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Abstract
Objectives
Rheumatoid arthritis is characterized by inflammation, hyperplasia of the synovial membrane, pannus formation
and degradation of cartilage and bone. Fibroblast-like synoviocytes are thought to be involved in the invasion and

subsequent degradation of cartilage. Two processes play arolein cellular invasion: cellular migration and
degradation of the extracellular matrix. The adhesion molecule CD44 and chemokine receptors are instrumental in

migration and invasion. Both components have been reported to play a role in tumour metastasis but also appear to
be implicated in the destruction of synovial jointsin rheumatoid arthritis. CD44, an ubiquitously expressed receptor
for the glycosaminoglycan hyaluronan, contains 9 exons that are alternatively spliced and this gives rise to the
expression of multiple splice variants, each exhibiting different functional capacities.

Methods
In this report we describe an analysis of the expression of chemokine receptors and CD44 splice variantsin
diseased synovial tissues using the Reverse Transcriptase Polymerase Chain Reaction (RT-PCR). We have
correlated our findings with the clinical diagnosis of rheumatoid or osteoarthritis, with invasion into the
extracellular matrix in vitro, and with the rate of proliferation of fibroblast-like synoviocytes.

Resultsand conclusions
We conclude that fibroblast-like synoviocytes from both osteo- and rheumatoid arthritis express a number of
different chemokine receptors and CD44-splice variants, but none of these correlate with a particular diagnosis.
However, elevated expression of CD44v8-9 was found to correlate negatively with the invasive capacity of
fibroblast-like synoviocytes.
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Introduction

Rheumatoid arthritis (RA) is a disabl-
ing disease characterized by inflamma-
tion, hyperplasia of the synovial mem-
brane, pannus formation and degrada
tion of cartilage and bone. Fibroblast-
like synoviocytes (FLS) are thought to
be involved in the invasion and degra-
dation of cartilage. These cells show
characteristics of transformation, inclu-
ding increased proliferation (1), pro-
duction of type | collagen (2), anchor-
age-independent growth (3), expres-
sion of oncogenes (4-7) andinvasionin
normal human cartilage in both in vitro
(8) and in vivo systems (9) (co-implant-
ed in SCID mice).

Invasion of the cartilage requires cellu-
lar migration and degradation of the ex-
tracellular matrix. Candidate molecules
involved in migration are CD44 and
chemokine receptors.

CD44 is an 80,000 — 95,000 kD trans-
membrane glycoprotein and was origi-
nally discovered as alymphocyte hom-
ing receptor (10-12). Subsequently,
CD44 was observed to have functions
associated with migration and cell-
matrix interactions in many different
cell types. CD44 has the ability to bind
components of the extracellular matrix,
of which hyaluronic acid is the most
important component (10, 13, 14). In
humans, different CD44-splice variants
have been described that confer differ-
ent functions on the cells that express
them. For instance, CD44 variants con-
taining the variable exons v5, v6 and
v8-v10 are often found in tumours and
arerelated to ahigher rate of metastasis
(15).

Several studies have indicated a role
for various isoforms of CD44 in the
pathogenesis of RA. Previoudly, it was
shown that serum levels of soluble
CD44v5 (sCD44v5) and soluble CD-
44v6 (sCD44v6) were elevated in pa
tients with rheumatoid factor-positive,
erosive RA compared to patients with
other inflammatory rheumatic diseases
and that the level of sCD44v5 correlat-
ed with the inflammatory activity of
the disease (16, 17). In another study it
was demonstrated that only FL S deriv-
ed from patients with RA or osteoarth-
ritis (OA) expressed CD44 splice vari-
ants and that FLS from non-inflamed
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tissue did not show CD44 splice vari-
ant expression (18). Recently Wibuls-
was et al. showed that FLS from pa-
tients with RAexpressed the splice var-
iants v3 and v6 and that antibodies
against these splice variants inhibited
invasion of Matrigel by FLS in vitro
(29).

