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Figure 2 Expression of matrix metalloprefeinases in CD14 positive monocytes, TRAP positive mononuclear cells [TPMoC), and TRAP positive
muhinuc[ectecrcells (TPMuC) as demonsirated by immunocytochemical analysis. MMP-2, MMP-9, MMP-12, and MMP-14 were expressed by
TPMuC (C, F, I, and L}, while additional expression of MMP-2 and MMP-9 was seen in TPMoC [B and ). [A, D, G, and J) CD14 positive -
monocytes; (B, E, H, and K| TPMoC; [C, F, |, and Lj TPMuC. {A, B, and C] MMP-2; [D, E, ond F} MMP-9; (G, H, and ) MMP-12; {J, X, and 1)

MMP-14. Bar = 100 pm in A, D, G, and ); bar = 50 pmin B, C, E, F, H,

saline (PBS} plus 0.2% Triton X100 and 1% bovine serum atbu-
min for 30 minutes, 2 pg/ml of the primary antibody for the
corresponding protein {MMP-2, MMP-14: Fuji Chem, Toyama,
Japan; MMP-9: Santa Cruz, Santa Cruz, CA; MMP-12,
Genzyme) in PBS (or isotype matched antibody as a negative
control) at a similar concentration for one hour, and then 1
pg/ml of the secondary antibody in PBS for one hour. As the
secondary antibody, rhodamine conjugated rabbit antimouse
immunoglobulins (Dako, Glostrup, Denmark) were used for
MMP-2, MMP-12, or MMP-14, while FITC conjugated rabbit
antigoat IgG {Santa Cruz} was used for MMP-9. Finally, the
slides were cover slipped with PBS-glycerol containing an anti-
fading agent (p-phenylenediamine dihydrochloride; Sigma)
and were observed under a fluorescent microscope {E800;
Nikon, Tokyo, Japan) equipped with a standard mercury lamp.

Immunohistochemistry

Immunohistochemical staining was performed by the streptavi-
din biotin-peroxidase complex technique using a Histofine
SAB-PO kit {Nichirei, Tokyo, Japan) according to the manufac-
turer’s instructions. Briefly, after blocking endogenous peroxi-
dase and non-specific antigens, primary antibodies were
applied to tissue sections and incubated for 24 hours at 4°C 10
detect MMP-2, MMP-9, MMP-12, and MMP-14. Isotype
maiched antibodies were used for the negative controls. After
washing in PBS, the sections were incubated with the secondary
antibody for 20 minutes at room temperature, followed by incu-
bation with peroxidase conjugated streptavidin (Nichirei) for 20
minutes at room temperature and washing in PBS. Finally, col-
our was developed using 3,3'-diaminobenzidine tetrahydrochlo-
ride { Dojindo Laboratorics, Kumamolo, Japan), and the sections
were counterstained with hacmatoxylin,

I, K,and L.

Immunohistochemical staining for MMPs combined with
TRAP staining

Immunohistochemical staining for MMPs combined with
TRAP staining was performed using the streptavidin biotin-
alkaline phosphatase complex technique {Nichirei) according
to the method recommended by the manufacturer. Briefly,
after blocking non-specific antigenicity, primary antibodies
were applied to the tissue sections and incubated for 24 hours
at 4°C to detect MMP-2 and MMP-9. Isotype matched
antibodies were used as the negative controls. After washing
in Tris-buffered saline {TBS), the sections were incubated with
the secondary antibody for 20 minutes at room temperature,
followed by incubation with alkaline phosphatase conjugated
streptavidin (Nichirei) for 10 minutes at room temperature
and washing in TBS. Finally, colour was developed using a fast
blue substrate kit (Nichirei). Endogenous alkaline phos-
phatase activity was blocked using an alkaline phosphatase
blocking reagent {levamisole; DAKO). After immunostaining,
TRAFP siaining was performed with a commercial acid
phosphatase leucocyte kit (Sigma).

TRAP enzyme staining
TRAP enzyme was detecled in paraffin sections using a com-
mercial acid phosphatase leucocyte kit {Sigma).

Quantification of MMP-2 and MMP-9

The concentrations of MMP-2 and MMP-9 in culture
supernalants were measured using an enzyme linked
immunosorbent assay (ELISA) kit (BIOTRAK; Amersham
Pharmacia Biotech, Piscataway, NJ) according to the manu-
facturer's instructions.
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Figure 3 Immunolocalisation of MMP-2 and MMP.9 in RA synovial tissue at the bonecartilage interface, {A and D) TRAP staining, serial
section. Monanuclear {arrows) and multinucleated cells [arrowheads) in RA synovial fissue at the bone-cartiloge interface display TRAP activity.

(B and €} Immunohistcchemistry for MMP-2 and MMP-9. The TRAP positive mononuclear and multinucleated cells shown in A and D express
MMP-2 and MMP-9. {C and F} Isotype controls for B and E. Haematoxylin counterstaining was performed in B, C, E, and F. Bar = 100 pm.
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Figure 4 Immunostaining for MMP-2 or MMP-9 combined with TRAP staining of RA synovial tissue at the bone-cartilage interfoce. {A and D)
Immunostaining for MMP-2 or MMP-9. Mononuclear cells [arrows) and multinucleated cells {arrowheads) in RA synovidl tissue ot the
bene-cartilage interface express MMP-2 and MMP9. (B and E} Immunostaining for MMP-2 or MMP-9 combined with TRAP staining. The TRAP
positive cells are positive for MMP-2 and MMP.9. {C and F) Isotype confrols for A and D combined with TRAP staining. Bar = 50 pm.

Cartiloge degradation ossay presence of a radiolabelled cartilage disc. Cartilage discs were
The cartilage degradation assay was originally described by prepared from bovine nasal septal tissues (obtained at the
Steinberg ef al,” and was reported by Janusz et al and time of slaughter) using a 4 mm cork bore, Radiolabelling of
Scott.™ ™ Briefly, degradation of cartilage by TRAP positive the discs was done with S labelled Na,SO, in the manner
mononuclear cells was assessed by culturing those cells in the described by Janusz ef 4l and the discs contained 5.0x10'-
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2.0x10° dpin of »S. The discs were then subjected to five
freeze-thaw cycles and heated at 65°C for 15 minutes to inac-
tivale endogenous enzymes and cytokines, after which discs
were stored at -20°C before use.

Befere performing the cartilage degradation assay, the discs
were treated with DMEM (Gibco BRL) containing 0.4%
collagenase I (Sigma) for 30 minutes at 37°C and were washed
with DMEM containing 10% FCS. TRAP positive mononuclear
cells (1.0x10%) were added to each well of a 96 well culture plate
and were cultured on the radiolabelled discs for seven days in
200 pl of medium. For the neutralisation assay, 10 uM and 100
pM concentrations of an MMP-2/9 inhibitor {CALBIQCHEM;
San Diego, CA) were added to the medium. Specific inhibition
of both MMP-2 and MMP-9 at these concentrations by this
inhibitor has been reported.* On day 7, 200 p! of supernatant
was removed from each well, added to 3 ml of ready-safe scin-
tillation fluid (Beckman Instruments, Fullerton, CA), and
counted in a scintillation counter {Quanta Smart for the
Tricarb Liquid Scintillation Analyser; Packard Instrument
Company, Merdin, CT). Then the residual isotope in each carti-
lage disc was measured in the same manner after the disc had
been completely digested using 0.5 ml of tissue solubiliser
(Beckman Instrumnents). The percentage of *S release into the
supernatant was calculated using the following formula:

100 x {dpm in supernatant}/[dpm in supernatant + disc)
All experiments were performed in triplicate.

