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Abstract The cell adhesion molecule (-catenin mediates
the transduction of wnt signals to various downstream
events such as gene expression, cell proliferation, and cell
adhesion. In this study, the results of reverse transcrip-
tase polymerase chain reaction (RT-PCR) amplification
showed that wntl and p-catenin expression increased in
response to E. faecalis, and that the increases in wntl and
[B-catenin activated transcription of cyclin D1. Immuno-
histochemistry also showed that stimulating wntl with E.
faecalis cell fractions leads to the stabilization and accumu-
lation of B-catenin in the synovial membrane. On the other
hand, the results of RT-PCR showed overexpression of
various inflammatory cytokines, including IL-1-f, TGF-f,
TNF-a, and IL-6, in the synovial membrane of joints in-
jected with E. faecalis cell fractions. These findings suggest
that expression of cyclin D1 is strongly dependent on [3-
catenin/Tcf and has a direct effect on the proliferation of
synoviocytes, such as IL-1-p and TGF-f, that leads to inhi-
bition of Fas-antigen-mediated apoptosis of synovial cells.

Key words Cytokine -
Synovium - wnt

B-Catenin - Enterococcus faecalis -

Introduction

The development of rheumatoid arthritis (RA) is associ-
ated with infiltration by blood leukocytes, angiogenesis, and
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the proliferation of fibroblasts in the synovial lining and
connective tissue, leading to the formation of a pannus,
which destroys articular cartilage." Evidence based on the
chronic arthropathic activity of whole-cell sonicates of sev-
eral gram-positive bacteria®’ in rats after a single intraperi-
toneal (i.p.) or intraarticular (i.a.) injection suggests that a
peptidoglycan—polysaccharide fragment of the cell wall of
several species of streptococci possesses arthropathic activ-
ity.*'° The severity of the arthritis varies from one rat to
another, but in most animals, recurrent or persistent arthri-
tis leads to destruction of the distal joints after several
months.”'"” Moreover, direct injection of cell wall fragments
from sonicated group A streptococci into the skin or joints
of rabbits has also been reported to cause severe, recurrent,
localized inflammation and injury."

Cytokines have been shown to be capable of stimulating
the proliferation of immature mesenchymal cells, and the
inflammatory cytokines TNF-a and IL-1 are said to activate
synovial fibroblasts and induce them to produce other
cytokines, chemokines, matrix metalloproteinases (MMPs),
and inflammatory mediators."”" wat signaling plays an im-
portant role in both embryonic development and tumori-
genesis. The wingless (wnt) and frizzled (fz) family genes of
Drosophila specify tissue patterning and cell fate during
embryogenesis,'® and homologous wnt and fz family mem-
bers have been reported to function in tissue specification
during mammalian development, as well as to influence cell
proliferation and the response to activating stimuli."”

The wntl gene stabilizes cytosolic B-catenin, which regu-
lates both cell proliferation and cell adhesion via signal
transduction,”™ and B-catenin is a key component of the
wntl signaling pathway. It interacts with the TCF/LEF fam-
ily of transcription factors and activates transcription of wnt
target genes."” Products of fz genes have been identified as
receptors for secreted wnt proteins,” which are secreted
glycoproteins that bind to frizzled 7-transmembrane-span
receptors,” and expression of fz2 has been linked to tissue
regeneration and hyperplasia in an animal model of athero-
sclerosis.”” Thus, it is important to identify the various fac-
tors that play a role in synoviocyte proliferation and pannus
formation as well as in joint inflammation. The experiments
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in rabbits reported in this paper demonstrate the expression
of wntl signaling cascades and inflammatory cytokines in
joints chronically inflamed by injection with Enterococcus
faecalis cell fractions.

Materials and methods
Animals

Thirteen-week-old female Japanese White rabbits (SLC,
Hamamatsu, Shizuoka, Japan) were used in each of the
experiments.

