available
for 16 patients at baseline, 6 and 12 months’ follow-up,
while two patients attended only at baseline, and two others
at baseline and 12 months. Disease activity was high at
baseline in the majority of patients.

Responses to therapy were variable, but Physician Global
scores, ESR and DAS28 fell between baseline and 12 months
(Fig. 3). When patients receiving DMARDs were considered
separately, mean DAS28 fell from 53 to 4-2 (compared to
5-3-4-5 for the whole cohort). Seven patients achieved mod-
erate and three achieved good EULAR responses. Despite
partial improvements in disease activity, overall health
scores assessed by the EQ-5D and function did not improve.
Larsen scores also increased significantly over time (even in
those receiving DMARD:s), suggesting that disease suppres-
sion was inadequate (Fig. 3).

Baseline immune function correlates with both
conventional laboratory measures and outcome
at 12 months

The baseline percentage of IL-17"TFN-y CD4" cells was cor-
related with RF titre at baseline (r=0-53, P=0-03). Con-
versely, the percentage of IFN-y*CD4" T cells at baseline was

correlated negatively with both initial patient global assess-
ment (r=-0-673, P<0-:01) and baseline CRP (r=-0-573,
P < 0-01). We investigated whether baseline cytokine expres-
sion by T cells and monocytes could be used to predict
outcome at 1 year. The baseline percentage of IL-17*TFN-
YCD4" T cells remained correlated positively with RF titre
(r=0-587, P<0-01) and also HAQ (r=0-574, P < 0-03) at
12 months. The association between IL-17'IFN-y CD4* T
cells and RF titre was significant on linear regression
(R*=0-495, B=0-704, P=0-005) and the relationship
with HAQ approached significance (R*=0-24, B =0-245,
P=0-07). Conversely, the percentage of IFN-yIL-17-CD4*
T cells at baseline was correlated negatively with HAQ at 12
months (r=-0-592, P < 0:05), and remained significant on
linear regression (R*=0-425, B =-0-652, P=0-01, Fig. 4a).
Multiple linear regression for HAQ at 12 months including
the percentage of both IFN-y'IL-17CD4* T cells and
IL-17'IFN-y CD4* T cells showed that the percentage of
IEN-y'CD4" T cells was an independent predictor of lower
HAQ at 12 months (R*=0-576, f =—0-584, P=0-01). The
percentage of IL-6" monocytes at baseline was correlated
with CRP at 12 months (r=0-603, P<0-01), but baseline
percentage of TNF-or" monocytes was correlated negatively
with both ESR (r=-0-66, P <0:01) and tender joint count
(r=-0-52, P < 0-05) with a trend to a negative association
with DAS28 at 12 months (r=-0-46, P=0-05). None of
these factors remained significant on linear regression
(Fig. 4b). Baseline cytokine expression in T cells or
monocytes did not predict disease activity or damage at 12
months (data not shown), but there were correlations
between HAQ at 12 months and a number of serum
cytokines at baseline, including GM-CSE, IL-4, IL-6, IL-7,
IL-13, IL-15 and IL-17. These relationships remained sig-
nificant upon linear regression for serum levels of IL-4
(R*=0-36, P<0-01), IL-7 (R*=0-31, P<0-05) and IL-15
(R*=—0-28, P<0-05, Fig.4c). Baseline levels of serum
GM-CSE, IL-6 and IL-8 were correlated with Larsen score at
12 months; however, none of these factors remained signifi-
cant on linear regression, and the data are heavily skewed by
a single data point (Fig. 4d). Logistic regression was per-
formed for HAQ progression, high disease activity at 12
months and increase in Larsen score over 12 months using
baseline clinical and laboratory variables, and no significant
relationships were seen (data not shown).

IL-6 expression by monocytes increases over time in
EIA, but there are no changes in cytokine expression by
CD4" T cells

Sixteen patients attended for follow-up visits and had
repeat analyses of T cell and monocyte cytokine expres-
sion. There were no significant changes in the percentages
of IL-17* or IFN-y'CD4" T cells or TNF-of monocytes
over time, although considerable variation was observed in
individuals (Fig. 5a—c). There was a significant elevation in

296 © 2013 British Society for Immunology, Clinical and Experimental Immunology, 174: 292-301
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the percentage of IL-6°CD14" monocytes in response to
LPS at 12 months versus baseline (Fig. 5d) in patients with
or without DMARD therapy. There was little change in the
levels of serum cytokines and chemokines between base-
line and 6 months, except IP-10 and IL-2R, both of which
fell at 6 months versus baseline, but were not elevated sig-
nificantly versus healthy controls at baseline (data not
shown).

