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Scleroderma fibroblasts promote migration of mononuclear leucocytes
across endothelial cell monolayers
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SUMMARY

Perivascular infiltrates of inflammatory cells are a hallmark of lesional skin in scleroderma. We have
explored the potential for scleroderma fibroblasts to modulate mononuclear leucocyte migration across
endothelial cell monolayers in tissue culture, and to regulate expression of endothelial cell adhesion
molecules. Fibroblasts were grown from skin biopsies of eight patients with active diffuse cutaneous
scleroderma and from four healthy controls. Co-culture and conditioned medium transfer experiments
examined the effect of soluble fibroblast products on mononuclear leucocyte (U937) cell migration
across endothelial cell (1E-7) monolayers grown on tissue culture inserts. Co-culture of scleroderma,
but not control fibroblasts, promoted transendothelial migration of U937 cells. Scleroderma fibroblast-
conditioned medium had qualitatively similar effects and equivalent results were obtained using Jurkat-
6 (T lymphocyte) cells, and with peripheral blood mononuclear cells from a patient with diffuse
cutaneous scleroderma. Promotion of leucocyte migration does not appear to result from increased
endothelial adhesion molecule expression, since fibroblast-conditioned medium did not up-regulate
endothelial cell expression of intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1) or E-selectin. Moreover, leucocyte migration across cytokine-activated
endothelial cell layers in co-cuture with fibroblasts was less than across resting cells, although the
selective effect of scleroderma fibroblast co-culture persisted. Recombinant monocyte chemoattractant
protein-1 (MCP-1) or IL-8 increased passage of mononuclear leucocytes across endothelial cell
monolayers, whilst anti-MCP-1, but not anti-IL-8 antibodies, significantly reduced the effect of
fibroblast conditioned medium. These data suggest that systemic sclerosis (SSc) fibroblasts promote
leucocyte migration across endothelial cell monolayers in tissue culture via an MCP-1-dependent
mechanism. These findings may be relevant to the perivascular mononuclear leucocyte infiltrates
characteristic of early SSc lesions.
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INTRODUCTION between lymphocytes and fibroblasts in scleroderma [5], and
ugther reports suggest that soluble products of mononuclear leuco-

Scleroderma (systemic sclerosis) is a fibrosing connective tiss . . ) o
disease of unknown aetiology and uncertain pathogenesis [1] &ytes isolated from scleroderma patients can activate fibrobtasts
. . . yitro [6].
rowing body of evidence suggests that cellular components of the .
9 9 y 99 P Our own work has shown that endothelial cells (EC) modulate

immune system [2] and vasculature [3] are important in modulat-,, : !
Y [2] [3] P fibroblast properties [7] and that scleroderma fibroblasts show

ing fibroblast properties within lesional tissues. Perhaps as a . . : .
9 brop P creased responsiveness to some EC-derived factors, including

consequence of cytokine stimulation, an activated population o S . .
fibrogenic fibroblasts deposit excessive extracellular matrix, whichVL'1 alncrzl f?grs'glf'btrObllﬂ?s\tv%LOVthh faé:tor”(bFCi]F) [i]' S;(ncre p?”r; in
is the pathological hallmark of the established disease [4]. StudieFascu a oblasts sho creased coflagen gene expressio

