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A B S T R A C T Acquired abnormalities of connective
tissue metabolism in inflammatory diseases often per-
sist when lesional tissue is maintained in in vitro cul-
ture. Although connective tissue cells are exposed to
inflammatory cell-derived mediators in vivo and such
mediators have been shown to alter connective tissue
cell behavior, it is unclear whether the persistence of
metabolic defects in vitro could result from remote in
vivo exposure to these mediators. An in vitro model
was used to test whether transient exposure of normal
fibroblasts to inflammatory mediators could lead to
metabolic alterations that persist during in vitro cul-
ture. Short-term exposure of human foreskin fibro-
blasts in vitro to supernates of mitogen-activated pe-
ripheral blood mononuclear cells led to persistent ab-
normalities of prostaglandin E2 (PGE2) metabolism.
Fibroblasts previously exposed to mononuclear cell
products synthesized more than twice as much PGE2
when stimulated compared with similarly stimulated
but previously unexposed control fibroblasts of the
same strain. The enhanced PGE2 synthesis persisted
for as long as 20 wk and 19 cell generations after the
original exposure to mononuclear cell products. Ex-
posure of fibroblast populations to mononuclear cell
products may, thus, lead to metabolite alterations that
are still evident after multiple cell generations.

INTRODUCTION
The constellation of metabolic events characterizing
connective tissue cell behavior in the synovium of
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rheumatoid arthritis has been called "connective tissue
activation" (1, 2). The phenotypic expression of this
activation includes general activation of metabolic
processes manifested by increased glucose uptake and
lactic acid formation (1-3) as well as specifically en-
hanced synthesis of prostaglandins (PG)', collagenase,
and collagen (4, 5). Cell cultures derived from rheu-
matoid synovial tissue display the "activated" phe-
notype described above (2). Furthermore, the abnor-
mal metabolic behavior of these cells persists for long
periods and multiple cell generations in culture. Thus,
increased synthesis of collagenase, abnormal growth
kinetics, hyporesponsiveness to cortisol, and hyperre-
sponsiveness to stimulation of prostaglandin E2 (PGE2)
synthesis persist for months in culture (1-5).

Recent studies support the concept that products of
lymphocytes and monocytes play a role in connective
tissue cell activation. Lymphocyte products stimulate
fibroblast proliferation and collagen synthesis (6).
Monocyte products stimulate fibroblast and/or syno-
vial cell PG and collagenase production (7-9) and sup-
press fibroblast proliferation, the latter resulting from
stimulation of endogeneous PGE2 synthesis (9). The
PG stimulatory activity is released by unstimulated
monocytes but increased activity is released with mi-
togen stimulation in the presence of lymphocytes (9,
10). The stimulation of fibroblast PGE2 synthesis is
mediated by a 12-20,000-mol wt peptide product of
human monocytes that is probably identical with in-
terleukin 1 (IL-1) or lymphocyte-activating factor
(11). One would not expect a priori, however, that
exposure of connective tissue cells to such mononuclear

' Abbreviations used in this paper: FCS, fetal calf serum;
MC, mononuclear cell; PG, prostaglandin(s); PHA, phyto-
hemagglutinin; SN, supernate.
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cell (MC) mediators in vivo would lead to a metabolic
abnormality that not only persists in vitro but is her-
itable for multiple cell generations.

In the present studies the possibility was investigated
that short-term exposure of normal fibroblasts to MC
products in vitro might lead to persistent abnormalities
of PGE2 metabolism. When fibroblasts were so ex-
posed, there resulted populations that demonstrated
abnormally high stimulated PGE2 synthesis (compared
with control unexposed cells of the same strain). Fur-
thermore, this phenotype persisted for as long as 20
wk and 19 cell generations after the original exposure
to MC products.

