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Wik K 26 U937 i iU 1T 48 Al i 28 fig 1 S MMP-2,
MMP-9 33K 1 52 il

Rth, KE, EHH%, K="
(BIFTEFR WBERAMETR, Zh #JF2 157011)

[WE] B WZM % (quercetin) X A 2 PE8E & [ 155 (human acute myeloid leukemia) U937 41 ifg 34 78 . 4 1= . % Bt
T AR MZ B HE 1 T £ R 4 )@ K 1 -2 ( matrix metalloproteinase-2 , MMP-2) , 2t i 4 J& 25 1 -9 ( matrix metalloproteinase-9 ,
MMP-9) ik 20, 77355 : A5 3% U937 4, 43 BILL 0,10,20,40 wmol - L~ "4 iz 2540 31 24 48,72 h, 240 I 35508 570 £ (cell
counting kit-8 , CCK-8 ) A6 it fiz 2 Xt U937 41 w3t it 4 400 ki V2 FH o SIC 36 B AL 23 M 25 (L4142 % 10,20,40 pumol - L' 41, oK 3
JB U R B BB A T 09 dUTP 5 1 5K S bR 0 5 1: (TUNEL) K3 I U937 41 AT P8 T 1% 10 5 240 0 286 Bt 55 46 K2 0 U937 41 g 2 B
J7 s RIS 5L I K I U937 41 e iF 7% fE J1 5 ranswell /N 28 1 412 22 5230 K6 U937 41 Ji 1= 22 fiE J1 5 8 191 % B 36 3% ( Western
blot) & I U937 4f g MMP-2, MMP-9 2 [1 &k, 45 Rl Z vl 0 U937 40 M A9 34 5. 545 M Al L 48, i B % 10,20,
40 pmol-L™" 4 B i 7+ U937 4B Pd -5 % (P <0.05,P <0.01) . 525 (A 41 Lk 4, #it J % 10,20,40 pmol - L™" 41 B @ F& 1%
U937 4 M B % BB % 12 22 Al MU S MMP-2 ,MMP-9 2 |13k (P <0.05,P <0.01) . Z5if:#fif i 2 7] 8 3 Ml U937 41
IR A ZE 8 7, AL vl BE 15 AW ) MMP-2 Fl MMP-9 %354 3¢,
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Effect of Quercetin on Migration and Invasion Ability of U937 Cells and
Expressions of MMP-2 and MMP-9

ZHU Ling-ling, ZHANG Yang, DOU Qin-ling, ZHANG Yun"
(Honggqi Hospital Affiliated to Mudanjiang Medical University, Mudanjiang 157011, China)

[ Abstract | Objective: To investigate the Effect of quercetin on proliferation, apoptosis, adhesion,
migration and invasion ability of U937 cells and expressions of matrix metalloproteinase-2 ( MMP-2) and matrix
metalloproteinase-9 (MMP-9). Method: U937 cells were cultured in vitro and treated with quercetin at various
doses (0, 10, 20, 40 pmol-L ") for 24, 48, 72 h. The proliferation of U937 cells was measured by cell
counting kit-8 (CCK-8). U937 cells were randomly divided into blank group, quercetin 10 wmol +L ™" group,
quercetin 20 wmol + L™ group and quercetin 40 wmol - ™" group. Apoptotic rates were evaluated by terminal
dexynucleotidyl transferase ( TdT) -mediated dUTP nick end labeling ( TUNEL ). Adhesion of the cells was
detected by the cell adhesion assay. Migration ability was evaluated by the wound healing assay. Invasion ability

was evaluated by the transwell chamber assay. Expressions of MMP-2 and MMP-9 were detected by Western blot .
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Result: The proliferation of U937 cells was inhibited by quercetin. As compared with the blank group, quercetin

10 pmol- L' group, quercetin 20 pwmol - L™" group and quercetin 40 pmol - L™ group significantly increased

apoptotic indexes in U937cells (P <0.05, P <0.01); and significantly decreased adhesion rates, migration
rates, numbers of invasive cells, expressions of MMP-2 and MMP-9 in U937cells (P <0.05, P <0.01).

