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Abstract : Rheumatoid disease (RA) is one of the complex diseases that showed multiple progression stages.
At first inflammatory response is occurred by self antibodies, and then the proliferation of synoviocytes is
abnormally promoted. These synoviocytes invade into articular structures and finally articular cartilage is
destroyed. In order to analyze growth-promoting factors in synovial cells from articular tissues of RA, we
performed DNA microarray analysis and compared the expression patterns of their mRNA to that of synoviocytes
from osteoarthritis (OA). The results showed that the expression of many genes was up-regulated in RA
synoviocytes comparing with OA synoviocytes. Among these genes, RT-PCR analysis revealed that Wnt-1-
induced secreted protein 2 (WISP-2, CCN5) and protein 3 (WISP-3, CCN6) which are belong to the novel gene
family, CCN, were highly up-regulated in RA synoviocytes. In addition, one truncated isoform of WISP-3
which may be related to the ongoing of some type of RA, was detected in RA synoviocytes. Furthermore,
immunohistochemical analysis showed that the products of both CCN genes were highly distributed in active
synoviocytes of articular tissues of RA. These results indicate that both CCN genes and their products play

some roles in the progression of RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease
characterized by inflamed synovial hyperplasia with excessive
inflammatory cell infiltration, leading to erosion of articular
cartilage and marginal bone, with subsequent joint destruction.
Although an explosion of information over the past two decades
contributed to the better understanding of the mechanism of
inflammation, the pathogenesis of synovitis has not been fully
elucidated?. Abnormal proliferation of synoviocytes is promoted
in RA, and these synoviocytes invade into articular structures and
finally destroy articular cartilage. Molecular basis of these
phenomena are poorly understood. Recently, contribution of some
cytokines, receptors and transcription factors to this disease was
suggested®®. In addition, some genetical background that
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contribute to the generation of this disease was revealed?.
Recent progress in genome science made it possible to analyze
the expression of thousands of genes at one time. This microaray
(DNA chip) technology® reveales the difference of gene expression
between different types of cells or cells in different conditions.
Although it still has some technical problem, the use of this
technique has been widely developing. This technique also
contributes the detection of genetic mutation occurred in tumor
cells and detection of genetic polymorphisms (SNPs)?. These
results contribute to develop novel therapy ie. ordermade medicine.
The CCN family of genes® which stands for Cyr61 (cysteine
rich protein)', Ctgf (connective tissue growth factor)'?, and Nov
(nephroblastoma overexpressed gene)™ consists of six distinct
members. CTGF and Cyr61 are thought to be positive regulators
of cell growth, while Nov and resent three new members, WISP-
1 (Wnt-1-induced secreted protein 1) /EIm-1'¥, WISP-2 (Wnt-1-
induced secreted protein 2)/rCopl/CTGF-3* and WISP-3 (Wnt-
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1-induced secreted protein 3'® are thought to be negative
regulators. In addition, these proteins plays fundamentally
important processes in cell differentiation, attachment, migration
and are also involved in pathological process, such as fibrosis,
tumorigenesis and tumor invasion!”. Recently defined
nomenclature designated Cyr 61 as CCN1, CTGF as CCN2, NOV
as CCN3, and WISP-1-3 as CCN4-6. WISP-2 is also designated
as CTGF-L® that lacks characteristic C-terminal domain of CCN
family protein. These Wisp factors identified as Wnt-inducible
secreted protein indicating that these factors are important for
morphogenesis and development.

In this paper, we compared the expression levels of about a
thousand of genes between synovial cells from RA and
osteoarthritis (OA) by using cDNA microarrays, and identified
the characteristic genes which were up-regulated or down-
regulated in RA synoviocytes. Furthermore, we analyzed the
distribution of two of such genes, WISP-2 and WISP-3 which are
included in the CCN gene family and thought to be candidates for
future diagnosis and therapeutic targets in RA synoviocytes.

