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Platelet-Activating Factor Enhances Experimental Pulmonary Metastasis of
Murine Sarcoma Cells by Up-regulation of Matrix Metalloproteinases-9
Through NF-kB-Dependent Pathway
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Matrix metalloproteinases (MMPs) are capable of degrading extracellular matrix, a process that is necessary for
angiogenesis, tumor invasion and metastasis. Platelet-activating factor (PAF) increases angiogenesis, tumor growth and
metastasis through nuclear factor (NF)-kB activation. Based on these facts, the involvement of MMPs in PAF-induced
pulmonary metastasis was investigated in murine sarcoma cells, MMSV-BALB/3T3. Messenger RNA expression and
enzymatic activity of MMP-9 were assessed by RT-PCR and zymography, and cell migration and metastasis were done
for the detection of MMP-9 functional activity. PAF induced mRNA expression and enzymatic activity of MMP-9, and
its effects were either inhibited by the PAF antagonist, WEB 2170 or by the NF-xB inhibitor, parthenolide, or p65
antisense oligonucleotide in a dose-dependent manner. In addition, PAF induced promoter activity of MMP-9, which
was inhibited by WEB 2170, phenanthroline, NAC, PDTC. These results indicate that PAF induces mRNA expression
and enzymatic activity of MMP-9 in NF-xB dependent manner. Cell migration assay showed that PAF induced
MMSV-BALB/3T3 migration, and its effect was significantly inhibited by treatment with phenanthroline. PAF enhanced
pulmonary metastasis of murine sarcoma cells, MMSV-BALB/3T3 was also reduced by phenanthroline. These results

suggest that PAF-enhanced cell migration and pulmonary metastasis is mediated through the expression of MMP. In
conclusion, It is suggested that PAF enhances pulmonary metastasis by inducing MMP-9 expression via the activation

of NF-xB.
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BAol #ojstrtn ezl dld ZIaLE Fol matrix
metalloproteinases (MMPs)7} & 2.3+ <g-S
AT MMPst= old-2 &% d=HE tlolAl 2 ?L 24
olE¢] T8} 7|E EolAdol wh} collagenases, gelati-
nases, stromlysins, stromlysin-like MMPs, metrilysins, membrane
type-metalloproteinases (MT-MMPs) & A& TE 5709 1F
o2 BEHr oulbd o2 MMPsE ofd ol-em Ails}
T HEXGHEZ ¥-73hc catalytic domaind: F3haL, #l1&4
Aele] G4 (zymogenic latent enzyme) = 2 - =
steine 3= PRCGVPD2| amino Hdto] Hal¥&= &
23 A& AX G B 7RI B3 MMPsE
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bitor of matrix metalloproteinases (TIMPs)oll &]&] <A =™,
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g, 1 FoA] gelatinase A (MMP-2: 72 kDa)9} gelatinase B
(MMP-9: 92 kDa)= tht oA 2ds o] 7111te]

FH 445 collagen type IVS}F V. 1231 gelating &
A2 % St FUT MMPSE SHIES] 28 T Aolsw
DR A Aok gejA P, 53] MMP-9-& o
Z579] MEolr thekdt 21T ojdte] LA 5 o832 Tvp-
13 111 EFAE FAst 2 750 2HEY, o5 &
@ Aol wet dFekE 2 AP, 4o e ¢ "ol

7]_ }.@_%E}:ﬂ. Eiﬂ_ﬂ g}]\l:]_l6,35,38,46,47).

