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Rheumatoid synovial endothelial cells secrete
decreased levels of tissue inhibitor of MMP
(TIMP1)
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Abstract
Objectives—Angiogenesis (the formation
of new blood vessels) is a major component
of the inflammatory pannus in rheumatoid
arthritis (RA). Matrix metalloproteinase
(MMP) secretion by microvascular endothelial cells is an essential step in angiogenesis. The secretion of MMP1, MMP2,
MMP9, and TIMP1 by human microvascular endothelial cells derived from RA
synovium (RASE) to normal synovium
(NSE) and neonatal foreskin (FSE) was
compared.
Methods—Confluent monolayers of endothelial cells in basal medium were preincubated for 24 hours in the presence or
absence of phorbol myristate acetate
(PMA, 100 ng/ml). MMP1 activity was
measured using a spectrophotometric
assay and western blotting. MMP2 and
MMP9 were measured using zymography. TIMP1 was measured by enzyme
linked immunosorbent assay and western
blotting.
Results—There was little diVerence between the amounts of MMP2 secreted by
any of the cell lines. In response to PMA
both synovial cell types showed a significantly higher MMP1 and MMP9 activity
compared with FSE, although there was no
diVerence between RASE and NSE. Tumour necrosis factor á had minimal eVect
on MMP activity. There was a striking
decrease in the amount of TIMP1 secreted
by RASE compared with normal synovium.
Conclusions—As overall MMP activity is a
balance between the amount of MMP and
TIMP1 present, the low levels of TIMP1
produced by RASE would shift the balance in favour of increased MMP activity
by these cells. This is likely to contribute
to the angiogenic potential of RASE.
(Ann Rheum Dis 1998;57:158–161)

Angiogenesis (the formation of new blood vessels) is a major component of the inflammatory
pannus in rheumatoid arthritis (RA).1 2 The
initial stage of angiogenesis requires the secretion of matrix metalloproteinases (MMPs) by

endothelial cells.3 The MMPs are a group of
matrix degrading enzymes that can degrade all
the components of the extracellular matrix.
MMP1 (type I collagenase) is one of four
known collagenases, capable of degrading
fibrillar collagens. The gelatinases (MMP2 and
MMP9) degrade basement membrane collagens, gelatins, and elastin. The regulation of
MMP activity is complex and tightly controlled. The specific tissue inhibitors of metalloproteinases (TIMPs) provide fine control by
binding in a 1:1 complex with MMPs and
inhibiting their action.
The vasculature is lined by a heterogenous
population of endothelial cells. Not only are
there diVerences between endothelium derived
from diVerent microvascular endothelial beds,
but there are also diVerences in endothelial cells
from the same bed in diVerent disease states.
For example, RA synovial endothelial cells
express higher levels of adhesion molecules than
normal synovial endothelium.4 To study synovial angiogenesis it is important to use synovial
endothelial cells. In this study we examined the
secretion of MMP1, MMP2, MMP9, and
TIMP1 by human microvascular endothelial
cells derived from RA synovium (RASE),
normal synovium (NSE), and neonatal foreskin
(FSE).
Methods
CELLS

Human microvascular endothelial cells were
isolated from RASE, NSE, and FSE using Ulex
Europaeus 1 coated dynabeads as described
previously.5 RASE was obtained from three
patients undergoing knee joint replacement.
All patients met the American College of
Rheumatology criteria,6 with at least four of
seven criteria. NSE was obtained from the
wrist joints of three patients undergoing carpal
tunnel decompression who had no evidence of
inflammatory disease. FSEs (three specimens)
were obtained after circumcision. All cells were
grown and maintained in Biorich medium
containing 30% normal pooled human serum
(derived from 10 healthy volunteers) plus 100
µg/ml endothelial cell growth supplement
(ECGS, prepared as described by Maciag et
al7) and 50 µg/ml heparin (Sigma Chemical
Company, St Louis, USA).
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Results

Confluent endothelial cells in 24 well plates
(Nunc, Kamstrup, Denmark) were preincubated in basal medium (Biorich plus 1%
normal pooled serum) for eight hours, then
incubated with fresh basal medium in the presence of 100 ng/ml phorbol myristate acetate
(PMA, Sigma), 100 ng/ml tumour necrosis
factor á (TNF, a kind gift from Dr Deborah
Rathjen, Peptech Limited, North Ryde, Australia) or no test agent. After 24 hours the conditioned medium was removed and assayed for
MMPs and TIMP1. To ensure that the results
were standardised between wells, the protein
content of the cell sheet was measured using
the Bradford assay (Bio-Rad Laboratories,
Hercules, California, USA). The level of
protein did not diVer between any of the cell
sheets used in the experiments (data not
shown).

MMP2 AND MMP9 SECRETION

MMP AND TIMP1 ASSAYS

MMP1 activity was measured using the
spectrophotometric assay of Nethery et al8 and
western blotting. MMP2 and MMP9 were
measured by zymography, using 10% SDSPAGE copolymerised with 1 mg/ml gelatin as
previously described.9 Zymograms were semiquantitated using scanning densitometry (Molecular Analyst software, Bio-Rad) and the
results were expressed as densitometry units,
after subtracting the level of MMP activity in
the basal medium. TIMP1 was measured by
western blotting and ELISA (Amersham).
Antibodies to MMP1 and TIMP1 (Oncogene
Science) were used at 1 µg/ml for western blotting. Statistical analysis was performed using
one way analysis of variance followed by the
Student-Newman-Keuls test.

