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FIBROBLAST m igration , proliferation , ex tacellular
m atrix  prote in synthesis  and degradation are  the  key
even ts  in  various biological and pathological pro-
cesse s  in  pulm onary fibrosis . In  addition , biopsy
specim ens from  the  lungs of patien ts  w ith plu-
m om ary fibrosis  show  in creased num bers  of m ast
cells  w hich  have m etachrom atic granules  contain in g
heparin , h is tam in and proteas es . Little  is  known
about how  the se products  in fluence  pulm onary fibro-
s is . In  the  presen t s tudy, w e in vestigated the  effect of
heparin  and re lated glycosam in oglycans on  PDGF-
in duced lung fibroblast prolife ration  and chem otactic
response  in vitro . In  addition, w e ex am ined the effe ct
of h eparin on  both th e induction of m atorix  m etal-
loprotein ase s  (MMPs ) and MMPs activity in  lung
fibroblasts  in vitro .

Heparin , de-N-sulphated hepar in  but not heparan
sulphate in hibited PDGF-induced lung fibroblast pro-
life ration . In  con trast, only heparin in hibited PDGF-
stim ulated human lung fibroblast chem otax is . Neg-
ative ly charged poly-L-gultam ic  acid had no effect
on  eithe r fibroblast proliferation or chem otax is .
Th us  the  negative  charge alone cannot account for
the  ant-prolife rative and an ti-chem otactic  e ffects  of
heparin .

Furtherm ore, h eparin and heparan  sulphate also
had no in hibitory effect on in duction  of MMPs,
in cluding MMP-1 (in terstitial collagenase ), MMP-2
(gelatinas e A) and MMP-9 (ge latinas e B). On ly heparin
in hibited both  MMP-1 and MMP-2 /MMP-9 activity.
Additionally , tissue in hibitor of m etalloprotein ase
type  1 (TIMP-1 ) and type  2 (TIMP-2 ) in hibited PDGF-
stim ulated human lung fibroblast chem otax is . The
ability  of h eparin  to inh ibit fibroblast chem otax is
m ay account for th e in hibitory effect of h eparin  on
MMP activity.

The  above re sults  sugge sted that heparin  and
related glycosam in oglycans differen tially  regulate
PDGF-induced lung fibroblast proliferation , chem-
otax is  and MMPs activity and further that the se effects
m ay have a key role  in  ex tracellular m atrix  rem ode l-
in g in  in flam m atory lung disease .

Key w ords: Heparin, PDGF, Matorix  metalloprote inases
(MMPs ), Lung fibroblasts, Pulmonary fibrosis

Introduction

Biopsy specimens from the  lungs of patients w ith
plumonary fibrosis show  inc re ased numbers of mast
ce lls1– 3 w hich have metachromatic  granules  contain-
ing heparin, histamine  and protease s. Morphologic al
studies  also suggested fibroblast proliferation, ex ces-
sive synthe sis and deposition of collagen and other
ex trace llular matrix  proteins4,5 in pulmonary fibrosis.
However, less is  know n about the interaction of
fibroblasts, grow th factors  and ex tracellular matrix
molecules  in inflammation.

Plate let-de rived grow th factor (PDGF), w hich is
one of the most important mitogens  derived from
various ce lls  including alveolar macrophage s and
platelets, may implicate the ex trace llular matrix
prote ins and matrix  metalloprote inases (MMPs )6 in
w ound healing. The role of PDGF in inf lammatory
lung dise ase s is consis tent w ith the observation of
PDGF-like prote ins localised to macrophages and
epithe lial c ells as sociated w ith tissue repair of
patients w ith idiopathic  pulmonary fibrosis .7,8

Mast-cell mediators may ac t as grow th fac tors,
including histamine  and tryptase, to fibroblasts. Hep-
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arin, a major component of the mast c ell granule
matrix  and w e ll know n polyanionic anticoagulant, is
now  re cognised as an anti-inflammatory agent. Hep-
arin and heparin re lated glycosaminoglycans have
numerous othe r func tions, among w hich are inhibi-
tion of fibrin deposition in tissue s,9 inhibition of
fibroblast prolife ration associated w ith prote ase s1 0,1 1

and inhibition of alle rgen-induced rec ruitment of
eosinophils  into the airw ay.12 –1 4 Heparin and heparan
sulphate , w hich is one of the  main ex tracellular
matrix  components, also inhibit vascular smooth
muscle ce ll division.1 5,1 6 This ac tion may indicate  that
heparin and re lated glycosaminoglycans play an
important role in modulation not only of airw ay w all
remodelling in as thma17 ,1 8 but also of ex tracellular
matrix  remode ling in pulmonary fibrosis.

