L ongitudinal study of rheumatoid arthritis patients discloses
sustained elevated serum levels of soluble CD106 (V-CAM)
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Abstract
Objective
To appreciate the evolution of serum angiogenic and/or adhesion molecules levels during a long term follow-up of
rheumatoid arthritis (RA) patients.

M ethods
Serum levels of 5 soluble adhesion/angiogenesis glycoproteins (VEGF, CD31, CD54, CD62E, CD106) were
measured in Elisa in samples collected over 6 yearsin a cohort of 43 RA patients with monitored clinical
parameters of disease activity and severity.

Results
RA patients had significantly higher levels (p < 0.0001) of sSCD106 (VCAM-1) than control subjects. Conversaly, the
levels of soluble VEGF, CD31, CD54 and CD62E were normal or lower than normal. No statistically significant
time effect was noted. No effect either was noted as related to the therapeutic agents taken by the patients.

Conclusion
The sustained elevated serum levels of SCD106 observed here imply that this molecule might be related to the
chronicity and progression of RA.
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Introduction

The articular synovium in rheumatoid
arthritis (RA) is characterised by neo-
angiogenesis phenomena allowing the
colonisation of this tissue by pro-
inflammatory immunocompetent cells,
eventually leading to synovial prolifer-
ation and joint destruction (1). Neovas-
cularisation is a physiological process
in embryogenesis and wound repair,
and may be involved in pathological
conditions. It depends both on locally
produced and soluble factors (2). Solu-
ble proangiogenic growth factors such
as the vascular endothelial growth fac-
tor (VEGF) have been described (3).
Cell adhesion molecules, expressed as
transmembrane glycoproteins on endo-
thelial cells and/or migrating leuko-
cytes, are involved in cell recruitment.
In soluble forms, resulting from alter-
native splicing or shedding, they can
also act as angiogenesis mediators, as
has been shown in a few experimental
models (4).

In RA, the expression of angiogenic
mediators and adhesion molecules in
the synovid tissue appearsto be crucial
for leukocyte extravasation (5,6). Such
factors can also be found in soluble
forms in the synovial fluid or serum
(7). Although Patel and Haynes (8)
pointed to the need for more studies
into the potential value of soluble ad-
hesion molecules as surrogate markers
for autoimmune disease, only a few
studies so far have tackled this issue.
Indeed, the limited data available are
controversial regarding the correlation
of soluble adhesion molecules levels
with indicators of disease activity (7).
Moreover, most studies have been per-
formed as single time-point assays,
with cross-sectional comparisons of
RA patients to controls or patients with
other rheumatologic diseases. Since
RA is a chronic and progressive disor-
der (1), it would appear interesting to
investigate whether or not the circulat-
ing levels of angiogenic/ adhesion solu-
ble factors vary over time during dis-
ease progression.

Here we report data of such afollow-up
study, where angiogenic and adhesion
soluble molecules were assayed repeat-
edly over 6 years in serum samples
from a cohort of 43 RA patients.
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Patients and methods

Patients

43 subjects (30 women, 13 men) en-
rolled in the prospective EURIDISS
project (9) were included in this study.
All patients met the American College
of Rheumatology 1987 revised criteria
for RA (10) and had suffered from RA
for less than 5 years at enrolment. Fol-
lowing the EURIDISS protocol, all
subjects were medically examined reg-
ularly on a yearly basis over 6 years
(except on year 5), and blood was
drawn on these occasions. Clinical and
biological criteria to assess disease
activity and severity were collected as
well: the Health assessment question-
naire (HAQ, 11), nodules, extra-articu-
lar localisations, Ritchie's index (12),
Steinbrocker’s stages, Larsen score
(13), Karnofsky's index, overal esti-
mation of health, erythrocyte sedimen-
tetion rate, and rheumatoid factor.
Serum samples were stored at -30°C
until they were assayed; all were as-
sayed at the sametime.

ELISA assays

The angiogenic or adhesion glycopro-
teins assayed were soluble VEGEF,
sCD31, sCD54, sCD62E, and sCD106.
The methods used were sandwich
ELISA tests performed according to
the distributor’'s specifications (R&D,
Abingdon, UK). Briefly, thawed serum
samples were incubated in microtitra-
tion plates coated with a monoclonal
antibody specific for the molecul e test-
ed. After incubation and a series of
washes, a second antibody, specific for
a different epitope of the same mole-
cule and conjugated to horseradish per-
oxidase, was added to the wells. The
optical density, proportional to the
amount of soluble factor assayed, was
developed by addition of the enzyme's
substrate and a chromogen (tetram-
ethylbenzidine), and measured in spec-
trophotometry at 450 nm.

