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Abstract
Objective
Rheumatoid arthritis (RA) is a chronic autoimmune disease where TNF-a is a central mediator of inflammation, and is
cleaved from the cell surface by TACE/ADAM17. This metalloproteinase is also responsible for the release of soluble (s)
CD163. Soluble CD163 reflects macrophage activation. In RA, sCD163 has been suggested as a marker of disease
activity and progression. Our aim is to investigate sSCD163 levels in early RA patients.

Methods
Soluble CD163 was measured by ELISA from 150 RA plasma samples from the OPERA trial. Averaged disease duration
was three months, prior to randomisation with methotrexate (MTX) and adalimumab (DMARD+ADA) or MTX and placebo
(DMARD+PLA). Soluble CD163 levels were evaluated in relation to clinical disease parameters.

Results
Plasma sCD163 at baseline was 2.39 mg/l (1.74 mg/l-3.18 mg/l), mean (95% CI), vs healthy controls: 1.63 mg/l
(1.54 mg/l — 1.73 mgl/l), (p<0.001). After three months of treatment sCD163 levels decreased significantly (average 23.5%)
in both treatment groups. Significant incremental sCD163 levels followed withdrawal of ADA after 12 months of
treatment. Baseline sCD163 correlated with CRP and all investigated disease activity markers (0=0.16-0.28, p<0.05).
In the DMARD+PLA group baseline sCD163 also correlated with CRP during the follow-up period.

Conclusion
Soluble CD163 correlated with disease activity markers in early RA before treatment. Plasma sCD163 may add to
currently available disease measures by specifically reflecting changes in macrophage activity as evidenced by increasing
levels following anti-TNF withdrawal, despite maintenance of a stable clinical condition achieved by conventional
remedies. It remains to be determined whether sCD163 is an early predictor of disease flare
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Introduction

Rheumatoid arthritis (RA) is a chronic
autoimmune disease, mainly affecting
the joints, and dominated by T cell and
macrophage activity (1). TNF-a is a key
player in disease progression, as reflected
by the effects of anti-TNF treatment (2).
CD163 is a scavenger receptor specifi-
cally expressed on macrophages and
monocytes, binding haemoglobin-hap-
toglobin complexes (3). The soluble
form of CD163 (sCD163) is present
in plasma and other tissue fluids, as-
sociated with the inflammatory state,
and considered a specific marker of
macrophage/monocyte activation (4,
5). Soluble CD163 is shed from the
cell surface by TACE/ADAM 17 —the
metalloproteinase also responsible for
cleaving TNF-a (6), suggesting a close
link between sCD163 and TNF-a. The
functional role of sCD163 is yet to be
determined; an anti-inflammatory role,
decreasing lymphocyte proliferation
and activity has been suggested, (7)
but sCD163 has also been suggested to
mediate innate immunity by decreasing
iron availability (5). However, sCD163
is especially useful as a marker of im-
mune activation as levels increase in
concordance with TNF-a concentra-
tions following macrophage activa-
tion. The longer half-life of sCD163
compared with TNF-a enables a more
reliable measuring in plasma, favouring
sCD163 as an inflammatory biomarker
(8,9). Today many RA patients achieve
remission, however, some patients still
have progressing disease and others
fail to respond to, or tolerate treatment.
Hence, in order to identify disease pro-
gression early, an on-going search for
new biomarkers in RA is of great inter-
est. Previously, we investigated sCD163
in a small cohort of RA patients (10).
We observed that sCD163 was corre-
lated with disease activity and could re-
flect radiographic progression up to five
years from treatment initiation. Here,
we investigate SCD163 in early treat-
ment naive RA patients receiving two
different treatment regimes.