MMPs are major proteolytic  enzymes involved in
degrading and remodeling the ex trace llular matrix .
The matrix  metalloproteinase-1 (MMP-1) de rived from
fibroblasts is  inte rstitial collagenase  know n to degrade
collagen types I, II, III and others.1 9 The type IV
collagenase (MMP-2 and MMP-9), w hich is  now  found
in fibroblasts  and macrophage s has  the ability to
degrade  a w ide range of ex trace llular matrix  prote ins,
including basement membrane  collagen type IV,
fibronectin and gelatin.2 0,2 1 Recently, it has  be en
suggested that MMPs inc luding MMP-2, MMP-3 and
MMP-9 play a major role in the degradation of the
ex trace llular matrix  during tumor ce ll invasion.1 7,18 In
pulmonary fibrosis, MMPs are  re gulated by numerous
factors including grow th factors and inflammatory
mediators may play a key role in modulating lung
tissue injury and ex tracellular matrix  remode ling.

Therefore , in the pre sent study we  inve stigate the
possible  influence of heparin and glycosaminoglycan
on PDGF-induced human lung fibroblast prolife ration,
chemotax is  and MMPs activity.

Material and methods

Materials

Recombinant human PDGF-BB w as  purchased from
Ge nzyme  (USA). Heparin (porc ine ), w hose  activity
w as 1000 units per ml, w as purchased from Novo
Nordlisk (Denmark). Heparan sulphate (bovine
mucosa ), de-N-sulphated heparin and poly-L-gultamic
acid w ere  obtained from Sigma (USA). Anti-hMMP1,
anti-hMMP2 and anti-hMMP9 were  purchased from
Fuji Chemi Co. (Japan), as w ere  re combinant hTIMP-1
and hTIMP-2. Tissue culture plate s w ere  obtained
from Sumitomo Bakelite  (Japan) and transwe ll culture
dishes we re  from Corning Coste r (USA).

Cell culture, proliferation and adhesion

Human lung fibroblasts CCL-153 obtained from the
American Type Culture Collec tion (ATCC) w ere  cul-

tured in a cell culture flask, in modified Ham’s F12
(Sigma) supplemented w ith 10% FCS at 37°C in an
atomosphere  of 5% CO2 . The cells w e re  p lated at 1.0
´ 105 cells in a 24-w ell plate  in media w ith 10% FCS
for 72 h then w ashed thre e times in F12, and
synchronized w ith se rum free  F12 for 48 h. Ce lls w ere
incubated w ith heparin (0.1–100 U/ml), heparan sul-
phate , de-N-sulphated heparin and poly-L-gultamic
acid (0.1–100 g /ml) w ith serum free media for 24 h.
Ce lls we re  re moved from plate s w ith PBS and EDTA,
replaced and suspended in a microte st tube  w ith 1 ml
of F12 media. Ce ll counts and viability we re  deter-
mined by trypan blue ex clusion (GIBCO) and counted
in a hemocytometer.

[H3]-Thymidine incorporation assay

Lung fibroblasts we re  p lated at 1.0 ´ 105 cells in a
24-w ell plate  in media w ith 10% FCS until confluence.
Ce lls we re  w ashed three  times in F12, and incubated
in se rum-fre e F12 medium w ith compounds pulsed
w ith [H3]-thymidine  (0.04 m Ci/ml). Incorporation of
[H3]-thymidine  w as  measured after 24 h by detaching
the ce lls  w ith trypsin solution, harve sting the ce lls  on
filters using the Tilte rtek cell harvester and under-
going lys is w ith distilled w ater. Radioactivity on the
filters w as dete rmined by scintillation counting of
dpm/w ell.

Chemotaxis assay

Chemotax is  stimulated by PDGF (10 m g /ml) w as
measured using the  modified Boyden chamber as
desc ribed previously.2 2 The  te st compounds diluted
w ith Ham’s F12 medium were  p laced low er in w ells
in the low er chamber. The w ells w ere  covered w ith a
collagen (type I and type III)-coated polycarbonate
filter. Human lung fibloblasts 5 ´ 104 cells and
medium w ere  added to the  we lls  in the  upper
chamber. Anti-hMMP1, anti-hMMP2, anti-hMMP9,
recombinant hTIMP-1 and hTIMP-2 w ere  added to the
w ells in the uppe r chamber for the chemotactic
inhibition assay. After 8 h incubation at 37°C in
5%CO2 , the filte rs w ere  removed and cells we re  fix ed
and stained using Diff-Quik stain. The  chemotactic
response w as de te rmined by counting the number of
ce lls /mic roscopic  fie ld on the  low er surface.

