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responses of rat pulmonary artery smooth muscle cells!

WANG Huai-Liang®, Stephen A KILFEATHER®, Graeme R MARTIN', Clive P PAGE®
( Department of Pharmacology , Ching Medical University, Shenyang 110001 , China;
*Sackler Institute of Pulmonary Pharmacology . King's College , Manresa Road . London SW3 61X, UK )

KEY WORDS  heparin; platelet-derived growth
factor; fibroblast growth factor; interdeukin-1; vascular
smooth muscle; cultured cells; mats

AIM: To investigate whether heparin inhibits growth
factor-induced mitogenic and proliferative responses of
the pulmonary arterial smooth muscle cells (PASMC) .
METHODS: Rat PASMC were cultured in medium
199 containing 10 % fetal bovine serum (FBS).
Mitogenesis was monitored from [ metfiyl-H ]
thymidine ([ methy!>H] TdR) uptake and cell
proliferation was monitored by cell counting.
RESULTS: FBS (1 % ), platelet-derived growth
factor {(PDGF, 50 pg+L~'), fibroblast growth factor
(FGF, 50 pg-L~!) or interdeukin la (IL-la, 100
ng-L~!) alone induced both rat PASMC mitogenesis
and proliferation. FBS (10 % ) and the combination
of FBS (1 %) with PDGF (50 pg-L~'), FGF (50
pg-L™'), or IL — la (100 ng > L~') increased
mitogenesis of rat PASMC. Heparin (100 mg*L™"}
inhibited rat PASMC proliferation (28 % +6 %) and
thymidine incorporation (27 % =7 % ) imluced by
FBS (10 % ), and also significantly inhibited cell
proliferation 25 % +6 %, 27 % = 7%, and 20 %
+4%, and [ metiyl-*H | TdR incorporation 23 %
+7%,2 % x6 %, 20 % 6 % induced by FBS
(1 %) in combination with PDGF (50 pg+L~!), FGF
(50 ug+L™'), or IL~1a {100 ng*L~') respectively.
The PASMC viability was not affected by heparin.
CONCLUSION: Proliferation and mitogenesis of rat
PASMC induced by PDGF, FGF, and IL-la was
augmented by simultansous exposure to FBS, Heparin
produced an inhibition on the proliferation and
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mitogenesis of rat PASMC caused by these growth
factors.

Several mediators played an important role in the
development of pulmonary hypertension in animal
models. There was evidence for imvolvement of
mitogens, incloding  interleukin-1,  endothelin-
123) mmor necrosis factor @ { TNF-a), and
platelet-derived growth factor!™ in the development of
pulmonary vascular remodeling in chronic pulmonary
hypertension.  Interleukin-1 was a major cytokine
derived from macrophages and monocytes'™ and IL- 1«
receptor  antagonist prevented monocrotaline-induced
pulmonary vascular remodeling in rasV,  IL-1
interacted with basic fibroblast growth factor to amplify
the proliferation of primary rat aortic smooth muscle
cells, an effect that might he important in vascular
smooth muscle cell proliferation following[?].

Mononuclear  cells, including  monocyte-
macrophages and neutrophils were present in the
perivascular cellular infiltrate!® . These cells, when
activated, could release mitogens that promote vascular
media remodeling!® . Heparin produced partial reversal
on pulmonary hypertension incloding both increased
pulmonary artery pressure and vascular remodeling
induced by hypoxia in guinea pig®. To date, no
information is available conceming the potential effects
of heparin on growth factor-induced mitogenesis and
proliferation of the pulmonary arterial smooth muscle
cells { PASMC). The objective of the present
investigation was to determine the effects of heparin on
mitogenesis and proliferation of PASMC induced by
several mitogenic factors with a suspected involvement
in the development of vascular remodeling associated
with pulmonary hypertension.