) : . . . . lesional tissues [9], one mechanism which may operate in this

have confirmed the potential for increased direct interactions,. . ; .
disease is that activated, or damaged, EC release factors which
stimulate fibroblast matrix synthesis and increase expression of
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scleroderma fibroblasts are also reported to release a range ofvn data (not shown) confirm that morphology and patterns of EC
soluble factors which can influence other cell types. These prodadhesion molecule expression are similar to those of non-trans-
ucts include a number of cytokines and growth factors which carformed EC. This line has a number of practical advantages,
modulate EC phenotype, including IL-1, IL-6, tumour necrosis including an ability to grow well on tissue culture inserts, and a
factor-alpha (TNFe) and IL-8 (reviewed in [10]). It is possible lower serum requirement than native human EC. Cells were seeded
therefore that fibroblast-derived factors may also alter EC properat a density of 5—18 10° per 6-5-mm diameter transwell culture
ties in ways that contribute to the development of scleroderma. insert (8um pore size). After culture overnight these cells formed a
In addition to microvascular damage, lesional tissues in syseonfluent monolayer and the transwell culture insert was trans-
temic sclerosis (SSc) demonstrate mononuclear cell infiltrate aferred to a well containing the fresh medium. Medium within the
times when the disease is clinically active [11]. These cells includénsert was replaced to remove non-adherent cells. For some
T lymphocytes expressing a number of surface markers of activaexperiments EC-seeded inserts were incubated for 6—8h in
tion [12], and recent studies suggest that cells of the monocytethedium containing the activating cytokine (TNFer IL-1« at
macrophage lineage are also present, especially at the early stagE30 U/ml; R&D Systems) or lipopolysaccharide (LPS; 1 mg/mi;
of the disease [13]. Infiltrating leucocytes are potential sources of &igma Chemical Co., St Louis, MO), prior to addition of leuco-
number of immunomodulatory or profibrotic cytokines. It seemscytes. For measurement of surface adhesion molecule expression
likely that complex cytokine-mediated networks of interaction 1E-7 cells were seeded at confluent density into 96-well tissue
between different cell types are involved in the development ofculture plates. These plates were cultured 24—48 h before treatment
scleroderma. with recombinant cytokines or fibroblast-conditioned medium, and
This complexity limits the usefulness of conventional tissue subsequent adhesion molecule assay.
culture methods which study cell types in isolation. Other fields
have benefited from the use of co-culture and organotypic systenBreparation of conditioned media
[14] and such approaches may also prove valuable in unravelling/lonolayers of fibroblasts, in 75-cirtissue culture flasks, were
the interactions between different cell types in scleroderma. In theinsed twice with serum-supplemented (10% FCS) DMEM, then
present study we use a three-cell co-culture system, together withO ml of fresh medium were added. After a 24-h conditioning
complementary conditioned medium transfer experiments, tgeriod, medium was harvested and cellular debris removed by
examine the hypothesis that scleroderma fibroblasts promoteentrifugation at 3009 for 10 min. Medium was either used
migration of mononuclear leucocytes across EC monolayers aninmediately or stored frozen at —TDfor later experiments.
modulate the expression of EC surface adhesion molecules. Our
findings extend the data which we have previously reported_eucocyte culture
relating to modulation of fibroblast properties in scleroderma byThe human premonocytic cell line U937 [16] was chosen because it
EC and provide further evidence for altered intercellular interac-grows well in standard fibroblast growth medium and has been
tions in this disease. extensively used to investigate leucocyte—endothelial cell interac-
tions [17]. To extend the data obtained from U937 cells, migration of
the human lymphocytic line Jurkat-6 [18] or peripheral blood
mononuclear cells (PBMC) isolated from a 32-year-old female
Fibroblast cultures patient with an 18-month history of diffuse cutaneous scleroderma
Fibroblasts were grown by explant culture from 4-fipuinch skin -~ were also studied. Isolation of PBMC was by density gradient
biopsies taken from lesional skin of eight patients with active centrifugation of buffy coat leucocytes using Lymphoprep solution,
diffuse cutaneous scleroderma and from four normal healthyaccording to the manufacturer’s instructions.
control individuals. Biopsies were taken for clinical or research
purposes with full informed consent, and this study was approved/ligration assay
by the Royal Free NHS Trust Ethics Committee. Scleroderma_eucocytes were seeded in the upper chamber of a transwell tissue
patients had a mean age of 50 years (meart s.e.m.), four were culture insert which had been seeded with EC at confluent density
female, and the mean durations of scleroderma and RaynaudX6 h earlier. Migration of cells into the lower chamber, across the
symptoms at biopsy were 4812 months and 6@ 10months  EC monolayer, was determined by direct counting. Medium from
months, respectively. The mean age of control subjects wathe lower chamber was aspirated, the under-surface of the trans-
44+ 4 years and all but one were female. For co-culture experiwell insert and the floor of the lower chamber were washed gently
ments fibroblasts were seeded at confluent density into 12-wellvith fresh DMEM to remove loosely adherent leucocytes, and the
culture plates and maintained in standard fibroblast cultureaesulting suspension of cells was centrifuged at 3P 5min
medium (Dulbecco’s modified Eagle’s medium (DMEM) supple- and resuspended in counting fluid. Cell number was determined by
mented with 10% fetal calf serum (FCS)). In some studiesdirect counting using a haemocytometer. Cells could be detected in
fibroblasts were preincubated for 8h with activating cytokinesthe lower chamber from 2h after seeding, and increased to a
(IL-1, TNF-a or interferon-gamma (IFN9) (R&D Systems, maximum by 24 h. After 24 h, the EC layer had sometimes started
Oxford, UK)) at 100U/ml final concentration, which has pre- to detach from the tissue culture insert. Based on the results of
viously been shown to markedly up-regulate expression ofinitial experiments, a 16-h migration period was found to give