Matrix metalloproteinases assay

An assay to determine  matrix  metalloprote inases
(MMPs ) ac tivity w as measured by the diffuse fibril
method based on that of Caw ston and Barrett. This
method utilizes FITC labeled type  I collagen (human)
(MMP-1 activity ) or type IV collagen (bovine ) (MMP-
2/MMP-9 activity ) w hich w as affe cte d by collagenases
incubated at 37°C or at 42°C to produce  soluble
fragments that can be separated from intac t fibrils  by
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centrifugation. One  unit of MMP-1 or MMP-2/MMP-9
activity is  defined as the amount of enzyme degrading
1 m g of collagen pe r minute  at 37 or 42°C. The
specificity of the assay w as confirmed by identific a-
tion of MMPs re ac tion products  using an immuno-
fluoresence e le ctrophotometer as  de scribed
previously.2 3

Reverse transcription polymerase chain
reaction amplification (RT-PCR)

Total RNA w as ex trac ted from fibroblasts  by RNAzol().
First-strand cDNA w as prepared from 3 m g total RNA
in 30 m l re ac tion volume , 50 mM Tris (pH 8.3), 75 mM
KCl, 3 mM MgCl2 , 10 mM DTT, 1 mM dNTPs, 40 U
RNAse inhibitor and 200 U reve rse transc riptase.

Oligonucleotide primers for PCR amplific ation of
MMP-1, MMP-2 and MMP-9 were  de signed ac cording
to published sequence s for MMP-1, MMP-2 and MMP-
9. Primers used were  as follow s: MMP-1: 5 9 AAGGT-
TAGCTTACTGTCACACGCTT,3 9 AGAACGAGAACACA-
AAGATCTCAGC; MMP-2: 5 9 CTTTGCAGGAGACAA-
GTTCTGG,3 9 TTAAGGTGGTGCAGGTATCTGC; and
MMP-9: 5 9 CCATGAGTCCCTGGCAG,3 9 TCCCCCTG-
CCCTCAGAGAA.

Amplific ation w as performed in a final volume of
25 m 1 w ith 10 mM Tris  (pH8.3), 50 mM KCl, 1.5 mM
MgCl2 , 1.25 mM dNTPs, 7.5 pmol of e ach primer and
1.25 of Taq polymerase. After a ‘hotstart’ (95°C,
5 min), each 3 min cycle consiste d of 1 min of
denaturation at 95°C, annealing at 55°C, and elonga-
tion at 72°C. Reactions w ere  run for 30 cycles .

Data analysis

Results are  ex pre ssed as mean and s.e .mean. A com-
parison of proliferation and chemotax is  on dose
response w ithin ex priments w as pe rformed by
ANOVA. Statistic al significance w as  e stablished at the
p< 0.05 level. The effec ts of stimulation/inhibition on
fibroblast migration w ere  evaluated using an analysis
of variance  and w ere  considered statistically sig-
nificant at the  p< 0.05 leve l.

Results

The effect of glycosaminoglycans on
PDGF-induced fibroblast proliferation

PDGF induced a concentration re lated cell prolife ra-
tion betw een 0.1 and 100 ng /ml (Fig. 1 ). Heparin
alone  (0.1 and 10 U/ml) had no s ignificant e ffec t on
fibroblast proliferation. How ever, at higher concentra-
tion heparin (100 U/ml) did cause a significant
inhibition of fibroblast proliferation compared w ith
the control (Fig. 1, p< 0.05).

Heparan sulphate, de-N-suphated heparin and poly-
L-gultamic  acid (0.1–100 m g /ml) had no significant
effect on cell proliferation.

Accordingly, w e ex amined the effe ct of heparin (10
and 100 U/ml), heparan sulphate, de-N-sulphated
heparin and poly-L-gultamic ac id (100 m g /ml) on

Effe c t o f h epa rin  a nd re la te d g ly co s a m ino g ly can
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FIG. 1. Lung fibroblast cell proliferation due to PDGF
(0.1–100 ng/ml, open circles) and to heparin (0.1–100 U/ml,
closed circles), heparan sulphate (0.1–100 m g/ml, closed
squares) de-N-sulphated heparin (0.1–100 m g/ml, open
squares), and poly-L-gultamic acid (0.1–100 m g/ml, open
triangles) in the absence of PDGF. The number of cells in the
absence of any drug was 4.3±0.2́ 105/ml. Each point presents
the mean and s.e.mean derived from one of three experi-
ments conducted with four replicates for each mean. p<0.05
when compared to control.