METHODS
Fibroblast cultures were established from collagenase digests
of neonatal foreskin obtained at routine circumcision (11).
Cultures maintained in humidified 5% CO2/95% air were
fed twice weekly with basal Eagle's medium supplemented
with 10% fetal calf serum (FCS), 2 mM glutamine, 25 mM
HEPES buffer, and penicillin-streptomycin-amphotericin B
(100 U, 100 gsg, and 0.25 gg/ml, respectively) (complete
Eagle's medium). Fibroblasts were split (2:1) at confluence,
usually every 7-10 d.
Supernate (SN) preparation. SN of phytohemagglutinin

(PHA)-stimulated human peripheral blood MC were pre-
pared as previously described (9). Briefly, MC were isolated
by Ficoll-diatrizoate density gradient centrifugation of hep-
arinized blood from healthy volunteers. MC were cultured
in 17 X 100-mm polypropylene tubes at 106 cells/ml in RPMI
1640 (supplemented with FCS, glutamine, HEPES buffer,
and antibiotics-antimycotic as described above) containing
2.5 ;ig/ml of PHA. 3-d culture SN were harvested by cen-
trifugation, passed through a 0.20 um filter and stored at
-20'C until use.

Transient exposure of fibroblasts to MCSN. For each
strain tested, fibroblasts from several culture dishes of a sin-
gle passage (4-6th) were harvested by exposure to 0.25%
trypsin-0.2% EDTA, pooled, and seeded into replicate 60-
mm culture dishes containing either RPMI 1640/10% FCS
(control) or the same medium containing MCSN (SN-ex-
posed). Control and SN-exposed fibroblasts were maintained
in parallel (fed twice weekly and split at confluence) except
that at each feeding SN-exposed fibroblasts received fresh
culture medium containing MCSN; control fibroblasts re-
ceived medium alone.
Assay culture. Following the periods of SN-exposure (2-

12 wk for different strains), control and SN-exposed (exper-
imental) fibroblasts of each strain were returned to complete
basal Eagle's medium and maintained in culture as described
above. At intervals after return to normal culture, control
and experimental fibroblasts of each strain were assayed for
base-line and stimulated PGE2 synthesis as previously de-
scribed (9). Confluent dishes of control/experimental fibro-
blasts were synchronized by overnight incubation in serum-
free medium, harvested by trypsin-EDTA exposure, washed,
and resuspended in complete RPMI. Cells were then seeded
in 100 jul volumes into replicate wells (5 X 103 cells/well)
of 96-well culture plates; 100 Al volumes of complete RPMI
(base-line PGE2 synthesis), 1.5% MCSN, or 25% MCSN (vol/
vol in complete RPMI) (stimulated PGE2 synthesis) were
added to quadruplicate wells. Following 48 h of culture, 100
Ml of medium was aspirated from each well; medium from

the first and second and third and fourth wells of each set
were pooled to yield duplicate 200-Ml samples. Samples were
frozen at -20'C until assay.

Parallel cultures of each control/experimental pair were
assayed for incorporation of [3Hlthymidine as an index of
fibroblast proliferation (9). Triplicate or quadruplicate wells
identical to those established for PGE2 synthesis were pulsed
after 42 h of culture with [3H]thymidine (0.5 ,Ci/well). Cells
were harvested after 48 h on glass fiber filters using a semi-
automated cell harvester (Otto Hiller Co., Madison, WI) and
washed with distilled water; filter discs were immersed in
Econosol and counted in a liquid scintillation counter (Pack-
ard Tri-Carb, Packard Instrument Co., Downers Grove, IL).
We have previously shown that under these conditions
[3Hlthymidine incorporation correlates well with direct cell
counts (9).
Radioimmunoassay (RIA) for PGE. RIA for PGE2 was

performed as previously described (12) using a commercially
obtained antibody to PGE2 (Seragen Inc., Boston, MA). This
antibody cross-reacts completely with PGE1, 10.6% with
PGA2, 2.7% with PGF2S, and 0.3% with 6 keto-PGFIa. Under
the culture conditions used, PGE2 accounts for >80% of
['4C]arachidonic acid incorporation into PG as determined
by thin-layer chromatography of (unstimulated or stimu-
lated) culture SN (unpublished observations). Each one of
duplicate samples was assayed at two or more dilutions; stan-
dard deviations of assays at different dilutions and of du-
plicate samples were within 10% of the mean.

Reagents. Chemicals and supplies were obtained from
the following sources: culture media and supplements, Gibco
Laboratories, Grand Island Biological Co. Grand Island, NY;
FCS, KC Biologicals, Lenexa, KS; culture dishes and plates,
Costar, Bellco Glass Co, Vineland, NJ; PHA, Burroughs
Wellcome, Research Triangle Park, NC; trypsin, EDTA,
buffer, Sigma Chemical Co, St Louis, MO; [3Hlthymidine,
[3H] PGE2, and Econosol, New England Nuclear, Boston,
MA; PG standards were a kind gift of Mr. P. Coughlin, Up-
john Co. Kalamazoo, MI.

