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[ ABSTRACT] Aim  To investigate whether platelet factor 4 ( PF4) modulates the matrix metalloproteinase-9 ( MMP-
9) expression of macrophages. Methods THP-1 monocytes were differentiated into monocyte-derived macrophages by
phorbol 12-myristate 13-acetate (PMA).  After incubation with PF4 (0 ~200 pg/L), the MMP-9 expression of macro-
phages was determined by reverse-transcription polymerase chain reaction (RT-PCR) and Western blot. ~ To determine the
role of toll-like receptor 4 (TLR4) in the regulation of MMP-9 expression, macrophages were pretreated with TLR4 blocker
for 30 min, then incubated with PF4. Results Macrophages that were untreated showed a relatively low MMP-9 and
TLR4 mRNA or protein levels; treatment of macrophages with PF4 increased MMP-9 and TLR4 expression.  However, the
high levels of MMP-9 and TLR4 expression induced by PF4 were significantly attenuated in the presence of TLR4 blocker.
Conclusions PF4 may up-regulate MMP-9 expression in macrophages via TLR4.
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LR A PF4 7 As TRIOVE A IR — 4
AIRFFE . FHIMAS RIE 5| & A S % INAS VB LE As &
AREARESEN, R4S & DB 9 (matrix
metalloproteinase-9 , MMP-9 ) 1F > & 14 4 g K -7 1L
EE M BT PR R e Mk R w2 rpole 35 R
RIS ZETE R 04T, MMP-9 #% Aot (19 223K 40 W
FEAL LA A A 4 258 8 4 4 2 1 4% 2
21 MMP-9 [ EE BRI, 177 2 1 PR 5 40 ik 98 IR 38 1R
F o A A0 HE A 0T S MMP9 £k |
PF4 X} MMP-9 3K B2 M id oK WL SCHRARIE . Toll A
AR 4 (toll-like receptor 4, TLR4 ) ERIRIEP AT
2 M5 B A 515 1 Toll BEZARZ B . WF9T 8
IRTEN As BEHH TLR4 19 353k i 2 32 =5 16 1B 1)
TLR4 A] 95 MMP-9 ik A L B2 1 5 76 R RS
AU TLR4 =28 v (R 8E R B As BER (09 T8 B Al I
BEAMATS N, AW ST EE PR4 X 40 i
MMP-9 ik ()50 & TLR4 7 HoiP i/E T, B 1R 4R
TF PF4 X As BEHUESE M A9 AT RESZ A

1 #MREFE

1.1 EE&H#

EH A MR EF 4(PF4) 1 B Peprotech A
8,8 Z AR (LPS) W B b3 3 A ], % ik (PMA)
W B Sigma A F] B4 M vE W A LN W ZEF A AT
7% P, RPMI1640 3 5= 3£ 1 B % E GIBCO 2 7,
TLR4 Hu A A M B 7 1 B Biolegend /&, Trizol Re-
agent fns| Al N il AN T RERAERAE Y
EFn 4 Kk, cDNA % — 4 & KK 7| & W B Fermentas
/8], Taq PCR MasterMix VA & DNA Marker & # 4t
EAMRAE,MMPY — 4l B b 7 1§ B 5k £ A
&, TLR4 — %W H eBioscience /A 5 , THP-1 2 4
MR B bk,
1.2 #patEsR

THP-1 ¥ ¥ % f & & 10% f6 4 L% 8 RP-
MI1640 ¥ F # &, # B T 37°C 5% CO, #5455
F, SLERRT, 4H M 160 nmol/L PMA i #H 24 h,
HAE TRy B, 8 v By RPMI1640 3 5%
HER L2 hEFSHNEHATER, ERARIHNE
PBS( & 7| xt B ) F Bl K & PF4(25 ~200 pg/L) g
%45 (LPS,100 pg/L) 4 3 4 h 5 12 h, RT-PCR #*
Western blot # ] MMP-9 F1 TLR4 % ik ; 7 3 — % #F
%X TLR4 72 3 o oy 1F A, 20 i & TLR4 [ W7 7| (25

pe) 4L 32 30 min Jg , B 5 PF4 0% & 4 € B 8], A 0
MMP-9 %3,
1.3 RT-PCR RM

W & 20 j8,, Trizol Reagent X 7| #£ B & RNA, %
HAIO0.2 wg % RNA #% cDNA & —4 & Bk 7l &
VLB 45 4T 78 # 5K . Taq PCR MasterMix i, 7| 3t
4T PCR 16 31 :95°C 1% & 5 min,95%C & 4 45 s,54°C
Bk 45 ¢, 72°CZE 1 min, 4£ 32 MEFR,72°C , 4 4
FEf# 10 min, 4°CAH , KB4 K5, BUR L 7= 4 2
AT 1. 5% B fg B 8 IR Lok, R Ak 2 4e et UVP AL
i B & 7 & G4 B, TLR4 \MMP-9 #1 GAPDH 7
H1 K /MR IK K 507 bp 476 bp #1240 bp, VL& 4 H
2 H 5 GAPDH & 14 b X % Bt 2 B 87 mR-
NA HMt kB, BHEREL 3 K,