Materials and methods

Isolation and culture of synovial cells

Fresh synovial tissues were minced and digested with
collagenase and DNase |. Tissue debris was removed through a
cell strainer, and cells were washed twice with medium. The
resultant single cells were dispended into the wells of a 24-well
microtiter plate (Costar, Cambridge, MA) at a density of 2 x 10°
cells /ml in 2 ml of Dubecco’s modified Eagle’s medium (DMEM,;
Life Technologies, Gaitherburg, MD) supplemented with 10%
HEPES (Life Technologies), 100 1U/ml penicillin and 100 pug/ml
streptomycin. The plates were incubated at 37°C in a humidified
atmosphere containing 5% CO, Synovial tissue cells were split
weekly once primary cultures had reached confluence, and used
after the third passage. These cells appeared to be homogeneous
fibroblast-like cells morphologically. They were cultured at a
density of 1 x 10° cells /ml in 2 ml DMEM with 10% FCS in a 24-
well microtiter plate and allowed to adhere overnight. After the
third passage of cell culture, cells are harvested and RNA was
isolated from cells using ISOGEN (Nippon Gene, Tokyo, Japan)
according to the manufacturer’s recommendations.

cDNA microarray analysis

Humanl.0 Microarrays (Clontech, Mountain View, CA)
containing over 1,000 known human genes, were used for
hybridization studies. The filters were prehybridized with 5.0 ug
of denatured cot-1 DNA, 5.0 ug poly-dA, and 5.0 ml MicroHyb
hybridization solution for 2h at 42°C. Total cellular RNA from
primary cultures was prepared as described above. Probes were
generated from reverse transcribed total RNA (1.0 pg) incubated
with 2.0 pg oligo-dT, 6.0 ul of 5x first strand buffer, 1.0 ml
dithiothretol, 1.5 ml reverse transcriptase, 1.5 pul dNTP mixture
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containing dATP, dGTP, dTTP at 20 mmol/l, and 10 ml 32P-dCTP
(3000Ci/mmol) for 90 min at 37°C. Labeled probes were added
to the pre-hybridization solution and left to hybridize with the
membranes for for 18hr at 42°C. Washes were done twice at 50°C
in 2xSSC with 1% sodium dodecylsulfate (SDS) for 20 min and
once at room temperature in 0.5xSSC with 1% SDS for 15 min.
The membranes were aligned on a Imaging screen and exposed
for 16h at room temperature. The screens were scanned using a
Bioimaging analyzer (Fuji Film, Tokyo, Japan) and saved as digital
images. Arraygage (Fuji Film) was used for data analysis.
Differential gene analysis was performed for all pairwise
comparisons.

Semiquantitative reverse transcriptase-PCR (RT-PCR)

The total RNA from normal or RA synoviocytes was reverse
transcribed to cDNA using oligo dT,, primers with AMV-derived
reverse transcriptase, and the resulted first-strand cDNA was
amplified with each CCN specific primer set. The amplification
condition was as follows: 95°C (1 min) - 57°C (1 min) - 72°C (2
min) for 35 cycles. The PCR products were applied on agarose
gels (2 %) and electrophoresed. Nucleotide sequence of the primers
are as follows: cyr6l 5’- GGCTTCTACAGTVGTAAAAGAG -
3’ (sense), 5’- CCTGATTTCTGTTTGCAGTTTAGAG -3’
(antisense): ctgf 5’- ATAGCTGATCAGTTTTTTCACC -3’
(sense), 5’- CAACTAGAAAGGTG CAAACATGTAAC -3’
(antisense): wisp-15’- GGGCTTTGGGCAGTTGG CCAGG -3’
(sense), 5’- TGCTACCAAGGGCACCCACTTCTTGG -3’
(antisense): wisp-2 5’- TCCACAAAACAGTGCCTTCTAG -3’
(sense), 5’- TGATATAGGCTGTGTGTGTAGGCAG -3’
(antisense):wisp-3 5’-GAG AAAAGACTGTGTTACATTCAGCC
-3’ (sense),5’- TTATATGACAGGA TTGACTAAC -3’ (antisense) ):
G3PDH 5’-ACCACAGTCCATGCCATCAC-3’ (sense), 5’-
TCCACCACCCTGTTGCTGTA-3’ (antisense).

Immnunohistochemistry

Synovial tissues were obtained from 4 OA and 8 RA patients
at total knee arthroplasty. The expression of WISP-2 and 3 in
synovial tissues at the protein level were determined
immunohistochemically. Briefly, the harvested tissues were frozen
in liquid nitrogen and stored at -80°C. Six um-thick serial sections
were aceton fixed on slides and blocked with 1% normal rabbit
serum. Sections were incubated overnight with 10pg/ml
polyclonal anti-WISP-2 (N-15) or anti-WISP-3 (N-18) antibodies
(Santa Cruz Biotechnology, Inc, Santa Cruz, CA) at 4°C and then
reacted with biotinylated anti-goat 1gG (Vector Labolatories, Inc,
Burlingame, CA) for 60 min at room temperature. Slides were
washed with PBS between incubations. Sections were incubated
with diaminobenzidine tetrahydrochloride (DAB) substrate
solution for 5 min, counterstained with hematoxylin, and
embedded in balsam. Negative control sections were treated by
nonimmune serum as a substitute for the primary antibody, or in
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Fig. 1 DNA microarray analysis. Atlas human 3.6 microarray was used for hybridization. The three arrays above in the

figure are 3.6 type | arrays and another three arrays below are 3.6 type Il arrays. The two arrays in the left are hybridized with
probes prepared from OA synoviocytes and another four in the right are hybridized with probes prepared from RA synoviocytes.