RESULTS

Fibroblasts from six human foreskin strains were
grown for 2 wk in either normal culture medium (con-
trol) or the same medium containing 6% (vol/vol)
crude SN of PHA-stimulated peripheral blood MC
(SN-exposed, experimental). During this period, fibro-
blasts grown in the presence of MCSN displayed slower
growth and were subcultured only once (2:1 split);
control fibroblasts were subcultured twice. Paired con-
fluent control/experimental culture dishes were in-
cubated overnight in serum-free medium and PGE2
synthesis in the control and experimental fibroblasts
was assessed.

Base-line (unstimulated) PGE2 synthesis was similar
in control fibroblasts and fibroblasts that had been pre-
viously SN-exposed (1.3±0.3 vs. 1.8±0.6 ng PGE2/ml,
respectively, mean±SEM, n = 6, P > 0.05) (Fig. 1).
The low level of base-line PGE2 synthesis by previously
SN-exposed fibroblasts demonstrates that the overnight
culture in serum-free medium allowed recovery from
SN-mediated stimulation of PGE2 synthesis during the
previous culture. Stimulated PGE2 synthesis was as-
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FIGURE 1 Comparison of PGE2 synthesis by fibroblasts grown for 2 wk in normal media vs.

those grown in MCSN. Control/experimental fibroblasts were synchronized by overnight in-
cubation in serum-free medium and seeded into replicate microwells of 96-well culture dishes
(5 X 103 cells/well). PGE2 synthesis was assessed in 48-h cultures of unstimulated (0% SN) and
stimulated (1.5 and 25% SN) fibroblasts. Each graph shows PGE2 concentrations in the culture
medium of control (solid line) and experimental fibroblasts from the same strain (dotted-line).

sessed by adding MCSN to the fibroblast cultures (9).
With 1.5% MCSN, PGE2 synthesis increased in both
control and experimental fibroblasts; experimental fi-
broblasts from two of six strains tested synthesized
greater amounts of PGE2 than the paired control cul-
ture. In the presence of 25% MCSN, PGE2 synthesis
by previously SN-exposed (experimental) fibroblasts
exceeded that of control cells for each of the six strains
tested (mean control 26.8±6.6 ng PGE2/ml vs. mean
experimental 62.6±20.0 ng/ml, n = 6, P < 0.01). Thus,
experimental (previously SN-exposed fibroblasts) were
hyperresponsive in terms of PGE2 synthesis to subse-
quent challenge with fresh MCSN.

Stimulation of PGE2 synthesis occurred despite
suppression of cellular proliferation (see below and
reference 9) and was not, therefore, due merely to an
increase in cell number. PGE2 in the culture medium
was synthesized by the fibroblasts and not due to pas-
sive carry-over of PGE2 in the MCSN; when fibroblasts
were treated with 25% MCSN in the presence of 1

,ug/ml indomethacin, PGE2 concentrations in the cul-
ture medium were <1 ng/ml (data not shown). Cells
exposed for 2 wk to PHA alone displayed base-line and
stimulated PGE2 synthesis similar to control cells in-
dicating that the difference between control and ex-
perimental fibroblasts was due to prior exposure to
MC-derived factors in the SN and not to the content
of PHA in the SN (data not shown).

Separate experiments were performed to determine
whether the enhanced stimulated PGE2 phenotype of
experimental cells was a temporary consequence of
recent SN-exposure or whether it reflected a constit-
uent change in the responding fibroblast population.
Three fibroblast strains were transiently exposed to
MCSN and then maintained in normal culture media.
At regular intervals fibroblasts were sampled for base-
line and stimulated PGE2 synthesis. Control cells of
each strain were maintained and sampled in an iden-
tical manner.