Bacterial strains

Enterococcus faecalis ATCC 29505 was used to prepare the
cell fractions. Bacteria were inoculated into 10ml heart in-
fusion (HI) broth (Eiken Chemical, Tokyo, Japan) and in-
cubated for 15h at 37°C. A 2-ml volume of the culture was
inoculated into 1-1 HI broth and stirred with a magnetic
stirrer during the incubation. The cells were then centri-
fuged for 20min at 6000 X g in a No. 8 rotor (KCF62,
Kubota, Tokyo, Japan) for 20min and washed twice with
distilled water before preparing the cell fractions.

Preparation of E. faecalis ATCC 29505 cell fractions

The E. faecalis cell fractions were prepared by the method
described previously,” with slight modifications. Washed,
packed cells were resuspended in 30ml distilled water and
then sonicated on ice in an ultrasonic disruptor, UD 201
(Tomy Seiko, Tokyo, Japan), containing 30g glass beads
(0.17-0.18 mm diameter) for complete disruption. After al-
lowing the beads to settle, the supernatant was centrifuged
at 450 X g for 20min at 4°C to remove unbroken cells. The
supernatant was then removed from the unbroken cells and
centrifuged at 4000 X g for 60min at 4°C. The pellet ob-
tained is referred to as the “crude cell-wall preparation.”
The supernatant was centrifuged at 20000 X g for 60 min at
4°C, and the resultant pellet is referred to as the “crude
cytoplasmic membrane fraction.” The supernatant removed
from the cytoplasmic membrane fraction is referred to as
the “crude cell extract fraction.” The crude cell-wall prepa-
ration and cytoplasmic membrane fraction were each resus-
pended separately by sonication in 30ml distilled water.
Next, 7ml 0.2M Na,HPO,~KH,PO, buffer, pH 7.5, and
0.4mg each of bovine pancreas DNase 1 and RNase A
(Sigma Chemical, St. Louis, MO USA) were added to each
suspension. After incubating the suspensions at 37°C for
2h, the cell-wall suspension was centrifuged at 4000 X g for
60min at 4°C. After washing the pellet obtained twice by
centrifugation with 30ml distilled water, it was lyophilized
to obtain the cell-wall fraction (740mg dry wt.). The crude
cytoplasmic membrane fraction that had been incubated
with DNase 1 and RNase A was centrifuged at 20000 X g
for 60min at 4°C. After washing the pellet twice by centrifu-
gation with 30 ml distilled water, it was lyophilized to obtain

the cytoplasmic membrane fraction (260 mg dry wt.). A 30-
ml volume of the crude-cell extract fraction was saturated
by adding 24 g ammonium sulfate while stirring on ice, and
then centrifuged at 8000 X g for 20min at 4°C. The ammo-
nium sulfate-precipitated cell extract fraction was dialyzed
overnight at 4°C against 21 distilled water with seamless
cellulose tubing UC 30-32-100 (Viskase Sales, Chicago, IL
USA) while stirring with a magnetic stirrer. The dialysate
was then lyophilized to obtain the cell extract fraction
(670mg dry wt.), and 250 mg of the lyophilized sample was
suspended in 20ml distilled water in a sterile dish and ex-
posed to UV irradiation (1200 X 100uJ/cm® X 40s) 20 times
using UV crosslinker FS-1500 (Funakoshi, Tokyo, Japan).
Sterility was confirmed by streaking 0.1 ml of the undiluted
suspension onto a heart infusion agar plate.

Preparation of peptidoglycan (PG)

The PG was prepared by the method described previously,”
with slight modifications. PG was extracted from the cell-
wall fraction by adding 5% trichloroacetic acid and incubat-
ing at 90°C for 6 min, followed by centrifugation at 4000 X
g for 10min at 4°C. After washing the pellet twice by cen-
trifugation with 30ml distilled water, it was resuspended
in 9.5ml 0.05M NH,HCO;-0.005M NH,OH buffer, pH 8,
and 0.5mg bovine pancreas trypsin (Roche Diagnostics,
Mannheim, Germany) was added to the suspension. After
incubating at 37°C for 2h, the PG suspension was centri-
fuged at 4000 X g for 10min at 4°C, and the pellet obtained
was washed twice by centrifugation with 30ml distilled wa-
ter and then lyophilized to obtain PG (220mg dry wt.). The
PG obtained was suspended in 10ml distilled water in a
sterile dish and exposed to UV irradiation 20 times.