Conclusion: Quercetin could significantly inhibit the migration and invasion ability of U937cells, and mechanism

may be associated with down-regulating expressions of MMP-2 and MMP-9 in U937 cells.

[ Key words ]
(MMP-2) ; matrix metalloproteinase-9 ( MMP-9)

ZUPEBE R I — IR G Y R R R LA
S e o AR 2 10 AR TR E A
FAMIBIET R L 43 5 G F 55 6 A fsE 8 i, 4b
TS AR, HA BT R, w A I i 1
FAITHEE , o 1A WAL T 09 R Bk ik =2 — o
SUPEBE R E I R PR 2 S TR Im IR & 5, i AR
K, T 1 Xf b 2 B R B B O I 5 R 2GR T 2tk
B L 7E 0 R A o B R A A
R, BT EWRAEY, ) 2 A T,
R S (AR SRR R A U AR A ) R IR AR
Ty (AT =B B AR KRS b, B
AR Brak B PO B AT AR A A 25 BEAE
FH, J6 2 30 A ke X L 4t i 98 7 ) F 5% AR AR K
PERN S MRS R M E % S AN FLAR A MDA-
MB-231 4 fftl, A\ 45 W % HT-29 2 i, /1N BRLJBE It 9
MB49 Zf g 45 4 g A T 70 L SR T A 5 T Az & x
N A PERE & A s U937 41 i it % fE /1 Fi2 28 fig
R 5% e S T BE AL ) Y T 9 S DL 4 GE , B AR BIF O R
FHRSM G 3% U937 4l i, WL ZR At iz 25 X6 U937 41 i 1T
R BE ) MR Z2 68 1 o L i 4 )& 7R A -2 (MMP-2) |
FE 0 42 8 B U9 (MMP-9 ) 3R 3K (19 5 ), R 35 o Af
REHLH o
1 &

L1 Zfatk  A2MESER Al U937 4 itk ( 1
Mg A YR A BRA F] L 9245 ZY-HO41)

L2 B Mt &R (4 >98% ), — AL R
(DMSO) ( 3£ [ Sigma A H], 52543 4]k Q4951-10G,
D5879-100ML) ; RPMI 1640 ¥5 323 i 4= 1 3% ( 24 [
Gibeo 23w, #5543 W] & 31800022, 16000-044 ) ; 4
it #50R ) & (CCK-8, Rt s B W R A R A
Al 45 35000 ) 5 AR i B SR T TR B B A S Y
dUTP &l SR i 12 i 22 125 ( TUNEL) 8 7 46 ) 38 57
& (8 [E Merck 23 7], 155 QIA39) ; Hoechst33342 4
% (25 [E Bio-Rad 24 ], 452 1351304) ; $1 MMP-2
Poik, Bt MMP-O $ &, H b 3-8 @R B A

quercetin; acute myeloid leukemia; migration; invasion; matrix metalloproteinase-2