RESULYS

Detection of TRAP positive cells in RA synovium near
the cartilage-bone interface

Histological examination of the bone-cartilage interface was
performed. The synovium adjacent to the bone-cartilage
interface was found to contain TRAP positive cells. Table 3
gives details of the number of TRAP positive cells,

TRAP positive mononuclear and multinucleated cells
induced from peripheral blood monocytes by culture
with RA synoviocytes express various MMPs
TRAP positive mononuclear and multinucleated cells were
induced by coculture of peripheral blood monocytes with RA
synoviocytes. We also performed coculture with RA synovial
macrophages obtained from four patients with RA and RA
synovial fibroblasts by the same method. However, most of the
synovial macrophages disappeared within two weeks. Then
MMP mRNA expression by the TRAP positive cells was
assessed using RF-PCR and northern blot analysis. REPCR
demonstrated that peripheral blood monocytes contained
mRNA for MMP-8 and MMP-14 (fig 1A). In TRAP positive
mononuclear and multinucleated cells, additional expression
of the mRNAs for MMP-1, MMP-2, MMP-3, MMP-7, MMP-9,
MMP-10, and MMP-12 was detected. Northern blot analysis
showed that the expression of MMP-2, MMP-9, MMP-12, and
MMP-14 was increased in TRAP positive mononuclear and
multinucleated cells {fig 1B). Although MMP-2 expression
was significantly increased in TRAP positive mononuclear
cells, MMP-9 and MMP-12 expression was higher in TRAP
positive multinucleated cells. Expression of MMP-14 was
similar in the two cell phenotypes. The amount of mRNA
applied to each lane did not differ significantly, as determined
by monitoring 288 ribosomal RNA. Other MMPs were not
detectable by northern blot analysis (data not shown).
Immunocytochemical analysis of MMP-2, MMP-9, MMP-
12, and MMP-14 was performed to confirm the expression of
MMP proteins using monoclonal or polyclonal antibodies spe-
cific for these MMPs (fig 2). MMP-2 and MMP-9 were
demonstrated in TRAP positive mononuclear cells, while
additional expression of MMP-12 and MMP-14 was seen in
TRAP positive multinucleated cells. These results were similar
to those obtained by neorthern blot analysis. The other MMPs
were not detected in monocyles or TRAP positive cells.
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Figure 5 Degradation of cartilage by TRAP paositive mononuclear
celis [TPMoC]. Bars show the mean percentage and SD of ¥5 release
on day 7 in 10 replicate cultures when rudio?abelled cartilage discs
were cultured in the presence [TPMoC) or absence of TPMoC [disc].
The percentage degradation with and without collagenase |
pretreatment is shown. *p<0.01 for disc v TPMoC (Mann-Whitney test),

TRAP positive mononuclear and multinucleated cells in
RA synovial tissue at the bone-cartilage interface
express MMP-2 and MMP-9

We examined MMP-2, MMP-9, MMP-12, and MMP-14
expression in the synovial tissue of 10 patients with RA by
immunohistochemistry {fig 3). To detect the co-localisation of
TRAP positive cells and MME we performed immunoalkaline
phosphatase staining for a single MMP combined with TRAP
staining in the same tissue section {fig 4). TRAP positive
mononuclear and multinucleated cells in RA synovial tissue at
the bone-cartilage interface showed strong expression of
MMP-2 and MMP-9. Some of the synoviocytes at the
bone-cartilage interface were also stained, but were only
weakly positive. We did not detect MMP-12 or MMP-14
expression in RA synovial tissue (data not shown).

TRAP positive mononuclear cells have the petential to
induce the degradation of cartilage matrix by MMP-2
and MMP-9

We examined whether TRAP positive mononuclear cells
induced from monocytes by culture with RA synoviocytes had
the potential to destroy cartilage. Release of S from labelled
cartilage discs was increased in the supernatants of cultures
containing TRAP positive mononuclear cells when compared
with supernatants from cultures without these cells {fig 5).
However, TRAP positive mononuclear cells did not induce
degradation of cartilage discs without collagenase pretreat-
ment. In the culture supernatants of TRAP positive mono-
nuclear cells, high concentrations of MMP-2 and MMP-9 were
detected (fig 6). When neutralisation experiments were
performed using an MMP-2 and MMP-9 inhibitor to assess
whether MMP-2 or MMP-9 released by TRAP positive mono-
nuclear cells was responsible for induced cartilage degrada-
tion, it was found that degradation was completely inhibited
by 100 pmol/l of the inhibitor {fig 7). These results suggest
that TRAP positive cells induced from peripheral bloed mono-
cytes by culture with RA synoviocytes have the potential to
induce cartilage degradation by MMP-2 and MMP-9.

DISCUSSION

In this study we clearly demonstrated that TRAP positive
mononuclear and multinucleated cells exist in RA synovial
tissue at the bone-cartilage interface and that these cells
cxpressed MMP-2 {gclatinase A) and MMP-9 (gelatinase B).
We also showed that TRAP positive mononuclear and
multinucleated cells induced from peripheral blood mono-
cytes by culture with RA synoviocyles expressed various
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Figure & Secretion of MMP-2 (A} and MMP-? [B) into culture supernatant on day 7 in 10 replicate cultures when radiclabelled cartilage discs
were incubated in the presence of TRAP positive mononuclear cells [TPMoC) or in the obsence of such cells (disc). *, **p<0.01 for disc v
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Figure 7 A neulralisation experiment in the cartilage degradation
assay was performed by adding o blocking agent for MMP-2 and
MMP- to cultures of TRAP positive mononucleor cells. The inhibitor
{100 pmol/1) blocked cartilage degrodation. The mean percentage
and SD shown in each column were calcutated from 10 values o
two identical experiments. *, **p<0.01 for O pmol/l v 100 pmol/|
and 10 pmol/| v 100 pmol/l (Mann-Whitney test).

MMPs, especially MMP-2 and MMP-9, and that these gener-
ated mononuclear cells could cause cartilage degradation by
producing MMP-2 and MMP-9. As far as we know, this is the
first demonstration of cartilage degradation by TRAP positive
cells from patients with RA.

we were aware of the aggregation of TRAP positive
mononuclear and multinucleated cells in RA synovial tissues
adjacent to areas of cartilage destruction, based on histologi-
cal examination, and proposed that these cells might play
some part in the destruction of articular cartilage.

First, we examined the expression of mRNAs for various
MMPs by TRAP positive mononuclear and multinucleated
cells induced from peripheral blood monocytes by coculture
with RA synoviocytes. We found that TRAP positive moneo-
nuclear and muliinucleated cells expressed mRNAs for a
number of MMPs by RT-PCR, including MMP-1 (fibroblast-
type collagenase}, MMP-2, MMP-3 (stromelysin-1), MMP-7
{matrilysin}, MMP-8 (neutrophil-type collagenase), MMP-9,
MMP-10 (stromelysin-2), MMP-12 (macrophage metallo-
elastase), and MMP-14 {MT!-MMP). Northern blot analysis
also detected some MMPs, including MMP-2, MMP-9, MMP-
12, and MMP-14. Investigation of MMP protein expression by
immunocytochemistry showed that MMP-2 and MMP-9 were
expressed in both mononuclear and multinucleated cells, but
MMP-12 and MMP-14 were only expressed in multinucleated
cells. Discrepancies of mRNA and protein expression among
the results of RT-PCR, northern blot analysis, and immuno-
cytochemistry were observed. Variations in the sensitivity of
the three methods and post-transcriptional regulation might
have caused these discrepancies. However, clearly, TRAP posi-
tive cells generated in vitro had the potential to produce many

kinds of MMPs. We also examined MMP expression in RA
synovial tissue adjacent to sites of cartilage destruction. Only
MMP-2 and MMP-9 were detected in TRAP positive cells in
vivo. Further investigation of MMP expression by TRAP posi-
tive cells is necessary, but we have shown that MMP-2 and
MMP-9 may play a part in the tissue destruction that occurs in
RA.

MMP-9 has been reported to be localised in monocytes/
macrophages and osteoclasts.” ™ In this study MMP-9 mRNA
and protein were detected in TRAP positive mononuclear and
multinucleated cells both in vitro and in vivo. These findings
were consistent with a previous report.* Production of MMP-2
by osteoclasts is controversial. Previously, osteoclasts were
reported to produce MMP-2," but Ovejero et al recently
reported that osteoclasts from rabbits did not express MMP-
2. It was also shown that MMP-2 can bind to o B, integrin
and that MMP-2 produced by osteoblasts or other cells only
binds to o P, integrin expressed by osteoclasts.” However, the
present study showed that TRAP positive mononuclear and
multinucleated cells expressed mRNA for MMEP-2, these cells
were stained positive by immunocytochemistry for MMP-2,
and ELISA showed that mononuclear cells secreted MMP-2
into culture supernatants. Interestingly, MMP-2 expression
was significantly up regulated in TRAP positive mononuclear
cells in comparison with multinucleated cells. Further investi-
gation is still necessary, but we believe that TRAP positive
mononuclear cells and multinucleated cells can produce
MMP-2.

MMP-2 and MMP-9 arc gelatinases and seein to play a part
in soft tissue destruction, but collagenases and stromelysin are
also necessary for complete cartilage destruction. In the carti-
lage degradation assay, pretreatment with collagenase was
necessary to allow cartilage degradation by TRAP positive
mononuclear cells. Cecoperation with synoviocytes and
chondrocytes may be important in the mechanism of in vivo
tissue degradation.