Platelet-activating Factor (1-alkyl-2-acetyl-glycero-3-phospho-
choline, PAR)E 4%, UAME, WIME Fof I3
o #EE g AXEZFE E9E0] 4Ee AETA
A4S 2te g AAHESP, AE FA38 A W AT
o, £, AEAME, A3 &4 2 229 £3 74 22 A
2 HAG v Fhe Y tokel d5 AW 2 g8y
A4, o] Heo] Foll Bejditta deix] Y0NS 2 o
TAE] o8l ZxmE vbol] ©3}H PAF lipopolysaccha-
rides (LPS)°l| 2§t 554 2710l #8]5 o] thet 4%
4 cytokines¥ HY2AAAES] BHE 2-s= AARIA
¢l NF-xBE #43A7] "7, tumor necrosis factor-o (TNF-a),
interleukin (IL)-1, IL-8, basic fibroblast growth factor (bFGF),
vascular endothelial growth factor (VEGF)®} 22 &3¢l
Aso FHz HEE FEdte AFFE FHIATHD,
o] F2 9 AolE AR, A, MMP-2Y+ MMP-9
o] Aojg vk A o F3 2 dugPHol Ah
3 ZAFo] Holgo] A aFHm P NF«B 2443}
= MMPO] B fEd I5A o A3 53] MMP-
92 promoter®] NF-«B Z35-917F EA13t NF-«Bell 2ial
o 2do] MY, NFxBo| 24d¢] Asi=d MMP-9
o] o] ofAso] EHAA, 4o A& F Hoh A%
the A7 ARl RuHUH?. ojgfd a7 Anee
PAF &J3 ¢ Ho] 7ol NFkB &4 MMP] Zd
T o] g7H S AAL FaL glom webx] 2
Tl A= PAFO] 27k ko] Hojol] 1ol MMPs9] & &3}
ol59] &d 4 A4S dolr iz} 33t
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HEFES TSI TE (Fd AN FUH 20 ¢
BALB/c "F-28 AL&313 o, &

2. A <

HA 9 AR (platelet-activating factor, PAF)= Sigma
(St. Louis, MO)ol 4 743t 1L, PAF A 3A<] WEB 21702
G o] Ao)E o) SR RE AFUgiTE NF«B A
A9 parthenolidex= Biomol (PA, USA)ollA F-918}3, N-
acetyl-L-cystein (NAC), PDTC, cycloheximide (CHX) & MMPs
71% SAAS] phenanthroline Sigmadll 4] T131A ) 714
o hilld 2252 FAH Matrigel 2 Collaborative Research
Inc. (Bedford, MA)| A TFH3IR L™, MMP9 F3laA &
Chemicon (Temecula, CA)SIA] 743} ch MMP-99} =25
B &8 73 pGL3-M9Pwte AAU] o] 58 BhAl2HE
A3k o1 phosphorothiorate oligonucleotidesi= NF-«B p65
o] AAAZEAE 238 5 FHE 19-mere] antisense oli-
gonucleotide (AS, 5-GAAACAGATCGTCCATGGT-3)8} non-
sense oligonucleotide (NS, 5-GTACTACTCTGAGCAAGGA-3")
£ ulol Yo} (A, gl Alztete AHgakeiTh

3. M ZHf et

o2 Sarcoma M|ZF] MMSV-BALB/3T3BE American
Type Culwure Collection®tX] 7913t 10% heat-inactivated
fetal bovine serum (FBS, Gibco, BRL, Island, NY)°] %3¢
Dulbecco's modified Eagle's medium®| 4] 2~3¢ k402 7
e st on, Al AR5 AZF, HT-10802 10% FBS
7} &% Minimum Essential Medium©ll A4 v &F3}93i o}