Induction of arthritis

Three rabbits were used per group. Arthritis was induced
by injecting both ankle joints with 1ml sterile suspension
containing 1mg of the cell-wall fraction, the cytoplasmic
membrane fraction, the cell extract, a mixture of the three
cell fractions (1 mg of each), or PG. The lateral diameter
of six ankle joints was measured with digital calipers
(Komatsu, Tokyo, Japan), and the average of three mea-
surements of the six joints was recorded. The data are
shown as the means * SE of the increases in joint diameter
of the three rabbits in each group.

RT-PCR

The synovial membrane was removed 35 days after
injection, and a motor-driven homogenizer was used to ho-
mogenize the tissue immediately in 15ml 2% sodium
dodecyl sulfate (SDS)-200mM Tris-HCI (pH 8.0)-200mM
NaCl-1.5mM MgCl, containing protein/RNase Degrader
(Invitrogen, Carlsbad, CA, USA). The mRNA was isolated
with a FastTrack 2.0 kit (Invitrogen) according to the
manufacturer’s instructions and reverse transcribed into



complementary DNA (cDNA) with a ProSTAR first strand
RT-PCR kit (Stratagene, La Jolla, CA, USA), also accord-
ing to the manufacturer’s instructions. The following primer
pairs were used: IL-1-p, 5'-tacaacaagagcttccggea and 3'-
ggccacaggtatcttgtcgt; TNF-a, 5'-ggctcagaatcagacctcag and
3'-gctcecattgecagagaaga; TGF-f, 5'-cggcagetgtacattgactt and
3'-agcgcacgatcatgttggac; MMP-1, 5'-tcagttcgtectcactccag
and 3'-ttggtccacctgtcatcttc; COX-2, 5'-tcagccacgcagcaaatect
and 3’'-gtgatctggatgtcagcacg; (-actin, 5’'-atggatgacgatatcgct
and 3'-atgaggtagtctgtcaggt; IL-6, 5'-ttcctctctgcaagagact and
3'-tgtatctctctgaaggact; iNOS, 5'-cgcccttcegeagtttet and 3'-
tccaggaggacatgcagecac; TIMP-1, 5'-gcaactccgaccttgtcatc and
3'-agcgtaggtcttggtgaage; TIMP-2, 5'-gtagtgatcagggccaag
and 3’-ttctctgtgacccagtecat; wntl, 5'-tgccgagaaacagegttcate
and 3'-gttgccgtaaaggacgeggga; fz2, 5'-ctagcgee
getettegtgtacetg and 3'-cagegtcttgeccgaccagateca; Axin, 5'-
ttggacctcggageaagtttc and 3’'-caggctgatcccatcttggte; GSK-3-
B, 5'-tcatttggtgtggtatatca and 3’-ggaacatagtccagcacca;
[B-catenin, 5’'-gcaggcact and 3'-gacggtgcgtac; cyclin D1, 5'-
atggaacaccagctectgtge and 3'-cggtccaggtagttcatggee; fz5, 5'-
ttcatgtgectggtggtegec and 3'-tacacgtgegacagggacacc; wntda,
5'-tggctttggecatatttttc and 3'-ccgatgtactgcatgtggtc.

To perform the PCR assay, 2.5ul first-strand reaction
solution, Sul 10X Tth polymerase buffer (Toyobo, Osaka,
Japan), pH 8, S5ul 2mM dNTPs, 0.5ul the 5'- and 3'-
oligonucleotide primers (100pmol/ul), 0.5ul Tth poly-
merase (1.25U) (Toyobo) and sterile distilled water were
added to achieve a final volume of 50ul.