the same fashion but excluding the primary antibody. They were
then examined under a light microscope.

Results

cDNA microarray analysis

We utilize cDNA microarray technology to compare multiple
gene expression profiles representative of human adult OA
synoviocytes (n=2 individuals) and RA synoviocytes (n=3
individuals). Total RNA was isolated from primary cultures of
OA or RA synoviocytes and then hybridized to Atras array filters.
Fig. 1 showed typical hybridization patterns of the filters.
Comparing the density of each spot between the same type of
filter hybridized with RNA from OA or RA, genes differentially
expressed between OA and RA were isolated. Table 1 showed the
ratio and signal intensity of these isolated genes analyzed by
ArrayGage software. The intensity values between two filters were
normalized by using the values of control (house-keeping) genes
on each filter, and direct comparisons were made between all OA
and RA for making expression profiles based on a designation for
each hybridization dot. Pairwise comparisons between all OA and
RA samples demonstrated a similar expression profile of
approximately 1,000 known genes present on the microarray.
Several genes coding for growth factors, transcription factors and
others showed differential expression between OA and RA
synoviocytes (Table 1). Among these genes, we focused on WISP
genes of the CCN family (Fig. 2) which showed increased
expression in RA synovial cells.

Confirmation of differentially expressed genes

Among the several genes that were differentially expressed
between OA and RA synoviocytes on microarray filters, we picked
up WISP genes. They are belonged to the CCN family (Fig. 2)
containing connective tissue growth factor (CTGF) which play
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important roles in growth and differentiation of chondrocytes **
and also upregulated in OA cartilage 2. To confirm their
differential expression between OA and RA synoviocytes, we
performed RT-PCR and semiquantitated the expression levels of
four CCN genes (Cyr61, CTGF, NOV and WISP-1) in both
synoviocytes (Table 2, Fig. 3). When comparing the expression
of CCN genes between OA and RA synoviocytes, all four genes
were up-regulated in RA synoviocytes. Among them, WISP-1 gene
showed the most characteristic pattern of increasing its expression
in RA synoviocytes for more than 35-fold comparing with the
expression in OA synoviocytes. The expression of other CCN
genes (Cyr6l, CTGF and NOV) were expressed in RA
synoviocytes less than 10-fold higher than in OA synoviocytes.

Detection of a novel truncated form of WISP-3 related to
abnormal cellular proliferation

We also analyzed the expression of an alternatively spliced
variant of WISPs which is related to abnormal cellular proliferation
to produce hepatocellular carcinoma cells 2. The expression of
one of such variant which lacks TSP and CT modules of WISP-3
in synovial cells was analyzed by RT-PCR with specific primers
amplifying the cDNA region of IGF-BP and VWC modules (Fig.
4a). The results of RT-PCR in gel electrophoresis (Fig.4b) showed
the amplicons of this type of variant in both OA and RA synovial
cells. Of note that shorter size of DNA fragments were also
detected in only RA synovial cells indicating that novel truncated
form of WISP-3 was dominantly expressed in RA synoviocytes.
The results of sequence analysis showed that the part of VWC
module was deleted in this novel form of mutant (data not shown).
The expression of this truncated form of WISP-3 may have some
relation to the abnormal proliferation of RA synoviocytes and
contribute to the ongoing of RA both in not only quantitative but
in qualitative manner.
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Table 1 Highly expressed genes in RA synovial cell

RA-1 RA-11

AOlg Transforming protein rhoA A01b CD81

AO7K CDK inhibitor 1 A02d annexin V

A071 40S ribosomal protein S19 AO9h forkhead-related transcription

factor FREAC-9

A09h fte-1 40S ribosomal C02h elastin precursor
protein S3A

Al10h IGFR 11 C04g annexin 11

Al4E PDGFR o DO4g glutamate dehydrogenase 1 precursor

Al41 RCL growth-related c-my DO9i amyloid A4 protein precursor
responsive gene (protease nexin-11)