MATERIALS AND METHODS

ICAM-1 [8]. consistent results, and this time point was selected for subsequent
studies. The effect of fibroblasts on leucocyte migration was
Endothelial cell cultures examined by co-culturing dermal fibroblast (control or sclero-

The virally transformed line derived from human umbilical vein derma) monolayers in the tissue culture wells below the transwell
endothelial cells (1E-7) was used in these experiments. 1E-7 hdssert.
been shown to maintain a differentiated EC phenotype [15]. Our Control experiments compared leucocyte migration in the
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35~ monolayer had been activated using proinflammatory cytokines
(IL-1«, TNF-« or IFN-y at 100 U/ml final concentration; R&D
30t % Systems) were also undertaken. Later experiments investigated
* whether fibroblast-conditioned medium had the same effect as
5 25f scleroderma fibroblast co-culture, and other studies compared
2 recombinant human IL-8 or monocyte chemoattractant protein-1
2 20f x (MCP-1; R&D Systems) with conditioned medium. These experi-
b ments confirmed that IL-8 or MCP-1 at a concentration of 50 ng/ml
@ 15+ R consistently increased migration of U937 cells into the lower
|5 :§:§:§: chamber, and this concentration was used in subsequent studies.
g 1ok Egg:} Later we examined whether preincubation with anti-IL-8 or anti-
o ;::::g MCP-1 antibodies (50@g/ml for 60 min at room temperature;
sk §:§f R&D Systems) modulated the effect of fibroblast-conditioned
:§:§:§ medium or recombinant chemokines.
0 | | | ::::::‘: | | J

EC EC/SDF EC/SDF+ EC/NDF  EC+ EC+/SDF Migration and binding of radiolabelled U937 cells

Fig. 1. Co-culture with scleroderma fibroblasts promotes U937 cell migra-Radiolabelled U937 cells were used to confirm data obtained by
tion across endothelial cell (EC) monolayers. Leucocyte migration isdirect counting, and also to investigate binding of leucocytes to the
expressed as mean percentages(e.m.) of added cells migrating across EC layer. U937 cells were radiolabelled as described previously
control EC monolayer over 16 h. Data are from replicate wells in six [17]. Briefly, 1 mCi/ml of3H-thymidine was added to a suspension
independ_ent experiments usiqg six different scIeroderma_(SDF) an_d thresf U937 cells and culture continued for 24 h. The cells were then
normal fibroblast (NDF) strains. Cells were counted directly using avashed three times in fresh medium to remove unincorporated

haemocytometer. Cytokine activation (tumour necrosis factor-alph . . . .
(TNF-c)) 100 U/ml for 8 h) is indicated by E€and SDRt. *Significantly athymldlne and the labelled cells used within 6h for migration

greater than migration across resting EC layer; **greater than migratiorfassays' Standard curves (data not shown) confirmed that the
across activated EC layer (Student's paiteest,P < 0-05). radioactivity in cell aliquots reflected cell number. Migration
studies using labelled U937 followed a similar protocol to those
outlined above, except that, after centrifugation of the cells
absence of an EC layer, at 16 h and also after 2h or 6 h, in case tlmwllected from the lower culture chamber, the cell pellet was
large number of cells passing into the lower chamber at 16 h, in théysed using sodium hydroxide antH-thymidine measured by
absence of an EC monolayer, obscured differential effects ofiquid scintillation counting in triplicate samples. In experiments
fibroblast co-culture which might have been apparent at earlieusing labelled cells, binding to the EC monolayer was also
time points. quantified by lysing the monolayer and adherent leucocytes and
Co-cultures in which either the EC monolayer or the fibroblastdetermining radioactivity as above. Resting and activated EC

Table 1. Co-culture with systemic sclerosis (SSc) fibroblasts promotes leucocyte migration across
resting and activated endothelial cell monolayers

Migrating cell number ¥10%)