PCR

Amplification of IL-1-f was performed by 30 cycles at
93°C for 1min, 60°C for 2min, and 72°C for 1min with
autoextension in a thermal cycler (MiniCycler, MJ Re-
search, Watertown, MA, USA). For TNF-a amplification,
PCR was performed by 30 cycles at 90°C for 1 min, 55°C for
1min, and 72°C for 1 min. Amplification of MMP-1, COX-2,
and f-actin as internal controls was carried out by 30 cycles
at 93°C for 1min, 55°C for 2min, and 72°C for 1min.
Amplification of TGF-f was performed by 35 cycles at 90°C
for 305, 60°C for 1 min, and 72°C for 1 min. Amplification of
IL-6 and iNOS was performed by 30 cycles at 93°C for 30s,
52°C for 2min, and 72°C for 1min. Amplification of -
catenin and cyclin D1 was carried out by 30 cycles at 94°C
for 30s, 55°C for 1.5min, and 72°C for 1.5min. Amplifi-
cation of wntl, fz2, GSK-3-f3, and Axin was performed by 30
cycles at 94°C for 30s, 50°C for 1.5min, and 72°C for
1.5min. A 5-ul sample of the reaction mixture was sepa-
rated on a 1.5% agarose gel, and the amplified products
were detected by ethidium bromide staining and UV
transillumination.

Histopathology

Rabbits were killed by carbon dioxide inhalation, and one of
their ankle joints was removed, skinned, and fixed in forma-
lin. After decalcification and embedding in paraffin, it was
sagittally sectioned and stained with hematoxylin—eosin.
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Results

Arthritis induced in rabbit ankle joints by i.a. injection of
E. faecalis cell fractions and PG

As shown in Fig. 1d, e, the cell fraction mixture and PG both
induced severe prolonged inflammation which peaked
around day 8 after the injection, and its severity did not
begin to subside until 30 days later. The cell-wall fraction
induced moderately severe acute arthritis between day
2 and day 10, which gradually increased in severity and
persisted throughout the entire period of the experiment
(Fig. 1a). The cell-extract and the cytoplasmic membrane
fraction induced moderately acute arthritis, which peaked
around day 8 to day 15, and gradually decreased in severity
thereafter (Fig. 1b, c).

Histopathology

Histological sections were prepared from the ankle joints of
all experimental groups at the end of the experiments. Tissue
was collected 35 days after a single i.a. injection of each cell
fraction and of PG. The articular cavity of the rabbit ankles
injected with the cell-wall fraction or PG (data not shown)
expanded and filled with exudate. The synovial membrane
proliferated, and villous proliferation was seen. Diffuse
inflammatory cells had infiltrated the surface layer of the
synovial membrane and the underlying tissue, and sporadic
follicular lymphocyte aggregation had increased (Fig. 2A,
B). Increased pannus (inflammatory granulation tissue) and
erosion of the cartilage surface were observed (Fig. 2C), and
numerous osteoclasts had induced bone resorption (Fig. 2D,
E). After injection with the cell extract or cell membrane
fraction, fibrous scars were observed under the surface layer
of the synovial membrane, and although some inflammatory
cells were visible, no synovial proliferation was detected,
suggesting that the scars represented healing of the acute
exudative inflammation (data not shown).
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Fig. 1. Time-course studies of the development of arthritis in rabbit
ankle joints after intraarticular (i.a.) injection of the ankle joints of
each rabbit with cell fractions isolated from E. faecalis. Arthritis in-
duced by (a) the cell-wall fraction, (b) the cell membrane fraction, (c)
a cell extract fraction, (d) a mixture of cell fractions, and (e) PG



Expression of cytokine mRNA in the synovial membrane
of the ankle joint following i.a. injection of the cell
fractions and PG

Preferential expression of IL-1-8, TNF-a, IL-6, and TGF-f3
mRNA was detected in the synovial membrane collected on
day 35 from ankle joints injected with the cell fractions and
PG. By contrast, very little or no cytokine mRNA was
detected in the synovial membrane from uninjected joints
(control group) (Fig. 3a, b, d, e). Expression of [-actin
transcripts was the same in all experimental groups and in
the control group (Fig. 3c).