We previously reported that osteoclastogenesis was en-
hanced in the iliac bone marrow of patients with RA and that
this was a possible cause of generalised osteoporosis.” Because
TRAP positive mononuclear and multinucleated cells were
identified in RA synovium,” we speculated that synovial
fibroblasts participated in TRAP positive cell recruitment and
in degradation of the osteochondral matrix. Therefore, we
established a system to generate osteoclast-like cells from
peripheral blood monocytes by culture with RA
synoviocytes.™ Recently, others have reported osteoclastogen-
esis when RA synovial macrophages and healthy peripheral
blood mononuclear cells are cocultured with RA synovial
fibroblasts, ">

Our study showed some differences between TRAP positive
cells in RA synovial tissue and TRAP positive cells generated in
vitro. When generated in vitro, the TRAP positive mononuclear
cells mainly expressed MMP-2 and MMP-9, and showed the
same pattern of expression as TRAP posilive mononuclear
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cells detected in synovial tissue. In contrast, the in vitro gen-
erated TRAP positive multinucleated cells expressed MMP-2,
MMP-9, MMP-12, and MMP-14, while the TRAP positive
multinucleated cells in RA synovial tissue were only positive
for MMP-2 and MMP-9. The sensitivity of immunocytochem-
istry might be different from that of immunohistochemistry,
but the characteristics of in vitro and in vivo TRAP positive
cells should be investigated further,

RA synovial fluid contains high levels of MMP-1, MMP-2,
MMP-3, MMP-8, and MMP-9, which have been implicated in
cartilage destruction.” The major source of these proteins may
be the synovium, where many kinds of MMP mRNAs have
been detected." However, considering that joint destruction
progresses in a focal fashion, the proteolytic activity of RA
synovial fluid, which bathes the entire joint, is not sufficient to
explain the pathology of this disease. At the cartilage-synovial
interface, where focal cartilage and bone destruction occurs,
enhanced osteoclastogenesis has been observed."” In this study
we also demonstrated focal aggregation of TRAP positive
mononuclear and multinucleated cells at sites of destruction
and positive staining of these cells for MMP-2 and MMP-9.
Interestingly, TRAP positive mononuclear cells induced carti-
lage destruction in vitro by expressing MMP-2 and MMP-9.

MMP-9 expression by TRAP positive mononuclear cells
suggested their phenotypic similarity with chondroclasts,
which have been identified at the growth plate bone-cartilage
interface.” We have already shown that in vitro generated
TRAP positive multinucleated cells possess the characteristics
of osteoclasts.” Blocking of this chondroclast-like and
osteoclast-like cell lineage, the generation of which is
mediated by RA synoviocytes, may be a possible way to
prevent joint destruction in RA.
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Novel autoantibodies to pituitary gland specific
factor 1a in patients with rheumatoid arthritis

S. Tanaka, K. Tatsumi, T. Tomita!, M. Kimura, T. Takano,

H. Yoshikawa®! and N. Amino

Objective. We recently identified a new protein, pituitary gland specific factor 1a
(PGSF1a), that is specifically transcribed in the pituitary gland. In our investigation
of anti-PGSF1a antibody for pituitary diseases, we examined it in patients with RA
and other autoimmune diseases. We unexpectedly discovered the frequent existence
of anti-PGSFla antibody in patients with RA. We therefore examined the
prevalence of this antibody to understand its clinical significance in RA.
Methods. Anti-PGSF1a antibody was detected by radioligand assay using
recombinant >3S-labelled PGSF1a protein. Antibody activity is expressed as an
index that was obtained by comparison with normal pooled serum.

Results. RA patients had a significantly higher mean anti-PGSF1a antibody index
(n=46,1.28+0.38, P < 0.001) than healthy controls (n= 36, 1.04 + 0.13). Indices
greater than the cut-off value (mean+2 s.n. of healthy controls) were found in
43.5% (20/46) and 10.0% (2/20) of patients with RA and osteoarthritis,
respectively. There was no correlation between the activities of anti-PGSF1a
antibodies and titres of rheumatoid factor (RF) or serum C-reactive protein
concentrations, but RA patients with more erosive disease had a higher mean anti-
PGSF1a antibody index. Four of eight sera samples obtained from RF-negative RA
patients were positive for anti-PGSF1a antibodies.

Conclusion, Anti-PGSF1a antibody is a useful new marker for the diagnosis of RA,
especially for RF-negative RA, and may relate to clinical manifestations of RA.

Key worps: Rheumatoid arthritis, Osteoarthritis, Rheumatoid factor, Autoantibody, PGSFla,

Pituitary, RF-negative RA, Seronegative RA.

Rheumatoid arthritis (RA) is the most common dis-
abling autoimmune disease affecting 1% of the popula-
tion. While there has been progress in defining its
aetiology and pathogenesis, these are still incompletely
understood.

Pituitary gland specific factor la (PGSFla), which
was recently identified in our laboratory, is speci-
fically transcribed in the human pituitary gland [1].
Autoantibodies against tissue-specific proteins have
proved to be useful markers for the diagnosis of
autoimmune diseases. Therefore, we searched for anti-
bodies to PGSF1a protein by sensitive radioligand assay
[2, 3] to support the diagnosis of lymphocytic hypo-
physitis. In our investigation of the specificity of this
antibody for pituitary diseases [4], we examined it in

patients with RA and other autoimmune diseases.
Unexpectedly, this antibody was frequently detected in
patients with RA.

In the present study, we examined the prevalence of
this antibody and examined its relationship to clinical
parameters.

Materials and methods

Serum samples

Serum samples were obtained from 46 patients with RA, 20
with osteoarthritis (QA) and 76 with other autoimmune diseases
(14 with systemic lupus erythematosus, six with progressive
systemic sclerosis, eight with mixed connective tissue disease,
10 with Hashimoto’s thyroiditis, 10 with Graves® disease, 13
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with autoimmune hepatitis and 15 with other autoimmune
diseases) as well as 36 healthy controls. All RA patients sati-
sfied the 1987 revised diagnostic criteria of the American
College of Rheumatology (formerly, the American Rheumatism
Association) [5]. Disease activity was classified as the least
erosive disease, more erosive disease and mutilating disease, as
reported [6]. OA was diagnosed according to the American
College of Rheumatology criteria for the classification of OA
of the knee [7]. None of the OA patients had any relevant
immunological background or history of systemic inflamma-
tion. Rheumatoid factor (RF) was measured by nephelometry,
and values less than 15.0 1U/ml were considered to be negative.
We obtained informed consent from all patients. In all healthy
subjects, six kinds of autoantibodies (antinuclear antibody,
anti-DNA antibody, RF, anti-mitochondrial antibody, anti-
thyroid microsomal antibody and anti-thyroglobulin antibody)
were measured as previously described [8), and subjects who
had one or more positive antibodies were strictly excluded so as
not to include subclinical autoimmune disease. The mean ages
of the patient groups were not significantly different from that
of the healthy controls, except for those with DA,

Recombinant 3 S-labelled PGSFla

PGSFla cDNAs were amplified by polymerase chain reac-
tion (PCR) using the human pituitary ¢cDNA, KOD -plus-
(TOYOBO, Osaka, Japan) and the following primers to
introduce the EcoRl site preceding the initiator ATG and
Xhol site after the stop codon: 5-AGAATTCATGCCG-
GGAATGAGGCTGGTTTG-3' and 5-TCTCGAGACATT-
GTTTCTGCCCTCACGGA-3' (EcoRl and Xhol sites are
underlined). After amplification, the PGSFla ¢DNAs were
digested with EcoRI and X#ol and cloned into the pET28a
(+) expression vector (Novagen, Madison, WI). The resulting
PGSFla inn vitro transcription vector, pET/PGSFla, was trans-
ctibed and translated in vitro using the TNT coupled reticulocyte
lysate system (Promega, Madison, WI) according to the
manufacturer’s instructions. In brief, 1 ug of pET/PGSFla was
incubated at 30°C for 90 min in 100 ut of TNT coupled
reticulocyte lysate system mixture and 2 gl L-[>*SJmethionine
(15 mCifml) {Amersham Pharmacia Biotech, Tokyo, Japan). The
translation products were run on a Nick chromatography column
(Amersham Pharmacia Biotech) to remove free **S-methionine,
analysed by sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) (15% polyacrylamide gel) and
autoradiography demonstrated the presence of a 16-kDa band
component for PGSFla. The synthesized >>S-labelled PGSFla
was diluted to 20 000 counts per minute (c.p.m.)/20 ul reaction
buffer (NaCl 150 mmol/l, Tris 50 mmol/l, pH 7.4, Tween-20
1 ml/l, bovine serum albumin 4 g and NaN; 1 g/} and was
stored at —80°C until use.