FIG. 2. The effect of heparin (10 U/ml, open circles; 100 U/ml,
closed circles), heparan sulphate (100 m g/ml, closed
squares), de-N-sulphated heparin (100 m g/ml, open squares)
and poly-L-gultamic acid (100 m g/ml, open triangles) on lung
fibroblast cell division induced by PDGF (0.1–100 ng/ml).
Each point represents the mean and s.e.mean derived from
one of three experiments conducted with four replicates for
each mean. p<0.05 compared with the value for PDGF
treatment only.



PDGF-induced fibroblast proliferation. In the  absence
of glycosaminoglycan, PDGF-induced prolife ration
w as unaffe cte d by any vehicle as show n by a
stimulation index  of ne ar unity (Fig. 2 ). Heparin and
de-N-sulphated heparin s ignificantly inhibited PDGF
(0.1–100 m g /ml) induced fibroblast prolife ration (Fig.
2, p< 0.05). In contrast heparan sulphate and poly-
L-gultamic  acid had no e ffec t on PDGF-induced
fibroblast prolife ration (Fig. 2 ). Ce ll viability asse ssed
using trypan blue  ex clusion w as found to be greate r
than 95% in all ex periment.

[H3]-thymidine incorporation assay

PDGF induced a concentration-re lated increase  in ce ll
prolife ration (142±15% at 1 ng /ml, p< 0.05; 224±18%
at 10 ng /ml, p< 0.01) as asse ssed by [H3]-thymidine

incorporation. In agreement w ith the data obtained
w hen asse ssing ce ll prolife ration by ce ll counting,
heparin (10 and 100 U/ml) s ignificantly inhibited
PDGF-induced proliferation (Table 1, p< 0.05) In
contrast, heparan sulphate  (100 m g /ml) had a syner-
gistic effec t upon PDGF (10 ng /ml)-induced fibroblast
prolife ration (Table 1 ), but not significantly.

Effect of heparin and heparan sulphate on
chemotaxis

PDGF induced a significant increase  in fibroblast
chemotax is  (control ce ll number=4.2±1.2 vs
PDGF=15.0±4.2, p< 0.05).

Heparin inhibited fibroblast chemotax is in a con-
centration-dependent manner (Fig. 3 ). Chemotax is (%
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Table 1. The effects of heparin and heparan sulphate on the incorporation of [H3]-thymidine by fibroblasts treated with
PDGF

Control PDGF (1 ng/ml) PDGF (10 ng/ml)

Heparin
0 100 142 ± 15 224 ± 18
1 U/ml 124 ± 8 136 ± 7 268 ± 18
10 U/ml 67.4 ± 4 73 ± 10 202 ± 13
100 U/ml 38 ± 3 55 ± 7 81 ± 5

Heparan sulphate
0 100 142 ± 15 224 ± 18
1 m g/ml 114 ± 12 150 ± 26 226 ± 11
10 m g/ml 125 ± 20 137 ± 32 242 ± 18
100 m g/ml 122 ± 17 147 ± 35 244 ± 20

Values represent mean  ± s.e.mean of the proliferative response above basal levels derived from experiments with six replicates, each mean
represents a significant increase (p<0.05) or significant decrease (p<0.05) in the proliferation of fibroblast when compared with control.

FIG. 3. Inhibitory effects of heparin (U/ml; open circles) and
heparan sulphate ( m g/ml; closed circles) on PDGF-induced
human lung fibroblast chemotaxis. The responses are
expressed as SI. Each point is the average of triplicate values
from 3 experiments. Vertical lines represent s.e. mean.
p<0.05 when compared with PDGF.

FIG. 4. Effect of anti-MMP1, anti-MMP2, anti-MMP9, TIMP-1
and TIMP-2 on PDGF-induced chemotaxis of fibroblasts. Data
are shown as the means ±s.e.mean. Statistical difference
compared to responses in the presence of the same subtype
of each IgG at a p<0.05 level.



of control) w as significantly low er at 10 U/ml of
heparin than at any other concentration (p< 0.05 )
betw een 0.1–10 U/ml. In contrast, heparan sulphate
(0.1–10 m g /ml) had no s ignificant e ffec t on PDGF-
induced fibroblast chemotax is .