4. ATALSEAMELS (RT-PCR)

RNAT rapid guanidium isothiocyanate ®}g'Vo 2 F&3}
O™ 1 pge RNAE 0.1 pg2l oligo (dT);s¢+ AMV SHA}
BAE e GAANEE Y (Promega, Medison, W3 £
ato} 42°CollA 3087k BH3A17] cDNAS f4dsigict ddt
cDNASH FFAHNH-ZHE THE ¥ thermocycler (Perkin
Elmer, 2400, Norwalk, CT)E ©]-§3t>) MMP-29} TIMP-1-2
95T A 60%, 60TA 60%&, 72ColA 60% F<F 353,
MMP-92 95Tl A 60z, 67CAlA 60x, 72ColA 60% &
QF 353], B-actine 95Col A 30%, 58°Co)A 30&, 727TolA
30z F9<F 278] AAIS F 1.2% agarose geloll A 7|9 E3H3
o} Gel2 ethidium bromide® & A3}3 Fluor-STM imager
(Bio-Rad, Muncher Germany)Z ©]-83}%] 7} band2] density &
4% F 7} cytokine®l i3k mRNA & AHZE cytokines/
B-actin® 2 YERAITE o] uf A}8-3F primers= TR 2T)
MMP-2; 5-CTCAGATCCGTGGTGAGATCT-3'¢} 5-CTTTGG-
TTCTCCAGCTTCAGG-3', MMP-9; 5-ATCCAGTTTGGTGTC-
GCGGAGC-3'9} 5-GAAGGGGAAGACGCACAGCT-3', TIMP-
1; 5-ACGAATCAACGAGACCACCTTAT-3'$} 5-GCACACCC-
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CACAGCCAGCACTAT-3', B-actin; 5'-CTGAAGTCACCCATT-
GAACATGGC-3'9} 5-CAGAGCAGTAATCTCCTTCTGCAT-3'.

5. Zymography

MMPs®] f4 848 5A3517] A3 PAFSE HEE
=3k wieFel-8- Xo} amicon Centricon (Millipore Co., Bed-
ford, USA)S ©]&38}9] 5000 goll A 308 HZ3Int 558
v kS 52| non-reducing sample buffer (0.5 M Tris-Cl
(pH 6.8), 1% SDS, 0.1% bromophenol blue, 10% glycerol)2} &
3t+ako] 1% gelatin (Porcine skin, 300 bloom, Sigma))°] 3
8.5% SDS-acryamide geloll #7195 th AH A (50 mM
Tris-Cl (pH 7.5), 2.5% Triton X-100)2.2 1|7} F<b 428
3 wjok bl (50 mM Tris-Cl (pH 7.5), 150 mM NaCl, 10
mM CaClp)°l 4 37T, 18~20A17F WH-&-AJ 71t} Hk-go] g
gel& Coomassie Blue R-250 (Sigma)>. & HM3F T ghaigh
o}, olu] HT-1080 ¥Wi} 4352 pro-MMP-9, pro-MMP-2,
active-MMP-2¢] positive control 2 AH&3}13 Tk

6. Western Blotting Analysis

PAFS 2 AEE A8l 55T Bld AL 8.5% SDS-
acryamide gel®ll %7]%8-5% % Protran nitrocellulose mem-
branes (Schieicher & Schuell, NH)*l| electrotransfers}33 th. Mem-
brane2 3% BSA &M 2 blocking A7) ¥ MMP-9 £33+
AE o] &3te] A-2ofA 1A 5HEAIZATH 0.05% Tween 20
£ &3 PBSE 5EH 33 A3 ¥ HRP-conjugated anti-
rabbit IgG At 1A WHEAI7I AL, A F 71EE HIM

A A Z
7. Luciferase Assay

UAE (5X10%wel)E 6A12F Bl F, 200 ng2l pGL3-
MOPwt DNAS} LipofectAMINE reagent (Life Technologies,
Inc., Gaithersburg, MD)9] EF AL 1417 ¥FSAIA 2+ well
of BAAA FUAG. 4NTE B F g mawm
14A17F 1 vioFslo] PAFC.Z =381t 847k
313l 100 W2l 1X reporter lysis buffer (Promega) 2]
3}11, Lumat LB9501 luminometer (Berthold, Germany)3 ©]-&
3kad 20 ple] cell lysateol| A luciferase 832 4810