Radioligand assay

Four microlitres of serum and 20 000 c.p.m. *S-labelled
PGSFla were incubated at 4°C overnight in 50 ul of reaction
buffer. After incubation, the reaction mixture was transferred
into 96-well filtration plates (Multiscreen HVPP, 0.45 um,
Millipere Corp., Bedford, MA) and precipitated with Protein
G-Sepharose 4 Fast Flow (Amersham Pharrmacia Biotech) that
had been blocked with blocking buffer (150 mmel/l NaCl,
50 mmol/l Tris, pH 7.4, 1 ml/1 Tween-20, 30 g/l bovine serum
albumin and 1 g/l NaN;) for 1 h at 4°C. The complexes were
washed 10 times with washing buffer (NaCl 150 mmol/l, Tris
50 mmol/l, pH 7.4, Tween-20 10 ml/l) using a 96-well filtration
system (Millipore Corp.). The plates were then dried, and
OptiPhase SuperMix (PerkinElmer Life Science, Boston, MA,
USA) was added to each well. The quantity of precipitated,

**S-labelled PGSFla was determined using a 1450 MicroBeta
TriLux apparatus (PerkinElmer Life Science). All samples were
assayed in duplicate. The results obtained from this assay
are presented as an anti-PGSFla antibody index:c.p.m. of the
unknown serum/c.p.m. of normal pocled serum. The intra- and
interassay variations ranged between 7.3 and 10.9%.

Recombinant human PGSFla (rhPGSFla)

Escherichia coli B834 strain BL21 (DE3) was transformed by
the pET/PGSFla. The inclusion body containing rhPGSFla
was purified using BugBuster Protein Extraction Reagent
{Novagen) according to the manufacturer’s instructions.
The inclusion body was resuspended in phosphate-buffered
saline (PBS) containing 8 m urea, and thPGSFla was puri-
fied using TALON Metal Affinity Resins (CLONTECH
Laboratories, Inc., Palo Alto, CA) according to the
manufacturer’s instructions.

Inhibition experiment

An inhibition study with thPGSF1a or ovalbumin was carried
out to confirm the specificity of the antibody by radioligand
assay. Serum and **S-labelled PGSF1a were incubated with or
without 1 ug rhPGSFla or ovalbumin in reaction buffer with
0.16 m urea, and the radioligand assay was carried out as
described above.

Immunoblotting analysis

An aliquot of 100 ng of rhPGSFla was electrophoresed
through denaturing 15% acrylamide gel, and was transferred
to Hybond-P (Amersham Pharmacia Biotech). After blocking
with skimmed milk, the membranes were incubated with sera,
which were preincubated with strips of Hybond-P impregnated
with 50 ug of thPGSFla or bovine serum albumin as a control,
for 60 min at room temperature (RT). After washing three
times for 10 min with Tris-buffered saline (TBS) (500 mmol/l
NaCl, 20 mmol/l Tris, pH 7.4)-0.05% Tween-20 (TBST), the
membranes were incubated with a 1:5000 dilution of HRP-
Labelled Protein A (Amersham Pharmacia Biotech) in 5%
skimmed milk/TBST for 60 min at RT. Subsequently, the
proteins were visualized with TMB Membrane Peroxidase
Substrate (Kirkegaard & Perry Laboratories, Gaithersburg,
MD).

Statistical analysis

The Mann-Whitney U-test was used to compare the anti-
PGSF1a antibody indices between the patient groups and the
healthy controls. Spearman’s correlation coefficient test was
used to analyse the relationship among the anti-PGSFla
antibody index, the activity of RF (IU/ml) and C-reactive

protein (CRP) concentration {mg/dl) in the patients with RA.
A P < 0.05 was considered to be significant.

Results

Validation of the radioligand assay

Sera obtained from three patients with RA were diluted
in reaction buffer. The dilution curve was linear in the
dilution range between 6.25- and 50-fold (data not
shown). We therefore decided to use a 1:12.5 dilution in
the subsequent experiments.

Specificity and prevalence of autoantibodies against
PGSFla

To confirm the specificity of the radioligand assay,
an inhibition study with rhPGSFla was performed.
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Anti-PGSFla in RA

The anti-PGSFla antibody index was decreased when
incubated with rhPGSFla, and was unchanged when
incubated with ovalbumin (data not shown). Using an
immunoblotting method, anti-PGSFla antibody was
detected, and the signal was absorbed when the serum
was preincubated with thPGSFla (data not shown).

Using a radicligand assay, we examined sera obtained
from patients with various autoimmune diseases and
compared them with that from healthy controls (Fig. 1}.
The mean anti-PGSFla antibody index was significantly
higher in patients with RA (P < 0.001) than in healthy
controls. With a cut-off value above 1.29 (mean+2 sp.
of healthy controls), the specificity was 100% and the
sensitivities were 43.5% (20/46), 10.0% (2/20) and 5.2%
(4/76) for patients with RA, OA and other autoimmune
diseases, respectively.

Correlation between anti-PGSFla antibody and
disease activity in RA

When RA patients were divided into three subgroups
according to the classification of Ochi et al. [6], the mean
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antibody index in patients with more erosive disease was
higher than that in patients with the least erosive disease

(Fig. 1).

Relationship among anti-PGSFla antibody, RF and
CRP

No correlation was found between anti-PGSFla anti-
body indices and RF titres or CRP concentrations (data
not shown), but RF did correlate with CRP (r=0.313,
P < 0.03). Interestingly, four of eight patients with RF-
negative RA had positive anti-PGSFla antibodies (data
not shown).

Discussion

We identified PGSFla protein as a novel autoantigen in
the patients with RA. Although its function is unknown
and the amino acid sequence of PGSF1a protein has no
homology with other mammalian proteins, it has a weak
homology with the soybean nodulin 26B-carboxy ter-
minal domain [1]. It has one sequence (EKRTA) similar
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Fic. 1. Anti-PGSFla indices in control subjects, patients with RA, QA and other autoimmune diseases by radioligand assay. The
horizontal dotted line indicates the cut-off value (1.29; mean 42 sp. of healthy controls). (inset) The distribution of anti-PGSFla
indices in control subjects, and three subgroups of patients with RA according to the classification of Ochi er af. [6).

PGSFla (33) SRADCLGAPNIRTAPLGRSEKRTAICFS (61}

ol
HLA-DR-beta-1%0405 (58)  SQKDLLE-----=------- QRRRAV--- (70}

Fic. 2. Sequence homology between PGSFla and the RA severity-associated ‘shared epitope’ of HLA-DR molecules. Amino acids
for PGSFla 35,6, and HLA-DR-beta-1*0405 s3_qy are indicated. The identical and conserved amino acids are indicated by bold and
underlined type, respectively.
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to the RA severity-associated ‘shared epitope’ sequence
of HLA-DR (QK/RRAA) molecules [9, 10] (Fig. 2).
Patients with a double dose of the shared sequence
tend to have more serious disease manifestations. Thus it
may be speculated that the presence of anti-PGSFla
antibodies has a casual relationship to RA,

The measurement of RF is one of the most useful
serological tests for the diagnosis of RA, but approxi-
mately 20% of patients have RF-negative RA. In the
present study, anti-PGSFla antibody indices did not
correlate with RF or CRP, and 50.0% of RF-negative
RA patients had positive anti-PGSFla antibodies. As
anti-PGSFla antibodies were independent of RF, the
measurement of anti-PGSF1a antibody will support the
diagnosis of RA in RF-negative RA patients.

It is of interest whether the anti-PGSFla antibodies
modify the clinical features of RA. The presence of the
anti-PGSF1a antibodies appeared to be linked to severe
manifestations of RA, i.e. more erosive disease and
mutilating disease conditions [11] (Fig. 1). Therefore it
may be important to examine the relationship between
disease progress and antibody activity.

Because PGSFla is a pituitary-specific protein, the
relationship between RA and pituitary dysfunction may
be interesting to pursue. In patients with RA, a number
of studies have shown inappropriate cortisol and sex
hormone production [12]. However, little is known
regarding pituitary dysfunction in RA. In newly diag-
nosed and untreated patients with RA, growth hormone
response to growth hormone-releasing hormone is
disturbed [13]. As anti-PGSFla antibodies were found
in patients with pituitary disorders in our recent study
[4] and were found frequently in patients with RA in this
study. Anti-PGSFla antibodies might play a role in
pituitary dysfunction among patients with RA and may
be a possible risk factor for pituitary dysfunction among
patients with RA.

In conclusion, anti-PGSFla antibody is a useful
marker for diagnosis of RA and may relate to clinical
manifestations of RA.
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Summary

Objectives: To examine the localization of bone morphogsnetic protein (BMP)-2 mRNA and protein in human ostecarthritic (OA) articular
cartilage and osteophyts.

Design: Five normal, four growing and 14 OA human cartilage samples, graded histomorphologically by Mankin Score, were studied by
in situ hybridization and immunchistochemistry for the expression of BMP-2.

Results: BMP-2 mRNA was prasent in chondrocytes in neonatal growing articular cartilage, but was scarcely present in normal adutt articular
cartilage. In OA articular cartilage, BMP-2 mRNA and protein were detected in both clustering and individual chondrocytes in moderately or
severely damaged QA cartilage. In moderately damaged OA cartilage, BMP-2 mRNA was localized in both upper and middle zone
chondrocytes, but was not detected in deep layer chondrocytes. In severely damaged OA cartilage, cellular localization of BMP-2 mRNA was
extended to the deep zone. in the area of osteophyte formation, BMP-2 mRNA was intensely localized in fibroblastic mesenchymal cells,
fibrochondrocytes, chondrocytes and osteoblasts in newly formed osteophytic tissue. The pattern of BMP-2/4 immunolocalization was
associated with that of mRNA localization.