(GAPDH) i ff ( £ [& Cell Signal 24 &, 585 7351
2362S,119278,2325S) ; AR o 54k B A 10 1L 3 450
R EREH (1g) G 5T ( K [E Abbkine 24 ], 57 %5
A-08023) ; 3% 5 Ak % & Ot (ECL) il 7 & (3£ H
National Diagnostics 23 ] , %85 SGCL-300)
1.3 Y% HERAcell 240i % CO, #5344 ( £ H
Thermo Fisher Scientific /3 &) ) ; GS-15R %I % 18 &
B0 AL (92 B Beckman /A F] ) ; RT-6100 #Y i 7 4%
(£ E Rayto 24 F)); BX43 #2%¢ % B i B (H A&
Olympus 74 7 ) s TU-1901 %8 %8 81 45 56 56 FE £ (4 ¢
A8 A F]) ; PowerPac HV A g 3k {2, ChemiDoc
XRS B H AR & 58 (£ [F Bio-Rad 22 7)) ; VE-186
RUBG A ( B RAEFHCARAA) .
1.4 ZHffissse B0 U937 4iffl, B A KT &A
10% PRI i 4 1ML 7Y RPMT 1640 85 3736 (%95 %
F 100 U-mL™" F14E% K 100 mg- L"), 37 C
5% CO, KAMIANRIE FRiFE . 2 ~3 d A0 1T 3, Hoxt
B A KA T e 2525 .
L5 MECRECH M R T DMSO (R4
5 <0.5% ) B 40 pwmol - L™ £, - 20 °C 7k A
PRAF i I i L RPMI 1640 15 5% W #i #¢ ) 10,20,
40 pmol-L ",
2 HiE
2.1 CCK-8 kgl U937 #H s 22 M
CCK-8 A i 105 & BRAE Ul B B AT o IBOREi AR K 1)
U937 4L, J 8% 40 il % 1% o 2 x 10° A~/mlL,  Fh T
96 LAk, & fL 100 pL, ZBESCHR [ 10 ] K 7 5 56 45
HL AL B AW E S5 0 (= H 4L, i A RPMI
1640 155 100 L) ,10,20,40 pwmol - L™ i fz %
100 pL, 37 C 5% CO, K HMIHIRJEN 73 il 55 55 24,
48,72 h J5 , EALAr A im A CCK-8 10 L, 4k 42 8% 37
3 h, RT-6100 JEHrAL T 450 nm I < 4b ) 2 W O B2
A HHEERET I, I = (1= A /) X
100% o &4~ & 41 6 P47 L, 6 fLF
BIMH .
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2.2 TUNEL f {0 U937 ZH M T-  HUXF £k K
U937 40 i, 20 Afg ab 32 K fin 25 [\) 2. 1 35, £ 20 U937
Y ffL 37 °C 5% CO, K Afd FNE FE T 4k 22 35 57 48 h,
K H TUNEL J T A6 0 3 551 &5 K i U937 48 it 9 1
FEH, T 4 O ) & 1 U B B TR, POk
U T LS U937 2 M 4% ¢ S A8 Ak, A U8 1 48 il %
R A0 P T A0 M A% AN (B A R R Ak
Yo BEMLLEHL 10 A HLEF (% 200) , i 55 B A L HF
PN ) & 0,75 ' Rl 00 O 200 M A B, O B R R T
U937 4t f 50Fn U937 4 i S B, iH S T8, Ji 1
o= (PLEF N TS U937 41 i /00 BF N U937 41 g
SED) x 100% o AN BRI 6 YK, HL 6 KT
¥,
2.3 MO SZ UG KGN U93T N BRI S a4l
Ko 25 1R 2.1 T,37 C 5% CO, KA it B 55 5%
48 h, RN 24 AL (WA 10 mg- L™ IV R 5
500 pl),37 °C 5% CO, KA FIE B 15 3% 30 min,
MREh o2 vl (PBS) YR 2 K, 0. 1% &5 & 5 J 4,
0.2% Triton X-100 [& 5 , L4360 E 7€ 550 nm
Ab A £ ALOAL THBE R B R, B = AL,/
Ay X 100% o BEASFI A 6 4 FA74L, B 6 1L
V- .
2.4 RUURBESREN U937 MEEREE T W
SR K U937 4, 3 % B ol 2 x 107 A4~/mL,
FEFP T 96 FLAR , 45 4L 100 pL,37 °C 5% CO, K Hu A
B SR A R, o A0 M B2 A R W RIS B, T R
B L5 K] 1 45 B2, PBS sk LA B 2% 4l V% 4
Wi, e K25 251R 2.1 T, 37 C 5% CO, Ml FliE
FEHE % 48 h, I 45 4] R Ab 4 i A TE R TF R E R
R, TR = AT B /% (4T B m A x
100% o FEASF ALK 6 YR, B 6 Y- 1E .
2.5 transwell /N R SMZZE S0 K I U937 4 fifd 1=
FReS) WETEE T 4 C T, 3 ARk,
PLJCHR 2R 1L g RPMI 1640 #5557 B M B (1:3) , L
40 WL 24T transwell /NE T % ,37 CIEF1 h,
FrH B, . A KGR 2.1 W, 37 C
5% CO, et Fe B 1% 5% 48 h, 43 Il HL 200 pL 2 Fh
TF transwell /NFE _F%E, IF7E transwell /NE FEMA
A 20% Jif AR 03 B9 RPMI 1640 3% 33 ¥ 600 pL,
37 C 5% CO, NI MIBIEME 24 h J5, B
transwell /NZ L BR AR o8 BN ML, WA 20 R T
ER Y, UL F B 2, FF LA Hoechst33342 4t fA,
P WAB T BRI N B 2 A e K. B B
BEBLITEL 6 A HLEF B (E
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2.6 i M ER I s ( Western blot) # il MMP-2 Fi
MMP-9 £k W KA ZE 2.1 50,37 C 5%
CO, o F 45 57 48 h, fn A RIPA Lk ) 3
J&,4 °C,12 000 r-min ' FEUTH, W4 b5 W, BCA
P E SR FRE . I 50 pg EAEEEETT 10%
SDS-PAGE i HL ik 43 15, H % AL % I 220, 45 pum
PVDF & | ,5% Wi g W5k £ 11 2 h, 5 Hi MMP-2 4
& (1:500) , 5t MMP-9 $ii{& (1:500)4 CHiF 7%,
TBS-T 3 5 J5 i SRR ik 8 Ak il b i 1l F Bt g 1 Ho B
H 2 h, L GAPDH(1:1 000 ) F 5g R 4 14 57 5 52 -
WS R A NS R, ECL Ak 2% & Okl R B
f4,, ChemiDoc XRS % 4 W18 & Gt Xt 45 4H &40 K &
HFEATGI 7 o