Fig. 2. Arthritis induced by i.a. injection of E. faecalis cell fractions.
Injection of the articular cavity of rabbit ankles with the cell-wall
fraction (A, B, C) or a mixture of cell fractions (D, E). Diffuse
lymphocytic infiltration and follicular lymphocyte aggregation were
observed under the surface layer of the synovial membrane (A, B).
Increased pannus and cartilage erosion on the cartilage surface
were observed (C), and numerous osteoclasts had induced bone re-
sorption (D, E). Photographs were taken 35 days after injection
of the E. faecalis cell fraction. The sections have been stained with
hematoxylin—eosin. A, bar 500 um; B, bar S0um; C, D, bars 100 um;
E, bar 50 um

Analysis of the function of wnt! in the synovial
membrane of joints injected with cell fractions and PG

RT-PCR studies were carried out to determine the expres-
sion of wntl in the synovial membrane of the joints injected
with cell fractions. wntl signaling has been reported to pro-
mote the activation of dsh, and the active form of dsh leads
to the inactivation of GSK-3-f3, resulting in an accumulation
of B-catenin. There were significant increases in wntl, -
catenin, and cyclin D1 mRNA in the synovial membrane of
the joints injected with the cell fractions and PG compared
with control synovial membrane (Fig. 4b, e, f). However,



Fig. 3. Expression of cytokines, MMP-1, COX-2, iNOS, f-actin, and
TIMP-1 and -2 mRNA in the synovial membrane of ankle joints in-
jected with E. faecalis: 3, cell wall fraction; 4, cytoplasmic membrane
fraction; 5, cell extract fraction; or 6, a mixture of cell fractions
(ethidium bromide stain). Lane I, m.w. standards (100bp DNA lad-
der); lane 2, controls. a, IL-1-f; b, TNF-a; ¢, B-actin; d, TGF-; e, IL-6;
f, TIMP-1; g, TIMP-2; h, MMP-1; i, COX-2; j, iNOS

the levels of fz2, GSK-3-f, and Axin mRNA were nearly
the same in both the experimental groups and the control
group (Fig. 4c, d, g). Expression of (3-actin transcripts was
the same in both the experimental groups and the control
group (Fig. 4a).

Expression of the mRNAs of the tissue inhibitor of
metalloproteinase (TIMP), COX-2, and inducible nitric
oxide synthase (iNOS) in the synovial membrane of the
joints injected with the cell fractions

TIMP-1 mRNA levels decreased in the joints injected with
the cell-wall fraction and the joints injected with the mixture
of cell fractions (see Fig. 3f), but the TIMP-2 transcript
levels did not differ significantly from the control levels
(see Fig. 3g). The MMP-1 mRNA levels, on the other hand,
increased significantly in all experimental groups compared
with the control group (Fig. 3h). As shown in Fig. 3i, after
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Fig. 4. Expression of the mRNA of wntl, fz2, Axin, GSK-3-f, B-
catenin, cyclin D1, and fz5 in the synovial membrane of ankle joints
injected with E. faecalis cell fractions or PG: 3, cell-wall fraction; 4, cell
membrane fraction; 5, cell extract fraction; 6, mixture of cell fractions;
7, PG from the E. faecalis cell-wall fraction. Lane 1, m.w. standards
(100bp DNA ladder); lane 2, controls. a, B-actin; b, wntl; ¢, Axin; d,
GSK-3-; e, B-catenin; f, cyclin D1; g, fz2; h, fz5

injection of the cell-wall fraction or mixture of cell fractions,
the COX-2 mRNA levels were higher than the control
levels, and iNOS transcripts were slightly increased (Fig. 3j).