Discussion

This study shows that the levels of peripheral IL-17*TFN-
YCD4* T cells and serum IL-17 are increased in patients
with treatment-naive EIA compared to healthy controls, to
a similar extent as observed in established RA. These data
are in agreement with several other studies showing that
serum IL-17 levels or Th17 cell frequency are elevated in RA
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Fig. 4. Twelve-month outcome and baseline serum and cytokine expression. Twelve-month clinical data [rheumatoid factor (RF) titre, swollen joint
count (SJC), tender joint count (TJC), disease activity score 28 (DAS28), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), Larsen
score and health assessment questionnaire (HAQ)] were correlated with cytokine expression and serum cytokine levels at baseline (Spearman’s
correlation, r). Parameters with significant correlations are plotted. The line of best fit using linear regression is shown (?). Patients classified as
rheumatoid arthritis (RA) are shown by open symbols, and undifferentiated arthritis (UA) by closed symbols. *P < 0-05; **P < 0-01.
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Fig. 5. Interleukin (IL)-6 but not tumour necrosis factor (TNF)-o expression by monocytes increases over 12 months in early inflammatory
arthritis (EIA). Peripheral blood mononuclear cells (PBMC) were isolated by density gradient separation and plated at a density of 1 X 10° with
either phorbol myristate acetate (PMA)/ionomycin for 3 h (a,b) or lipopolysaccharide (LPS) for 4 h (c,d) prior to staining for CD3, CD4, IL-17 and
interferon (IFN)-v, or CD14, TNF-a and IL-6, respectively. Sixteen patients had complete data available for visits at baseline, 6 and 12 months.

Symbols and lines represent individual patients. Patients classified as rheumatoid arthritis (RA) are shown by open symbols, and undifferentiated
arthritis (UA) by closed symbols. Changes over time were analysed using repeated-measures analysis of variance (ANovA) or Friedman test with

Dunn’s multiple comparison post-test versus baseline. ***P < 0-001.

peripheral blood compared with healthy controls [3,14,18—
21]. However, conflicting data exist [22,23], including a
recent study which showed that patients with early RA
within a cohort of EIA had lower levels of Th17 cells [24].
Some of this variation may be due to laboratory protocols:
we stimulated PBMC for only a short period (3 h), where
others have used isolated CD4" cells with stimulation proto-
cols ranging from 3 to 16 h. In addition, other studies
recruited patients with very early disease (within weeks of
symptom onset), while our cohort had median symptom
duration of 9 months and may therefore be more consistent
with patients with established disease, although they were
not receiving DMARDs at baseline. These data suggest that
Th17 cells are involved in inflammatory arthritis, regardless
of disease stage or treatment, although treatment effects
(both increases and decreases) have been observed in other
studies [3,25-28].

We also identified altered serum cytokine and chemokine
levels in our patient groups; IL-1B, IL-2, IL-4, IL-17 and
MIP-10 were increased in both RA and EIA versus HC, and
IL-1Ra, IL-15 and IFN-o in EIA versus HC. There was con-
siderable variation between patients in both groups. A pre-
vious study investigated cytokine and chemokine levels in
patients prior to and at onset of RA. IL-17 expression was
increased in pre-patients (up to 5 years before symptom
onset), although this difference was not statistically signifi-
cant [29]. IL-17 levels decreased following disease onset,
while MCP-1, MIP-10,, GM-CSF and G-CSF were increased
significantly in pre-patients compared with control subjects,
and a number of other cytokines became increased signifi-
cantly versus controls in the 3 years prior to disease onset
(IL-2R, IL-1B, IL-9, IL-10, eotaxin, GM-CSF). Other studies
have also demonstrated increased IL-15 in early arthritis,
which may be associated with disease severity [30,31]. The
increase in serum IL-4 demonstrated in EIA and RA is
perhaps surprising. Data from animal models show that
IL-4 ameliorates CIA in DBA/1 mice, and synovial fluid
mononuclear cells (SFMC) from RA patients treated with
IL-4 in vitro are more resistant to Thl activation [32]. A
number of disease-modifying agents (methotrexate and

gold) promote Th2 cells while suppressing Thl cells
[33,34]. In addition, many women experience improvement
of their arthritis during pregnancy (reviewed in [35]), and
the switch towards a Th2 profile in pregnancy may be at
least partially responsible [36]. Synovial fluid from patients
with RA has shown either low or absent IL-4 [37], although
Raza etal. demonstrated a distinct cytokine profile in
synovial fluid (SF) which included IL-4 [2]. In general, the
chemokines and cytokines found to be elevated in our EIA
cohort may represent an activated immune system, which
continues during established RA, although there are likely
to be treatment effects in patients with long-standing
disease.