Previously SN-exposed (experimental) fibroblasts,
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even after prolonged culture in normal media, consis-
tently demonstrated higher stimulated PGE2 synthesis
than control cells (Table I). Enhanced stimulated PGE2
synthesis by experimental cells persisted for up to 20
wk and 19 cell generations in culture and was greater
than matched control cells at 16 of 17 time points
tested for the three cell strains (P < 0.001, Wilcoxin
test for paired samples). Over the interval tested, stim-
ulated PGE2 synthesis by experimental fibroblasts was
314±111, 220±57, and 199±33% (mean±SEM) of con-
trol fibroblasts for strains R, OW, and T respectively.
We have previously shown that SN of unstimulated

MC stimulate PGE2 synthesis of normal foreskin fi-
broblasts although to a lesser extent than SN of PHA-
stimulated MC (9). Since experimental fibroblasts had
been previously exposed only to PHA-stimulated
MCSN, we examined whether the heightened PGE2
synthetic response of these cells was restricted to stim-
ulated vs. unstimulated MCSN. Fibroblasts from three
experimental strains synthesized more PGE2 compared
with matched control strains whether stimulated or
unstimulated SN was used (Table II). For both exper-
imental and control strains, PGE2 synthetic response
to unstimulated SN was less than to PHA-stimulated
SN. The difference in potency between stimulated and
unstimulated-SN was not due to passive carry-over of
PHA in the stimulated-SN. As demonstrated previ-

ously (9), PHA alone (at the concentration passively
carried over in the stimulated-SN) had little effect on
PGE2 synthesis.

Absolute levels of stimulated PGE2 synthesis in both
control and experimental substrains showed consid-
erable variability. Such variability may be due in part
to differences in potency of MCSN preparations used
at different time points with different strains although,
in our experience, a single fibroblast strain assayed on
different days with the same MCSN preparation shows
considerable variability (unpublished observations). In
each case, matched control/experimental substrains at
a given time point were tested together using a single
MCSN preparation. No consistent effect of cell passage
number was observed on absolute PGE2 synthesis or
on the difference between control and experimental
members of a pair. When data for weeks (1 + 2),
(4 + 8), and (16 + 20) were analyzed separately, stim-
ulated PGE2 synthesis by experimental fibroblasts was,
respectively, 183±34% (P = 0.06), 211±43% (P < 0.05),
and 217±56% (P < 0.025) that of control fibroblasts.

Cellular proliferation. Control and experimental
fibroblasts from each strain were compared for cellular
proliferation measured by [3H]thymidine incorpora-
tion. Base-line [3H]thymidine incorporation (i.e., in the
absence of MCSN) was greater for experimental (pre-
viously MCSN-exposed) fibroblasts than control fibro-

TABLE I
Persistence of Abnormally High Stimulated PGE2 Synthesis in Fibroblasts

Exposed Briefly to MC Products

Duration of normal culture'

Weeks

0 1 2 4 8 16 20

ng PGEa/ml
Strain R

Control 15.0 150.0 72.5 9.8 34.0 27.4 9.1
Experimental 150.0 250.0 160.0 38.5 50.0 37.6 11.9

Strain OW
Control 4.3 6.7 ND 9.0 13.6 15.5 3.8
Experimental 9.9 5.7 ND 14.75 17.0 31.9 19.5

Strain T
Control ND 5.0 17.8 ND 12.0 11.2 51.3
Experimental ND 15.4 24.4 ND 27.5 24.0 53.2

e Cells from each of three foreskin fibroblast strains were put into normal culture me-
dium (control) or medium containing 6% MCSN (experimental) for 12 wk (strain R)
or 2 wk (strains OW, T). Control and experimental fibroblasts of each strain were then
returned to normal culture medium and assayed at intervals for PGE2 synthesis when
stimulated by 25% MCSN. Control and experimental substrains were treated identically
from 0-20 wk and underwent 14, 15, and 19 subpassages (strains R, OW, and T,
respectively) during this period. ND, not determined.
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TABLE II
PHA-stimulated and Unstimulated MCSN Preferentially Enhance PGE2

Synthesis by Experimental Fibroblasts

Fibroblast population'

Addition to culture Control Experimental

PGE, ng/ml culture medium

PHA (0.62 Ag/ml) 1.0±0. t 1.1±0.2}p < 0.01
Unstimulated MCSN (25% vol/vol) 4.9±0.6 8.1±1.9 p < 0-01
Stimulated MCSN (25% vol/vol) 8.7±1.3 13.2±3.1}

° Fibroblasts were cultured overnight in serum-free medium, then cultured for 48 h in
MCSN or PHA-containing medium. Fibroblasts cultured in RPMI alone yielded PGE2
concentrations of 0.4±0.1 ng ml for both control and experimental fibroblasts.
Each value represents the mean (±SEM) of duplicate determinations for three separate

control/experimental strain pairs.

