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and outgrowth of synovial tissue is an initial pathologic symp-
Matrix metalloproteinases (MMPs) are known to play a criti-  tom and proinflammatory cytokines such as interleukin-| (IL-1)
cal role in tissue disintegration, and an elevated level of MMPs is and tumor necrosis factor a|pha (TNH_are known to induce
observed in synovium and synovial fluid of joints with rheumatoid inflammation of synovial lining [2, 3]. Synovial tissue of RA is
arthritis. During joint movement, synovial tissue receives various - . . T S
mechanical stimuli, but effects of mechanical challenges on regula- Sens't'vej to Var'olus stresses 'ndu.d'ng_heat’ oxidative stress, and
tion of MMPs in rheumatic synovium are poorly understood. Fo- Mechanical loading, and stress signaling molecules such as heat
cusing on cellular responses to oscillatory fluid shear in human syn- shock proteins and mitogen-activated protein kinases are found
ovial cells, we determined the expression of MMP-1 and MMP-13 tg be activated [4, 5]. A regular use of diarthrodial joints induces
by polymerase chain reaction and immunoblotting as well as pro- iq_driven cyclic shear stress [6], and therefore elucidating re-

teolytic activities of total MMPs by a fibril degradation assay and ¢ illat h I int i fsh
zymography. The results revealed that~0.5 dyn/cn? oscillatory Sponses (o oscillatory shear as well as an interaction ot shear

shear at 1 Hz not only reduced an mRNA level and a protein level of With cytokine induction will help understand a role of mechani-
MMP-1 and MMP-13, but it also decreased collagenase and gelati- cal factors in degradation of joint tissue. Compared with effects
nase activities of total MMPs. Furthermore, the induction of the of shear stress on chondrocytes such as a release of cytokines

MMP expression and activities by interleukin-1 was suppressed by o, an increase in synthesis of collagen and proteoglycans, little
the oscillatory shear. Interestingly, the oscillatory shear upregu-

lated the mRNA expression of TIMP-1 and TIMP-2. Our results is known about shear responses of synovial tissue [7-10].

support a potential role of oscillatory shear in regulating expres- A family of zinc-binding proteolytic enzymes known as ma-
sion and activities of MMPs in the presence and the absence of trix metalloproteinses (MMPs) is considered to play a critical
proinflammatory cytokine. role in the destruction of articular cartilage [11]. MMPs were ini-

tially classified into collagenases, gelatinases, and stromelysins
Keywords  Interleukin 1, MMP, Rheumatoid Arthritis, Shear Stresstogether with a membrane type on the basis of substrate speci-

Synovium. ficity and cellular location. The family continues to grow with
the most recent member identified as MMP-26 (endometase),
INTRODUCTION although a number of MMPs such as MMP-7 (matrilysin) and

Rheumatoid arthritis (RA) is a chronic inflammatory joint disMMP-12 (metalloelastase) do not readily fit into any of the
ease causing stiffening and swelling of diarthrodial joints [1ft00Ve four classes [12]. MMPs such as MMP-1 (collagenase 1),

Although a direct cause of RA remains unclear, proliferatiofMP-2 (gelatinase A), MMP-3 (stromelysin 1), MMP-11
(stromelysin 3), and MMP-13 (collagenase 3) are upregulated in
S synovium and synovial fluids of patients with RA [13-16]. Inter-
a1 ?aerﬁi\;eiolgz October 2001; revised 29 January 2002; accepgggtingly, a protein level of tissue inhibitors of metalloproteinases
Addresé correspondence to Hiroki Yokota, PhD, Department S-FIMPS)’ a f_am|ly_of natural MMP |nh|_b|tors, also is elevated
Anatomy and Cell Biology, Indiana University School of Medicine!N RA synovial fluids [16, 17]. We previously found an altered
635 Barnhill Drive, MS-504, Indianapolis, IN 46202, USA. E-mailexpression of MMPs under 0-10 dyn/&omiform shear in RA

hyokota@iupui.edu synovial cell cultures. Low shear at3 dyn/cn? reduced the
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MRNA expression of MMP-1, MMP-3, and MMP-13 and high oscillating

shear at-5 dyn/cnf increased their mRNA levels together with rod cam
gelatinase activity of total MMPs [18]. Synovial cells in vivo @ — L

experience a variety of mechanical stresses and strains, and == L C.

cillatory shear represents a stress component associated w
joint rotation. However, to our knowledge, no study has beel slider w=2nf
performed to investigate a biophysical role of oscillatory shea
in MMP or TIMP regulation, and the effects of oscillatory shear
on MMP activities in the presence of proinflammatory cytokines
are not understood.