Anti-hMMP1, anti-hMMP2 and anti-hMMP9 had no
significant e ffec t on fibroblast chemotax is, w hile
recombinant hTIMP-1 and hTIMP-2 inhibited fibro-
blast chemotax is significantly (Fig. 4 ).

Matrix metalloproteinases assay

Fibroblasts  constitutively ex pre ss MMP-1 (control
levels=3.45±0.52 unit/ml) and MMP-2/MMP-9 (con-
trol levels=5.0±0.9 unit/ml) collagen activity. PDGF
significantly inhibited fibroblast collagenase  ac tivity

as assessed by a reduction in MMP-1 but not MMP-
2/MMP-9 collagenase activity (Fig. 5, p< 0.05). Hep-
arin but not heparan sulphate  inhibited fibroblast
MMP-1 and MMP-2/MMP-9 collagenase ac tivity (Fig. 5,
p< 0.05).

RT-PCR

PCR using specific  oligonucleotide  primer sets for
MMP-1, MMP-2 and MMP-9 re vealed a single amplific a-
tion product of fibroblast cultured w ith PDGF. Hep-
arin and heparan sulphate  had no inhibitory effe ct on
the induction of MMP-1, MMP-2 and MMP-9 gene
ex pre ssion (data not show n).

Discussion

We demonstrated the ability of PDGF to modulate the
induction of MMPs and the activity of MMPs in the
present study. Only heparin inhibited fibroblast pro-
liferation, chemotax is and MMPs activity. Our data
suggests that heparin and re lated glycosaminoglycans
differentially re gulate PDGF-induced lung fibroblast
prolife ration, chemotax is  and MMPs activity and may
play a key role in ex trace llular matrix  remodeling in
inflammatory lung disease s.

Several previous studie s suggeste d that intestitia l
lung disease s are diffuse  inflammatory disorde rs
charac terized by an increase  in the  number of
inflammatory ce lls , fibroblast proliferation, progres-
sive alteration of alveolar-capillary struc ture s and
ex cess ive  synthesis and deposition of the ex tracellular
matrix  prote in. These  phenomena are  induced by
various grow th fac tors, cytokine s and prote ases
produced by infiltrating neutrophils, plate le ts, mac ro-
phage s, fibroblasts and residential ce lls . In addition,
biopsy spec imens  from the lungs of patients  w ith
pulmonary fibrosis show  inc re ased numbers of mast
ce lls1– 3 w hich have metachromatic granule s ac ting as
grow th factors , containing heparin, histamine  and
protease s. Matrix  metalloprote inase  also contributes
to the role of ex tracellular matrix  turnove r and
remodeling in pulmonary fibrosis. How ever, less is
know n about the interaction of fibroblasts, grow th
factor and ex tracellular matrix  molecule s in
inflammation.

PDGF is one of the most important chemo-
attractants  and mitogens2 4,25 associated w ith tissue
repair, a process involving collagen synthesis  and
remodeling by MMPs. PDGF-like  mitogen localized in
the mac rophages and epithelial c ells of patient w ith
idiopathic  pulmonary fibrosis has been show n to be
an important stimulus for fibroblast prolife ration and
collagen production.2 6 Our present study has  demon-
strated the ability of PDGF to induce  human fibroblast
chemotax is  using cell migration assay and to induce
prolife ration as asse ssed by ce ll counting and
H3-thymidine  incorporation methods.
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FIG. 5. Bar graph representing the effect of heparin (1 U/ml,
cross-hatched column; 10 U/ml, dark-shaded column;
100 U/ml, light-shaded column), heparan sulphate and PDGF
(1 m g/ml, cross-hatched column; 10 m g/ml, dark-shaded col-
umn; 100 m g/m, light-shaded column): on (a) MMP-1, and (b)
MMP-2/MMP-9 activity in lung fibroblasts. One unit of
collagenase activity is defined as the amount of enzyme
degrading 1 m g of collagen per minute. Vertical lines repre-
sent s.e.mean from 6 experiments. p<0.05 when compared
with control.



Heparin, a major component of the mast ce ll
granule  matrix , is  we ll know n as a polyanionic
anticoagulant. Heparin re lated glycosaminoglycans
are  abundant components of the  ex tracellular matrix
molecules  and are  present on cell surface s in many
tissues. Heparin and re lated glycosaminoglycans have
been reported to inhibit bovine airw ay smooth
muscle division in a concentration-dependent fash-
ion.16 Similarly, heparin-like glycosaminoglycans have
been reported to inhibit the grow th of human arterial
smooth muscle ce lls  in v itro 1 5 by binding and
inactivating PDGF and also that heparan sulphate
regulated the  activity of FGF on fibroblast prolife ra-
tion and migration.2 7 These studies  illustrate  that the
anti-prolife rative activity of the  heparin-like  molecule
is not limited to airw ay and vascular smooth muscle
but also to human lung fibroblasts.