Conclusions: BMP-2 mRNA and BMP-2/4 were detected in cells appearing in OA tissues. BMP-2 was localized in cells of degenerating
cartilage as well as osteophytic tissue. Given the negative localization of BMP-2 in normal adutt articular cartitage, BMP-2 might be involved
in the regenerating and anabolic activities of QA cells, which respend to cartitage damage occurring in ostecarthritis.

© 2003 OsteoArthritis Research Society International. Published by Elsevier Science Ltd. All rights reserved.

Key words: Osteoarthritis, Bone morphogenetic protein, Osteophyte.

Introduction animal models®® and is expressed in human QA cartiltage’.
Bone morphogenetic protein (BMP) is a member of the
TGF-f superfamily, and is a strong bone/cartilage inductive
molecule in vivo and in vitrd®°. Previous immunohistochemi-
cal and in situ hybridization studies clarified that BMP is
induced and localized in cells under various osteochondro-
genic conditions, suggesting the involvement of BMP in
osteo/chondro inductive events in vivo®'°. Furthermore, we
recently reported that several BMP genes are localized at
the site of chondrogenesis in a mice spondylosis model that
histologically resembles the degenerative process of carti-
lage in humans''. To date, almost 30 members of the BMP
family have been identified®, and among its members,
BMP-2 has the capacity to induce osteochondrogenesis®?®,
and reported! fromotes growth and matrix synthesis of
chondrocytes®'=. This chondrogenic action of BMP-2 easily
leads us to question the involvement and role of this mol-
ecule in OA. However, to date, there have been no reports of

Osteoarthritic (OA) change in cartilage is characterized by
toss of matrix melecules including proteoglycans and col-
lagen'2. However, the cglls that appear during these
degenerative events are thought to have anabolic actions,
such as proliferation and synthesis of cartilage matrix
components'>. These cells also reportedly regain the
chondrogenic phenotype and are committed to the regen-
erative pathway, based on the results that Col llA, a marker
for c‘lgondroprogenitor cells, has been reexpressed in OA
cells®.

Various factors may potentiate and regulate this regen-
erating action of OA cells. One of the potent chondrogenic
factors, transforming growth factor-p (TGF-B), was reported
to play a role in the process of osleophyte formation in

“Address correspondence and reprint requests to: Dr Takanobu
Nakase, Department of Orthopaedic Surgery, Osaka National

Hospital, 2-1-14, Houenzaka, Chuou-ku, Osaka 540-0006, Japan. the expression and chahzatlon of BMP-2‘|n OA tissue. .
Tel:  81.6-6942-1331: Fax:  81-6-6943-6467.  E-mail: The purpose of this study was to elucidate the localiza-
nakase@onh.go.jp tion of BMP-2 mRNA and protein in surgical OA specimens
Received 26 August 2002; revision accepted 24 December and in normal cartilage using immunchistochemistry and
2002. in situ hybridization.
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Moderately damaged OA ISH
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Fig. 1. Histological sections of moderately damaged OA (a—e; Mankin grade 3}, growing (f, g) and normal articular cartilage (h, i}.
Safranin-Offast green staining (a); in situ hybridization (ISH) with antisense (b, ¢, 1, h} and with sense (d) human BMP-2 cRNA probe;
and immunohistochemistry {H) with anti-BMP-2/4 antibody (e, g, i). (U, upper zone; M, middle zone; D, deep zone; growing, growing
necnatal cartilage; normal, normal adult cartilage) (a) Safranin-O staining was decreased in the upper layer, but preserved in the
middle and deep layers. (b, c) BMP-2 mRNA was detected in individual (arrow} and clustering (arrow head) chondrocytes in the upper
and middle layers (b). In contrast, BMP-2 mRNA was not detected in deep zone cells (c}. (d) No signals were detected with sense
probe (continuous section from a). (e) BMP-2/4 was immunoclocalized in chondrocytes in the middle zone (M), In contrast,
immunoreactivity was not apparent in deep zone (D) chondrocytes. (f, g) BMP-2 transcripts (f) and positive immunostaining for
BMP-2/4 (g) were observed in articular chondrocytes in human neonatal growing articular cartilage (ankle joint). (h, i) BMP-2
transcripts (h) and positive immunostaining for BMP-2/4 (i) were nct detected in cells in normal adult articular cartilage {(knes joint).
Original magnification: x40 (a, d, f, h}; x100 (b, ¢, e); and x200 (g, i).
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Severely damaged OA ISH IH
1

- g

Fig. 2. Histological sections of severely damaged OA cartilage {Mankin grade 9). Staining of safranin-Ofast green (a, e}: in situ hybridization
{ISH) with antisense human BMP-2 cRNA probe (b, ¢, 1, g); and immunohistochemistry {IH) with anti-BMP-2/4 antibody (d, h). (U, upper zone;
M, middle zone; D, deep zone) {a) Upper zone was essentially lost and staining for safranin-O was lacking in the middle zone. (b) Intense
signals for BMP-2 transcripts were detected In both individual (arrow head) and clustering chondrocytes (arrows) in the middle layer in which
the territorial matrix was less stained by safranin-O. (c) Higher magnification of arrow area in (b) in the middle zone. BMP-2 mRNA was
detected in clustering chondrocytes. (d} Positive immuncstaining for BMP-2/4 was detected both in the individual (arrow head) and clustering
{arrow) chondrocytes in the middle layer (nearby section 1o a). () Upper zone was essentially lost and positive staining for safranin-Q was
apparent in the territorial matrix of the deep zone chondrocytes. (f) BMP-2 mRNA was localized in middle layer chondrocytes (arrow head).
BMP-2 mRNA was also detected in both individual and clustering chondrecytes in the deep layer (arrow), whose territorial matrix was stained
by safranin-O. (g} Higher magnification of arrow area in {f). BMP-2 mRNA was detected the deep layer chondrocytes. (h) BMP-2/4 was also
immunolocalized in deep layer chondrocytes. Original magnification: x40 (a, e); x100 (b, f); x200 (d, h); and x400 (c. g).

Materials and methods
TISSUE SAMPLING AND PREPARATION

Cartilage specimens with subchondral bone were ob-
tained from 10 female and four male patients {age range,
65 to 75 years) undergoing endoprosthetic surgery for QA
of the knee joints (medial and lateral femoral condyles
and tibial articular surfaces). All the cases satisfied the
American College of Rheumatology classification criteria

for OA of the knee', Cases of rheumatoid arthritis were
excluded. Five macroscopically normal cartilage speci-
mens with subchondral bone were obtained from five
patients undergoing amputation {age range, 36 to 66 years;
two medial femoral condyles, two tali of ankle joint and cne
metatarsal head of interphalangeal jeints). In addition, four
growing articutar cartilage samples were obtained from four
patients undergoing amputation (age range, 1 to 4 years;
two tali and two metatarsal heads). Written, informed
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Table |
Summary of BMP-2 mRNA localization in celfs in moderately and
severely damaged OA cartilage

Degree of Type of Zone
damage chondrocytes
Upper Middle Deep
Moderate Individual B x bt —
Clustering ottt ettt ——
Severe Individuai - ottt bbbt
C!UStering . PR 44+

Numbers of individual and clustering chondrocytes positive for
BMP-2 mRNA were counted. Ratio indicates positive individual
chondrocytes/total individual chendrocytes, and positive clustering
chendrocytes/total clustering chondrocytes.

=, 0%; %, ~10%; +, ~25%; ++, 25=-50%,; +++, 50=75%.

*Upper zone was almost lost.

consent was obtained from all the patients or legal guard-
ians. Obtained tissues were fixed in 4% paraformaidehyde
(Merck KGaA, Darmstadt, Germany) in PBS (pH, 7.4)
{Sigma Chemical Co., St. Louis, MO} at 37°C for 24 h,
decalcified in 20% EDTA (if needed) and dehydrated in an
ethanol series before being embedded in paraffin as de-
scribed'® 4. The size of each section ranged from approxi-
mately 0.8x1 to 1.5x2.8 cm. Each 5-pym section was made
on a microtome, and the sections were stained with
safranin-O/fast green to reveal cartilaginous matrix. Three
sections from each specimen were used for immuno-
histochemistry and in situ hybridization. The histological
samp‘lgzs were graded according to the method of Mankin
et al'®,

PREPARATION OF RNA PROBES

cDNA for human BMP-2'® (encoding the propeptide
region relatively specific for BMP-2; with less than 54%
homology with human BMP-4 and less than 33% homology
with human BMP-6 and BMP-7) was subcloned into a
pGEM-T plasmid, and then either linealized by Sac If and
transcribed by SP6 RNA polymerase to generate antisense
probes or linealized by Spe | and transcribed by T3 RNA
polymerase to generate sense probes as described’®.
Northern blotting experiments using 32P-labeled antisense
transcripts and the human osteosarcoma cell line showed a
specific band {data not shown). The antisense probe for
185 ribosomal RNA (rBNA) was prepared as described®
and was used to confirm the preservation of RNA in the
tissue specimens.