Materials and methods

Collection of patient samples

and clinical data

Serial plasma samples were obtained

499

from a subset of patients (n=154,
age=53.5 (51-55), 70% women) ran-
domly selected from the OPERA study
(OPtimized treatment algorithm in Ear-
ly Rheumatoid Arthritis). The trial was
conducted in accordance with the Hel-
sinki declaration and approved by the
Danish Medical Agency (2612-3393),
the Danish Data Protection Agency
(2007-41-0072) and the Regional Eth-
ics Committee (VEK-20070008). All
patients gave written consent to partici-
pation (11). Briefly, upon entry, treat-
ment-naive early RA (eRA) patients
with symptoms for an average of three
months were randomised to conven-
tional methotrexate (MTX) treatment
plus adalimumab (DMARD+ADA) or
MTX plus placebo (DMARD+PLA);
both regimes were given in combina-
tion with intra-articular glucocorticoid
injections. At baseline, IgM-rheuma-
toid factor (IgM-RF) and anti-CCP
(ACPA) were measured. Disease activ-
ity was assessed when plasma samples
were collected. In this study we used
serum C-reactive protein (CRP), num-
ber of swollen (SJC 28 and 40) and ten-
der joints (TJC 28 and 40), physicians’
global assessment of disease activity
on a visual analogue scale (VAS doc-
tor global), simplified disease activity
index (SDAI), clinical disease activity
index (CDAI), health assessment ques-
tionnaire (HAQ), disease activity score
in 28 joints (DAS28CRP, four vari-
ables, CRP-based) and ACR response
20, 50 and 70. Radiographic progres-
sion was assessed by change in Total
Sharp Score (TSS) from baseline to one
and two years. After one year of treat-
ment, adalimumab was discontinued
and patients continued follow up and
received treatment aiming at synovitis
suppression and DAS28CRP < 3.2 (11).
The patients’ clinical characteristics are
presented in Table I.

Soluble CD163 ELISA

Soluble CD163 was quantified in
plasma from the eRA patients (n=150)
using a standardised and validated in-
house sCD163 ELISA, as previously
described (12). The sCD163 levels in
217 healthy controls (HC) (age=56.4
(54-58)) have previously been estab-
lished using the same assay. As sCD163



Soluble CD163 in early RA / S.R. Greisen et al.

Table I. Patients baseline characteristics. DMARD+ADA
Disease activity marker DMARD+ ADA DMARD+PLA la i 1
L L]
1
IgM-RF (%positive) 70.0 73.0 8 '—l
ACPA (%positive) 57.9 70.5 |m || i
CRP (mg/l) 13.5 (7.0-39.3) 15 (7-59) =
DAS28CRP 5.7 (4.8-6.5) 5.6 (5.1-6.1) £ 67 .
HAQ 1.1 (0.88-1.9) 1.1 (0.63-1.5) 2 ' '
VAS 58.0 (44.0-76.0) 55.5 (39.8-70.3) a m
CDAI 342 (24.4-43.1) 315 (26.4-38.1) Q
SDAI 353 (26.8-46.2) 329 (26.8-43.3)
SJC 28 9.0 (6.0-14.0) 8.0 (6.0-13.0) 24
SJC 40 11.5 (7.3-18.0) 120 (8.0-19.3)
TIC 28 110 (7.3-17.8) 11.0 (8.0-14.0) "
LJ L)

TJC 40 16.5 (10.3-23.8) 16.5 (10.8-22.3) HC . 0 12 24
Patient characteristics at baseline: Data are expressed as median with (IQR). Treatment group methotrex- Months
ate plus adalimumab (DMARD+ADA), treatment group methotrexate plus placebo (DMARD+PLA),
IgM rheumatoid factor (IgM-RF), anti-citrullinated protein antibodies (ACPA), C-reactive protein
(CRP), Disease activity score based on CRP (DAS28CRP), Health Assessment Questionnaire (HAQ), DMARD+PLA
physicians’ global assessment of disease activity on a visual analogue scale (VAS), Clinical Disease 8n Fedkek
Activity Index (CDAI), Simplified Disease Activity Index (SDAI), swollen joint count by 28 joints 'l Jekk "
(SJC28) or 40 (SJC40) joints, tender joint count by 28 joints (SJIC28) or 40 (SJC40) joints. - :
is not affected by gender, HC and pa-  groups: DMARD+ADA: (1.68 mg/l g ,d
tients were not gender matched (5). (1.52-1.86 mg/l)) DMARD + PLA: '8'

(1.75 mg/1 (1.58-1.95 mg/l)) (Fig. 1). » 2
Statistics
Statistical analyses were performed us-  Soluble CD163 was affected 0 12 2 4
ing Statal3 (TX, USA) and Graphpad by the addition of adalimumab rr—rs

onins

Prism (CA, USA). Soluble CD163 data
are expressed as mean (95% CI), if not
otherwise specified. Correlations were
assessed using Spearman rho, as other
parameters did not fit the normal dis-
tribution. Regression and linear regres-
sion were calculated when suitable,
where 3 is the correlation coefficient
(95% CI). All p<0.05 are considered
statistically significant. Soluble CD163
levels were log-transformed in order to
fit the normal distribution.