1.4 Western blot 9%

WEmp, REABEEZEE, W50 pg & E R
A5 x SDS % ik b A& b i, B 100°C & K S5
min, BEHEE A BAT 12% SDS-PAGE W, %k , 3 # #
ZPVDF E L, 5% WMAEFHERENW, BN —
TLR4 Hi & Ht MMP-9 0 (K #1370 B-actin 114 ,4°C it
T, TBST PEFE, Am N AR 3T b 0 B AR 3T 8 — 40,
FRBHE2h, AAABFRAKA, B¥ ER FIHAT
E&gaH, NEMEEFRANSE AN KEELE,
EhEAEEAMNERELE, BALREL3 K,
1.5 SitZESHR

i AR Hx s £, F SPSS 15.0 41t 2
M AT S AT A0 B W 40 18] B 3 A Student” s ¢ £
¥, % E &£ ANOVA 247 /& F| Dunnett’s-t 46 5,
P<0.05 W ZRABFHEENL,

2 % R

2.1 PF4 L THP-1 B4 E LA MMP-O Rik
THP-1 Y54 5 Wi 4 f A 28 A FRT, 40 A5 MMP-
9 mRNA £k, AL AR M E PF4 (25 ~200 pg/
L) 43 4 h J5 ,RT-PCR 5 R o (K1), SXTHEAH
Lo, 4] MMP-9 mRNA /K-F-BEE PF4 ¥ 2 (1914 Inm
BT E, Hoh B R BN W EE R 100 pg/L(P <
0.001) , H.i& F LPS 4% MMP-9 mRNA /K (P <
0.01;% 1), 5 MMP-9 mRNA /KF—F )&, 84K
[ (25 ~200 we/L) PF4 4b¥E 12 h J5, THP-1 &
PEE WA MMP-9 119 85 /K Pt B0y BRZH 1 2% 1
W, 24 PF4 W FEH 100 pe/L i, MMP-9 %5 7K -1
SR (P <0.01, 81 f1E 1),
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pe/L PF4 41,3 k50 pe/L PF4 4,4 4 100 wg/L PF4 4,5 f 200
pg/L PF4 41,6 24 100 pe/L LPS 4,

Figure 1. Effect of the different concentration of PF4 on
mRNA and protein expression of MMP-9 in THP-1-

derived macrophages

% 1. RERE PF4 3 THP-1 i§ 14 E 1 40 i1 MMP-9 mR-
NA FIEBARERIFM (v £5,n=3)

Table 1. Effect of the different concentration of PF4 on
mRNA and protein expression of MMP-9 in THP-1-derived

macrophages(x +s,n=3)

A MMP-9 mRNA MMP-9 &M
Xt R 2] 1.088 +0. 166 0.354 +0.092
25 wg/L PF4 41 1.610 £0.276 0.449 0. 131

50 wg/L PF4 41
100 pe/L PF4 41

1.946 +0.333"
5.260 0. 601"

0.649 £0.113*
0.879 +0. 176"

200 peg/L PF4 4 2.158 £0.375* 0.670 £0. 083"

100 pg/L LPS 4 2.968 +0.261"  0.777 +0.128"

ajyP<0.05,b K P<0.01, 55t 4L HLEE ;¢ A P <0.01,5 100 pe/
L PF4 41055,

2.2 PF4 Lifl THP-1 iR EMELHAE TLR4 Rk
SR 40 TLR4 mRNA 635, 2[Rk i
) PF4 955 J5 , 50 BE A He A, 25 pe/L F S50 pe/L
() PF4 Xt E NI TLR4 B9 mRNA ik 7KF- 0
PR, SR 1 100 pe/L PF4 % 3% | TLR4 £
mRNA F35/KF (P <0.001) , 5 LPS PHEXT FEZH Fe
%5, TLR4 i) mRNA £ik/KFRBE F#H (P <0.05,
K2 F1 2) . PF4 ¥ JETA 200 pg/L B, TLR4 mR-
NA FER K05 FRAK, B AT 5 FXF BB 4], Western

blot Z5 B, SXFRA L #,100 pg/L PF4 % |-
W TLR4 MR R AK (P <0.05; K2 fik2),
5 H5L R K BRI 25 SR A —