Despite the finding of significant increases in both serum
IL-17 and IL-17*CD4" T cells in peripheral blood, we were
unable to demonstrate relationships between active disease
(joint counts, ESR, global assessments, CRP or DAS28), in
agreement with our previous work [14]. This is in contrast
with Leipe etal, who reported a positive correlation
between Th17 cells in peripheral blood and CRP in patients
with early RA and psoriatic arthritis [3], all of whom were
also treatment-naive, but had shorter symptom duration
than our cohort. We were unable to demonstrate a decrease
in IL-17°CD4" T cells following treatment, again in contrast
with Leipe et al., although they tested pre- and post-anti-
TNF-o0, which has a more potent effect on disease activity.
These conflicting results suggest that the role of peripheral
blood Th17 cells as a biomarker for either disease activity or
treatment response is not yet convincing. However, we show
a relationship between the baseline percentage of
IL-17*CD4" T cells with RF titre at both baseline and 12
months and HAQ at 12 months, which may indicate an
association with more severe disease. We also demonstrate
negative correlations between IFN-y*CD4* T cell frequency
and both initial patient global assessment and CRP levels
and HAQ at 12 months, which fits with existing data
showing a negative correlation between IFN-y and joint
damage progression in both RA [13] and experimental
models of arthritis [38,39]. We also identified a number of
serum cytokines, including IL-6, that were correlated with
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either Larsen score or HAQ, which supports a pre-
vious finding that plasma IL-6 is associated with X-ray
progression [40].

During the first year of follow-up we were unable to
demonstrate significant changes in either cytokine expres-
sion by CD4" T cells or the majority of serum cytokines/
chemokines, despite reductions in ESR, physician global
scores and DAS28. Mean DAS28 in EIA patients at baseline
was 53 versus 45 after 12 months despite use of
DMARDs = steroids, similar to data from the methotrexate
monotherapy arm in a large clinical trial involving patients
with early RA [41]. However, we noted an increase in IL-6
expression by monocytes over time in the EIA cohort,
which may explain the observed increase in serum IL-6
between EIA and established RA patients. Recently pub-
lished data from other European early arthritis cohorts
[42,43] have detected increased IL-6, particularly in patients
with very early RA compared to undifferentiated arthritis
[43]. As the majority of patients in our cohort had RA, we
had insufficient power to detect a difference between these
two groups. In common with our data, the study by Cascao
et al. was unable to demonstrate changes in cytokines and
chemokines following treatment with steroids or metho-
trexate [43]. It is possible that conventional treatment for
early arthritis with DMARDS, with or without steroids,
is insufficient to switch off the underlying immune
dysregulation. Further work is needed in larger cohorts to
establish if more intensive treatment improves clinical
response and normalizes the cytokine profile, and if
cytokine profiles can be used to guide treatment decisions.

Our study is limited by relatively low numbers, and by
the relative high proportion of patients classifiable as RA at
enrolment. This has prevented detailed regression analysis
for predictors of either RA, response to treatment or persis-
tent high disease activity at 1 year. Similarly, the relatively
low numbers of patients may have inadequate power to
demonstrate small differences in either cytokine expression
or serum levels of cytokines or chemokines. Despite this we
have been able to demonstrate that IL-17*CD4" cells are
elevated in EIA, and that the percentage of IL-6* monocytes
increases over time. IL-17 and IL-6 are associated with poor
function and damage, respectively. In addition, multiple
chemokines and cytokines are elevated in serum during
EIA, and are not altered significantly by conventional
DMARD therapy or corticosteroids.

Conclusion

IL-17 expressing CD4" T cells and serum IL-17 are
increased in peripheral blood from patients with EIA. IL-6
expressing monocytes increased significantly during follow-
up, despite treatment with DMARD. We also observed
incomplete clinical responses, suggesting that more inten-
sive therapy is required early in the disease process in most
patients.
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