In this study we addressed a specific question as to whethgtre 1. Schematic diagram of the mechanical loader used in the study. A
gentle oscillatory shear stress<t dyn/cn’? would suppress IL- slider was placed parallel to the culture surface and driven by a cam connected
1-induced expression and activities of MMPs. Cellular respon§é§” ospillating rod. The distance between the slider and the culture surface (h)
to mechanical stimuli may differ depending on cell types [19%/2S adlustable and setto 0.2 cm.

22]. We used two synovial cell cultures derived from patients

with RA. One culture was an MH7A cell line previously useq)f 2 uglcr?, and they were exposed to shear-&0% con-

in examining cellular responses to uniform shear [23, 24], a[ﬂﬂency in a’RPMI164O medium supplemented with 0.5% fetal
the other culture was apnimary qell culture at passage 6. Th%%‘ﬁ serum. In stimulating cells with IL-1, cells were first grown
synovial cells are particularly suited for our study since theﬂ'Jr 3-4 days in the media containing 10% fetal calf serum. A

MMP expression and activities are stimulated by inflammato% : ;
) ncentration of 5-10 ng/ml human Ilg)(CalBiochem) was
cytokines such as IL-1. An mRNA level of MMP-1 and MMP-go i iy inducing MMPs when cells were preincubated in a

13 were determined in these cell cultures by semiquantitatiye, . \ it 2 serum 0—0.5% for 1—2 days. To minimize artifacts
polymerase chain reaction (PCR) as well as real-time PCR, Fetated to cellular starvation, we preincubated cells in the media

collagenase activity and gelatinase activity of total MMPs We(Lin 0.5% fetal calf serum for 12 hr and then used 50 ng/ml
assayed by fibril degradation spectrofluorometry and zymogy 218 for stimulation [26, 27]

phy. The results showed that the gentle oscillatory shear for 1 hr
not only reduced the mRNA and protein levels of MMP-1 and
MMP-13, but also suppressed IL-1-induced MMP expressiofCillatory Shear Stress

cells

and activities. Fluid-driven oscillatory shear was given for 1 hr by using
a custom-made oscillatory flow device (Figure 1). A slider in
MATERIALS AND METHODS the device was pgsitioned horizontally parallgl to a surface of a
culture plate and it was oscillated by an electric motor along the
Cell Culturing culture surface in a sinusoidal motion at 1 Hz.

To examine responses of RA synovial cells to fluid-driven Shear stress to cells was estimated by using a Couette-flow ap-
oscillatory shear, we used two sources of cells such as a MHproximation in a pair of parallel plates &g.x = 27 uf/h, where:
cell line (Riken Cell Bank, Japan) and RA00-02 primary cellls. * Tmax = Maximum shear stress (dyn/&m
The use of human cell cultures was approved by the Indiana 1L = viscosity (poise).
University—Purdue University Indianapolis Institutional Review f — sinusoidal fre

. . . . quency (Hz).