. O TLR4(507 bp)

—
S N GAPDH(240 b)

1 2 3 4 5 6

- e e .. TLR4

2. AERE PF4 X THP-1 R4 E 408 TLR4 mRNA

(LE)FEB(TE) REOHM 1 W42 W25 py
L PF4 21,3 7 50 we/L PF4 41,4 5 100 we/L PF4 41,5 3 200 ue/L
PF4 41,6 2 100 pg/L LPS 4,

Figure 2. Effect of the different concentration of PF4 on
mRNA and protein expression of TLR4 in THP-1-

derived macrophages

% 2. AEIRE PF4 X THP-1 iR ELEZI M TLR4 mRNA
MEAFRIEMEM(x £5,n=3)

Table 2. Effect of the different concentration of PF4 on
mRNA and protein expression of TLR4 in THP-1-derived

macrophages(x +s,n=3)

! TLR4 mRNA TLR4 [

X AR ZH 0.291 +0.073 0.390 +0.059
25 pe/L PF4 44 0.347 0. 068 0.393 0. 084
50 pg/L PF4 £ 0.335+0.110 0.396 +0. 149

0.716 £0.117"
0.487 £0.104

0.767 £0.054"
0.444 £0.119
0.545 +0.086™

100 pg/L PF4 44
200 wg/L PF4 21

100 pg/L LPS 4 0.636 £0. 068"

a B P<0.05,b A P<0.01, 55X A5 ;¢ A P <0.05,5 100
ne/L PF4 A HEE

2.3 TLR4 FEEF#I¥ % Pr4 L iF B 140 MMP-9
Rix

H TR PF4 L E WE 40 MMP-9 3£ ik &7
i) TLR4 {55 877, S50 R H] TLR4 BELI 71 5 b 23
YNHE)5 , WK PF4 XF BN IE MMP-O 2% 35 52 1
RT-PCR #1 Western blot ( & 3) &5 R B, M A
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TLR4 BHEIKr#J5 , H: MMP-9 mRNA 1% [ ik 7k F
i Pr4 B E 41 B 2 RN (P <0.05) . [,
LPS 1 TLR4 BH b 771 3 4b P 2H i) MMP-9 mRNA F17&
FIFR AL LPS HliF & 4K (P <0.05) , 3%
W] TLR4 28 15 5 W4 i MMP-9 %3k 19 5 ZL 3R 7Y
(%£3),

MMP-9(476 bp)

GAPDH(240 bp)

12

3 4 5 6
- W &. W . MMP-9

3. TLR4 FEET %t PF4 L iF E it 48 s MMP-9 mRNA
(EE)fZEE(TE) RIEWFNT 1 9%t B 4,2 2 100
pe/L PF4 41,3 25y PF4 + TLR4 BHIEI 40 ,4 24 100 pe/L LPS 41,5 Ky
LPS + TLR4 FHIETRIAL,6 2y TLR4 BELWFILL,

Figure 3. Effect of TLR4 blocker on PF4 up-regulating
MMP-9 mRNA expression in THP-1-derived macrophages

3 3. TLR4 FEETFIXS PF4 L i EBEZ0A MMP-9 mRNA #1
EARIEHEME (v +5,n=3)

Table 3. Effect of the different concentration of PF4 on
mRNA and protein expression of MMP-9 in THP-1-derived

macrophages(x +s,n=3)

g A MMP-9 mRNA MMP-9 5 14

X 20 1.307 £0.525  0.453 +0.121
100 pg/L PF4 4 5.417 £0.398"  0.826 +0. 090"
PF4 + TLR4 FHITFIZH 4.027 £0.726™  0.653 £0. 058"
100 pg/L LPS £ 4.283 £0.672*  0.816 £0.073"
LPS + TLR4 FHIWTRIZL  2.987 +0.445  0.636 £0.081°
TLR4 FHWTI 41 1.927 +0.295  0.466 0. 110

a iy P<0.01, 5XF YL ;b P <0.05,5 100 pg/L PF4 41t
e i P<0.05,5 100 wg/L LPS 4 H 55,

/AR Z2 D REAR I, AN AE L 1L A R
VERT, T HLAESAE S el As 55 22 Ffs B i 72 e
HEAERT, BT A T A A i/ A o

R TR As B Z D TEARZ A
R4 PR4 (1 & i, Bl 2 5 I 4 M
PR IR AR RR IO ) (EAH IR E As
PSR B LR PR4 KOSP4 0E 4 IR 2 I 25 4
i Pl H PR4 1E As (A R TR R AT ARV i R
BEIBH