8. Electrophoretic Mobility Shift Assay (EMSA)

3} F&2-S Dignam et al'?ol) 9% W) we) F&81 1,
Igi-chain 235318 ZEe oligonucleotides (xB; 5-CCGGTT-
AACAGAGGGGGCTTTCCGAG-3"E probeZ AFE3}o] oli-
gonucleotide?] AF1w #¢1 7}eHE RAAN F o-7P-dCTPE
ZAE 8 FEE AT vhE 5N 4% poly-
acrylamide gelol] @A7|9E3std A2AIZ ¥ -70°Coll A auto-

radiography 31531t}
9. AUMZE OIF

I X2 multicellular spheroid bead2l £348te] 24A17% ujf
oksta] beadoﬂ M| E7} coating® ™ A 22 plastic dishell

&7 F PAFS Azsle] alFstsdel 12417 & A E7} bead
279 ZHH ol A E o] FF bead = U4 oA Al
i piL= e

I~
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2x10° MMSV-BALB/3T3 UAHZE )¢9 el
Abeh ¥ 3 F2Qt PAFS 54 FARSEAL PAF AL 2A1%F
o} phenanthroline FARSICE 35 Foff vle2o] HE &
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Fig. 1. PAF induces the mRNA expression and gelatinolytic
activity of MMP 9 in MMSV-BALB/3T3. MMSV-BALB/3T3
cells (1>X10°%) were treated with WEB 2170 30 min pnor to 1 pg/
ml of PAF treatment. For detection of MMP-9 expression, (A) RT-
PCR, (B) western blot analysis, and (C) zymography were per-
formed as described in Materials and Methods. Signal intensity of
these amplified cDNA was analyzed quantitatively using Fluor-
STM Imager (Bio-Rad, Muncher, Germany). Results of RT-PCR
are shown and guantitated by calculating the ratio of densitometric
reading of the bands for MMP-9 and B-actin.
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Fig. 2. PAF induces the expression of MMP-9 in a NF-kB-dependent manner. (A) MMSV-BALB/3T3 cells (1< 10°) were treated with
WEB 2170 at indicated concentrations 30 min prior to 1 pg/ml of PAF treatment. Nuclear extracts were prepared 1 hr after PAF treatment,
and were incubaied with a *?P-labeled kB and electrophoresed on a 4% polyacrylamide gel. MMSV-BALB/3T3 cells (1< 10%) were treated
with parthenolide 30 min prior to PAF treatment, or with p65 AS or NS oligonucleotide 3 day prior to PAF treatment at indicated concen-
trations. For determination of MMP-9 expression, (B) RT-PCR and (C) zymography were performed as described in Materials and Methods.
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(Fig. 1C). PAFll 913 Z7Fd MMP-99] 38 2 54 24
2 PAF 584 439 WEB 21709 23] 5% FEHo
2 A= o] PAFo] F£A|-9FEX 02 MMP-99] Hd

5 o A=k [e) A~
%H R oL T 2}\8\)}\45}

2. PAFOl 2§t MMP—92] mRNA &
QAO{A NF—«BS| &t

al

o

i

of

aa

PAFO) o3 F=5= MMP9S] Ruat ddel Sl
NF-«B®] #&4& dobrr] #isted @A PAF

kB 4% electrophoretic mobility shift assay 2 =13}

ol e
©Jgk NF-
2k,

Treatments PAF

A,
V7

WEB2170 +'m—‘ **
Parthenolide +-E" %
vorc L
NAC  + T

Luciferase activity (fold)

Fig. 3. NF-«B plays an important role in PAF-induced promoter
activity of MMP-9. MMSV-BALB/3T3 cells were plated at a den-
sity of 2>10* on 24-well plate and then transfected with MMP-9
luciferase reporter plasmid (0.2 pug/well) and were treated for 8 hr
with 1 ug/mi of PAF. Cells were pretreated with WEB 2170 (10
ug/ml), parthenolide (5 uM/ml), NAC (10 pM/ml), or PDTC (10
uM/ml) 30 min prior to PAF treatment. Luciferase activity was
shown as fold increase of the PAF or inhibitor-treated sample to the
untreated sample. Each sample was assayed in duplicate and the
experiment was repeated three times independently. *, P<0.0001
compared with control group; **, P<0.0001 compared with PAF-
treated group. Values are expressed as means; bars, = S.E.