Immunostaining of synovial membrane with
anti-B-catenin monoclonal antibody

Synovial membrane collected 35 days after a single i.a. in-
jection of the mixture of cell fractions strongly stained with
anti-p-catenin antibody. -Catenin had infiltrated the sur-
face layer of the synovial membrane, and numerous imma-
ture macrophages were filled with p-catenin (Fig. 5B). By
contrast, no B-catenin was detectable in the control synovial
membrane, suggesting that GSK-3f induces 3-catenin deg-
radation in the absence of the wntl signal (Fig. SA).

Discussion

Several animal disease models have been developed to elu-
cidate the pathogenesis of RA in humans. A number of
substances, including type II collagen* mycobacteria,”
streptococcal cell-wall components,™*"'?** and Lactobacil-
lus casei cell wall fragments,” are known to induce arthritis
in rabbits, rats, and mice. As shown in this study, the find-



Fig. 5. Immunostaining of synovial membrane with anti-B-catenin
monoclonal antibody. A, control; B, synovial membrane of ankle joint
injected with mixture of cell fractions from E. faecalis. Bars 50 pm

ings in rabbits injected with E. faecalis cell fractions closely
resemble those of RA, not only histopathologically, but also
in terms of increased expression of various inflammatory
cytokines. Several studies have found that the penicillin-
treated avirulent Su strain of Streptococcus pyogenes in-
duces many cytokines, including IL-1, IL-2,” IFN-y,”® and
TNF,” both in vivo and in vitro. It has been well docu-
mented that a variety of inflammatory cytokines are often
detected in both the synovial fluid and the serum of RA
patients, implicating them in the pathogenesis of RA,*
and, indeed, i.a. injection of IL-1 induces arthritis in rab-
bits.” In the present study, higher IL-1-p expression was
observed in rabbits injected with the cell-wall fraction and
mixture of cell fractions of E. faecalis, and expression of
various inflammatory cytokines, including IL-6, TNF-a,
and TGF-f, and of wntl also increased, suggesting that
overexpressed inflammatory cytokines are involved in the
pathogenesis of RA. In this study, we showed that E.
faecalis cell fractions and PG, and particularly the mixture
of cell fractions and PG, play an important role in this
process, as evidenced by the induction of severe prolonged
inflammation, which peaked around day 8 and did not begin
to decrease in severity until 38 days later. RA is accompa-
nied by villus proliferation of synovial membranes, infiltra-
tion by lymphocytes, aggregation of follicular lymphocytes
under the surface layer of synovial membrane, pannus

formation, cartilage and subchondral bone destruction by
osteoclasts, and fibrous ankylosis of joints."™* In our experi-
ment, tissue collected 35 days after a single i.a. injection of
E. faecalis cell fractions showed villus proliferation of syn-
ovial membranes (Fig. 2A), infiltration by lymphocytes and
aggregation of follicular lymphocytes under the surface
layer of synovial membrane (Fig. 2A, B), pannus formation
(Fig. 2C), and bone resorption by osteoclasts (Fig. 2D, E).
Our experiment revealed overexpression of IL-1-f3, TNF-a,
TGF-B, and IL-6 transcripts in the joints injected with
E. faecalis cell fractions and PG, especially the cell-wall
fraction and the mixture of cell fractions. Based on the
results of our experiments, we concluded that the PG in the
cell wall of the mixture of cell fractions of E. faecalis pos-
sesses potent arthropathic activity. Fuseler et al.* reported
finding that a single intraperitoneal injection of bacterial-
cell-wall-derived PG-polysaccharide (PG-PS) produced
acute joint inflammation in female rats, and they also de-
tected high levels of TNF, IL-1, IL-6, and nitric oxide in the
serum of the rats intraperitoneally injected with PG-PS. We
recently discovered the presence of a specific 53-kDa pro-
tein in E. faecalis cell fractions by immunoblot analysis
which was not detected in cell fractions from E. coli or
Staphylococcus aureus. It showed high immunogenicity in
mice, rats, and rabbits, and high immunoreactivity by West-
ern blot with mouse, rabbit, and rat anti-E. faecalis anti-
body. The anti-E. faecalis antibody reacted strongly with
53-kDa protein from E. faecalis cell fractions, i.e., the cell-
wall fraction, a cytoplasmic membrane fraction, and a cell
extract fraction, and reacted slightly with other proteins
from E. faecalis cell fractions (data not shown). Based on
these findings, we hypothesized that the 53-kDa protein
plays an important role in the pathogenesis of the arthritis
induced by the cell fractions of E. faecalis. To test this
hypothesis, we are now cloning and sequencing the full
length of the gene coding the 53-kDa protein to analyze the
homology between its amino acid sequences and those of
heat-shock protein.