MATERIALS AND METHODS

Corp USA.  Tissue culture plates (96-well, flat bottom) were


http://www.cqvip.com

(FY)
b=l
()

BIRILID: TSSN 0233-

4
3

obtzined from Falcon { Becton Dickinson Labware, Lincoln Park
NI). AN chemicals used were of analytical grade or higher.
BSA, fetal bovine serum, amphotericin B, trichlovoacetic acid.
indomethacin, Giemsa stain, NaHCO,, fibroblast growth factor
{(from bovine pitvitary glands ), collagenase type class XI,
trypsin. A-2547 { monoclonal anth o-gmooth muscle actin, clone
1A4) . Fe and Fab fragment specific FITC-conjugated anti-mouse
IeG antibodies, benzylpenicilin, streptomycin, HEPES,
M 199, heparin, and PBS were all from Sigma Chemical Co.
L-glutamine from Life Technologies, ({ Paisley, UK )3
[ methyi-*H] TdR. (37 PBq-mol~!) from ICN Radiochemicals,

nu--narlmnl In.—— n]’n_m_lﬂ darivad g‘....‘_‘,.wn_h faes, o, nm.-:a--l.n.-._l&.

{recomibined tuman. E coli-derived) were obtained from R&D
Systerns, ( Minneapolis, MN, USA). All other compounds
inchuding tissue culture were obtained from Sigma.

Culture of rat PASMC  Lsolation and culowe of rat
PASMC were madel'.  Wistar rats weighing 334 = 5 35 g
were from Ammal Resource Center. Kings College London.
The pulmcnary attery was dissected free of connective tissue
under ascptic conditions under a dissection microscope.
Endothelium was removed from the luminal surface by scraping
with a scalpel blade. Sections of pulmonary arery were
incubated with collagenase type XI (2.5 g*L™!) at 37 C for
2.5 h. The tissues were washed in Co®* and Mg?*-free
#’ﬁﬁmﬂaﬂuﬂm{m)ﬁﬂ@iﬁwi—érﬁm
Stmooth muscle cells were obtained from plated explantst™®
The explants were seeded in a 25-cor’ dssue culture flask
conteining medium 199 (M199) supplemented with [-ghilamine
2 mmol * L-1, fetal bovine serum { FBS, 10 % vol/vol).
benzylpenicillin 100 ¥U:L-', sweptomycin 0.1 g- L' and
amphotericin B0.2 g'L-1, atpH 7.3~ 7.4, gassed with 95 %
air+ 5 % COp in a humidified atmosphere at 37 €. The
medium was changed every 3 d. Cells migrated from the
explands after 2 wk. When cells migrating from the explant
reached 10% of confluence, the cells were washed in PBS and
incubated with 0.05 % trypsin plus edetic acid 5.3 mol*'L~! in
PBS for 5 min'™ Cells were used gt passage 3 —6.

M et T s o TV A CA
Characterizaton of PASMC
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PASMC were subjected
to imrnunostaining with anti-smooth muscle a-actin®, followed
by inmging with fluorescein isothiocyanate (FTTC) conjugated
secondary antibodies specific for Fc and Fab portions of the
primary enti-a-actin antibody.
Incorporation of [ methy!-*H]TdR  Rat PASMC were
Plated (3 x 10° cells per well} in M 199 containing 10 % FBS.
Six replicates were used for each experiment. At 24 h before
stimulation, the medium wes replaced with FBS-free medium
{M 198 supplemented with bovine serum albumin [ BSA, 0.5 %
wt/vol]} to amest cell prowth. Potential inhibitors or their
vehicles were added 30 min before mitogenic stinmlaton for 48
h. [ metyi-*H)TdR (37 GBq-L"?, 10 pL/well} was added
in the last 24 hours of mitogenic strmuaton.  Ceiis were washed
in PBS to remove extracellular [ meriyl *H]TdR., Acid soluble

radicactivity was removed by 30-min reatment with 5 %
trichloroacetic acid &t 4 T, followed by washing with 95 %
ethanol. The remaining acid insoluble material was solubilized
by 30-min incubation with 2 % N3O0y in NaOH 0.1
ol L' The radioactivity was determined by liquid
scimillation coumting.