It is c lear that w hile  low  concentrations  of heparin
w ere  ine ffec tive against c ell proliferation and DNA
synthesis. Heparin at high concentrations inhibited
ce ll prolife ration and also DNA synthe sis in fibro-
blasts. This effe ct is unrelated to a loss in ce ll viability,
as assessed by trypan blue ex clusion. Furthermore,
the inhibitory effe ct of heparin w as unrelated to its
anionic  charge since othe r polyanionic s including
poly-L-gultamic  ac id and heparan sulphate had no
effect on cell proliferation. Moreove r, sulphation does
not appear to be  ne ce ssary for the  inhibitory action of
heparin on cell prolife ration or DNA synthesis  since
de-N-sulphated heparin w as as effe ctive  as heparin in
this re sponse. It remains unclear w hethe r the effe ct of
heparin and de-N-sulphated heparin on ce ll prolife ra-
tion is re lated to the chemical inac tivation of PDGF.
Heparin also inhibited fibroblast migration in the
present study, w hereas ex ogenously-administered
heparin is know n to inhibit c ell migration. The se
findings suggest that endogenously re lated heparins
may inhibit inflammatory ce ll infiltration by produc-
ing an anti-inflammatory effect. Indeed, inflammatory
ce lls  are  major sources of heparanase w hich disrupts
glycosaminoglycan linkage s and re sults in the  re lease
of heparin-like fragments from ce llular heparan
sulphate .28 ,29

Persiste nt inflammation in the airw ay may the reby
influence structural change s including collagen depo-
sition beneath the  basement membrane  and airway
smooth muscle  layer thickening as observed in
asthma.3 0 – 32 Recent studie s have indicated that
matrix  metalloproteinases  play a role  in the degrada-
tion of ex tracellular matrix  protein in tumor ce ll
invas ion3 3,34 and neutrophil migration.35 Our present
results  show  that human lung fibroblasts in culture
retain MMP-1 and MMP-2/MMP-9 activity. MMP-
1–inte rstitial collagenase in fibroblasts –catalyses deg-
radation of collagens, type I, II, III and others. MMP-
2/MMP-9 has the  ability to degrade a w ide  range of
ex trace llular matrix  prote ins, including basement
membrane  collagen type IV, fibronec tin and gelatin.

Our results demonstrate  that PDGF inhibits MMP-1
but not MMP-2/MMP-9 ac tivity in a concentration-
dependent fashion and that PDGF differentially reg-
ulate s MMPs activity, fibroblast prolife ration and
chemotax is . We recommend that furthe r studie s
investigate  the  e ffec ts of PDGF in the regulation of
MMPs.

Little  is  know n about the  interaction betw een
heparin and MMPs. Our re sults are  s ignificant in the
understanding of fibroblast migration to the basement
membrane  and ex trace llular matrix  and also of the
inhibitory e ffec ts of heparin on fibroblast migration.
We observed that blocking the  endogenous MMPs
w ith anti-hMMP1, anti-hMMP2 and anti-hMMP9–
w hich have no e ffec t on the catalytic  s ite  of each
MMPs –had no e ffec t on fibroblast chemotax is. In
contrast, recombinant hTIMP-1 and hTIMP-2 inhibited
fibroblast chemotax is s ignificantly, w hich is con-
sis tent w ith the notion that fibroblast migration was
thought to be dependent on degradation of collagen.
The ability of heparin to inhibit fibroblast chemotax is
may account for the  inhibitory effects of heparin on
MMPs ac tivity. This hypothesis is further supported by
our re sult that heparin had no inhibitory effe ct on
induction of MMP-1 and MMP-2/MMP-9 mRNA. Fur-
ther ex periments are required to understand the
mechanism by w hich heparin inhibits MMPs
activ ity.

In conclusion, our results provide clear evidence
that heparin inhibits  PDGF-induced human lung
fibroblast proliferation, chemotax is and MMPs ac tiv-
ity. Thus, endogenously-re leased heparin-like  mole-
cules  may play an important role  in ex tracellular
matrix  turnover and remodelling in inflammatory
lung dise ase s.
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