Under basal conditions, there was no MMP9
detected in the supernatant of any cell lines
tested (fig 1). PMA induced the secretion of
MMP9 by all endothelial cell lines. Scanning
densitometry revealed that there was no
diVerence between NSE and RASE, however
both synovial cell types secreted more MMP9
than FSE (p<0.01) (fig 1(B)). There was no
diVerence between the total amount of MMP2
secreted by any of the cell lines.
MMP1 SECRETION

Using the spectrophotometric assay, low levels
of MMP1 were detected in all endothelial cell
lines under basal conditions (data not shown),
although this was not always detectable using
the less sensitive western blotting technique
(fig 2). In response to PMA, all cell lines
increased the secretion of MMP1. Both
synovial cell types showed a significantly higher
increase in MMP1 activity over basal medium
compared with FSE (fig 3). There was no difference between RASE and NSE. TNF had
minimal eVect on MMP1 activity.
TIMP1 SECRETION

There was a striking diVerence between NSE
and RASE in their secretion of TIMP1. Under
basal conditions, TIMP1 secretion by RASE
was barely detectable, while NSE secreted substantial quantities of TIMP1, as detected by
western blotting (fig 2). In response to PMA all
cell lines increased their secretion of TIMP1,
however, again there was a dramatic diVerence
between NSE and RASE. All three cell lines of
RASE secreted markedly lower levels of
TIMP1 than NSE (fig 2). We performed
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Figure 1 Gelatin substrate zymography was used to detect MMP2 and MMP9 in endothelial cell supernatants. (A) In
the absence of cells, basal medium contained MMP9 and MMP2 activity. Endothelial cells derived from one neonatal
foreskin cell line and two diVerent RASE lines (RASE1, RASE2) and two diVerent NSE lines (NSE1, NSE2) were
incubated for 24 hours in basal medium containing 100 ng/ml PMA or no test agent (Basal). Supernatants were assayed
for MMPs using zymography. (B) Scanning densitometry was performed on zymograms from three diVerent cell lines each
of FSE, RASE, and NSE. Results are expressed as the mean (SD) in arbitrary densitometry units for both MMP2 and
MMP9. p < 0.01 represents the statistical diVerence between neonatal foreskin and the two synovial cell types.
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Figure 3 MMP1 secretion by endothelial cells was
measured using a spectrophotometric assay. Endothelial cells
were stimulated with 100 ng/ml PMA for 24 hours and the
supernatant assayed for MMP1 activity. Results were
pooled from three diVerent experiments using FSE (n=3),
RASE (n=3), and NSE (n=2) and expressed as MMP1
secretion, as a percentage of the basal control (mean (SD)).

Figure 2 MMP1 and TIMP1 secretion by endothelial cells was assessed by western
blotting. Confluent endothelial cells were pre-incubated in basal medium for eight hours then
stimulated with 100 ng/ml PMA, 100 ng/ml TNF or no test agent (Basal) for 24 hours.
The supernatants collected and assayed for MMP activity using specific antisera against
MMP1 or TIMP1. Results are shown for one FSE cell line and three cell lines each of NSE
and RASE.

ELISA on two cell lines each of NSE and
RASE. In response to PMA, NSE (490 (112)
ng/ml, mean (SEM)) secreted significantly
higher levels of TIMP1 than did RASE (101
(9) ng/ml, p<0.01). TNF had little eVect on
TIMP1 secretion by any cell line (fig 2).
Discussion
The striking finding of this study was that
RASE secrete markedly lower levels of TIMP1
compared with NSE. This was observed in the
absence of any stimulus as well as in response
to PMA. The reason for the low levels of
TIMP1 secretion by RASE is unclear. We have
recently shown that there are diVerences in
TIMP1 secretion between macrovascular and
microvascular endothelial cells.11 However, it is
unlikely that the vessel size accounts for the
diVerences observed in the current study
between RASE and NSE, because both cell
types are derived from similar tissue using the
same isolation procedure. It is possible that
reduced TIMP1 secretion by RASE is part of
the acquired functional abnormalities of these
cells. RASE undergo excessive proliferation or
damage, or both, in vivo,12 which may be
sustained in vitro. Alternatively, an autocrine
mechanism may be operating in RASE
whereby the resulting low levels of TIMP1
secretion are maintained in vitro. Another pos-

sibility is that there is an inherent abnormality
in the ability of RASE to produce TIMP1. The
exact mechanism controlling the decreased
TIMP1 secretion by RASE needs to be further
investigated.
The secretion of MMP1 and MMP9 by both
synovial cell types was higher than FSE . However, we found no diVerence in the secretion of
these enzymes between RASE and NSE. As the
overall proteolytic activity is determined by the
balance between the amounts of MMPs and
their inhibitors, the low TIMP1 and normal
MMP levels by RASE would allow for
excessive matrix degradation by these cells.
It has been suggested that excessive MMP
activity is a major causative factor for joint
destruction in RA.13 14 This paper is the first to
report increased MMP activity by RASE. It is
unknown whether endothelial derived MMP
activity contributes directly towards cartilage
degradation. The joint houses many cell types,
such as neutrophils, macrophages, and synoviocytes that are capable of secreting
proteases.15 It is more likely that the increased
MMP activity by RASE indirectly contributes
towards joint destruction by promoting angiogenesis. Normal articular cartilage is avascular
and resistant to invasion by new vessel growth.
In RA, this barrier is broken and blood vessels
grow into the articular cartilage, contributing
to its destruction. The new blood vessels also
provide a vehicle to allow inflammatory cells to
enter the joint cavity.2 Our finding that TIMP
secretion is decreased in RASE provides
evidence of a possible mechanism of increased
angiogenic activity of these cells.
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