Chemokine receptors are G-protein
coupled receptors that play a role in
leukocyte trafficking and development
(20). It is a large family consisting of
19 members, CCR1 — CCR11, CXCR1
— CXCR6, CX3CR1 and XCRL1.
CXCR4 and CCRY7 are highly expres-
sed in human breast cancer cells and
signalling through these receptorsindu-
ces chemotactic and invasive responses
in vitro. In malignant melanoma, the
same chemokine receptors are expres-
sed as in breast cancer cells, but also
CCR10 is highly expressed, which is
implicated in the preference of mela
noma cells to metastasise to the skin
(20).

On gastric carcinomas CXCR1 and
CXCR2, which are receptors for IL-8,
are overexpressed and addition of IL-8
to a gastric carcinoma-cell line stimu-
latesinvasionin vitro (22).

It has already been shown that che-
mokine receptors play a role in the
pathogenesis of RA. Patients with RA
expressed CCR3 and CCR5 on both
peripheral blood and synovial fluid
monocytes, while peripheral blood mo-
nocytes from patients with RA also
expressed CCR4 (23). CXCR4 was
expressed on CD4+ memory T cellsin
the synovium and its ligand SDF1 was
found in the same region asthe T cells
(24, 25). Addition of SDF1 inhibited
activation induced apoptosis of T cells
(24), which indicates a role for SDF1-
CXCR4 interactionin T cell accumula
tion in the rheumatoid synovium.
Addition of the chemokines CCL2/
monocyte chemotactic  protein-1,
CCL5/RANTES and CXCL12/SDF1
enhanced IL-6 and IL-8 production by
FLS from patients with RA and their
corresponding receptors CCR2, CCR5
and CXCR4 were expressed by FLS.
CCL2, CCL5 and CXCL12 were ex-
pressed by FLS, which indicates that
chemokines play arole in FLS activa
tion in RA in a paracrine or autocrine
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manner (26). However, the expression
level of these chemokines was not
compared between patients with RA or
OAor normal controls.

In this report, we investigated the
expression of CD44-splice variants and
expression of chemokine receptors in
FLS from patients with RAand OAand
correlated their expression with a diag-
nosis of RA or OA, with invasiveness
and with the rate of proliferation.

Materials and methods

Synovial tissue samples

Synovial tissue was obtained from 29
patients with RA and 25 patients with
OA at joint replacement surgery. All
patients with RAmet the criteria of the
American College of Rheumatology.
Tissue was harvested by the ortho-
paedic surgeon and collected in sterile
phosphate buffered saline (PBS). After
removal of connective tissue and fat,
tissue was digested with collagenase
IA (1 mg/ml; Sigma, St. Louis, MO,
USA) for 2 hours at 37°C. Cells were
separated from tissue debris by filtra-
tion through a 200 um filter (NPBI,
Emmer-Compascuum, The Nether-
lands) and cultured in 75 cm? culture
flasks (Cellstar, Greiner, Alphen aan de
Rijn, The Netherlands) with Iscove's
Modified Dulbecco’s medium (IMDM;
Biowhittaker, Verviers, Belgium) sup-
plemented with glutamax (GibcoBRL,
Paisley, UK) and penicillin and strepto-
mycin (Boehringer, Mannheim, Ger-
many) and 10% foetal calf serum
(FCS; GibcoBRL) at 37°C in the pres-
ence of 5% CO,. When cells had grown
to confluence, they were detached with
0.25% trypsin and split in a 1.3 ratio.
Cells obtained after 1 or 2 passages
were used for RNA isolation and the in
vitro invasion assay. Cell cultures con-
sisted of more than 95% FL S as judged
by Giemsa staining and light micro-
scopy.

RNA isolation and cDNA synthesis

Prior to RNA isolation, FL S were plat-
ed in 6-well flat-bottom plates at a den
sity of 100,000 cells per well. RNAwas
isolated using RNAzol B (Campro,
Veenendaal, The Netherlands) and ac-
cording to the manufacturer’s protocol.
RNA pellets were resuspended in di-

ethyl-pyrocarbonate treated water.
cDNA was synthesized from 1 ng of
total RNA with oligo dT (Gibco BRL)
and mouse Murine Leukemia Virus
reverse transcriptase (MMLV-RT; Gib-
coBRL). In short, 11m water contain-
ing 1nmg RNA and 0.5 ng oligo dT was
incubated at 72°C for 10 minutes and
then put onice. 1.2 mM dNTPs (Gibco-
BRL), 10U RNAsin (Promega, Madi-
son, WI, USA), 5mM MgCl, (Perkin-
Elmer, Branchburg, NJ, USA), 50 mM
KCl, 10 mM Tris-HCI pH = 8.3 (PCR
buffer 1, Perkin Elmer) and 20U
MMLV-RT were added to a final vol-
ume of 20 m. This mixture was incu-
bated at 37°C for 1 hour and 95°C for 5
minutes.