Committee. The cell cultures were derived from patients with h = distance between the slider and the culture plate
RA who underwent synovectomy, and normal control cells were (cm) [28].
not included in this study. MH7A was an established cell line
derived from the knee joint of an RA patient [23], and RA00-02 In our experimentrmax Was calculated as 0.5 dyn/émwith
primary cells were isolated from the knee joint of a patient with = 0.016 poise, =1 Hz, and h= 0.2 cm. The shear condition
RA at Indiana University Medical Center. In brief, RA00-02n this study was selected to simulate subtle mechanical stimuli
synovial tissue was minced and cells were dissociated as prbserved in aroutine repetitive motion. In a uniform flow, MMP-
viously described [25]. Cells in the supernatant were pelletddnRNA was downregulated under the shear at 2 dyf/(data
and cultured in a T-25 flask in a RPMI1640 medium suppldgot shown).
mented with 20% fetal calf serum and antibiotics. At passage
one,~80% of cells were macrophage-like cells and 20% of celReverse Transcription (RT)-PCR
were fibroblast-like cells. As passages continued, the proportionTotal RNA was isolated using RNeasy mini-kits (Qiagen,
of fibroblast-like cells increased. CA), and the isolated RNA was reverse-transcribed by MMLV

We used MH7A cells at passagel0 and RA00-02 cells at reverse transcriptase. The cDNAs corresponding to MMP-1,
passage 6, where over 98% cells consisted of fibroblast-like syyiMP-13, TIMP-1, and TIMP-2 were amplified by semiquanti-
oviocytes. Cells were cultured in a 3.5-cm petri plate coated withtive PCR and by real-time PCR [29], and glyceraldehyde-3-
type | collagen (Becton Dickinson Labware) at a concentratigphosphate dehydrogenase (GAPDH) was used as control. The
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TABLE 1
Primers for semiquantitative PCR.
Gene Sense and antisense primers cDNA size (bp)
MMP-1 5-CACAGCTTTCCTCCACTGCTGCTGC-3 396
5-GGCATGGTCCACATCTGCTCTTGGC3
MMP-13 5-TGGTGGTGATGAAGATGATTTGTCT-3 376
5-AGTTACATCGGACCAAACTTTGAAG-3
TIMP-1 5-CCTGGCTTCTGGCATCCTGTT-3 280
5-GGGACCTGTGGAAGTATCCGC-3

TIMP-2 5-CAGTGAGAAGGAAGTGGACTC-3 300
5-CATCTGGTACCTGTGGTTCAG-3

GAPDH 5-CCACCCATGGCAAATTCCATGGCA-3 600

5-TCTAGACGGCAGGTCAGGTCCACC-3

PCR primers and probes are listed in Tables 1 and 2. In sef% blocking reagent (Amersham) and 0.1% Tween 20. Individ-
guantitative PCR, a reaction was hot-started &C9#r 5 min  ual membranes were incubated overnight in the PBS-T buffer
including 28 cycles at 94 for denaturation (1 min), 55-66 containing antihuman antibodies against MMP-1 or MMP-13,
for annealing (1 min), and 7€ for extension (45 sec to 1 minand a protein level of MMPs was assayed with ECL detection
30 sec). Amplified DNA fragments by semiquantitative PCIRReagents (ECL Western blotting analysis system, Amersham).
were separated in agarose gel by electrophoresis. In real-time

PCR, we used ABI Prism 7700 sequence detection system (IMP Activity Assays in Cell Culture Media

Corporation). Amplified cDNAs were quantified by fluorescent To assay collagenase activity of total MMPs in response to
intensity of fluorescent probes, and athreshold cyciew@s de- oscillatory shear with and without IL-1 stimulation, we con-
termined to estimate difference in a starting cDNA copy numbegucted a fibril degradation assay using an EnzChek gelatinase/

with and without oscillatory shear. collagenase assay kit (Molecular Probes). Isolated protein ex-
tracts from the culture media were incubated at room temper-
Immunoblotting ature for 2 hr with type | collagen as a substrate in a reac-