Withdrawal of adalimumab after 12
month was reflected by a marked in-
crease in sCD163 plasma levels from
12 to 24 months; 1.72 mg/l (1.55-
193 mg/l) to 2.10 mg/l (1.88-2.29
mg/l) (p=0.0001), also significantly
higher than in HC (p<0.001). In the
DMARD+PLA group, sCD163 levels
did not change from 12 to 24 months;
(1.83 mg/l (1.63-2.05 mg/l) and 1.77
mg/l (1.58-1.97 mg/l) respectively,
p=0.4) (Fig. 1). Adjusting for patients
receiving biological treatment in the

Fig. 1. Plasma levels of sCD163 in the two treat-
ment groups and HC.

Plasma levels of sCD163 in DMARD+ADA
(n=73) and DMARD+PLA (n=77) treated pa-
tients at baseline and at each follow-up, and
plasma levels of sCD163 in age-matched HC
(n=240). ***p<0.0001; *p<0.05.

SDAI (0=0.233), CDAI (0=0.211) and
DAS28CRP (0=0.25) and function-
ality; HAQ (0=0.218) (Table II). We
observed no correlations with TSS nor
delta-TSS at any time-point, nor with

Results two groups between 12 and 24 months  IgM-RF and ACPA.
Soluble CD163 was increased due to active disease (DMARD+ADA  The association between CRP and
in early RA n=14 and DMARD+ PLA n=12) did sCD163 fitted a linear regression

Plasma levels of sCD163 were in-
creased (2.39 mg/l (1.74 mg/1-3.18
mg/l)) in treatment naive eRA patients
compared with HC ((1.65 mg/1 (1.55-
1.76 mg/1), p<0.001). Soluble CD163
levels decreased significantly after three
month of treatment; DMARD+ADA:
(1.88 mg/1 (1.41-2.35 mg/l), p<0.001),
and DMARD+PLA: (1.75 mg/l (1.56—
1.95 mg/1), p<0.001). Simultaneously,
DAS28CRP decreased from 5.6 to 2.6
(p<0.001). After six months of treat-
ment, sCD163 levels were compara-
ble with HC levels in both treatment

not influence these findings (data not
shown).

Soluble CD163 correlated

with disease activity parameters

At baseline, plasma levels of sCD163
correlated with markers of disease
activity. Using Spearman’s rank cor-
relation test we observed correlations
with markers of systemic inflamma-
tion, including CRP (0=0.238) and
VAS doctor global (0=0.27). We also
observed correlations with compos-
ite disease activity markers, such as
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model at baseline (f=8.28, p<0.001).
In the DMARD+PLA group the as-
sociation was sustained for one year
of treatment ($=9.9, p<0.001). In the
DMARD+ADA group we only ob-
served this association at baseline and
after six months of treatment (Fig. 2).

Soluble CD163 at baseline predicts
CRP

We considered if sCD163 could predict
future disease activity, and by regres-
sion analysis we observed that sCD163
at baseline correlated with CRP in the
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Table II. Correlation between disease activity markers and sCD163 at baseline.

Baseline CRP VAS HAQ  DAS28CRP SDAI CDAI SJC28 SJC40 TIC28 TJC40
sCD163

0 0.228 0.270 0.218 0.250 0.233 0.211 0.151 0.175 0.135 0.165
(p) (0.004) (<0.001) (0.008) (0.002) (0.004) 0.01) (0.07) (0.03) (0.1) (0.04)

Correlations between plasma sCD163 and markers of disease activity at baseline: Correlations were assed using Spearman rho. C-reactive protein (CRP),
Disease activity score based on CRP (DAS28CRP), Health Assessment Questionnaire (HAQ), physicians’ global assessment of disease activity on a visual
analogue scale (VAS), Clinical Disease Activity Index (CDAI), Simplified Disease Activity Index (SDAI), swollen joint count by 28 joints (SJIC28) or 40
(SJC40) joints, tender joint count by 28 joints (SJC28) or 40 (SJC40) joints.