Fibroblast strains

Leucocyte type Endothelial cell layer None SDF NDF
uo37 None 191-659.0 204-4-38-0 214--42.0
U937 Resting 36-66-0 60-0t 10-4* 39:0+7-0

uo37 Activated 14-41-4 35-0+ 8-0* -

J6 Resting 77-& 10-0 124.@-9-0 -

J6 Activated 72-@7-7 95.5+ 9.0* -

PBMC Resting 11-55-0 23-0t 7-5* -

PBMC Activated 4.6-1-0 11.0+ 4-0* -

Leucocytes (258 10°) seeded in the upper chamber aboyat8pore insert cells in triplicate
wells were counted after 16 h. Data represent meage.m. for triplicate wells in three to six
independent experiments using different SSc (SDF) and control (NDF) fibroblast strains. Endothe-
lial cell layer activated by 6 h preincubation with tumour necrosis factor-alpha (@\é- final
concentration of 100 U/ml.

U937, Promyelocytic human cell line; J6, Jurkat 6 T lymphocytic cell line; PBMC, mononuclear
cells isolated from a patient with active diffuse SSc.

*Significantly greater than no-fibroblast control well for each experimental condiier0¢05,
paired Student's-test).
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Fig. 2. Effect of fibroblast co-culture on labelled U937 cell migration across Fig. 3. Promotion of U937 migration by scleroderma fibroblast-condi-
endothelial cell (EC) monolayers. U937 cells were labelled uSidg tioned medium and recombinant monocyte chemoattractant protein-1
thymidine. Data from a representative of three independent experiment&MCP-1). Cell number in the lower chamber was counted in replicate
(using three scleroderma (SDF) or normal fibroblast (NDF) strains) arewells 16 h after addition of 25810° U937 cells into the tissue culture
shown. Migration of U937 into the lower culture chamber and binding of insert seeded with 1E-7 cells at confluent density, and preincubated with
U937 to the EC layer were examined in triplicate wells, after 16 h of either scleroderma fibroblast conditioned medium (SF-CM) recombinant
co-culture. Scleroderma fibroblasts but not NDF increased migratiorhuman MCP-1 or IL-8. Data are expressed as percentagee(m.)
of U937 across the EC monolayer. Activation of the EC layer {fC seeded cells. SF-CM and MCP-1 substantially increased leucocyte migra-
increased U937 cell binding and reduced the number of cells migratingion into the lower chamber. IL-8 consistently induced a modest increase
across the monolayerP<0-05 by Student's pairedtest compared with  in U937 cell migration compared with control wells, although this did
non-fibroblast wells. not reach statistical significanceP £ 0-10). Neutralizing antibodies

blocked the effect of recombinant MCP-P £ 0-02) or IL-8 £ =0-05)

on leucocyte migration, and anti-MCP-1 (aMCP1) but not anti-IL-8
monolayers in the presence or absence of scleroderma fibroblad®/L-8) reduced the promotion of U937 migration into the lower chamber.
were compared. Data summarize a series of five independent experiments using different

fibroblast strains. *Significantly above migration in control wells;

Measurement of cell surface adhesion molecule expression | Sgnificantly below SF-CM wellsR<0-05, Student's pairetitest).

Endothelial cell surface adhesion molecule expression was mea-
sured using a cell-bound ELISA [19]. Endothelial cells seeded in

96-well plates were incubated with test media or cytokines for cleroderma dermal fibroblasts at each time point. compared
between 6h and 24h. Control experiments (data not shownﬁ/. ! 11brob : point, P
ith control wells without fibroblasts. When a confluent mono-

suggested that, for 1E-7 cells in monolayer culwre, time pOintﬁayer of EC was present on the culture insert, U937 cell migra
of 6, 10 and 24 h coincided with maximal induction of E-selectin, .. ' .
inct w X incuct ! tion at 16 h was reduced to around 14-2-6% of cells seeded.

vascular cell adhesion molecule-1 (VCAM-1) and ICAM-1, : X . .