Reverse transcriptase polymerase
chain reaction CD44 splice variants
CD44 splice variants were tested using
the primerslisted in Table | (Life Tech-
nologies, Breda, The Netherlands). PCR
amplifications were performed using 1
m cDNA, 1.5 mM MgCI2 (Perkin-
Elmer), 25 mM 10x PCR buffer 1I
(Perkin-Elmer), 0.2 mM dNTPs (Gib-
coBRL) 0.2 mM of primers for the
exons to be investigated and 1.5 U Tagq
polymerase (Promega) in a total vol-
ume of 30m. The cDNAwas amplified
in 40 cycles; 0.5 minute denaturation at
94°C, 0.5 minute annealing at 64°C,
and 1 minute extension at 72°C. The
first cycle started with 5 minutes denat-
uration at 94°C and the last cycle was
followed by an extra extension at 72°C
for 10 minutes.

The PCR products were analysed on a
2% agarose gel (Roche, Mannheim,
Germany) and detected using ethidi-
umbromide and UV-light.

b-actin was used as an interna control.

Rever se transcriptase polymerase
chain reaction chemokine receptors
Total RNA was treated with DNAse
(Promega) according to the manufac-
turer’s protocol.

Expression of chemokine receptors
was tested using the primers listed in
Table | (Life Technologies). PCR am-
plifications were performed using 1 m
cDNA, 2.5 mM MgCl, (3 mM MgCl,
for CCR10, CXCR1 and XCR1), 2.5
mM 10x PCR buffer |1 (Perkin-Elmer),
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0.25 mM dNTPs (GibcoBRL), 0.3 nv
of primers for the chemokine receptor
to be investigated and 1.15 U Taq poly-
merase (Promega) in a total volume of
30m. The cDNA was amplified in 40
cycles; 1 minute denaturation at 94°C,
1 minute annealing at 58°C (or 60°C for
CXCR1 and XCR1) and 1 minute
extension at 72°C. Thefirst cycle start-
ed with 5 minutes annealing at 94°C
and the last cycle was followed by an
extra extension at 72°C for 10 minutes.
The PCR products were analysed on a
2% agarose gel (Roche, Mannheim,
Germany) and detected using ethidium
bromide and UV-light.

b-actin was used as an internal control.

In vitro invasion assay

Invasiveness of FLS was measured as
described previoudly (8). Briefly, Tran-
swells (6.5 mm diameter, 8.0 nm pore
width; Costar, Cambridge, NY, USA)
were coated with paraffin to avoid me-
niscus formation. Hereafter, the tran-
swells were pre-incubated with 100 mi
IMDM for 30 minutes at 37°C. Tran-
swells were coated overnight with 100
m of 0.375 mg/ml Matrigel (Matrigel
basement membrane matrix; Becton
Dickinson, USA) in IMDM under ster-
ile conditionsin alaminar flow cabinet.
The next day the Matrigel-coated wells
were incubated with 100 mi IMDM for
1 hour at 37°C. Cells were harvested as
described above and after removal of
the medium, 200 i of 100,000 FLS/m
in IMDM was seeded in the inner com-
partment of the transwell system. In the
outer compartment, 900 m IMDM/
10% FCS/10% human serum was
pipetted and the cells were incubated
for 3 days at 37°C and 5% CO,,.

After 3 days, the cells were fixed with
2% glutaraldehyde in PBS for 30 min-
utes at room temperature. After re-
moval of the glutaraldehyde and subse-
guent washing with PBS, the cellswere
stained with acrystal violet solution for
30 minutes at room temperature. The
cells were thoroughly washed with
PBS and the cells that did not invade
through the transwell membrane were
removed together with the matrix by
cleaning the inner wells of the trans-
well system with a cotton bud. The
number of cellsthat had grown through
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Table . Sequences of PCR primers.