Evaluation of cell proliferation Celis were plated
with the starting density of 100 cells*well. Cells were amested
24 h before addition of mitogen. Potential inhibitor was added
30 min hefore mitogen, which was conducted for 3 d before
Gien’saslajn“"]. Cell viability was monitored by rypan blue
nnnnnnn LDJ

Statistical amalysis Comparison of cell densities within
experiments was conducted with unpaired ¢ test.

RESULTS

Rat PASMC Cells at confluence displayed a
non-parallel distribution of cell growth with regions of
multilayered cells { “Hill and Valley”). Cells stained
positive for o-actin exhibited discrete actin fibers.
Loss of cell viability was not detected at beparin 1 —
100 mg: L},

Mitogenic and proliferative responses to
mitogens in rat PASMC PDGF(50 pg-L"™') and
FGF (50 pg L") increased [ methy!-*H]TdR uptake
into rat PASMC compared with control { P < 0.05).
FBS {10 %) and the combination of FBS (1 %) with
PDGF (50 pg-L~1), BGF (50 pg-L~!), and fi-la
{100 ng+L~!) significantly increased incorporation of
[ methy!->H]TdR into rat PASMC by 492 % £ 57 %,
308 % +34%,2712 % +35%. and 376 % £66 %
compared with FBS (1 %), or PDGF (50 ug-L™'),
FGF {50 pg'L"1), H-lo (100 ng- L-?) alone,
respectively (Tab 1).

Effects of heparin on grouwth factor.
induced mitogenesis and proliferation Heparin
(100 mg-L~"') inhibited proliferation of rat PASMC in
response to FBS (10 %) and PDGF (50 pug-L"?),
FGF (50 ug* L “1Y or IL-1g (100 ag-L-!) in the
presence of FBS (1 %) (P<0.05, Tab 2).

Heparin {30 mg* L") iphibited proliferation of
rat PASMC in response to PBS {10 %), and PDGF
(50 pg*L™'), FOF (50 pg*L™') in the presence of
FBS (1 %) { P <0.05, Tab 2). Heparin exhibited
similar potency at inhibiting these growth factor-
induced mitogenesis and  proliferaion 0 a
conceniration-dependent manner { Tab 2, 3}, and there
existed a close correlation between inhibition of
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Tab 1. Incorporation of [ methyl-*H] thymidine into
DNA of rat PASMC in the presence of growth factors.
n =3 rats (6 wells for each eatment in each
experiment), £+ s. P>0.05, P <0.05, P<0.01 vs
control; P, ‘P, 'P, P<0.01 vs 1 % FBS, PDGF,
FGF, or IL-1 alone, respectively.

[ mettyt-*H] Thymidine

Treament incorporation into DNA Bg/well

FBS free medium 590 + 63

1% FBS 610+ 69°

PDGE 50 ug'L™! 1 060+ 1307
FGF 30 ugrL7! 1130 + 1207
IL-ia 100 ng-L7! 700 £ 110°
1 % FBS + PDGF 50 pg-L"! 3 270 + 3607
1 % FBS+ BGF 50 pg-L"! 3 070 £ 400°
1 % FBS+IL-1c 100 ng'L-! 2 630 + 4607
10 % FBS 3 000 + 350

Tab 2. Inhibitory effect of heparin on mitogenic factor-
induced incorporation of [ methyl3H] TdR into rat
PASMC. n=3 rats (6 replicates for each treatment in
each experiment), ® + s. %¥>0,05, "P<0.05 vs
control. ’

[ metfiy!->H ] Thymidine
uptake (Bg/well)
Treatment’ 10 % 1% 1% 1%
mg-L-! FBS FBS + FBS + FBS +
PDGF30 FGF50  IL-1a 100
pgel”t pgeLt mgrLt