- S - . The proportion of cells migrating was slightly greater
respectively. Following incubation, the cell layer was rinsed 15.8+ 3.49% h lerod fibroblast |
three times in PBS, fixed for 20 min at@in 0-1% glutaraldehyde (15-8+ 3-4%) when a non-scleroderma fibroblast monolayer

was present in the tissue culture well, but this difference was

solution and then washed thoroughly with PBS. Non-specific i L .
S - . . . not statistically significant. In contrast, scleroderma fibroblasts
protein binding was blocked using 10% fat-free dried milk solution "~ . .
significantly promoted migration of U937 cells across EC mono-

for 1 h, murine anti-human ICAM-1, VCAM-1 or E-selectin anti- layers in a co-culture systerP & 0-02, Student's pairetitest)
body (R&D Systems) was added (1:1000 dilution) for 1h, wells Thus, in the presence of scleroderma fibroblasts the proportion of

were washed for 30 min and adhesion molecule-specific antibod 937 cells passing across into the lower chamber over 16 h was
o i ina h ish ; .
binding was quantified using horseradish peroxidase Conjugatearound 24.8 4.6% of the total number added to the upper

goat anti-mouse IgG (1:2000) added for 1h. The ELISA was
chamber.

developed by adding-phenylenediamine/t0, solution with Prior cytokine-induced activation of the EC monolayer did not

measurement of mean absorbance at 450 nm using an automati ) . -
plate reader 9 a?ter the selective ability of scleroderma fibroblasts to enhance

migration. Interestingly, however, the number of cells migrating
across activated monolayers was significantly below that for
resting endothelium, at 5:80-8% seeded U937 cells. In the
presence of scleroderma fibroblasts this migration increased to
Migration studies 15-0* 3-4%. These data are summarized in Fig. 1. Qualitatively
In the absence of an EC monolayer there was substantial passaginilar results were observed using the human T lymphocyte cell
of U937 cells from the upper chamber into the underlying tissueline J-6 and with mononuclear cells isolated from whole blood of a
culture well. At 2 h the mean{s.e.m.) proportion of the seeded patient with active diffuse cutaneous scleroderma (Table 1). Over-
U937 cells which had migrated across the insert into the lowenll, these results strongly suggest that scleroderma fibroblasts
culture chamber was 8-490-9%, increasing to 27-21-5% at6h  promote migration of mononuclear leucocytes across EC mono-
and 76-4+23-6% at 16 h. There was no significant difference inlayersin vitro.

U937 migration for tissue culture wells containing control or Data for labelled U937 cells confirm those from direct cell

RESULTS
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Fig. 4. Fibroblast conditioned medium does not induce endothelial cell (EC) activation. A minimal volume (2 ml pef 26tzme flask) of

medium (Dulbecco’s modified Eagle’s medium (DMEM)) was conditioned for 24 h by scleroderma (S1-S5) or control (N1-N4) dermal
fibroblasts and then added to confluent cultures of the human EC line IE-7. Neither E-selectin nor vascular cell adhesion molecule-1 (VCAM-
1) were up-regulated. Some media induced modest up-regulation of intercellular adhesion molecule-1 (ICAM-1) but in no wells was ICAM-1
reduced below its constitutive level of expression. Quantification was by cell-bound ELISA using absorbance at 450 nm in triplicate wells
(mean= s.d.). Control wells had no cytokine added and reflect constitutive expression of the adhesion molecules. Adhesion molecules were
readily up-regulated by tumour necrosis factor-alpha (Tt 100 U/ml final concentration. Similar data were obtained in two further
experiments.

counting (Fig. 2). The use of labelling also allowed the retentionmigration across the cell layer after EC activation and increased
of U937 cells attached within the monolayer to be examined.retention of the U937 cells in the EC layer (Fig. 2).