wnt genes are defined by their sequence homology to the
original wntl members in the mouse (int-1),” and they en-
code secreted glycoproteins that are 350-400 amino acids
long. Frizzled proteins, encoded by the frizzled gene family,
are members of the fz family of cell-surface proteins and
act as receptors for Wnt proteins®”' to promote activation
of the cytoplasmic phosphoprotein dishevelled (Dsh).'**
Dsh is a phosphoprotein that is predominantly localized
in the cytoplasm, and Yanagawa et al.” reported that
Wnt stimulation in cells or embryos leads to hyperpho-
sphorylation of Dsh. The hyperphosphorylated form of
Dsh is an active form, and as a repressor of p-catenin
activity it leads to the inhibition of serine kinase glycogen
synthase kinase (GSK-3-f (homologous to zest white in
Drosophila)).*® In this experiment, we found that wntl
and P-catenin transcripts were overexpressed in the syn-
ovial membrane of joints injected with E. faecalis cell frac-
tions compared with control synovial membrane, although
the levels of Axin, fz2, fz5, and GSK-3-p mRNA were
nearly the same in both the experimental and control
groups.



In the presence of a wntI signal, the GSK-3-f3 function is
suppressed in response to activation of Dsh, thereby de-
creasing the phosphorylation of f-catenin and APC. It has
been shown that colon cancer cells containing mutant APC
have abnormally high levels of intracellular (3-catenin, and
that the addition of full-length APC destabilizes and elimi-
nates the cytoplasmic f-catenin pool.” Although we did not
examine expression of the APC transcript, Kawahara et al.*’
reported that APC forms a complex with B-catenin, Axin,"
and GSK-3-f and induces the degradation of -catenin by
GSK-3-f. However, a wnt signal inhibits the activity of the
GSK-3 B-APC-Axin complex, resulting in the stabilization
of cytoplasmic B-catenin.”** Thus, the inhibition of GSK-
3-f in response to the wntl signal results in activation of
B-catein function,®* leading to suppression of B-catenin
degradation, and, in turn, f-catenin accumulation. RT-PCR
analysis in the present study showed higher -catenin ex-
pression levels in the synovial membrane of joints injected
with E. faecalis cell fractions, and this finding was confirmed
immunohistochemically. It has been shown that nuclear lo-
calization of endogenous (3-catenin requires the presence of
both lymphoid-enhancer factor-1 (Lef-1) and the wnt sig-
nal,* and that wnt signaling, which increases the stability of
[B-catenin, results in transcriptional activation by Lef-1/T
cell factor (Tcf) proteins in association with [-catenin.
Behrens et al.” showed that the nuclear transcription factor
Lef-1 binds directly to -catenin and translocates [3-catenin
to the nucleus. It has been shown that despite the binding of
Lef-1 proteins to DNA, inducing a sharp bend in the DNA
helix, they are poor transcriptional activators. However,
complexes of Tcf proteins and B-catenin act as potent tran-
scriptional activators of reporter gene constructs contain-
ing the DNA element recognized by Tcf."" Tetsu and
McCormick* showed that B-catenin activates the transcrip-
tion of cyclin D1 through Tcf-binding sites within the pro-
moter, and that cyclin D1 expression is strongly dependent
on (-catenin/Tcf and has a direct effect on cell proliferation.
They also reported that the dominant-negative Tcf causes
cells to arrest in the G1 phase of the cell cycle, and that this
phenotype can be rescued by expression of cyclin D1. In our
experiment, increased expression of cyclin D1 transcript
was observed in the synovial membrane of ankle joints
injected with E. faecalis cell fractions and PG, suggesting
that cyclin D1 may play an important role in synovial mem-
brane proliferation.