Data were expressed according to cali-
bration curves set up for each test on
the same microtitration plate as the
samples tested.

Reference values for this laboratory
were established by applying the same
assays to a series of serum samples
from a control group of 35 healthy sub-
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jects (14). All had been submitted to
clinical examination, which disclosed
no inflammatory rheumatologic dis-
ease nor other pathologies.

Satigtical analysis

Clinical characteristics and biological
variables were described using mean
and standard deviation for continuous
variables and percentages for categori-
cal data. The distribution of biological
variables satisfied normality assump-
tion tested by Kurtosis. Patients' levels
were compared to the reference values
for healthy subjects for each of the
molecules assayed using Student’s t-
tests. An analysis of the relationship
between clinical characteristics and bi-
ological datawas conducted using ana-
lysis of variance and the Pearson corre-
lation coefficient where appropriate.
This analysis was repeated at each as-
sessment time. The variation of biolog-
ical marker levels over time was as-
sessed using ANOVA with repeated
measures testing for any time effect
and to handle missing data. Visual
examination of graphic data displays,
plotted for each angiogenic/adhesion
molecule, was used to identifypotential
subgroupsof patients. Where appropri-
ate, further testing of time effects and
of the relationships with clinical char-
acteristics was conducted between sub-
groups. P values <0.05 were consid-
ered statistically significant.

Results

Analysis of the clinical criteria of dis
ease activity and severity showed that
the Ritchie’ sindex increased over time,
as illustrated in Figure 1, while the
HAQ index remained relatively stable.

Figure 2 reports the mean levels of the
glycoproteins assayed in RA samples
collected at the time of the patients
inclusion in the EURIDISS project,
compared with reference levels for
each molecule. Significantly higher (p
< 0.00001) levels of sCD106 were
observed in the patient samples, while
sCD62E (p = 0.00002) and VEGF (p =
0.01) levels were significantly lower
than in controls. sCD31 and sCD54
levels did not differ from normal.

All mean levels appeared stable over
time, as shown in Table I, without any
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Fig. 1. Evolution of the mean (+ S.E.M.) HAQ (l€ft ordinate, black bars) and Ritchie’s (right ordinate

striped bars) indexes over time in the cohort of 43 RA patients studied.
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Fig. 2. Mean (+ SE.M.) serum levels, at inclusion, of VEGF (pg/L), CD31 (ng/L), CD54 (ng/L),
CD62E (ng/L) and CD106 (ng/L) in RA patients (black bars) compared to the |aboratory’ s normal lev-
els as assessed in a cohort of 35 healthy subjects (striped bars). Asterisks indicate statistically signifi-

cant differences.

Tablel. Mean = S.D. values of soluble adhesion or angiogenic molecules in serum samples
at the time points tested i.e. every year except year 5. ANOVA with repeated measures dis-

closed no statistically significant variation over time.

Year 1 Year 2 Year 3 Year 4 Year 6
VEGF (pg/L) 3152+ 2305 3247+2238 3120+186.8 387.9+2640 3559+ 2057
CD31 (ng/L) 18.7+6.9 19.3+5.9 19.0+6.6 18777 195+ 6.6
CD54 (ng/L) 330.6+120.9 3465+127.7 3325+97.0 308.1+89.1 3222+71.2
CDG62E (ng/L) 529+ 23.0 552+ 248 60.5+31.1 62.4+28.0 541+ 20.3
CD106 (ng/L) 814.2+345.1 850.6+380.0 845.0+3533 944.9+5736 920.9+487.5
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Tablell. Correlation coefficients (r) and p values obtained when comparing soluble VEGF levels and clinical factors of disease activity or
severity at thetime points tested, i.e. every year except year 5.

Baseline value Year 1 Year 2 Year 3 Year 4 Year 6
HAQ 112+ 0.74 r =0.44 (0.003) r= 0.18(0.20) r= 0.29 (0.05) r =0.68 (<0.001) r=0.46 (0.02)
Ritchie’'s index 120+ 7.9 r=0.16 (0.30) r=-0.01 (0.9) r=-0.15(0.3) r=0.47 (0.01) r=0.31(0.03)
Larsen score 18.6 + 20.7 r=0.37 (0.03) NA r= 0.61(0.002) NA r=0.12 (0.64)
Karnofsky index 76.4+11.9 r =-0.38 (0.01) r=-0.13(0.39) r=-0.33(0.02) r =-0.58 (0.002) NA
ESR 26.3+ 234 r=0.57 (< 0.001) r= 0.36 (0.02) r= 0.48(0.01) NA r=0.36 (0.02)

NA : not available.

