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ABSTRACT

Osteoporosis and vertebral fractures in the patients with rheumatoid arthritis, as influential
complications with impaired daily activities

Hisanori Nakayama, Toshihiro Matsui, Syoji Sugii, Yoshinori Ozawa, Shigeto Tohma
Division of rheumatology, National Sagamihara Hospital

Complications of osteoporosis increase the risk of vertebral fractures (VFs) which could
reduce daily activities in patients with rheumatoid arthritis (RA). Though patients suffering
from osteoporosis and VFs are not uncommon in RA, the rate of their occurrence in Japan
remains unclear. In this study, we investigated the prevalence of osteoporosis and VFs in
Japanese patients with RA. We measured bone mineral density (BMD) both of lumbar spine and
of femoral neck, and checked thoracic and lumbar VFs in 415 patients with RA (39 men, 47
premenopausal women, and 329 postmenopausal women). As a result, 165 out of all 415 patients
(39.89%) were diagnosed as osteoporosis, and the occurrence of osteoporosis in female patients
with RA (41.8%; 157 out of 376 patients) was approximately twice as high as that of primary
osteoporosis. None of the premenopausal female patients had osteoporosis. Eight out of 39 male
patients (20.5%) had osteoporosis, however, its occurrence was significantly less frequent than in
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female patients. VFs were observed in 83 out of 415 patients (20.09%) and, among them, 40
patients (9.6%) had two or more fractured vertebrae. The occurrence of osteoporosis and VFs
were more frequent in patients who are older and have longer disease duration of RA, more
severe destruction of joints, and lower daily activities. Compared with the patients without use
of glucocorticoid (GC), those treated with GC had higher rate of complication of osteoporosis
(p<0.001) and of VFs (not significant). These results suggest that prevention of osteoporosis
and VFs may improve the daily activities of patients with RA.
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1 RA & nonRA LEDHRE

CTD(n=797)

Variable RA non RA
(n =623) (n=13)  Pvale
Age, * years 80.9+99 57.4114.2 0.007

Women, no(%) 561(90.0) 123(91.8)

Premenopausal, no(%) 75(12.0) 31(23.1)

Postmenopausal, no(%) 486(78.0) 92(68.7)
Duration after menopause, * year 13.7185 15.1%10.2 0.140

Men, no (%) 62(10.0) 11(8.2)
Body weigth, * kg 51.81+856 52.749.0 0.276
Duration of disease, * year 15.2+10.5 13.3+11.2 0.697
Osteoporosis, no (%) 219(35.2) 37(27.6) 0.108
Vertebral fracture =1, no{%) 114(18.3) 23(17.2) 0.757
Ventebral fracture 22, no(%) 56(9.0} 14(10.4) 0.597
Glucocorticoid, no (%) 430(69.0) 102(76.1) 0.103
Total PSL equivalent dose, * mg 9256.3X11420.6 12212.2+£14906.3 0.032
Duration of administration, * day 1853222044  1970.53:2489.0 0.614
Mean PSL equivalent dose, * mg/day 4919 418+172.4 0.5
Lumbar spine BMD, * g/cm? 0.818X0.168 0.84510.167 0.092
Lumbar spine Z-score, * —0.2+1.0 —0.2%+1.0 1.000
Femoral neck BMD, * g/cm® 0.605+0.143 0.658+0.130  <0.001
Femoral neck Z - score, * —0.4+1.3 0.0%+1.2 0.001
Total hip BMD, * g/cm? 0.6584:0.151 0.729+0.141 <0.00
Total hip Z-score, * —0.5+1.2 0.0%+1. <0.001
Metacarpal bone BMD, * mmAL 1.8380.540 22150413 <0.001
BAP, * UL 29.74+11.7 24695 <0.01
urinary NTx, * nmoLBCE/mmoL + Cr 63.1£325 476225 <0.001

* I meanxSD
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EXTENDED REPORT

Tartrate resistant acid phosphatase (TRAP) positive cells
in theumatoid synovium may induce the destruction of
articular cartilage

H Tsuboi, Y Matsui, K Hayashida, S Yamane, M Maeda-Tanimura, A Nampei,
J Hashimoto, R Suzuki, H Yoshikawa, T Ochi