N SITUHYBRIDIZATION

in situ hybridization was performed as previously de-
scribed'® 5. Briefly, paraffin-embedded sections were de-
waxed, rehydrated, and fixed with 4% paraformaldehyde
for 20 min. The sections were then treated with 0.2 N HCI
for 10 min to inactivate endogenous alkaline phosphatase,
and were acetylated with 0.25% acetic anhydride in 0.1 M
triethanolamine (pH, 8.0) for 10 min. They were then dehy-
drated with an ethanol series and were air-dried. Each
section was covered by 50 pl of hybridization solution (50%
formamide, 10% dextran sulfate, 1xDenhardt's solution,
600 mM NacCl, 0.25% SDS, 150 yg/m! of Escherichia coli
tRANA, approximately 0.5 pg/ml of RNA probe) and incu-
bated at S0°C for 16 h. After hybridization, the slides were
briefly washed in 5xSSC (1x55C=0.15 M NaCl, 0.015 M

sodium citrate) and in 50% formamide, 2xSSC for 30 min at
50°C. RNase A treatment (10 pg/ml} proceeded at 37°C for
30 min. The slides were washed twice with 2xSSC and
0.2xSSC for 20 min at 50°C. Hybridized probes were
detected using a Nucleic Acid Detection Kit (Boehringer
Mannheim GmbH Biochemica, Mannheim, FRG) according
to the manufacturer's instructions.

Controls included: (i) hybridization with the sense
(mRNA) probe, (i) RNAse A treatment (20 pg/ml) prior to
hybridization, and (jii) use of neither antisense nor anti-
digoxigenin antibody. The three controls showed no posi-
tive signals. The cell count assessment for positive cells
was done at x200 magnification using a NIKON ECRIPS
EB800M microscope (Nikon, Tokyo, Japan) as described".

IMMUNOCHISTOCHEMISTRY

Immunchistochemistry was performed using the
streptoavidin—peroxidase method with histofine SAB-PO
kits (Nichirei, Tokyo, Japan) as described with minor modi-
fication'2. A mouse monoclonal antibody against human
BMP-2/4 (h3b2/17.8.1, kindly donated by Genetics Insti-
tute, Inc., MA)'*'S was used as a primary antibody at a
concentration of 10 pg/ml. Among several BMP members
(BMPs 1 to 7), only BMP-2 and -4 were found 1o react with
this antibody by immunoblotting with purified recombinant
proteins?, Tissue sections were briefly deparaffinized
and were incubated with 2 mg/ml hyaluronidase in phos-
phate buffered saline (PBS; pH, 7.5) for 20 min. The
sections were digested with 1 mg/ml pronase (Boehringer
Mannheim GmbH Biochemica, Mannheim, FRG) in PBS
(pH, 7.5) and placed in 3% H,O, in methanol for 30 min to
block endogenous peroxidase. After washing in PBS, the
sections were blocked with 10% normal serum of the same
species as the secondary antibody to minimize background
staining, before being incubated with primary antibody for
2h at room temperature. Normal serum of the same
species as the primary antibody was used as a control for
the primary antibody. After washing in PBS, the sections
were incubated with secondary antibody at a concentration
of 1:100 (rabbit anti-mouse Ig-G: Nichirei) for 20 min at
room temperature in a humid chamber, and then incubated
with peroxidase-conjugated streptoavidin (Nichirei), again
for 20 min at room temperature in a humid chamber and
washed in PBS. Finally, color reaction was performed using
the substrate reagent 3,3'diaminobenzidine tetrahydro-
chloride {DAB) (Dojindo, Tokyo, Japan). This final sclution
contained 120 ml of Tris—HCI {pH, 7.6), 15 mg of DAB and
6.8yl of 35% H,0,. Sections were counterstained with
hematoxylin and mounted. As a control for immunostaining,
normal serum from the same species as the primary
antibody (mouse-lg-G) was used.

Results
BMP-2 LOCALIZATION IN OA CARTILAGE

In situ hybridization detected BMP-2 mRNA in cells at
various Mankin grades in OA cartilage (Figs. 1 and 2).
BMP-2 mRNAs were localized in both clustering and indi-
vidual chondrocytes.

In moderately damaged OA cartilage (Mankin grade 3-6;
Fig. 1), staining of safranin-C was still preserved in the
middle and deep layers [Fig. 1(a)]. BMP-2 mRNA was
lecalized in chondrocytes in both the upper and middle
layers [Fig. 1(b)]. In contrast, BMP-2 transcript was
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scarcely detected in deep layer chondrocytes [Fig. 1(c)],
although these cells were positive for 185 rRNA (data not
shown). No signals were detected with BMP-2 sense probe
[Fig. 1{d)}. BMP-2/4 was immunolocalized in the upper
layer (data not shown) and middle layer chondrocytes, but
was scarcely immunolocalized in deep layer chondrocytes
[Fig. 1{e}].

BMP-2 mRNA and BMP-2/4 were localized in neonatal
growing articular chondrocytes [Fig. 1({f,g)]. In contrast,
BMP-2 mRNA was absent and BMP-2/4 was not localized
in normal adult cartilage cells [Fig. 1{h,i)].

In severely damaged OA cartilage {(Mankin grade 7-12;
Fig. 2), staining intensity of safranin-O noticeably de-
creased. BMP-2 franscripts were detected not only in
middle zone chondrocytes [Fig. 2(a—¢}], but also in deep
zone chondrocytes [Fig. 2(e—g)]. In the middle layer, BMP-2
transcripts were located in clustering chondrocytes whose
territorial matrix lacked safranin-O staining [Fig. 2(a—c})]. In
the deep layer, BMP-2 mRBNA was localized in ¢hondro-
cytes whose territorial matrix was stained with safranin-Q
[Fig. 2{e-g}]. BMP-2/4 was immunclocalized both in the
middle and deep layer chondrocytes [Fig. 2(d,h}], and
was immunolocalized in both individual and clustering
chondrocytes [Fig. 2(d,h)].

The pattern of BMP-2 mRNA localization in OA cartilage
is summarized in Table I. The pattern of BMP-2/4
immunoclocalization was associated with that of mRNA
localization.

BMP-2 LOCALIZATION IN OSTEOPHYTIC TISSUE

BMP-2 mRNA was intensely localized in cells in osteo-
phytic tissue [Fig. 3(a—d)]. BMP-2 transcripts were localized
in fibroblastic cells in the outer fibrous layer [Fig. 3(b,c)], in
fibrochondrocytes in the fibrocartilage layer [Fig. 3(b,d)]
and in osteoblasts in the bone-forming area adjacent to the
chondrogenic layer [Fig. 3(b,d)). The majority of chondro-
cytes in the deep cartilage layer were positive for BMP-2.
However, chondrocytes in the very deep layer close to the
bone-forming site showed no, or only faint, signals for
BMP-2 transcripts {Fig. 3(b,d)]. BMP-2 transcripts were
absent in osteoblasts located in the relatively mature bone
at the center of the osteophyte [Fig. 3(b)]. No signals were
detected with the BMP-2 sense probe [Fig. 3(e)]. BMP-2/4
immunolocalization was associated with mRBNA localization
[Fig. 3(f.g)]. Negative control using normal mouse serum
showed no staining [Fig. 3(h)].

Discussion

To the best of our knowledge, this is the first report to
describe the localization of BMP-2 in human OA tissues.

BMP-2 was scarcely detected in adult normal cartilage, but
was notably present in the OA cells. These findings indicate
the possible synthesis of BMP-2 by OA cells and involve-
ment of BMP-2 in the OA state. BMP-2 was synthesized by
both individual and clustering chondrocytes. Even deep
zone chondrocytes synthesized BMP-2 in severe QA carti-
lage, where cartilage damage was extended to the deeper
area, although these cells did not synthesize BMP-2 when
cartilage damage was less significant. These findings sug-
gest that the zone-specific distribution of BMP-2 may be
dependent on the degree of OA damage.