Sense

Antisense

CD44s
CD44v3
CD44v4
CD44 v5
CD44 v6
CD44v7
CD44 v8
CD44 v9
CD44v10
CCR-1(30)
CCR-2(31)
CCR-3(32;33)
CCR-4(33)
CCR-5(30;33)
CCR-6(34)
CCR-7(35)
CCR-8(30)
CCR-9(36)
CCR-10(37)
CXCR-1(33)
CXCR-2(22)
CXCR-3(38)
CXCR-4(30)
CXCR-5(39; sense only)
XCR-1(36)
CX3CR-1(40)

CAGACCTGCCCAATGCCTTTGATGGACC
GCAGGCTGGGAGCCAAATGAAGAAAATG
TTCAACCACACCACGGGCCTTTGAC
GTAGACAGAAATGGCACCACTGCTTATG
ATCCAGGCAACTCCTAGTAGTACAAC
GCCTCAGCTCATACCAACCATCCAATG
ATGGACTCCAGTCATAGTACAACGC
GCAGAGTAATTCTCAGAGCTTCTC
TAGGAATGATGTCACAGGTGGAAG
AGAAGGTGAACGAGAGG
GCGGAATCTTCTTCATCATCCTC
TGGCGGTGTTTTTCATTTTC
GAAGAAGAACAAGGCGGTGAAGAT
TGCTACTCGGGAATCCTAAAACT
ATTTCAGCGATGTTTTCGACTC
GGCTGGTCGTGTTGACCTA
AGTATGCACATCTTGGATGG
TGATCATGTGCATCAGCGTG
GTTTCCTGGGCCATTAC
GGGGCCACACCAACCTTC
CATGGAGAGTGACAGCTTTGA
ACCTAGCTGTAGCAGACACG
GAACTTCCTATGCAAGGCAGTCC
ATGAACTACCCGCTAACGCTG
GACCCTGTTCCGCTCACG
ACCAGCAAGAAGCCCAAGAGT

CAAAGCCAAGGCCAAGAGGGATGCC

ATCTTCATCATCATCAATGCCTGATCCAG

AGTCATCCTTGTGGTTGTCTGAAGTAG
TGTGCTTGTAGAATGTGGGGTCTCTTC
TGTCCCTGTTGTCGAATGGGAGTC
CCTTCTTCCTGCTTGATGACCTCGTC
GTTGTCATTGAAAGAGGTCCTGTC
TTGATGTCAGAGTAGAAGTTGTTGG
TGATAAGGAACGATTGACATTAGAG
AGCCTGAAACAGCTTCC
CCTCTTCTTCTCGTTTCGACACC
CCGGCTCTGCTGTGGAT
ATGGTGGACTGCGTGTAAGATGAG
TTCTGAACTTCTCCCCGACAAA
GGAGAAGCCTGAGGACTTGTA
CCATTGTAGGGCAGCTGGAA
TGTAGTCTACGCTGGAGGA
TTGGAGATGAACATGGCATA
ACAGCGTCGTTGGCCTTC
AGTGCCTGCCTCAATGTCTCC
ACTTGTTGATTTCCAGGGATT
CATAGCAGTAGGCCATGACC
CCATGATGTGCTGAAACTGGAAC
AGGAGGTCGGCCACGGCCAG
AATGCTCCTTCCAGGCCC
CGCCTAGGCTGATGGTGAC

the matrix and the transwell membrane
were counted under alight microscope.
All experiments were carried out in
duplicate.

Rate of proliferation

FLS were seeded at a density of 5000
cells per well (12-well flat-bottom
plates) and cultured in 1 ml of IMDM/

10% FCS. After days 3, 7, 10, 14, and
17 the cellswere trypsinized and count-
ed in a counting chamber. The cells
were stained with trypan blue to ex-
clude dead cells.

From the data obtained, growth curves
were established and the rate of prolif-
eration was determined from the steep-
est slope.

Table 1. Expression of chemokine receptors as measured by RT-PCR.