blasts in all three strains OW, R, and T. MCSN sup-
pressed proliferation of both experimental and control
substrains but proliferation in the presence of MCSN
was greater in experimental fibroblasts from strains
OW and T (Table III). The differences in [3H]thymidine
incorporation between experimental and control fi-
broblasts were statistically significant when data from
all three strains were combined. The increased stim-
ulated PGE2 synthesis of experimental cells did not
seem, however, to be related to enhanced proliferation
relative to control cells. When the ratio of experimen-
tal/control [3H]thymidine incorporation was plotted
against experimental/control PGE2 synthesis no sig-
nificant correlation was observed (n = 17; r = 0.03;
P = 0.9).

TABLE III
Proliferation of Experimental vs. Control Fibroblasts'

rHlThymidine incorporation of experimental fibroblasts

Strain n Without added MCSN With 25% MCSN

Pt Pt

OW 7 119±13 NS 139±23 NS
R 7 138±30 NS 101±9 NS
T 7 143±9 NS 149±28 NS
All 21 133±13 <0.025 130±13 <0.05

o Each strain was assayed at 0, 1, 2, 4, 8, 16, and 20 wk after return
to normal culture medium. [3H]Thymidine incorporation for ex-
perimental fibroblasts at each time point was normalized to per-
centage of matched control culture. Results are expressed as mean
percentage of control±SEM for seven time points for each strain.
[3H]Thymidine incorporation ranged from 5,000 to 22,000 cpm for
control cells.
t Wilcoxon test for paired samples for experimental vs. control
[3H]thymidine incorporation where control = 100%. NS = P > 0.05.

We have previously shown that a 12-20,000-mol wt
product of monocytes, present in supernates of PHA-
stimulated MC cultures, suppresses fibroblast prolif-
eration by stimulation of endogenous PGE2 synthesis
(9). We tested whether fibroblasts that had proliferated
in the presence of a 2-wk MCSN exposure might sub-
sequently be less susceptible to growth suppression on
reexposure to MCSN. Control and experimental fibro-
blasts from six strains (OW, T, and four of the strains
in Fig. 1) were assayed for base-line and MCSN-mod-
ulated [3H]thymidine incorporation immediately after
2 wk of SN-exposure (i.e., at "0" wk but after overnight
incubation in serum-free medium). MCSN (25% final
concentration) suppressed [3H]thymidine incorpora-
tion of both control and experimental fibroblasts; pro-
liferation of experimental fibroblasts was suppressed
to a lesser extent (25±8.8% vs. 42±7.6%, mean±SEM,
P < 0.05). The difference in MCSN-mediated suppres-
sion of control vs. experimental fibroblast proliferation
did not persist, however, in experimental cells of
strains OW and T after they had been maintained in
normal culture medium (n = 12, 36±7.0 and 36±6.2%
suppression for control and experimental fibroblasts,
respectively from strains OW and T assayed at 1, 2,
4, 8, 16, and 20 wk of normal culture, i.e., weeks after
SN-exposure).

DISCUSSION

The results of these studies demonstrate that fibroblast
populations exposed transiently to MC-derived prod-
ucts subsequently show an enhanced PGE2 synthetic
response to MCSN. This effect is present not only im-
mediately after the transient exposure (Fig. 1) but
persists after previously exposed fibroblasts are main-
tained in prolonged normal culture. The immediate
hyperresponsiveness of experimental fibroblasts dem-
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onstrated in Fig. 1 is the reverse of what might be
expected. Dayer et al. (13) have demonstrated that the
PGE2 synthetic response of synovial fibroblasts exposed
to MC-conditioned media is attenuated when the same
cells are rechallenged with MCSN. Such "down-regu-
lation" was likely avoided by overnight incubation of
cells in serum-free medium before assay.

Products released by monocytes and lymphocytes
have previously been shown to modulate a variety of
connective metabolic functions. We have demon-
strated for the first time that exposure of fibroblasts
to MC products not only influences metabolism acutely
but may also lead to metabolic alterations in the fi-
broblast that persist after removal of the MC-derived
products. Further, the metabolic alterations are evi-
dent in the in vitro progeny of the exposed fibroblast
populations.