L R R N PR P sraaanssesana

Ann Rheum Dis 2003,;62:196-203

Obijective: To examine the role of tartrate resistant acid phosphatase [TRAP) positive mononuclear and
multinucleated cells in the destruction of articular cartilage in patients with rheumatoid arthritis [RA).
Methads: The presence of TRAP positive cells in the synovial tissue of patients with RA was examined
by enzyme histochemistry and immunohistochemistry. Expression of mRNAs for matrix metalloprotein-
ases (MMPs) was assessed by the reverse transcriptase-polymerase chain reaction (RT-PCR} and north-
ern blot analysis. Production of MMPs by mononuclear and multinucleated TRAP positive cells was
examined by immunocytochemistry, enzyme linked immunosorbent assay {ELISA} of conditioned
medium, and immunchistochemistry of human RA synovial tissve. In addition, a cartilage degradation
assay was performed by incubation of **S prelabelled cartilage discs with TRAP positive cells.
Results: TRAP positive mononuclear cells and multinucleated cells were found in proliferating synovial
tissue adjacent 1o the bone-cartilage interface in patients with RA. Expression of MMP-2 {gelatinase A},
MMP-9 (gelatinase B}, MMP-12 {macrophage metalloelastase), and MMP-14 [MT1-MMP) mRNA was
detected in TRAP positive mononuclear and multinucleated cells by both RT-PCR and ncrthern blot
analysis. Immunocytochemistry for these MMPs showed that MMP-2 and MMP-9 were produced by
both TRAP positive mononuclear and multinucleated cells, whereas MMP-12 and MMP-14 were
produced by TRAP positive multinucleated cells. MMP-2 and MMP-9 were detected in the conditioned
medium of TRAP positive mononuclear cells. TRAP positive mononuclear cells also induced the release
of #S from prelabelled cartilage discs.

Conclusion: This study suggests that TRAP positive mononuclear and multinucleated cells located in the
synovium at the cartilage-synovial interface produce MMP-2 and MMP-9, and may have an important
role in articular carfilage destruction in patients with RA.
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Table 1 Charocteristics of the patients with RA ot the

ised by invasion of the synovium into osteochondral .
time of surgery

tissue.' * For bone absorption in RA, osteoclasts activated by
inflammatory cytokines and chemokines are thought 1o have

Joim destruction in rheumatoid arthritis {RA} is character-

Number of men/women 1/9

a central role, while certain cathepsins and matrix Age [years), mean {range) 61,1 {50-70)
metalloproteinases (MMPs} secreted from osteoclasts seem to CRP {mg/l), mean [range) 27 [9-46)
be key enzymes.” Disease duration |years], mean {range) 16.2{1-28)

Number laking NSAIDs

In contrast with bone absorption in patients with RA, carti- Tretment during previous & months (number of patients)

lage degradation at the cartilage-synovial interface seems to

Gold salts
be more complex and involves several types of cells. The Bucillaming 1
cartilage-synovial interface features particular cell types in Methotrexate . 4
RA, such as macrophage-like synoviocytes, fibroblast-like Prednisclone 5

synoviocytes, osteoclasts, and chondrocytes.’ Macrophage-
and fibroblast-like synoviocytes that infilirate into the
cartilage seem likely to play a part in the degradation process,
because such cells have the potential to produce many kinds of
MMPs.*" The chondrocytes in articular cartilage are also
thought to be important in its destruction, because the stimu-
lation of such cells by inflammatory cytokines (including
tumour necrosis factor & and interleukin 1) causes the secre-
tion of many MMPs and initiates apoptosis.” *

CRP, C reactive protein; NSAIDs, nen-stercidal anti-inflammatory
drugs.

Abbreviations: DMEM, Dulbecco’s modified Eagle’s medium; EDTA,

In the synovium at sites of cartilage destruction in patients
with RA, tartrate resistant acid phosphatase (TRAP) positive
mononuclear and multinucleated cells are often seen.””
TRAP positive multinucleated cells, such as osteoclasts, can
secrete various proteinases,” and this type of cell also seems to
participate in cartilage destruction. In the growth plaie, TRAP
positive multinucleated cells are thought to be important in
the process of replacing the hypertrophic chondrocyte zone
with bone, and they are called chondroclasts.” However, the

ethylenediaminetetraacetic acid; ELISA, enzyme linked immunosorbent
assay; FCS, fefal calf serum; FITC, fluorescein isothiccyanate; G3PDH,
glyceraldehyde-3-phosphate dehydrogenase; GM.CSF,
gronulecyte-macrophage colony stimulating factor; HE, haematoxylin and
eosin; MMP, matrix metalloproteinase; PBS, phosphate buffered saline;
RA, rheumatoid arthritis; RT-PCR, reverse tronscriptase-palymerase chain
reaction; SD, standard deviation; SDS, sedium dodecyl sulphate; SSC,
saline sodium citrate; TPMoC, TRAP positive mononuclear cells; TPMuC,
TRAP positive multinucleated cells; TRAP, tartrate resistant acid
phosphatase; TBS, Tris buffered saline
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Table 2 Sequences of PCR primers for MMPs
Primers {5°-3")
Expected product
Sense Antisense size bp