RA OA

Chemokine receptor Positive Negative Positive Negative  Mann-Whitney
CCR1 2 8 2 8 p=1
CCR2 3 7 1 9 p=0.481
CCR3 5 5 3 7 p=0.481
CCR4 1 9 1 9 p=1
CCR5 2 8 1 9 p=0.739
CCR6 0 10 1 9 p=0.739
CCR7 4 6 4 6 p=1
CXCR4 3 7 5 5 p=0.481
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This technique had been performed
before by our group, and it was com-
pared with [*H]thymidine incorpora
tion to validate its accuracy. No differ-
ences were found between these tech-
niques (8).

Satistical analysis

Expression of CD44 splice variants and
chemokine receptors was tested using
RT-PCR and data were analysed with
SPSS 10.0. P-values were estimated
using the Mann-Whitney U-test for un-
paired groups and linear regression
analysis. This study is designed to
reveal large differences between the
groups with a confidence of 95% and a
power of 80%.

Results

Expression of chemokine receptors
Expression of chemokine receptors
was measured by RT-PCR in 20 pa
tients (10 patients with RA and 10
patients with OA) (Table Il). CCR1,
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Tablelll. (A) Expression pattern of CD44 v8-v9 as measured by RT-PCR &fter enlarge-
ment of the groups of samples. (B) Correlation between expression of CD44 v8-v9 and in

vitroinvasion.
A RA OA
Splice variant Positive Negative Positive Negative ~ Mann-Whitney
CD44 v8-v9 19 10 20 5 p =0.240
B Mean number of invasive cells
Splice variant (% standard deviation) Mann-Whitney
CD44 v8-v9 positive 3489 (+ 1882; n=39)

p=0.022
CD44 v8-v9 negative 5043 (+ 2445; n=15)

CCR2, CCR3, CCR4, CCR5, CCRS,
CCR7 and CXCR4 were expressed in
some but not all samples of FLS exam-
ined. However, no difference could be
found between RAand OA. CCR3 was
expressed most frequently in FLS. No
correlation existed between expression
of chemokine receptors and invasive-
ness in vitro or rate of proliferation
(data not shown).

Expression of CD44 splice variants

29 patients with RA and 25 patients
with OA were tested for the expression
of CD44 splice variants. No significant
differences in the expression of CD44
splice variants could be observed be-
tween patients with RA and OA. How-
ever, in the group of patients with RA,
there tended to be more patients nega-
tive for expression of CD44 v8-v9 than
in the group of patients with OA (p=
0.24) (Tablelll A).

Negative correlation between expression
of CD44 v8-v9 and in vitro invasive-
ness

It was shown before that FLS from
patients with RA are more invasive
than FL S from patients with OA. Inva-
sive cellswere shown to have enhanced
expression of CD44v3 but a reduced
expression of CD44v7/8. For tumour
cells the inverse was shown, cell ex-
pressing CD44 v8-v9 are involved in
metastasis (15). We therefore further
analysed the correlation between the
expression of the splice variant v8-v9
and the invasiveness of FLS in an in
vitro invasion system.

Samples positive for the expression of
CD44 v8-v9 were significantly less

invasive (mean number of invasive
cells: 3610, n=39) than samples nega-
tive for the expression of CD44 v8-v9
(mean number of invasive cells: 5043,
n=15; p=0.022; Table 11l B). We eval-
uated the association between CD44
expression and invasiveness within one
population and found that FLS from
patients with RA are more invasive
than FL S from patients with OA. More-
over, we performed aregression analy-
sisto use all data. Indeed, the diagnosis
of RAand OA and expression of CD44
v8-v9 are independent regression terms
of invasive behaviour of FLS (p=
0.001). Together, these data indicate
that expression of the splice variant
containing v8-v9 negatively correlates
with matrix invasion by FLS.

We also tested whether a correlation
existed between the rate of prolifera-
tion of FLS and expression of the splice
variants v8-v9 but could not observe a
correlation (p=0.820; n=22).

Discussion

In this study, it is shown that FL S that
express CD44 splice variant v8-v9 are
less invasive in an in vitro transwell
invasion assay than FLS that do not
express this splicing combination. The
invasion of FLS was measured using
an invitro invasion assay as described
previously. Using this assay it was
shown that FL S from patients with RA
were significantly more invasive than
FLS from patients with OA. It was also
shown that the expression of MMP-1,
MMP-3 and MMP-10 (which could
mediate degradation of extracellular
matrix) correlated with invasiveness
(8). Here, it is shown that expression of

162

CD44 splice variants v8-v9 correlates
with alower rate of invasion.