N PF4 B AL T 4 5 AR KB, 2K 1000
bp, %A 3 AR T, 2 /N FEE K (the small induc-
ible gene,SIG) ZIEHH—B51"', SIG Kb HFE
PTG M 25 R i AR B, LR ¥ 5 ) R
FENAE AR, #0354 AR ST A2 e & R ik 3k
SIG FEBEIM JBSe AN A K s E A A, K
TG R T, PR4 7E if e F0 3 Jik ke A6 1 Ak BE BRI A
PR EZEH, BERSCR LI, PR4 v T A%l
MOAETE ek A0 7 E 4R SR AR A2
PN P SR PEE AN (G CD163 F£ik) B
BT 0 ARG 5 3 G B 1 324K (low density lipopro-
tein receptor, LDLR ) Ff# fEiF LDL A 4L" ;35 54
PR T 1 (ox-LDL) 5 i 45 240 i 0 1 e 4
Mgl A4 B SRR S, B I /MR PR4. S
P AT ApoE ™~ /NEL As AR T AR AR S
I PF4 AT if T H A0 Ml ik MMP-9, H. TLR4 £
St R, 4558 5oR, PR4 0] DU F THP-1 JEvE R
WEL A MMP-O 9235, THP-1 W5 B W40 g 2K
[ He 5 PF4 (25 ~200 pg/L) 215, MMP-9 /) mR-
NA FIE K E Y BE S PR4 1 B8 (9 35 hin 1 38 4 T+
B U HLL e N 100 we/L A Fh i d o 3

e 4> J& 25 [ i 28 (matrix metalloproteinases
MMP) AN AN 2 — P £t 43 ik 40 it 0 356 o 1) 5 26 11
e, At JE VB RE I A T A4 1) S RE A )L BT
TIE S ok o8 e B A BT ke 2T 248 Wi 114 58 B 4% 5% i BT
RGP | T 4 gk D) BB B e 24 . T 4k
TR R R AR 4 S 1 LA A A B, MMPO J2: %
oAt S I ) T2 B 2 2 — |, T R M B B ) R e
SR IR SR I F o 55 2 Fh R PR 0]
Vi I AT v o 2 e 25 3 3R R I K Y
MMP-9LS 17 J 38 MMP-9 5 5 184 22 S A [ itk 4 it
AN AR 7 T L 40 B A R RS A P I - 3
B 5T SORE AN IR AL | S5 45 RN B 22 0 A RE
I BEAN M3 5 s A 7= s 7F MMP-9 5 [RIBRAG 4 /N
B, As BRER A Ml S 5 S8, i I 0 ik > |
BEBR AR GR /N I RIS & B, 2 i AT ) £
HHMNE ML MMP-9 (7K - W] & T+ 5 $ R MMP-9
AIRES 5 A AL A s BT A2 B i oY R B, I
MMP-9 7K1 A %050 ik B B e 43 %0 BEH A RS E
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Mhar AR ARSI & P PRA A E % 4 i MMP-
9 FKik IiH, #/8 PF4 W] BEIE i {2 F MMP-9 1) &
I, TR LA SRAE I K BERR AR 1

TLR JZ A S 40 MR LR R ny 24
BB ST . TLR4 2 TLR SR, 76 N B 4 |
S P L A AR SR AN i R0 LA i R 3K
TLR4 w3 i iR 5] LPS YR e & 1 60 55, & 5 5
VAR SR, B AT Y S G 45 R R, PR4
(100 we/L) B3 % TLR4 ) mRNA I8 1763k 7K
S, SCHRRGE LPS TS TLR4™S | ASz LA LPS
S FHPEXT R 85 5 R, 5 100 pwe/L LPS #2100
wg/ L PF4 BE LR E W40 0 MMP-9 £ TLR4 ik,
TLR4 BHWT 77 2 — B Bt 4 74 B 7 590, A B 5% & B0,
TLR4 B T 0% R4 F 8 40 MMP-O i3
ik, %% TLR4 J2& PF4 18 E W40 MMP-9 33511
FEES AT, JRIM,50 pg/L PF4 AbF2H R BE !
FHHUUE TLR4 mRNA 1 [ £k KF, #8 P4 1
P& MMP-9 #3ABR TR # TLR4 , 7] fig ik 2 H e (015
SR, SCERIRGE, TLR4 M S G SHSA
MyD88 H I AR i ks 427, {HIH Y MMP-9
FIE M PFA-TLR4 38 % 1) T Wi A0 i (5 5 o0+ 0 77
E— SRS,

B2 ARG A5 R PF4 28 TLR4 L8 F I
Yifs MMP-9 ik, PF4 Al g8 8 MMP9 %
s fEHE As IR R,
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