MMP-1 GGGAACCCTCGCTGGGAGCAAA GGCCGAGTTCATGAGCCGCAAC 352
MMP.2 CAGCCTGGGACTGCCCCCTGAT CAGGLCCCTCCGGGTCCTICTC 400
MMP-3 CCIGGGACGCCAGCCAACTGTG TGCTIGGGAAAGCCTGGCTCCAT 425
MMP-7 CCTCAGGAGGCGGGAGGCATGA GCICCTICGCGCAAAGCCAATCA 425
MMP-8 GCLTCGCTGTGGAGTGCCTGACA GCGAGCCCCAAAGAATGGCCAAA 414
MMP-9 GCCATCGCGGAGATIGGGAACC CGGGGAACATCCGGTCCACCTC 400
MMP-10 ATGCGCAAGCCCAGGTGIGGAG GCCCCAGGGAGTGGCCAAGTTC 418
MMP-11 CCCTGGCCCACTGTCACCTCCA GGCAGCATGGACCGGGAACCTC 393
MMP-12 TGAAAGTGACCGGGCAACTGGACA TGTGCATCCCCTCCAATGCCAGA 370
MAMP.13 GCGGGGTTCCTGATGIGGGTGA GGCCGAACTCATGCGCAGCAAC 390
MMP.14 ATICGCAAGGCGTTCCGCGTGT CGGICATCATCGGGCAGCACAA 398
MMP.15 CAATGAGCGCCIGCGGATGGAG CGTTCACCGTCCGTGCCACCTC 263
MMP-16 GACAGTGCCCCCACACCGCTCT TAGGAGGCAAGCCCCGCCAGAA 260
MMP-17 GIGCGCGTCTGGCAGLTGTACG AGACGGGGCGCGGGTATCCTTC 403
G3IPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTIGCTGTA 450
PCR, polymerase chain reaction; MMP, malrix metalloproteinase; G3PDH, glyceraldehyde-3-phasphate dehydrogenase,

Table 3 Amount of TRAP positive cells in the
synovium and cartilage-bone interface

Cartilage-bone

Patient  Sex Age Synovium interface
1 F 60 418 96
2 F 63 77 410
3 F 57 583 410
4 M 70 1092 538
5 F 50 4460 874
6 F 4t 102 919
7 F 62 151 543
8 F 68 144 293
9 F 63 471 890
10 F 57 486 217
Average{SD) 398.4 (307.2) 519 (292.4}

TRAP, tartrate resistant acid phosphatase; SD, standard deviction; M,
male; F, female, .

role of TRAP positive cells in the destruction of articular
cartilage has not been well investigated in patients with RA.
We suggest that TRAP positive cells in the synovium and
cartilage-synovial interface may be related to the destruction
of articular cartilage in patients with RA.

To investigate the role of TRAP positive cells in the
synovium and cartilage-synovial interface, we examined
whether these cells preduced MMPs in RA synoviumn. We also
investigated whether mononuclear and multinucleated TRAP
positive cells, generated in vitro from peripheral blood mono-
cytes by incubation with RA synoviocytes, had the potential to
produce various MMPs and to induce cartilage destruction.

MATERIALS AND METHODS

Tissue samples and preparation

Tissue samples, including the cartilage-synovial interface, were
obtained during total knee arthroplasty [rom 10 patients with
RA who gave informed consent. The American College of Rheu-
matology criteria were used for the diagnosis of RA.™ Table 1
summarises the clinical backgrounds of these patients. Afier
fixation in 4% paraformaldehyde at 4°C for 24 hours, tissue
samples were decalcified in 20% EDTA for two hours in a micro-
wave oven (H2800 Microwave Processor; Energy Beam Science
Inc, Agawan, MA) at 50°C and then for 22 hours at 4°C."” Next,
the samples were dehydrated through an ethanol series and
embedded in paraffin. Sections (4 pm thick) were cut with a
microtome and stained with haematoxylin and ecosin (HE)
stain, TRAP stain, and immunohistochemical stains.

Quantification of TRAP positive cells in the synovium
and cartilage-bone interfoce

Tissue sections were deparaffinised and TRAP staining was
performed using a commercial acid phosphatase leucocyte kit
(Sigma, St Louis, MO). In the synovium and at the cartilage-
bone interface, five areas (magnification x100} were randomly
observed with an HC2500 image analysis system {Fuji Photo
Film, Tokyo, Japan) and the number of TRAP positive cells in
each area was counted.