To detect any effect of oscillatory shear on a protein level eibn buffer consisting of 500 mM Tris-HCI (pH7.6), 1.5 M
MMP-1 and MMP-13, we conducted an immunoblot assay uslaCl, 50 mM CaCJ, and 2 mM sodium azide. The collagen
ing antibodies specific to the latent and active forms of MMP-dubstrate was heavily labeled with green fluorophores, and di-
or MMP-13 (mouse monoclonal IgG CalBiochem). An ex- gestion by collagenases isolated from the culture media would
pected molecular size was 42/46 kDa (MMP-1) and 48 kD#erate fluorophores from a quenching effect of nearby fluo-
(MMP-13) for an active enzyme without modification, angophores. Fluorescent intensity with an absorption maximum at
57 kDa (MMP-1) and 60 kDa (MMP-13) for a latent form. To-~495 nm and an emission maximum~a®15 nm was measured
tal proteins were collected from cells, and.0 g of protein by FluoroMax-2 spectorfluorometer (Instruments S.A.).
extracts were separated by electrophoresis on 10% SDS PAGHO assay gelatinase activity of total MMPs in the culture
gel. Proteins on gel were transferred electrophoretically omuedia, we conducted zymography using gelatinase as a sub-
nitrocellulose membranes (Hybond, Amersham), and the mestrate [18]. MMP-1 and MMP-13, assayed by RT-PCR in this
branes were incubated in a PBS-T (pH7.5) buffer consisting study, are known to possess gelatinase activity [11]. Briefly, the

TABLE 2
Primers and probes for real-time PCR.
Gene Sense and antisense primers Probe cDNA size (bp)
MMP-1 5-CTCAATTTCACTTCTGTTTTCTG-3 5-FAM-CACAACTGCCAAATGGGC 76
5-CATCTCTGTCGGCAAATTCGT-3 TTGAAGC-TAMRA-3
MMP-13 5-AAGGAGCATGGCGACTTCT-3 5-FAM-CCCTCTGGCCTGCTGGCTCA-TAMRA-3 72
5-TGGCCCAGGAGGAAAAGC-3
TIMP-1 5-TGCCGCATCGCCGAGAT-3 5-FAM-CCAGCGCCCAGAGAGAC-TAMRA-3 51
5-ATGGTGGGTTCTCTGGTG-3
TIMP-2 5-CACCAGGCCAAGTTCTTC-3 5-FAM-CCTGCATCAAGAGAAGTGAC-TAMRA-3 60

5-CGGTACCACGCACAGGA-3
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culture media were concentrated by 10-fold using a centrifirstitute). Thep value less than .01 was considered statistically
gal concentrator (Nanosep, Pall Filtron Corp.), andib6f the  significant.

concentrate was mixed with 1Qd of the sample buffer con-

taining 500 mM Tris-HCI (pH6.8), 25% glycerol, 10% SDS, angesuULTS

1% Bromophenol blue. Then, 24 of the protein mixture was

loaded on a zymographic gel and separated by electrophoreAiteration in mRNA Levels

After electrophoresis, the gel was incubated in a renaturationThe oscillatory shear, employed in this study, had an ampli-
buffer (Bio-Rad) at room temperature for 30 min and then intade of~0.5 dyn/cnt with a frequency of 1 Hz. Using MH7A
development buffer (Bio-Rad) at 3Z overnight. The gel was and RA00-02 synovial cells, we firstinvestigated an mRNA level
rinsed and stained with 0.5% Coomassie blue in 40% methandMMP-1, MMP-13, TIMP-1, and TIMP-2 under 1-hr oscilla-
and 10% acetic acid. After de-staining and rinsing, gelatinas®y shear. Semiquantitative PCR revealed that the oscillatory
activity was detected as a light translucent band over a blsleear reduced a level of MMP-1 mRNA and MMP-13 mRNA,

background. but it elevated a level of TIMP-1 mRNA and TIMP-2 mRNA
(Figure 2A). The observed shear response was evidentin MH7A
Data Analysis cell line as well as RA00-02 primary cells.