Our findings of this study, as well as those of previous
reports®'8, indicate that some of the BMP-2 positive cells
are associated with proteoglycan synthesis, as evident by
positive staining for safranin-Q in the territorial matrix. This
tendency was particularly marked in the lower middle and
deep layers. OA chondrocytes in the middle and deep
layers reportedly synthesize several cartilaginous colla-
gens® and aggrecan mRNA'®. Another study has reported
that BMP-2 stimulates the synthesis of proteoglycan syn-
thesis in articular cartilage®. Given our results and those of
previous reports, BMP-2 localization in safranin-Q positive
areas suggests the possible involvement of BMP-2 in
neo-matrix synthesis occurting in OA tissue. We found
clustering chondrocytes whose territorial - matrix lacked
safranin-O staining. These types of cells are thought to be
in a proliferating state®. BMP-2 was localized in these types
of cells and given that BMP-2 reportedly promoted growth
of chondrocytes in in vitro culiure experiments'?, BMP-2
may be involved in OA cell proliferation as well as matrix
synthesis.

Significant BMP-2 expression was cbserved in osteo-
phytic tissue. BMP-2 was detected in the early mesenchy-
mal layers as well as in fibrochondrocytes, suggesting the
role of BMP-2 in induction and promation of osteophyte
formation. Such osteochondro-inductive action of BMP-2
has been proposed by previous in vivo and in vitro stud-
ies®2. In the present study, the localization of BMP-2 in OA
chondrocytes at various Mankin grades in various zones
and in fibrechondrocytes in the osteophyte is somewhat
simifar to that of Col 11A%, As Cot lIA is reportedly a marker
for chondroprogenitor cells and binds to BMP-2, BMP-2
may be involved in the early chondrogenic events via the
BMP-2/Col llA complex, leading to further matrix synthesis
in OA cartilage and ostecphyte formation.

As BMP-2/4 could not be detected in the extracellular
matrix (ECM) in OA cartilage during the present experi-
ments, but was localized in OA cells, it is possible that the
amount of BMP-2/4 in ECM is considerably small, or
the lack of BMP-2/4 localization in the ECM might be
due to the technical limitations of the sensitivity of our

Fig. 3. (a) Staining of satranin-O/fast green; in situ hybridization {ISH) (b—d) with antisense and (e) sense human BMP-2 cRNA probes; and
{f, g) immunohistochemistry (IH) with anti-BMP-2/4 antibody and (g) normal mouse serum in histologica! sections of human osteophytic
lissue. (a, b) BMP-2 mRNA was detected in fibroblastic mesenchymal cells in the outer fibrous layer (F), in fibrochondrocytes in the middle
fibrocartilage layer (FC) and in chondrocytes in the deep chondrocyte tayer (DC). In contrast, BMP-2 transcript was absent in cells in the very
deep zone [asterisk in (b}] of the deep cartilage layer close to the bone-forming area. BMP-2 signals were presenl in osteoblasts in the
bone-forming layer (BF}), but absent in cells in mature bone located at the center [double asterisks in (b); (a, b, e, f} are nearby sections]. {¢)
Higher magnification of the F and FC layers shown in (b). Intense signals for BMP-2 mRNA were detected in fibroblastic cells (arrow) and
fibrochondrocytes (arrow head). (d) Higher magnification of the DC and the BF layers is presented in (b). BMP-2 transcripts were detected
in chondrocytes {arrow) and osteoblasts (arrow head). In contrast, no, or faint, signals for BMP-2 mRNA were detected in the very deep zone
chondrocytes (asterisk) close to the BF area. (@) No apparent signals were detected in any layer by human BMP-2 sense probe. Positive
BMP-2/4 staining was observed in cells in the outer fibrous {F) layer. {f, g} Positive immunostaining for BMP-2/4 was detected in cells in the
outer fibrous layer (F) (f), the middle fibrocartilage layer (FC) (f and arrow in g), and in chondrocytes in the deep chondrocytes layer (DC)
(g and arrow head in g). (h) Negative control. No immunastaining was observed with mause normal serum. QOriginal magnification: x40 (a,
b} x100 (e, {, hy; and %200 (¢, d, g).
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immunochistochemical methods. These possibilities should
be further investigated. In addition, several other growth
factors, such as TGF-B7 insutin-like growth factor'®, basic
fioroblast growth factor”, hepatocyte growth factor®®, vas-
cular endothelial cell growth factor®® and cartilage-derived
morphogenetic protein-122, are reported to be expressed in
OA cartilage. BMP-2 may act synergistically with these
growth factors or share roles in the metabolism of OA
cartilage. A recent publication, in particular, has proved
the potent role of TGF-p in osteophyte formation in an
experimental animal model®. Future studies should aim to
elucidate the precise roles of BMP-2 in OA change.

In conclusion, this is the first report to demonstrate
BMP-2 [ocalization in OA tissue. The present findings,
together with those of previous reports, suggest the ana-
bolic role of OA chondrocytes via synthesis of BMP-2 and
the potential capacity of articular chondrocytes to synthe-
size BMP-2 in response to the cartilage damage that
occurs in osteoarthritis.
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The value and limitation

MUSCULOSKELETAL '

of gadopentetate-enhanced magnetic
resonance imaging in detecting the condition
of anterior cruciate ligament in rheumatoid
knee: comparative study with histology

Abstract The aim of this study was
to elucidate the utility and limitation
of gadopentetate (Gd)-enhanced
MRI as a method for evaluating the
anterior cruciate ligament (ACL) in
the rheumatoid arthritis (RA) knee,
using both surgical macro findings
and histological findings to ascertain
the pathological condition of the af-
fected knee. Thirty-six knees of 25
RA patients were studied in this
study. Four imaging protocols were
employed: protocol A, T1-weighted
and T2-weighted sagittal images;
protocol B, T1-weighted sagittal im-
age, after infusion of Gd-DTPA.

(0.2 mmol/kg, i.v.); protocol C, T1-
weighted angled coronal image, par-
allel to the ACL; and protocol D,
T1-weighted angled coronal image,
parallel to the ACL, after infusion of
Gd-DTPA. Sagittal image was deter-
mined as previously described. An-
gle coronal image was newly deter-
mined as coronal image parallel to
the ACL. Surgical and MRI findings
of the ACL were classified into four
types: Type I (normal group) indicat-
ed that the thickness of the ACL was
almost normal, adequate tension was
maintained (surgica! findings), and
the ACL had thick and a more com-
plex appearance with a homogene-
ous signal intensity and well-defined
borders (MRI findings). Type II (de-
generated group): the ACL had de-
generated and tension was reduced
(surgical findings), and the ACL had
thin and a more complex appearance
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with a less homogeneous signal in-
tensity and less well-defined borders.
This appearance was more evident
on Type II than Type I (MRI find-
ings). Type III (ruptured group): the
parenchyma of the ACL remained
but lacked continuity (surgical find-
ings), and the ACL appeared as par-
tial lack of low signal intensity (MRI
findings). Type IV (absent group):
the parenchyma of the ACL was
practically absent (surgical findings),
and the ACL appeared as complete
lack of signal low signal intensity
(MRI findings). The concordance
rate between surgical and MRI find-
ings was investigated. Moreover, we
investigated the extent to which his-
tological changes of the ACL could
be discriminated using MRI In RA
knees, the overall concordance rate
between surgical and MRI findings
was 41.7% under imaging protocol
A. The overall rate improved up to
69.4% under imaging protocol B.
But the overall rate dropped to
36.1% under imaging protocol C.
The overall rate improved up to
83.3% under imaging protocol D.
Especially, significant differences
between imaging protocols A and B
(p<0.05), and imaging protocols C
and D (p<0.01), with respect to ACL
degenerated group, were recognized.
But significant differences between
imaging protocols A and C, and im-
aging protocols B and D, with re-
spect to ACL degenerated group,
were not recognized. The concor-
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dance rate between histological and
MRI findings was 41.7% in ACL
normal group, and 61.5% in ACL
degenerated group. The concordance
rate between surgical and MRI find-
ings was 100% in ACL normal
group, and 78.9% in ACL degenerat-
ed group. There was a significant
difference in the concordance rates
between histological, surgical, and
MRI findings in normal group
(p<0.05). The results of this study

suggested that with Gd-enhanced
MRI, the degree of synovial prolifer-
ation around the ACL and the degree
of degradation of the ACL in the RA
knee can be evaluated more accu-
rately than with conventional MRI;
however, in RA knees with severe
synovial proliferation, it may be dif-
ficult to discriminate between the in-
vasive synovium going into the liga-
ment from synovium surrounding the
ligament. This may be a limitation of

Gd-enhanced MRI at present. In the
clinical setting, the present imaging
technique does allow the ligament to
be evaluated to a certain degree, and
may prove useful in the evaluation
of temporal changes in the RA knee.