C02i calpain EO1h GABAR 3

c12d ems-1 oncogene EO5m CTGF-L (WISP-2)

D14j RNA polymerase 11 EQ7 hosteoprotegerin (OPG)
coactivator pl5

EO8e Gs o EO06k natriuretic peptide precursor

E12n glutathione S-transferase Pi

FO2m MMP-1

FO4m MMP3

FO5b HSP27

FO8f FGF7

Histochemical analysis

Next, we analyzed the distribution of these WISP proteins in
synovial joints of OA and RA isolated in the course of joint
replacement. Rheumatoid arthritic synoviocytes in an extensive
fibrotic area showed abnormal growth. Fig. 5 showed the results
of immunohistochemistry using anti-WISP-2 and anti-WISP-3
antibodies. Both WISP-2 and WISP-3 proteins highly distributed
in rheumatoid arthritic synoviocytes of an extensive fibrotic area,
and distributed in synoviocytes from OA joints with low density.
The staining was performed using synovial joints of later stage in
RA. These results of immunohistochemistry showed up regulation
of these WISP proteins in rheumatoid arthritic synoviocytes which
consistent with the results of microarray analysis in Table 1 and
semiquantitative RT-PCR analysis in Table 2.

Discussion

In the present study, we compared representative gene
expression profiles between OA and RA samples, using the Atlas
cDNA microarray filter systems. This microarray (chip)
technology offers the advantage of comparing multiple profiles
generated from different subjects although it still has some
technical difficulties®. During the analysis, pairwise comparisons
were performed between OA and RA samples from several
different individuals to minimize the variation between each
sample. Concerning its quantitative aspects, repeated experiments
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The CCN Family
Connective tissue growth factor (CTGF)
Cysteine rich protein (Cyr61)
Nephroblastoma overexpressed gene (Nov)
Whnt-1 induced secreted protein (WISP-1-3)

N IGFBP[ T wwc [— TSP1 [ CT [Tc

CCN1 ———— Cyr61/CEF10
CCN2 ———— CTGF/Fisp12
CCN3 ———— Nov

CCN4 ————— WISP1/EIm1
CCN5 ———— WISP2/rCopl
CCN6 ————— WISP3

Fig 2 Schematic representation of the CCN family. IGFBP: insulin-like
growth factor binding protein-like domain, VWC: von Willbrand factor-
like domain, TSP1: thrombospondin-like domain, CT: cysteine knot
containing family of growth regulators-like domain.

showed reproduced consistent data of microarray analysis. The
sensitivity was relatively low comparing with Northern blot, and
sometimes failed to detect the difference between two samples
when Northern blot could detect such difference??. Nevertheless,
data obtained with microarrays show almost the same and
consistent results comparing with Northen blot or RT-PCR in some
cases (also in this case), and this method is thought to be one of
the powerful tools for integral analysis of gene expression.
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Table 2 Expression level of CCN genes quartified by using TagMan reeeal
time PCR

OAto RA RA to OA
% %
CCN1(CYR61) 022 222 4.50 450
CCN2(CTGY) 0.14 138 7.23 723
CCN3(NOV) 0.76 76.1 1.34 131
CCN4(WISP-1) 0.03 2.53 39.6 3960
E% 120 b
B
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Fig. 3 RT-PCR analysis of the expression of four CCN genes in OA and
RA synovial cells. The ordinate shows relative expression level (the
expression level in OA synoviocytes relative to the expression level in
RA synoviocytes). The value 100 means the case that the expression levels
in both cells are the same.

Some group have tried to analyze gene expression in RA using
microarray technique ?2. Heller et al. randomly selected 1,000
human genes from a peripheral human blood cell library and also
selected genes significant in inflammation, and designed
microarrays with 96 elements. They compared gene expression
of macrophages, chondrocytes and synoviocytes of human RA
tissue, and showed known participants of TNF, IL-1, IL-6, IL-8,
G-CSF and VCAM and novel participation of the IL-3, C-X-C
chemokine Gro alpha and the matrix metallo-elastase.