Immunoblots for MMP-1 and MMP-13 and zymographic
gels were imaged by a flatbed scanner (VistaScan 3.0, Um&ippression of IL1-Induced MMP-1 mRNA
and band intensity was quantified using Adobe PhotoShop s@itd MMP-13 mRNA
ware (version 4.0, Adobe Systems). RT-PCR experiments, zy-Using semiquantitative PCR, we next examined effects of
mography, and fibril degradation spectrofluorometry were pehe oscillatory shear on the mRNA expression of MMPs and
formed twice for each of the two cell lines, and immunoblottindIMPs in the presence of IL-1 stimulation. The 1-hr incubation
was conducted twice using MH7A cells. To test statistical sigvith 50 ng/ml IL-1 elevated the mRNA expression of MMP-1,
nificance of expression and activities of MMPs and TIMPs, wédMP-13, TIMP-1, and TIMP-2 in two synovial cell cultures
conducted d-test using StatView software (version 5.0, SASFigure 2A). A simultaneous application of the oscillatory shear
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Figure 2. Altered mRNA expression of MMP-1, MMP-13, TIMP-1, and TIMP-3. (A) Semiquantitative PCR whete @ontrol without any treatment; sh
shear; IL1= interleukin-1 stimulation; and IL1s#: IL-1 stimulation and shear. (B) Quantification of mMRNA alteration by real-time PCR. The asterisk indicates
statistically significant alteratiorp(< .01) compared with control without any treatment.
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suppressed the IL-1-elevated mRNA level of MMP-1 and MMRReduction in Protein Level of MMP-1 and MMP-13
13, but it maintained the increased level of TIMP-1 mRNA The immunoblot assay using antibodies specific to either
and TIMP-2 mRNA (Figure 2A). Suppression by the oscillamMMP-1 or MMP-13 exhibited a consistent alteration at a pro-
tory shear was consistent in a duplicated set of experiments fein level to the alteration observed at the mRNA level. In either
MHT7A cells and RA00-02 primary cells. MMP-1 or MMP-13 blotting, a single band near a molecular
To quantify the observed alterationin mRNA levels by the osnass of 60—-70 kDa was detected. Its intensity was substan-
cillatory shear, we used real-time PCR and determined a thresihHy reduced under the 1-hr gentle oscillatory shear, while the
old cycle that indicated a required number of PCR cycles to sym~1 stimulation increased the protein level (Figure 3). Like the
thesize a prescribed amount of cDNA products. A difference inRNA suppression by shear, the elevated protein level by IL-1
athreshold cycle with and without shear was used to estimatewghs suppressed by the simultaneous shear treatment (Figure 3).
terationin mRNA levels by the oscillatory shear (Figure 2B). Than estimate of molecular size in the blots10 kDa heavier
results from real-time PCR confirmed the reduction in MMP-than the unmodified active form, suggested that antibodies de-
mRNA and MMP-13 mRNA as well as the increase in TIMPtected either active enzymes with modifications or latent MMP
1 mRNA and TIMP-2 mRNA that we observed previously irproenzymes with uncleaved precursor peptides [30, 31].
semiquantitative gel images (Figure 2A). Compared with a con-
trol level, the average mRNA under the oscillatory shear wReduction in Collagenase Activity and Gelatinase Activity
32% (MMP-1,p < .01) and 26% (MMP-13p < .01). The os- Having known that the gentle oscillatory shear at 1 Hz re-
cillatory shear suppressed the IL-1-induced mRNA level fromuced the mRNA level as well as the protein levels of MMP-1
170% down to 34% (MMP-1) and from 270% down to 100%and MMP-13, we examined gelatinase activities and collagenase
(MMP-13) of the control level. Regardless of the IL-1 stimactivities of total MMPs under shear. MMP-1 (collagenase 1) and
ulation, the TIMP mRNA level was higher than the controMMP-13 (collagenase 3) are known to possess gelatinase activ-
level by 1.8-2.7 times (TIMP-1) and 2.2-2.3 times (TIMP-2)ity as well as collagenase activity, and therefore any alteration
To summarize, the mRNA level of MMP-1 and MMP-13 wasn their activities can be detected in an assay using collagen and
decreased by the oscillatory shear in the presence and thegatin as substrates. Note that our activity assays were sensitive
sence of IL-1 induction, whereas the level of TIMP-1 mRNA andot only to MMP-1 and MMP-13, but also to any other MMPs
TIMP-2 mRNA was increased by the oscillatory shear and IL+Esponsive to oscillatory shear. In the fibril degradation assay,
stimulation. collagenase activity was reduced under the oscillatory shear, and