Heparin free 3 000 + 340" 3 300+ 370° 3 300+420° 2 500+ 440°
Heparin 1 2990 +420" 3 200+470° 3200+ 370" 2 700+ 540°
Heparin3 2700+ 570° 3 200+410° 3 300+470° 2 500+ 420°
Heparin 10 2 400 £ 550° 2 500 +550° 2 H00 £530° 2 600z 390°
Heparin 30 2 200 +460" 2 600+450° 2600 340" 2 400 +320°
Heparin 100 2 200 £ 610" 2500+ 700° 2 400 x460° 2 000 + 360°

mitogenesis and proliferation caused by the 4 groups of
mitogens over the entire concentration range { r =
0.989, 0.952, 0.985, 0.800, respectively, Fig 1).

DISCUSSION
Heparin effectively inhibited the mitogenic and

proliferative response to a variety of growth factors in
the presence of low serum concentration, including

_ PDGF, FGF, and IL-la with similar potency. This

suggests that heparin does not act by blockade of a
specific membrane receptor, but rather via & more
generalized route. A similar conclusion was drawn

Tab 3. Inhibitory effect of heparin on mitogenic factor-
induced proliferation of rat PASMC. n =3 rats (6
replicates for each treatment in each experiment),
X t 5, data are direct cell counting.

“P = 0.05, "P <0.05 vs control.

Cell number { cells/well)

1% 1% 1%
Treamment
Lol ISBZD FBS + FBS + FBS +
g PDGF 50 FGF50 IL-1a 100
pgrL™t wpprLt ngrL7!

Heparin free 480+ 89 490+63 450x75 42077

Heparin 1 440 £ 105" 430+115° 46070 420 75°
Heparin 3 430 £ 95° 46098 45065 390 & M°
Heparin 10 360+99* 410+102* 390+95° 380 :67°
Heparin 30 320+55° 370x63" 360+ 785° 330197

Heparin 100 31077 360x60" 320:66° 320+ 78°

500 v M
| (8): ¥= =116+0.187X, r=0.901

L (b): P=0.7+0.140X. r=0.9524
L (el ¥=-23.3+0.146X, r=0.5851 L4
| (d): ¥F=27.9+0.142X. r=0.8004

Call numbar (ceila/well)
o
-2

] 2 24 % 28 3G 32 T
[ mathy)’HITdR uptake (10" % radioactivity. Bg/wal)

Fig 1. Cotrelation between heparin-induced inhibition
of mitogenesis and proliferation caused by 10 % FBS
{a), end PDGF 50 pg+L-'(b), FGF 50 pg-L~!(c} or
IL-1c 100 ng-L-! (d) in the presence of 1 % FBS.

* from examination of anti-mitogenic effect of heparin on
bovine tracheal smooth muscle cells in culture™®,
The inhibitory action of heparin on the mitogenic and
proliferative responses of PAMSC is not secondary to
cell death, since cell visbility was unaffected at
concentrations of heparin which decreased cell
proliferation. Thus the current findings are consistent
with the direct inhibition of heparin on proliferation and
mitogenesis of PASMC and this action being
responsible, at least in part, for the ability of heparin
in vive to inhibit pulmonary vascular remodeling.

Endothelin-1 plays 2 major role in pulmonary
vasoconstricion and pulmonary vascular remodel-
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Img'®'. PDGF is, however required for the full
expression of pulmonary arterial smooth muscle cell
growth-promoting activity of ET-1"). Tt has been
reported that hypoxia stimulated the expression of
PDGF and PDGF played an important role in the
pulmonary vascular remodeling of hypoxic pulmonary
hypertension“'ﬂ. As demonstrated in the present
investigation, . PDGF is a proliferative agent in rat
pulmonary artery smooth muscle cell lines and others
demonstrated that PDGF increased the expression of a
variety of immediate-early gene'”'. By Northem
analysis, it was found that PDGF A- and B-chain
products may be coordinately and sequentially involved
in hypoxic pulmonary vascolar remodeling'® . The
present study further demonstrated that the proliferation
and mitogenesis of rat PASMC induced by PDGF,
FGF, and IL-1 were augmented by simultaneous
exposure to FBS.