DMARD+ADA DMARD+PLA

: 0 months 3 months 6 months 0 month: 3 months 6 months

] . §~ * e *
8 . * * g . . ¥
- I N . s 8 — — o o=
ol F i otedss == =] bt e

o
% g. 12 months 24 months total ] = 24 months . tOta!

§. .' * é: * ’~0 o.
o dishe=e adts ve ¢ o o R °

0 5 0 15 0 5 0 15 0 5 10 15 o e s o B o e s

sCD163 sCD163
e CRP = --——-- 95% Cl e CRP = --——-- 95% Cl
Fitted values Fitted values

Fig. 2. Linear regression of sCD163 and CRP.

The linear regression model fitted to sSCD163 and CRP in the two treatment groups and at each time of follow-up. *regression coefficient with p<0.05.

entire follow-up period, but only in the
DMARD+ PLA treated group (Table
1I0).

Discussion

Soluble CD163 is an established mark-
er of macrophage activity in inflamma-
tory conditions. Here, we investigated
sCD163 in early RA patients with av-
erage disease duration of only three

months. We observed that sCD163 lev-
els were significantly elevated at base-
line, in line with previously published
results (10), indicating that elevated
sCD163 reflects active inflammatory
disease. This is further supported by
the positive correlation between base-
line sCD163 levels and traditional
disease activity markers. Baeten et al.
(13) also reported elevated sCD163

Table III. Correlation between sCD163 and CRP in the DMARD + PLA treated group.

CRP baseline CRP 3 mo CRP 6 mo CRP 1 year CRP 2 years
sCD163 baseline p=152 p=7.18 B =531 B =7.07 B=3.78
SE=6.0 SE=2.25 SE=1.8 SE=2.8 SE=1.09
sCD163 3 mo NS NS NS NS
sCD163 6 mo B=7.95 NS NS
SE=2.8
sCD163 1 year p=78 p=3.37
SE=39 SE=1.52
sCD163 2 years NS

Correlation between plasma sCD163 at baseline and C-reactive protein (CRP) through the follow-up
period in treatment group methotrexate plus placebo (DMARD+PLA). Correlations are assessed using
the regression model. Where indicated, correlation coefficients are all significant with p<0.05.
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levels in chronic RA patients. Though
they did not observe any correlation
with disease activity markers, possi-
bly explained by the chronicity. Thus
we only observed baseline sCD163 to
correlate with disease activity markers,
suggesting sCD163 to be especially
valuable as a disease activity marker in
early disease. Following three months
of treatment sCD163 levels decreased
significantly coinciding with decreas-
ing DAS28CRP. At six months sCD163
levels were comparable with those in
HC. In line with Baeten ez al. (10) we
did not observe sCD163 levels to be af-
fected by anti-TNF treatment. Though
withdrawal of ADA after 12 months
was followed by a significant increment
of sCD163 by the end of the study pe-
riod, suggesting increased macrophage
activity, and that sCD163 may be a sur-
rogate marker for TNF-a levels. The
positive correlation between sCD163
and CRP also supports its association
with TNF-a, as TNF-a is one of the
main inducers of both inflammation
and ADAMI17, the enzyme responsi-
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ble for the cleavage of both TNF-a and
CD163 (14, 15). This may also explain
the absence of the correlation in the
group treated with DMARD+ADA.
The association between CRP and
sCD163 is not strong, however, sup-
porting the complexity regulating in-
flammation and macrophage activity
in eRA (5) and underscoring a puta-
tive independent role for sCD163 as
biomarker in RA. Unlike our previous
study, we did not find an association
between sCD163 and radiographic pro-
gression (10). This could be explained
by the shorter follow-up period, the
very short disease duration at baseline
and the aggressive treatment regimes
-causing less radiographic progression.
To conclude, sCD163 holds promise
as a complementary marker of mac-
rophage activation in the evaluation
of inflammation in early RA patients.
It is weakly associated with traditional
markers of disease activity, but predicts
future CRP levels, thereby possibly
enabling early discovery of on-going
inflammation. Considering that with-
drawal of ADA was followed by in-
creasing sCD163 levels, it is tempting
to speculate that SCD163 may serve as
a molecular marker of response or re-
sistance to anti-TNF treatment in RA,
which warrants further investigation.
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