A

ch sh L1 IL1sh
— B4 kD
MMP-1
— 52kD
— 84 kD
MMP-13
— 52 kD

o

MMP level
(blot intensity)

IL1 IL1sh

Figure 3. Altered protein levels of MMP-1 and MMP-13 in MH7A synovial cells by IL-1 stimulation and/or gentle oscillatory shear. (A) Two immunoblots
using antibodies specific to either MMP-1 or MMP-13 show a single band corresponding to molecular mass in the range of 60-70 kDa. The larmssnara cn
without any treatment; sk shear; IL1= interleukin-1 stimulation; and IL1sk IL-1 stimulation and shear. (B) Protein levels of MMP-1 and MMP-13 normalized
by a control level without any treatment. The bar represents a standard deviation, and the asterisk indicates statistically significant ititgratio®lw
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A * cellularresponsesto oscillatory shear and their linkage to inflam-
matory responses by IL-1 induction. Four independent measure-
ments on mMRNA levels, protein levels, gelatinase activity, and
collagenase activities consistently supported the downregula-
tion of MMPs under oscillatory shear &0.5 dyn/cnd for 1 hr.
Furthermore, the oscillatory shear suppressed the expression of
MMP-1and MMP-13 as well as activities of total MMPs induced

collagenase
activity level
=

=
=
T

sh IL1 IL1sh by IL-1. Contrary to the expression and activities of MMPs, the
MRNA levels of TIMP-1 and TIMP-2 were upregulated by the
B oscillatory shear. The results suggest that the oscillatory fluid

ch sh IL1 |1 sh

shear can play an inhibitory role in regulation of MMPs at a
transcriptional level as well as at a posttranscriptional level.

MH7A Although the measured alteration in the mRNA level and the
protein level were specific to MMP-1 and MMP-13, reduction
RA in gelatinase and collagenase activities were attributable to total
00-02 MMPs. Recent analyses of MMP mRNA and protein levels in
synovial fluid and plasma of patients with RA showed elevated
— levels of many MMPs including MMP-1, MMP-2 (gelatinase A),
% 2 MMP-3, and MMP-8 (collagenase 3) [13, 16]. Therefore, the ob-
g —q-; [ S D ---- served reduction in collagenase activity and gelatinase activity
'ﬁ Ez by the oscillatory shear may, at least in part, result from down-
o= 05+ * regulation of other MMPs. Our semiquantitative RT-PCR data
o ’::’ showed no decrease in MMP-2 mRNA and a slight decrease in
0

MMP-8 mRNA under the oscillatory shear (data not shown),
sh IL1 IL1sh and we postulate that the expression and activities of individual
Figure 4. Alteration in collagenase activity and gelatinase activity by the OMMPS as well as TIMPs can be regulated coordinately but not
cillatory shear for 1 hr. The asterisk indicates statistically significant diffetdentically in response to shear. Many MMPs including MMP-1
ence p < .01) compared with control without any treatment. The symbols agnd MMP-13 consist of multiple AP-1 and Ets binding sites in
cn = control without any treatment; sk shear; IL1= interleukin-1 stimula- their promoter, and the mRNA expression of Jun and Ets-1 are

tion; and IL1sh= IL-1 stimulation and shear. (A) Levels of collagenase activity . - - - . _
normalized by a control level. The bar represents a standard deviation. (B) i@-duced in RA synovial cells by mechanical stimuli [32]. A re

mographic gel and levels of gelatinase activity normalized by a control lev&i€Nt study of ce_llular responses to oscilla_ting f!Uid_Shear using a
The bar represents a standard deviation. rat osteoblast-like cell line has revealed inactivation of iNg--

that plays arole as a primary regulator of stress responses [33]. A

differential combination of regulatory DNA elements including
compared with the control level the observed activity level wa¥>-1 site, PEA-3 site (Ets binding site), and MB-binding site
~54% (p < .01) (Figure 4A). The stimulation by IL-1 increasedseems to contribute to varying shear responses of MMPs [34, 35].
the activity up to 136%§ < .01), and the IL-1-elevated activ- We used fibroblast-like synovial cells derived from patients
ity was reduced down to 70% by the oscillatory sheme(.01) With RA and observed downregulation of MMPs under the os-
(Figure 4A). cillatory shear for 1 hr. Synovial tissue consists of heteroge-