Table I11. Evolution of serum sCD62 lev-
els and the HAQ index over time. Anova
with repeated measures. P=0.009.

Time point sCD62 HAQ
Year 1 46.86 112
Year 2 56.64 115
Year 3 63.64 1.06
Year 4 62.46 1.29
Year 6 55.00 134

statistically significant time effect.
High mean levels of sSCD106 therefore
were noted at each time point tested.
Thiswas confirmed by visual examina
tion of graphical data display for each
patient, confirming that the stable mean
levels noted were not related to com-
pensated variations between patients.
Investigating for relationships between
clinical and biological parameters, we
observed a significant link of sVEGF
with higher age (r = 0.40; p = 0.01) and
a correlation between sVEGF levels,
disease activity and severity as shown
in Table II. Interestingly, correlations
between sVEGF levels and the Karnof-
sky index were negative. We also noted
significantly higher (p = 0.003) levels
of SVEGF in older patients and signifi-
cantly higher (p = 0.009) sCD62E lev-
elsin patients with increasing disability
over time (Table I11).

No relationships were observed be-
tween the parameters measured and
therapy, using ANOVA to test for the
effect of steroids, AINS or DMARD,
except between DMARD and CD31
levelsat year 1 (p = 0.009).

Close examination of sequential assays
disclosed a peculiar distribution pattern
of sCD106 levels. At inclusion, the
population tested appeared to be parti-
tioned into two groups, with sCD106

levels higher (n = 13) or lower (n = 30)
than 1000 ng/mL. Interestingly, this
partition persisted significantly over
time, suggesting that RA patients can
belong to one of these two groups of
subjects with very high (sCD106M"") or
high (sCD106") serum levels of
sCD106, both groups displaying signif-
icantly increased levels (p < 0.001),
respectively about 3 times and twice
normal levels (Fig. 3).

Comparing sCD106"" and sCD106"
patients for all the criteria tested, at all
time points, we found no correlation
with known markers of disease activity
or severity. However, significant differ-
ences (p = 0.03) were noted over time
between subgroups for the mean sCD-
31 level which, interestingly, was high-
er in the sCD106hi subgroup. No sig-
nificant relationship between drug
intake of either slow-acting drugs, cor-
ticosteriods or NSAIDS, and CD106
levels, and no therapeutic difference
between patients of the CD106" and

CD106""M groups, as assessed by Fish-
er's exact test, were seen at any mea-
surement time.

Discussion

This study reports on the longitudinal
assay, over a 6-year period, of a series
of soluble molecules potentially re-
flecting angiogenesis and/or endothe-
lia cell activation, in serum samples
from RA patients. All levels appeared
remarkably stable over time, sCD106
remaining significantly higher in pa-
tients than in controls over the whole
period tested. Moreover, two subgroups
of RA patients were identified based on
their sSCD106 serum levels, sSCD31 lev-
els aso being steadily and significantly
elevated in SCD106" patients.

This study was undertaken on the basis
of previously reported single time-
point assessments investigating one or
a few of these molecules. One of the
objectives was to assess whether serum
samples could reflect events occurring

0%
I
m —
l__,—-x—m—-/z —a
n
i vmz s vas ves | vees

Fig. 1. Evolution of the mean (+ S.E.M.) HAQ (l€ft ordinate, black bars) and Ritchi€'s (right ordinate
white bars) indexes over time in the cohort of 43 RA patients studied.
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mostly in the synovium, and provide
some information about the joints’ in-
flammatory activity in terms of cell re-
cruitment and angiogenesis. Although
the high levels of SCD106 could indeed
reflect increased production of this
molecule in RA, the highly stable lev-
els we observed are morein favour of a
role for these molecules in the chroni-
city of the disease. Moreover, no corre-
lation could be found between the para
meters measured and the patients’ ther-
apy. This would also suggest a remote
relationship between serum samples
and synovial events.