Various cytokines, including IL-1, IL-2, IL-6, TNF-a,
TGF-3, and IFN-y, have been reported to be overexpressed
in the joints of RA patients.”™ In our experiment, in-
creased expression of various inflammatory cytokines, in-
cluding IL-1-f, IL-6, TNF-a, and TGF-f, was found in the
synovial membrane of joints injected with the E. faecalis cell
fraction. TGF- may actually suppress abnormal immune
reactions while promoting inflammation in the initial stage
of RA.™ It has been reported that IL-1-f and TGF-p both
directly activate the proliferation of human synovial cells™'
and suppress Fas-antigen-mediated apoptosis of synovial
cells.”” The results of our experiment suggest that, as with
[B-catenin and cyclin D1, increased expression of IL-1-3 and
TGF-f in the presence of a wnt! signal may cause prolifera-
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tion of synovial membrane repopulated with immature
mesenchymal and bone marrow cells which have altered
properties in the synovial membrane of joints injected with
E. faecalis cell fractions and PG. Sen et al.”* reported ex-
pression of fz2, fz5, and fz7, as well as of wntl, wntSa, wntl 1,
wntl0b, and wntl3, in RA synovial tissue, and that synovial
tissue in osteoarthritis expresses much less wnt5a and fz5. It
has been discovered that wnt5a is an activator of the PKC
signaling cascade,” that activated PKC enhances NF-x-B
activation,® and that after translocation to the nucleus,”
activated NF-k-B causes transcriptional activation of the
IL genes encoding IL-6, IL-8, and IL-15.”7 Sen et al.** also
found overexpression of the wntSa—fz5 ligand-receptor
pair in the rheumatoid synovium, and higher levels of IL-6,
IL-8, and IL-15 transcripts in cultured RA fibroblast-like
synoviocytes compared with control synovial fibroblasts.
We detected expression of both fz2 and fz5 in our experi-
ment (see Fig. 4), but no expression of wntSa.

RA is accompanied by synovial inflammation, prolifera-
tion, and cartilage destruction. In this study, expression of
MMP-1, COX-2, and iNOS transcripts was increased in
every experimental group compared with the controls.
MMP activity is inhibited by TIMP.” TIMP-1 and TIMP-2
preferentially form complexes with the proenzymes of
MMP-2 and MMP-9, and they both inhibit the activity of
other MMPs.” Since TIMP-1 mRNA levels were slightly
decreased in the synovial membrane of joints injected with
the cell-wall fraction or the mixture of cell fractions, if tran-
script levels are a reflection of protein and biological activ-
ity, these results suggest that the TIMP synthesis-MMP
balance is disrupted. IL-4, IL-8, IL-10, and TGF-f have
been reported to inhibit the induction of nitric oxide
synthase,”* whereas the cytokines IL-1, TNF-a, and IFN-
v induce nitric oxide synthase gene expression.”* Despite
increased expression of TGF-f, elevated iNOS mRNA ex-
pression in the synovial membrane of joints injected with
the cell-wall fraction and the mixture of cell fractions may
be involved in the development of inflammation in the syn-
ovial membrane via increased peroxinitrite, which damages
DN A.65¢66

Further experiments will be needed to determine the
levels of expression of the hyperphosphorylated forms of
Dsh and GSK-3-f3 proteins in inflamed synovial membranes
in experimental arthritis and in RA in humans. Injection of
antisense wntl, Axin, or fz2 into the ankle joints of animals
with experimental arthritis or humans with RA may have a
therapeutic effect.
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