In Zymographic ge|s Showing asingle bnght band 66 kDa, neous cell .typeS inCI.Uding endothelial Ce||S, macrophage-like

we observed that gelatinase activity was downregulated un§éfls. and fibroblast-like cells. In human chondrocyte cell cul-
the 1-Hz gentle oscillatory shear by60% (p < .01) and that tures, we recently observed a downregulation of MMP mRNAs
the oscillatory shear suppressed the IL-1-induced increasedf#fler a steady shear flow at 2-5 dynfcamd upregulation at
gelatinase activity by 29%p( < .01) (Figure 4B). A faint band 10-20 dyn/crii (manuscript in preparation). Our current work-
at~45 kDa also was detected in the gels. The observed alteratid@ hypothesis is that fluid-driven shear below a certain threshold

in gelatinase activity was consistent in the duplicated experimaf@ue reduces expression and activities of MMPs in joint tissues
for each of the two cell cultures. and a threshold stress is cell-type dependent.

A dynamic nature of loading and compliance of articular car-

tilage allow synovial joints to be lubricated with a fluid film,

DISCUSSION and synovial fluid in a synovial cavity is mobilized by a slid-
Synovial tissue in vivo is exposed to a high degree of méig motion of articular surfaces or a pressure gradient within

chanical stimuli including strain, normal stress, and shear. Itagoint [36]. Two widely used principles for simulating in vivo
sensitive to various environmental stresses and known to predritl shear are based on a Couette flow and a Poiseuille flow
the earliest symptom of rheumatic inflammation. In this studiat induce shear by sliding a pair of plates and by generating
using MH7A cell line and RA00-02 primary cells, we examined pressure gradient, respectively [37]. In this study, a Couette
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flow in a pair of parallel plates was used to generate oscillgs]
tory shear [38]. Fluid-driven shear in vivo during a joint motion
contains varying oscillatory frequencies, and cellular responsé
may depend on oscillatory frequency as well as shear intensity
and duration.

Mechanotransduction underlying the suppression of IL-1-
induced MMP activation is yetto be investigated. Cytokines suclgl
as TNFe and IL-1 have been identified as major pathogenic me-
diators in RA, and together with their receptors they are overy
expressed in the synovial tissue and articular chondrocytes o;
patients with RA [4, 39, 40]. Several lines of evidence suggest
a role of mitogen-activated protein kinases (MAPK) signaling
pathways including the extracellular signal-regulated protein -]
nase (ERK), c-Jun amino-terminal kinase (JNK), and p38 path-
ways in the suppression of IL-1 induction. Proinflammatory cyz1;
tokines have been demonstrated to induce ERK, JNK, and p38
signaling pathways [41-43], and JNK is required for MMP ex-
pression and joint destruction in inflammatory sinovium [44}12]
Individual MMPs under oscillatory shear can be regulated coor-
dinately with variations by a combination of different signaling 3;
pathways (manuscript in preparation).

SUMMARY

The present study demonstrates for the first time that the spe-
cific oscillatory fluid flow has an inhibitory role in the expression4]
of MMP-1 and MMP-13 and activities of total MMPs in syn-
ovial cells derived from patients with RA. Continuous passive
motion was reported to improve postoperative and postinjury
pediatric—orthopedic patients with progressive decrease in jojiy;
pain [45]. Because high shear stress is shown to activate prote-
olytic activities, it is premature to extend the results to possible
physical therapies for RA patients [46, 47]. Further elucidatidh®!
of cellular responses to shear in synovium and other joint tissue
from patients with RA or osteoarthritis will contribute to evalu-
ating effects of mechanical loading for stimulating or preventing7]
progressive damage and subsequent loss of joint function.
[18]
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