In conclusion, the direct inhibitory action of
heparin on PASMC proliferation and mitogenesis
suggested a potential mechanism contributing to heparin
inhibition of pulmonary vascular remodeling. Clearly
further investigation is required to fully understand the
potential activities of heparin and the mechanisms by
which it may intubit the development of pulmonary
vascular remedeling .

REFERENCES

1 Voelkel NF, Tuder RM, Bridges J, Arend WP.

Interlevkin-1 receptor antagonust freatment reduces  pulmonary
hypertension generated in mats by monocrodaline.
Am J Respir Cell Mol Bial 19%4; 11: 664 —75.

2 Hirata Y, Yoshimi M. Takata 5.

Cellular mechanism of action by a novel vasooonstrictor endothelin in
culturedt rat vascular smooth muscle cells.
Bicchem Biophys Res Cormmm 1988; 154: 868 — 75,

5 Chen KK. Two phamacological traditions: notes from experience.
Anni Rev Pharmacol Toxicol 1981; 21: 1-6.

4 Bames P), Liu SF. Regulation of pulmenary vascular tone.
Pharmacol Rev 1995; 47 87 -131.

5 TRothman A, Wolser B, Bution D, Taylor P.

Immediate-corly gene expression in response to hypertrophic and
proliferative stirmuti in pulmoenary arerial smooth muscle cells.
J Biol Chem 19%; 269: 5399 — 404,

© Hassoun PM, Thompson BT, Hales CA.

Partial reversal of hypoxic pulmonary hypertension by heparin.
Am Rev Respir Dis 192; 145; 193-6.

7 Swades DE. Zelanzny FT, Soubrada JF, Souhrada M.
Interleukin- 1§ stinmilates the proliferation of cultured air way smooth
narscle cells vie platelet-derived growth factor.

Am J Respir Cell Mol Biol 1993; 9: 645 31.

8 Dunn CJ, Fleming WE. Increased adhesion of polymorphonuclear
leukocytes to vascular endothelivm by specific interaction  of
endogenous | interleukin-1) and exogenous ( Lipopolysacchande )
substances with endothelial cells “in viro .

Eur ] Bhenmatol Inflanmum 1984 7, 81 -6.

9 Gillespie G, Estes JE, Pledger Wi,
Macrophage-derived growth factor for mesenchymal cells.
Lympholdnes 19855 11: 213 - 42.

10 Kilfeather SA, Tagoe 5. Perez AC, Okona-Mensa K, Matin R,
Page CP. Inhibinon of serum-induced proliferation of bovine
traches! smooth mmuscle cells in culture by heparin and related
glycosaminoglycans.  Br J Pharmacol 1995: 114: 1442 — 6.

11 Skalli O, Ropraz P, Trzeciak A, Benzonana G, Gillessen D,
Gabbiani G. A monoclonal antibily against e-smooth muscle
actin: a new probe for smooth muscle differentiation.

I Cell Biol 1986; 103; 2787 — 96.

12 Katayose D, Ohe M, Yamauchi K, Ogata M, Shirao K, Fujita H.
et af .  Increased expression of PDGF A- and B- chain gepes in rai
Iungs with hypoxic pulmomary hypertension .

Am J Physiol 1993; 264 (2 Pt 1): 1.100— L106. @

337 - oo

PR R4 KB F 5 B K RSk R AL
£ BRI W 3732

4 RE, s:epheé A KILFEATHER?, Graeme R
MARTIN®, Clive P PAGE® (#EE # A4 # 5 8 5
E, tE A 110001, P E; 3Swider Instinte of Pulmonary
Pharmacology . King's College, London SW3 61X, UK)

XA K mAEREHERE T Ra
WMERE T, S@E BN R 0w L
B 4 KR

Be): HiIHRETFRIMEKEAFESHRR
W3t k2 % L 40 i ( PASMC) 9 AT . B i
WA & 10% FBS ) M-199 B ML % A R
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