Cytokine activation of the EC monolayer increased adhesion of The co-culture data suggest that a soluble factor derived from
U937 cells, and so we suspected that the apparent reduction scleroderma fibroblasts promotes trans-endothelial leucocyte
migration across activated EC layers might result from retentiormigration by altering the properties of the EC layer. To investigate
of leucocytes bound to the endothelial monolayer. Our resultghis further we undertook a series of conditioned medium transfer
using radiolabelled U937 cells support this by showing reducedexperiments. The effect of scleroderma fibroblast-conditioned
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medium was similar to that of co-culture, with migration increas- conditioned medium, or perhaps the interplay between multiple
ing to 25-2+ 3-9% seeded U937 cells. Later experiments investi-secreted cytokines, as has previously been observed for EC [24].
gated whether promotion of transmigration of leucocytes mightlt is somewhat surprising that migration across activated EC
involve chemokine mediators. IL-8, a C-X-C chemokine, has beerayers was below that for resting EC, since most studies suggest
implicated as a promoter of leucocyte extravasation in sclerodermthat EC activation promotes leucocyte extravasatiovivo. Our
[20], whereas the C-C class of chemokine ligands predominantlyesults using labelled U937 cells show that this reduction in
affects the movement of mononuclear leucocytes [21], and includenigration is associated with increased binding of leucocytes to
MCP-1. In our assay system recombinant human MCP-1 inducethe EC layer. Trapping of leucocytes within cell monolayers
transendothelial migration of U937 cells into the lower chamberexpressing ICAM-1 has also been reported in other tissue culture
similarly to scleroderma fibroblast-conditioned medium systems. For example, in a series of experiments in which
(27-242:6% seeded cell§? =0-003). U937 cell migration was ICAM-1 was over-expressed on fibroblasts, cells expressing
also consistently greater in the presence of recombinant human Ilincreased ICAM-1 retained leucocytes within the fibroblast
8 (19-6+ 2-5%), although this did not reach statistical significancelayer in a manner analogous to that seen in the present study
(P=0-10). Pre-incubation of recombinant chemokines with their[25].
respective neutralizing antibodies reduced U937 migration back to  Apart from changes in adhesion molecule expression, leuco-
that seen in control wells (13-451-4% seeded cellB,=0-02). Pre-  cyte extravasation also involves morphological changes in the
incubation of scleroderma fibroblast-conditioned medium withtransmigrating leucocyte or the EC layer. Endothelial permeability
anti-MCP-1 partially blocked the promotion of U937 cell migra- changes often involve breakdown of the underlying basement
tion, to 21-1+ 1-3% seeded U937 cell® £0-02). This was not membrane by metalloproteinases, and opening of intercellular
observed for anti-IL-8 antibodies (migration 24-@-8% seeded junctions [26]. A specific role for leucocyte-derived elastase in
cells). These results are shown in Fig. 3. the breakdown of intercellular tight junctions has been proposed,
and this is supported by experimental data derived from a similar
Modulation of endothelial cell adhesion molecule expression bysystem to that used in our experiments [27]. It is possible that
SSc fibroblasts proteases derived from scleroderma fibroblasts may subserve a
Neither scleroderma nor control fibroblast-conditioned mediasimilar function. One consequence of changes in endothelial cell
induced up-regulation of EC surface E-selectin or VCAM-1 (Fig. shape or cell—cell interactions might be greater exposure of the
4). Both were readily induced by recombinant ThFer IL-1«, culture insert membrane, thereby increasing the accessibility of the
with a threshold concentration of 10 U/ml. ICAM-1 was expressedpores through which leucocyte passage occurs. Support for this
by unstimulated 1E-7 cells at levels somewhat greater than thos@echanism is provided by studies using similar co-culture systems
seen in non-transformed human umbilical vein endothelial cellsvhich have demonstrated marked changes in EC morphology
(HUVEC) (data not shown) and expression was modestly, buinduced by fibroblast-derived soluble factors [28,29].
consistently, up-regulated by medium conditioned by one scler- The chemokine family of cytokines is believed to be impor-
oderma and two control fibroblast strains. In no cases was expresant in the regulation of leucocyte trafficking, through their
sion of ICAM-1 reduced below the basal level after exposure tochemotactic activity and by activating specific subsets of inflam-
fibroblast-conditioned medium. matory cells or modulating leucocyte—endothelial interactions
[30]. Families of chemokines are distinguished by the arrange-
ment of conserved cysteine residues in the mature protein. The
DISCUSSION C-X-C family includes the cytokine IL-8, and MCP-1 is a
The emigration of circulating leucocytes across the endotheliunprototypic member of the C-C family of chemokines [21]. The
into perivascular tissues has been extensively studied. Its initialelease or activation of chemokines by scleroderma fibroblasts
phase appears to involve rolling of leucocytes along the vessel wafpprovides another plausible mechanism by which scleroderma
via a series of loose and reversible interactions between membefibroblasts might promote transendothelial leucocyte migration.
of the selectin family (e.g. E-selectin, P-selectin) and their glyco-Scleroderma fibroblasts have been shown to secrete IL-8 [31]
protein counter-receptors [22]. Rolling is facilitated by increasedand elevated circulating levels of this mediator have been
expression of selectins in response to inflammatory stimuli. Laterreported in scleroderma sera [32]. Our findings confirm that
leucocytes attach more firmly to the luminal surface of the EC, éboth MCP-1 and IL-8 promote leucocyte migration in this
process termed tethering, which involves integrins. These arexperimental system. Moreover, the blocking effect of anti-
heterodimeric adhesion molecules which are modulated by cytoMCP-1 on scleroderma fibroblast-conditioned medium suggests
kines, or other stimuli, to increase their affinity for specific ligands, that MCP-1 is likely to be, at least partially, responsible for
which are usually members of the immunoglobulin superfamily offibroblast-induced promotion of leucocyte migration. The source
adhesion molecules [23]. Tethering fixes leucocytes to the E®f MCP-1 cannot be directly determined from these studies,
lining layer of the blood vessel and is an essential precursor o&lthough fibroblast-derived MCP-1 has been shown to promote T
transmigration across the endothelial monolayer and underlyingell activation in an analogous co-culture system with murine
basement membrane. lung fibroblasts [33]. Another possibility is that fibroblast-derived
One potential mechanism by which scleroderma fibroblastdactors may induce or increase the activity of MCP-1 released from
might promote the passage of leucocytes across EC layers EC or from U937 cells. Interestingly, IL-6 has been shown to
though modulation of endothelial adhesion molecule expressioninduce MCP-1 in U937 cells [34] and elevated levels of IL-6 have
However, our results do not suggest that this is important in theséeen reported in culture medium from scleroderma fibroblasts [35].
experiments, despite reports that scleroderma fibroblasts releaseaur antibody neutralization studies suggest that IL-8 is not a major
number of cytokines which can activate EC [4]. This may reflect amediator of fibroblast-induced leucocyte migration, although a
subthreshold concentration of proinflammatory cytokines inrecent study proposes that cytomegalovirus infection of fibroblasts
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induces IL-8 secretion and promotes migration of neutrophilsl3 Kraling BM, Maul GG, Jimenez SA. Mononuclear cellular infiltrates in