In this paper, we used three types of microarrays with 1,024
human universal genes on each array. We prepared isotope-labeled
cDNA probes from total RNA isolated from synoviocytes of OA-

or RA-derived articular tissue, and hybridized these probes to
different arrays of the same type. As a result, we succeeded to
show known participants which were mainly related to
inflammation and novel participants for RA. Some of the known
participants were already showed in previous studies in relation
to inflammation or abnormal growth of synoviocytes. (cdc25B,
rhoA, PDGF receptor alpha, FGF7, MMP-1, c-fos, and c-jun),
but we also found additional new participants for RA (WISP-2).
The gene cdc25B is well known as a control factor of cell
proliferation and signaling, and GTP binding protein rhoA is
related to the control of cell-cell adhesion, increasing motility
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Fig. 4 RT-PCR analysis of the expression of WISP truncated forms. (a)
Schematic representation of alternatively spliced WISP truncated forms.
Arrows indicate the position of two primers. (b) RT-PCR analysis of the
expression of one WISP truncated form. Amplicons with longer size
(arrow) contain cDNA region coding for IGF-BP and VWC in WISP-3.
Amplicons with shorter size (arrow) indicate the novel truncated form of
WISP-3. The three samples in the left of the gel were amplified from OA
synovial cells and another two samples in the right were amplified from
RA synovial cells.

Fiy. 5 Immunohistochemical analysis of the distribution of WISP-2 and
WISP-3 in synovial joints using anti-WISP-2 or anti-WISP-3 antibodies.
RA means the distribution of WISP-2 and WISP-3 in paraffin-embedded
slices from RA joints, and OA means the distribution of WISP-2 and WISP-
3 in paraffin-embedded slices from OA joints.

and activating betal integrins to form stress fibers. It also down
regulates cadherin and catenin. PDGF and FGF are known growth
factors for fibroblasts. MMP-1 is one of the matrix
metalloproteases related to degradation of type I, 11, I11, VII, VI
and X collagen that promotes cell growth and movement.
Transcription factors of c-fos and c-jun are the component of AP-
1 transcription factor and stimulate cell growth or differentiation.
Over expression or up-regulation of all these factors are thought
to be involved in the abnormal promotion of synovial cell
proliferation in RA.
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Fig. 6 Schematic representation of Wnt-Notch signaling mediated by
WISP-3 in relation to the abnormal proliferation of RA synoviocytes.

As novel participants, we found WISP-22%), which belong to
the CCN gene family®. CCN gene family contains six members,
and two genes, WISP-129 and WISP-2 of which expression are
induced in Wnt-1 transformed cells, are identical to the previously
described EIm1 and rCOP1 genes, respectively. EIm-1 gene was
isolated by differential display method between low and high
metastatic tumors, and EIm1 gene was selectively expressed in
low metastatic tumors'® indicating that EIm-1 negatively affects
the activity of cell growrth. rCOP1 was also isolated by differential
display technique between normal and transformed fibroblasts,
and rCOP1 gene was down-regulated in transformed cells'®
indicating that rCOP1 also negatively affects the activity of cell
growrth as EIm-1.

Despite the previous research, recent study showed
contradictional function of WISP genes. For example,
overexpression of WISP-1 induced accalerated growth and
transformation of fibroblasts 2%. Furthermore, Cyr61 and CTGF
as well as Wisp-1 and Wisp-2 are now thought to be progression
markers of brest cancers 2. For about Wisp-3, it was significantly
overexpressed in human colorectal carcinoma 2. These recent
studies indicate that WISP genes are also important for promotion
of cell growth in fibroblasts.

Wht signaling via Frizzled receptor is thought to be one of
the important pathways for control of limb bud formation,
connective tissue homeostasis and hematopoiesis. Recently, this
process is thought to be important for signaling in synoviocytes
of RA ). In this point of view, up-regulation of Wnt-inducible
proteins, WISP-1, WISP-2 and WISP-3 in RA synoviocytes,
which we found with in this paper shows most important aspects
of abnormal growth in RA synoviocytes, and the regulation of
these WISP factors may be useful for control of their proliferation
(Fig. 6).

In addition, Fig. 4 showed that the expression of one novel
isoform of WISP-3 in RA synoviocytes may also contribute to
the ongoing of RA in the respect of accumulation of abnormal

94

WISP-3 that promotes abnormal proliferation of synoviocytes after
the stimulation by some signaling (Fig. 6). Progressive
pseudorheumatoid dysplasia caused by the mutation of Wisp-32®
indicates that some dysfunction of WISP-3 may activates
proliferation signal of synoviocytes (ie. Notch signaling) and then
induces abnormal growth of the cells and inflammatory
phenomena in the joint tissues.

Further investigation for analysis of direct effects of WISP
factors in the process of Wnt-induced signaling in RA
synoviocytes is undergoing.
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