No correlation could be found between
expression of CD44 splice variants and
diagnosis. This could be due to culture
artefacts. Because this is most likely a
random process, the correlation found
between expression of CD44 v8-v9 and
invasiveness of FLS does not seem to
be explained by culture artefacts.
These data confirm earlier findings
published by Wibulswas, who showed
that the cells that had entered Matrigel
showed a significant reduced expres-
sion of CD44v7/8 (19), but contradict
the findings obtained with cells from
patients suffering from liver metastases
and colorectal carcinoma (15), where
expression of CD44 v8-v10 was found
to be an independent prognostic marker.
Apparantly, the mechanisms of inva
sive behaviour of FLS and metastasis
are different with respect to the role of
CD44 v8-v9 therein. With respect to
the proliferation rate of cell popula-
tions, we did not find a positive corre-
lation with CD44v8-v9 expression.
Although CD44v7-v8 expressing FLS
have a proliferative advantage over
non-expressers (27), such an advantage
does not explain why the cell popula
tions obtained from RA patients are
more proliferative than those obtained
from patients with OA.

An explanation for the decreased inva-
sion of FLS that express CD44 v8-v9
could be that additional glycosylation
sites are present in the polypeptides
encoded by the variant exons. The
extra sugars attached to these sites reg-
ulate the binding of hyaluronan to
CD44 and subsequently alter the func-
tional activity of the CD44 protein (28,
29). However, this should be studied
more extensively in FLS.

In serum from patients with rheuma-
toid factor-positive, erosive RAsoluble
forms of CD44 v5 (sCD44v5) and
CD44 v6 (sCD44v6) have been shown
to be elevated compared to patients
with other inflammatory rheumatic dis
eases. Serum levels of sCD44v5 was
correlated to the inflammatory activity
of the disease (16,17). Recently, Wi-
bulswas et al. showed that FLS from
patients with RA expressed the splice
variants v3 and v6 and that antibodies



against these splice variants inhibited
invasion of FLS invitro (19). It is not
known whether patients who have high
expression of CD44 v8-v9 have low
expression of CD44 v3 and v6.

It was previously reported that FLS
from patients with RA had a higher ex-
pression of CD44 v7-v8 than FLS from
normal controls and that cells expres-
sing this splice variant had a prolifera-
tive advantage above cells that did not
express CD44 v7-v8 (27). However, in
our study no correlation between the
expression of CD44 v7-v8 and a diag-
nosis of RA or OA could be found and
also no correlation between the expres-
sion of this splice variant and the rate
of proliferation was observed (results
not shown).

In this population all patients expressed
CD44 and different splice variants.
Therefore it would be interesting to see
what splice variants are expressed at
the sites of joint destruction. However,
no monoclona antibodies against al
different exons exist to perform such a
study.

Another family of proteins that could
be involved in the invasion of Matrigel
by FLS is the chemokine receptor fam-
ily. In this study, we addressed the
question whether their expression cor-
related with a particular diagnosis, in-
vasion or proliferation. Low levels of
mRNA for the chemokine receptors
CCR1-CCR7 and CXCR4 in FLS from
patients with both RA and OA were
detected. CCR3 was most abundantly
expressed. However, no correlation
was discerned between the expression
of chemokine receptors and a diagnosis
of RA or OA, nor did we find any cor-
relation between the expression of che-
mokine receptors and invasion in an in
vitro invasion system or between their
expression and the rate of proliferation
of FLS.

This indicates that chemokine recep-
tors play no apparent role in the inva-
sion of FLSin our model. So far, thisis
the first report that adresses the expres-
sion of chemokine receptors in FLS
from patients with RAor OA.

In summary, in this study an associa-
tion of the expression of CD44 v8-v9
and the invasive properties of FLS from
patients with RAiIn anin vitro invasion
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system was observed, while no associa-
tion could be found for other CD44
splice variants or chemokine receptors.
These results suggest that CD44 v8-v9
does not favour invasion.
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