Several mechanisms might be postulated to explain
the emergence of fibroblast populations with a persis-
tent and hereditable (in vitro) phenotype of enhanced
SN-stimulated PGE2 synthesis after transient exposure
to MC mediators. Populations of fibroblasts as well as
other cell types are known to be metabolically heter-
ogeneous (14, 15). For example, clones of rabbit sy-
novial fibroblasts isolated from a single synovial spec-
trum vary in both PGE2 and collagenase synthetic ca-
pacity (14) and clones of fibroblasts isolated from
cultures of human dermis show marked heterogeneity
in collagen biosynthetic capacity (15). Indeed, we have
shown that fibroblast clones derived from a single fore-
skin demonstrate marked heterogeneity in both pro-
liferation and the PGE2 synthetic response to MCSN.2
Furthermore the clonal phenotypes are maintained as
the clones are passaged in culture. It is possible, there-
fore, that the high stimulated PGE2 synthesis of ex-
perimental fibroblasts noted above resulted from se-
lective overgrown of high PGE2-producing popula-
tions during the period of SN exposure. If such were
the case, one might expect that the experimental (SN-
exposed) fibroblasts would show accelerated growth
relative to control fibroblasts in the presence of MCSN.
In fact this difference was seen, but only when exper-
imental fibroblasts were compared with matched con-
trols immediately after the period of SN exposure.
High PGE2 producing subpopulations of fibroblasts

might, thus, arise as a consequence of immunologically
mediated clonal selection, resulting from altered sen-
sitivity to PGE2 itself or to one or more growth sup-
pressive/growth stimulatory mediators released by
MC. Ko et al. (16) indeed found that human gingival
fibroblasts are heterogeneous with regard to sensitivity
to growth suppressive effects of PGE2 and that exog-

2 Korn, J. H. Submitted for publication.

enous PGE2 could lead to disappearance of the PGE2-
sensitive population. If immunologically mediated se-
lection is occurring, it is not immediately apparent
why it should select for a high PGE2-producing phe-
notype in each strain tested. One possible explanation
is that those fibroblast subpopulations with the greatest
PGE2 synthetic response to MC-derived mediators
might also be the most resistant to PGE2-mediated
antiproliferative effects.
An alternative mechanism for persistent abnormal

phenotype after short-term SN exposure may be direct
or indirect effects of MC products on gene content or
expression. For example, MC products might lead to
activation of latent virus in the fibroblast populations.
However, fibroblasts that were transiently (2-12 wk)
exposed to MC products did not undergo morpholog-
ical changes and did not show growth characteristics
different from matched control populations of the
same strain. Furthermore, experimental fibroblasts,
like their control pair, showed normal senescence in
culture with cessation of in vitro proliferation after
-30 cell generations.

It is also possible that some factor in MCSN acquired
during the period of short-term exposure was carried
through along multiple-cell generations. Buckingham
and Castor (17) previously demonstrated that normal
synovial fibroblasts exposed to extracts of gram-neg-
ative bacteria acquired "rheumatoid behavior" that
persisted for almost 6 wk in culture. The altered rheu-
matoid phenotypes included enhanced glucose uptake
and lactate output as well as increased synthesis of
hyaluronic acid and persisted in exposed normal hu-
man synovial fibroblasts for several cell generations in
culture. The authors hypothesized that the persistent
metabolic abnormality resulted from carriage of bac-
terial endotoxin with each subculture. It is unlikely
that endotoxin introduced by MCSN was responsible
for the differences between control and experimental
fibroblasts in the present report. The levels of endo-
toxin present in the MCSN used were the same as those
present in our FCS-containing culture media (10' to
i0-5 mg/ml by limulus amoebas lysate assay kindly
performed by Dr. Frederick Rickles, University of
Connecticut School of Medicine). Culture media of
paired control and experimental fibroblasts contain
identical amounts of endotoxin.
Our results suggest that mediators released by MC

not only directly affect connective tissue metabolism
but may lead to permanent alterations of connective
tissue cell populations. Such permanent alterations
could arise via clonal selection of fibroblast subpopu-
lations. These mechanisms may be important not only
in the genesis of "activated" synovial cells in inflam-
matory arthritides but also in such disorders as sclero-
derma, where fibroblasts from lesional tissue have been
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shown to persistently synthesize abnormally high levels
of collagen (18). The studies reported here provide an
in vitro model that may be useful in exploring the role
of immune cell-connective tissue cell interactions and
the role that the interactions play in perpetuating the
connective tissue lesion in inflammatory diseases.
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