Vascular endothelial growth factor
(VEGF) is an endothelial cell-specific
mitogen and an angiogenesis inducer
released by a variety of tumour cells
and expressed in human tissues in situ
(3). In RA, significant amounts of
VEGF have been reported in the syn-
ovia fluid (15,16) and arole of VEGF
in the angiogenesis concomitant to syn
ovial growth and inflammation has
been suggested in severa studies (17,
18). We observed sgnificantly lower
levels of VEGF in the serum samples
we tested than in normal controls.
However, VEGF was the only parame-
ter which showed any correlation with
clinical criteria, indicating that al-
though low, the serum VEGF levels
observed could nevertheless be related
to variations in synovia activity. The
negative correlation noted with Karnof-
sky’ sindex indeed showsthat the lower
the VEGF levels, the better the patient
feels.

CD31/PECAM is expressed at high
levels on activated endothelial cells,
and appears to be upregulated on blood
vessels, lining cells and macrophages
of the synovia membrane (19). More-
over, CD31 has been proposed to play a
role in angiogenesis based on its ex-
pression in newly formed blood vessels
(20). Soluble CD31 levels do not seem
to have been investigated in the periph-
eral blood of RA patients. Here we ob-
served similar levels of sCD31 in the
whole group of RA patients compared
to controls. However, there appeared to
be some degree of co-regulation be-
tween sCD31 and sCD106 as discussed
bel ow.

CD54/ICAM-1isinvolved in leukocyte

transmigration, and its expression is
upregulated in such inflammatory tis-
sues as the rheumatoid synovium (21).
Soluble CD54 levels have been deter-
mined in several series of RA patients
(22, 23). Thelevelsreported by Littler
et al. (23) and Cush et al. (21) are com-
parable to those we observed. Howev-
er, their series of controls were much
smaller (7 and 10 individuals respec-
tively) which might account for their
different interpretation of patients/ref-
erence data. In the series of Mason et
al. (22), the methodol ogy was different,
but the large series of controls showed
highly dispersed values, and only 5 RA
patients with very high sCD54 levels
accounted for mean increased levelsin
their patients' group. Our data provide
the complementary information of
highly stable levels in our 43 patients
(215 assays).

CDG62E/E-selectin and CD106/VCAM-
1 have been reported in the literature as
angiogenic factors in experimental mo-
dels (24). They appear to be potent
inducers of endothelia cell chemotaxis
in vitro and of angiogenesisin amodel
of rat corneavascularisation (24). Solu-
blelevels of CD62E were assessed by
Littler et al. (23) in serum samples
from RA patients, and found not to dif-
fer from those of 10 controls. We ob-
served less dispersion of the values,
and significantly lower stable levels of
CDG62E in our patients sample com-
pared to the reference level determined
from 35 healthy controls. Interestingly,
CDG62E expression is mostly reported
as a transient event on activated endo-
thelia (25). CD62E expression has been
reported on endothelial cells in syn-
ovial tissue from RA patients (5). The
low serum levels we noted could be
related to the decreased shedding of
CDG62E in the inflamed tissue of active
patients.

Soluble CD106 levels have been previ-
ously reported increased in both RA
and lupus erythematosus (23, 26). This
molecule is strongly expressed on sev-
eral cell typesin the articular synovium
of RA patients (5, 27) and could be
involved both in angiogenesis and syn-
oviocyte differentiation. It could also
play arole in modulating the lympho-
cyte dysregulation of RA patients, asit
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was shown to bind T-cells, which carry
the CD106 ligand VLAA4, and induce
their anergy (28).

A novel finding reported here is the
description of two subsets of RA pa-
tients differing in terms of serum levels
of sCD106, yet presenting similar clin-
ical criteria. The smaller series reported
in the literature did not alow others to
identify these two patterns, although 2
of the 22 patients tested by Littler et al.
(23), with the same technique as that
used by us, could belong to the group
of CD106"M RA patients. Six years
follow-up were not enough to tell usin
which way CD 106"" and CD106"
patients might differ but it would cer-
tainly be interesting to confirm this ob-
servation in other cohorts and to conti-
nue investigating what could be a new
independent parameter of RA. The
relationship between sCD106 and
sCD31 levels, the latter being signifi-
cantly raised in CD106" patients, sug-
gests that these two soluble molecules
could be concomitantly involved in
vascular or immunological regulation
mechanisms in slowly progressing RA.
Indeed, CD3L1 has also been reported to
be able to interact with T-cells and
downregulate their activity (29). Solu-
ble CD106 aone or a concerted action
of sCD106 and sCD31 may therefore
be suspected as tentative regulatory
mechanisms of disease progression in
this chronic disorder.
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