MMSV-BALB/3T3°| PAFS A 3sI31& W NF-xB &/l
Zrleti o E71E NF«B &4d2 PAF -84 434
WEB 217091 9]3] 74= o (Fig. 2A). =3 MMSV-BALB/
3T30] NF-kB &A141] parthenolide =5 p65 ASE A Az
sl o PAFS] 9 71¥ MMP-9 mRNA (Fig. 2B)$}
EAEA4 (Fig. 20)°| parthenolide 2 p65 ASol| 23t %
& o2 7+4389 ) PAFo| 23k MMP-9 promoter?] &
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Fig. 4. PAF downregulates mRNA expression of TIMP-1 through NF-kB dependent new protein synthesis. MMSV-BALB/3T3 cells
(1%10% were treated with (A) WEB 2170, (B) parthenolide 30 min prior to PAF treatment, p65 AS or NS oligonucleotide at indicated
concentrations 3 day prior to PAF treatment, or (C) cycloheximide (CHX) 30 min prior to PAF treatment. RNA was prepared 24 hr after
PAF treatment, and cDNA was reverse transcribed from total RNA (1 pg) and amplified as described in Materials and Methods. Results of
RT-PCR are shown and quantitated by calculating the ratio of densitometric reading of the bands for TIMP-1 and B-actin.
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I 24X ¥ TIMP-19]) 2d & <13 A3}, PAFo| 23]
TIMP-1 Z3e] A= 2™ A TIMP-19] mRNA £&
2 WEB 2170 (Fig. 4A) 2 parthenolide, p65 AS (Fig. 4B)°l|
olgte] FEHIUTE 2L G FA& A3 cyclo-
heximide (CHX)E A A 2|3}%S wl PAFY o3 7H4ad
TIMP-19] Tdo] A4 +F EE 7k /1S iy
(Fig. 4C). ©1813 A3 PAFS TIMP-1¢] 2L Xafgte
24 MMP-99] 274S Z7HA171H, PAF &3] A&
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27 Z & AAMBTE
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Fig. 5. PAF increases tumor cell migration and its effect is in-
hibited by MMP inhibitor. MMSV-BALB/3T3 cell-coated beads
were treated with PAF with or without MMP inhibitor, phenanth-
roline at indicated concentrations. Quantification of cell migration
was performed 12 hr after PAF treatment as described in the Ma-
terials and Methods. The results were expressed as the percent of
cell migration in 100 beads. *, P<0.0001 compared with control
group; **, P<0.0001 compared with PAF-treated group. Values
are expressed as means; bars, + S.E.

3T3 multicellular spheroidZ ©]-8-3l%] PAFe| &]§+ UAE o]
F AEE 4¥s3lv) PAF2 spheroid 2 5-E] MMSV-BALB/
3139 AEolEe TV LH, olHd PAFY mAE
MMPs HA|AQ] phenanthroline®l] 2J3] T 2|&2 oz 74
AT (Fig. 5). P20 MMSV-BALB/3T3-S A #F=A}
3ta MMPs 21| A9] phenanthrolined 2] 31312 | PAF
o 93 Z7+8 #2e] dol7} phenanthroline F% &EX O
2 ZAEAT (Fig. 6). o813t 2352 PAFY 3 S7td
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A,

147 -



200 -

150 ~

Ly

no. of lung colonies

<
c—\
N

PAF
Phenanthroline
(pg/mouse)

E
é
100 ?
2

Fig. 6. PAF-augmented pulmonary tumor metastasis is inhibited
by MMP inhibitor. PAF was administered i.p. for 3 consecutive
days (0~2 days) after MMSV-BALB/3T3 cell injection on day O
(2X10%mouse, i.v.). Phenanthroline was injected i ip. 2 hrs after
PAF treatment. Lungs were removed on day 21, and the number
of surface colonies was counted. *, P<0.001 compared with con-
trol group, **, P<0.001 compared with PAF-treated group. Values
are expressed as means; bars, = S.E.
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