Generation of mononuclear and multinucleated TRAP
positive cells from peripheral blood menocytes by
culture with RA synoviocyles

TRAP positive cells were generated as reported previously.”
Briefly, CD14 positive monocytes were isolated from the
peripheral blood of five healthy volunteers and cocultured for
four weeks with RA synovial fibroblasts* in Dulbecco’s modi-
fied Eagle’s medium {DMEM; Gibco BRL, Gaithersburg, MD)
supplemented with 10% fetal calf serum (FCS; Hyclone,
Logan, UT), 100 units/ml of penicillin (Gibco BRL), and 100
pg/ml of streptomycin (Gibco BRL) to produce TRAP positive
mononuclear cells. After four weeks, the TRAP positive mono-
nuclear cells became dominant. Over 97% of these cells were
TRAP positive and their purity was confirmed
cytochemically.” These cells differentiated into multinucle-
ated cells after culture in DMEM in the presence of 1 ng/ml of
granulocyte macrophage colony stimulating factor (GM-CSF;
Genzyme, Cambridge, MA) for five days.

Reverse transcriptase-polymerase chain reaction
(RT-PCR} analysis

Total RNA was extracted from CD14 positive monocytes, TRAP
positive mononuclear cells, and TRAP positive multinucleated
cells using a TR1zo) RNA isolation kit {Gibco BRL) according (o
the manufacturer’s directions. After treatment with DNase |
(Life Technologics, Rockville, MD), single stranded cDNA was
synthesised using 3 pg of each RNA sample, 100 ng of random
primers, and 200 U of SUPERSCRIPT II reverse transcriptase
(Gibco BRL) in a total reaction volume of 20 pl. The cDNAs for
various matrix metalloproteinases (MMP-1,2,3,7,8,9,10, 11,
12,13, 14, 15,16, 17) were amplified by PCR using the primer
sets shown in table 2. Amplification was performed with 0.5 U
of TaKaRa Ex Taq (Takara, Shiga, Japan} in a 1otal reaction
volume of 20 pl containing 1xreaction buffer, 200 uM of each
dNTE and 10 pmol of each primer. The PCR conditions were as
follows: initial denaturation for two minutes al 94°C, 30 cycles
of 30 seconds each at 94°C and 72°C {annealing at 72°C), and
final extension for five minutes at 72°C. A fragment of
glyceraldehyde-3-phosphate dehydrogenase (G3PDH) cDNA
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was also amplified as a control. Aliquots of the PCR products
were subjected to electrophoresis on 1.5% agarose gels and
visualised by ethidium bromide staining. In all experiments,
reproducibility was confirmed in triplicate experiments.

Northern blot analysis

Total RNA (2 pg) was subjected to electrophoresis on 1% aga-
rose gel containing 2.2 M formaldehyde and then transferred
to a nylon membranc by a standard method. Probes were pre-
pared by “P labelling with Prime It (Stratagene, La Jolla, CA)
using plasmids created with a PCR cloning kit {(pGEM-T Easy;
Promega, Madison, WI) from the corresponding genes
described in table 2, Hybridisation was performed overnight at
65°C as described by Church and Gilbert.* After hybridisation,
the membranes were sequentially washed twice at 45°C with

MMP-2 —— -

MMP.Q ——n

Tsuboi, Matsui, Hayashida, et ol

Figure 1 Expression of mRNAs for matrix metalloproteinases by
CD14 positive monocytes, TRAP positive mononuclear cells [TPMoC),
and TRAP positive mur

[B) Northern blot analysis.

tinucleated cells {TPMUC). (A} RT-PCR analysis.

éxsaline sodium citrate (SSC) plus 0.5% sodium dodecyl sul-
phate {SDS), twice with 2xSSC plus 0.1% $DS, and twice with
0.2xSSC plus 0.1% SDS. Hybridisation signals were detected
with a BAS 2500 Biclmage analyser {Fuji Photo Film).

Immunocytochemistry

TRAP positive mononuclear cells were suspended in DMEM
(Gibco BRL) supplemented with 10% FCS (Hyclone), 100
U/ml of penicillin (Gibco BRL), 100 pug/ml streptomycin (Gibeo
BRL). and I ng/ml GM-CSF (Genzyme), and were seeded at
2.5x10" cells/em® on Lab-Tek chamber slides (Nunc, Inc,
Naperville, IL). After incubation for five days, TRAP positive
cells were fixed with 4% formaldehyde for 15 minutes and
permeabilised using 0.2% Triton X100 for five minutes. Then
the cells were sequentially incubated in phosphate buffered
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