across EC monolayers in a similar experimental system [36]. In

addition to direct chemotactic effects or modulation of leucocyte—
endothelial cell interactions, leucocyte trafficking might be pro-
moted by chemokine-induced morphological changes in U937 cell
[37].

clinically involved skin from patients with systemic sclerosis of recent
onset predominantly consist of monocytes/macrophages. Pathobiology
1995;63:48-56.

&4 Tuan T-L, Keller LC, Sun D, Nimni ME, Cheung D. Dermal fibroblasts

activate keratinocyte outgrowth on collagen gels. J Cell Sci 1994;
107.2285-9.

Although most of our experiments used U937 cells, a cell line5 ricyjing sA, Tooze JA, Whitely GS. Characterisation of human

originally derived from a human histiocytic tumour, though show-
ing many phenotypic features of monocytes [16], the similar

umbilical vein endothelial cell lines produced by transfection with the
early region of SV40. Exp Cell Res 199201:517-21.

pattern of results observed using the T lymphocytic Jurkat-6 celllé Harris P, Ralph P. Human leukaemic models of myelomonocytic
line, and with PBMC taken from a patient with active scleroderma  development: a review of the HL-60 and U937 cell lines. J Leucocyte
suggest a more general promotion of mononuclear leucocyte Biol 1985;37:407-22.
migration. The Jurkat-6 cell line has T lymphocyte properties1? Carvalho D, Savage CO, Black CM, Pearson JD. IgG antiendothelial
and expresses surface markers of the T-helper cell subset including ¢!l autoantibodies from scleroderma patients induce leukocyte adhe-
CD4 [18], which are often present in increased numbers in lesional S/°" 10 human vascular endothelial cefisvitro. Induction of adhesion
scleroderma tissues [12] molecule expression and involvement of endothelium-derived cyto-
. ) . kines. J Clin Invest 199697:111-9.

In conclusion, our data su.ggest th_at scleroderr_na fibroblastsg oreenwood J, Wang Y, Calder VL. Lymphocyte adhesion and
modulate leucocyte—endothelial cell interactions in ways that ansendothelial migration in the central nervous system: the role of
facilitate migration of leucocytes across EC layers, at least partly LFA-1, ICAM-1, VLA-4 and VCAM-1. Immunology 199586:408—
via an MCP-1-dependent mechanism. These results provide further 15.
support for the view that, in addition to their role in extracellular 19 Pober JS, Bevilacqua MP, Mendrick DL, Lapiere LA, Fiers W,

matrix homeostasis, fibroblasts may influence inflammatory dis-
ease processes through an effect on leucocyte trafficking.
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