Keywords Magnetic resonance
imaging - Anterior cruciate
ligament - Rheumatoid knee

Introduction

Rheumatoid arthritis (RA) causes chronic inflammation
of synovial joints, and results in progression of joint de-
struction over time. The afflicted joint is characterized
by synovial proliferation, together with destruction of ar-
ticular cartilage and a loss of trabecular bone. Recently,
considerable light has been shed on the pathogenesis and
clinicopathological features of joint destruction at the
molecular level, but much remains unknown about its
clinical management [1, 2]. Degeneration or rupture of
the anterior cruciate ligament (ACL) is frequently seen
during synovectomy or total knee arthroplasty (TKA) for
the RA knee, and in severe cases, this degeneration pro-
cess may even extend to the posterior cruciate ligament
(PCL) [3]; however, the medical literature only includes
scattered references to the pathological features of this
condition. The ACL plays a key role in stabilizing the
knee, and instability caused by the ACL degeneration
may have a significant involvement in joint destruction
of the knee [4]. Synovectomy is extensively performed
as a treatment option for RA, and evaluating the extent
of degeneration of the ACL may prove important in de-
termining its therapeutic benefits. It is also vital to visu-
alize temporal changes in individual patients to thor-
oughly ascertain the state of degeneration and rupture of
the cruciate ligaments, and to elucidate the mechanism
of rupture. Magnetic resonance imaging, a superior diag-
nostic imaging technique for noninvasively visualizing
soft tissue, has been reported to be useful for achieving
this objective {5, 6, 7, 8, 9, 10]). However, there have
been no reports of thorough investigations into degenera-
tion of the ACL in the RA knee; therefore, we sought to
elucidate the utility and limitations of Gd-enhanced MRI
as a method for evaluating the ACL in the RA knee, us-
ing both surgical and histological findings to ascertain
the pathological condition of the knee, and in particular,
of the ACL.

Materials and methods

We studied 36 knees of 25 RA patients with ACL findings con-
firmed perioperatively during TKA or synovectomy. The surgical
technique was TKA in 32 knees of 22 patients and synovectomy
in 4 knees of 3 patients. There were 2 men and 23 women. The
age at surgery ranged from 36 to 72 years (mean age 56.2 years)
and the time from onset of disease to surgery ranged from 2 to
22 years (mean 13.4 years). All patients satisfied the 1987 revised
diagnostic criteria of the American College of Rheumatology (for-
merly the American Rheumatism Association) [11]. Among these
patients, histological examinations were performed for 25 knees of
20 RA patients who gave adequate informed consent before sur-
gery, and for whom ACL findings were confirmed at TKA. This
group comprised 1 man and 19 women.

The MRI equipment was a Siemens Impact 1.0-T Supercon-
ducting MRI system (Siemens, Erlangen, Germany). The pulse se-
quence was Tl-weighted spin-echo (SE) image (TR/TE=500
ms/15 ms) and T2-weighted fast spin-echo (FSE) image (TR/TE=
4000 ms/90 ms).

Four imaging protocols were employed:

Protocol A: Tl-weighted and T2-weighted sagittal images

Protocol B:  T1-weighted sagittal image after infusion of Gd-DTPA
(0.2 mmol/kg, i.v.)

Protocol C:  Tl-weighted angled coronal image, parallel to the
ACL

Protocol D:  Tl-weighted angled coronal image, parallel to the

ACL, after infusion of Gd-DTPA (0.2 mmol/kg, i.v.}

The slice thickness was set at 3 mm with no gap, field of view was
180 mm, and the imaging matrix size was 256x256. The determi-
nation of sagittal image was as follows: Firstly, axial images of the
femoral chondyle in which ACL inserts into the femur were ob-
tained; then the parasagittal direction 10° oblique from the mid-
sagittal direction of the knee joint, which was considered to be
parallel to the ACL, was determined. If the ACL was not depicted
as a continuous low-intensity band, we changed the parasagittal
angle to a maximum of 20%and tried again [12, 13, 14]. Next the
determination of angled coronal image was coronal image, parallel
to the ACL.Gd-DTPA (0.2 mmol/kg.) was injected intravenously
after protocol A and protocol B, The total examination time was
approximately 40-50 min.

Surgical and MRI findings of the ACL were classified into
four types:

Type I (normal group): the thickness of the ACL is almost normal,
and adequate tenston is maintained (surgical findings), and the
ACL had thick and a more complex appearance with a homogene-
ous signal intensity and well-defined borders (MRI findings}
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Fig. 1 The MRI findings of anterior cruciate ligament (ACL). The
MRI findings of the ACL were classified into four groups. Type I
(normal group): the ACL had thick and a more complex appear-
ance with a less homogeneous signal intensity and less well-
defined borders. Type II (degenerated group): the ACL had thin
and a more complex appearance with a less homogeneous signal
intensity and less well-defined borders. This appearance was more
evident on Type II than Type 1. Type III {ruptured group): the ACL
appears as partial lack of low signal intensity. Type IV (absent
group): the ACL appears as complete lack of low signal intensity.
Sag sagittal, Ob oblique

Type i1 (degenerated group): the ACL has degenerated and tension
is reduced {surgical findings), and the ACL had thin and a more
complex appearance with a less homogeneous signal intensity and
less-well defined borders. This appearance was more evident on
Type Il than Type I (MRI findings)

Type HI (ruptured group): the parenchyma of the ACL remains but
lacks continuity (surgical findings), and the ACL appears as pa:-
tial lack of low signal intensity (MRI findings)

Type IV (absent group): the parenchyma of the ACL is practically
absent (surgical findings), and the ACL appears as complete lack
of signal low signal intensity (MRI findings; Fig. 1)

The samples of ACL obtained at surgery were fixed in 10% for-
malin, Subsequently, they were cut into short strips, and tissue
specimens were prepared and stained with hematoxylin and eosin
before histological examination. In this study, ACL was evaluated
histologically at the portion of midsubstance.

GdT1-Sag GdT1-0b

LZAYY &

Histological findings of the ACL were classified into the fol-
lowing two groups (Fig. 2):

Type I (rormal group): almost no disorientation of collagen fibers
of the ACL

Type II (degenerated group): the collagen fibers of the ACL are
disorientated

Two radiologists and two pathologists who were blinded to the pa-
tients’ background independently judged the MR imaging and the
histological findings. If the results were divided, we decided that a
third radiologist or pathologist could judge; however, practically
this was not the case.

Statistical analyses were performed using Mann-Whitney U
test with the threshold of significance set at 0.05.

Results

Analysis of the surgical findings of the 36 RA knees dis-
closed 6 knees classified as Type I, 19 knees as Type II,
7 knees as Type III, and 4 knees as Type IV (Table 1).

For each of the MR imaging protocols, we investigat-
ed the extent to which the pathological state of the knee,
and primarily that of the ACL, could be accurately ascer-
tained. Comparison of surgical and MRI findings in RA
knees revealed the following:
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Fig. 2 Histological findings of
ACL. Histological findings of
the ACL were classified into
the following two groups: Type
I (normal group), almost no
disorientation of the collagen
fibers of the ACL; Type I (de-
generated group), the collagen
fibers of the ACL were disori-
entated

Normal
Group

Degenerated

Group

Table 1 Surgical findings of the anterior cruciate ligament {(ACL)
in rheumatoid arthritis (RA) knees

Group Surgical findings
Normal group (Type I} 6
Degenerated group {Type I} 19
Ruptured group (Type III) 7
Absent group (Type [V} 4

Table 2 Concordance rate between surgical and MRI findings of
normal group (Type I} in RA knees

Imaging protocol

A B C D
Concordance 4 3 2 6
Discordance 2 1 4 0
Concordance rate 4of 6 5of6 2of6 6of6

Protocol A vs B: not significant; protocol A vs C: not significant;
protocol C vs D: not significant; protocol B vs D: not significant

MRI findings in Type I (normal group} under imaging
protocol A, the concordance rate between surgical and
MRI findings was 4 of 6 (66.7%), under imaging proto-
col B it was 5 of 6 (83.3%), under imaging protocol C it
was 2 of 6 (33.3%), and under imaging protocol I} it was
6 of 6 (100%; Table 2)

MRI findings in Type Il (degenerated group): under im-
aging protocol A, the concordance rate between surgical
and MRI findings was 6 of 19 (31.6%), under imaging
protocol B it was 13 of 19 (68.4%), under imaging proto-
col C it was 5 of 19 (26.4%), and under imaging protocol
D it was 15 of 19 knees (78.9%; Table 3)

MRI findings in Type IIT (ruptured group): under imag-
ing protocol A, the concordance rate between surgical
and MRI findings was 1 of 7 (14.3%), under imaging
protocol B it was 3 of 7 (42.9%), under imaging protocol
C it was 2 of 7 (28.6%), and under imaging protocol D it
was 5 of 7 knees (71.4%; Table 4)

MRI findings in Type IV (absent group): under imaging
protocols A--D, the concordance rate between surgical
and MRI findings was 4 of 4 (100%) (Table 5)

Significant differences between imaging protocols A and
B (p<0.05) and imaging protocols C and D (p<0.01),
with respect to ACL degenerated group, were recog-
nized. But significant differences between imaging pro-
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