2.7 geitsE st SR AT SPSS 13,0 44k 3843 Ay
SCRRCHE o T EEERER I & s RoR, S AR A
B A, T 2255 I, SR BB 3R J7 22 40 A, 2L B
PILL#L, SR ] LDS K5 565 5 25 A 55 B >R JH Games-
Howell £5545, P <0.05 £/REFAG I L,

3 £8

3.1 M R U937 giffu g S Ad
o, U937 4 2% 10,20,40 pmol - L™ i iz 22 b 3
24,48 72 h J5, U937 4l i 41 il K & & F+ &5 (P <
0.01), W& 1, [H 48 h #iif e =W U937 4 g 1%
B e R R, T 72 h 2 ad BEA R U937 4 A 5, ik
W J5 S50 50 R 48 h VR i i R Ak B ]

F1 WEEX U937 BIEEME RN (v 5,0 =6)

Table 1 Effect of quercetin on proliferation inhibition rates of U937

cells(x +5,n=6) %
we g
2531 kI B 24 h 48 h 72 h
/ wmol - L,
it iz R 10 3.45 +0.37" 10.62 +1.19" 15.93 +1.78"

20 12.49 +1.38" 19.88 +2.25" 23.85 +2.68"
40 25.16 +2.87" 46.44 +5.27" 67.59 +7.17"
T2 A I B R 05 528 (A HR Y P <0.01 (%
6 [[) .

3.2 M ERXT U937 A T TUNEL 45
BER, 525 AR K 10,20,40 pmol - L7
40 U937 e MLy T Fe AW B A= (P < 0.05,P <
0.01), WK 1,%2,

3.3 M EXF U937 4 Fh B O iy 20 -3
JRRG B C B 45 R WoR, 55 (4l iR, i & 10,
20,40 pmol-L ™" 41 U937 41 fits 7 B 5 W1 @ P& AIK (P <
0.05,P<0.01), W33,
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& D
A 25 A B M % 10 pmol - L™ 45 C. 4 2 % 20 pmol - L7 4
D. i 240 pumol-L~" 4 (& 2 ~4 [7])
1 R Xt U937 BA T B (TUNEL {3, x 200)
Fig. 1  Effects of quercetin on apoptosis in U937 cells ( TUNEL
staining, x 200)

R2 WREEI U BEBHTIEBHEM (3 £5,n=6)
Table 2 Effect of quercetin on apoptotic indexes of U937 cells(x + s,

n=6)
21 51 e B/ wmol - L ™! T 485/ %
% - 8.29 =0. 46
Wi Je % 10 21.43 £1.18"
20 68.20 +3. 83%
40 70. 08 +3.90%

TS24l P <0.05,2 P <0.01(#3 ~6 ).

F3 WEEX V37 BEAFM RN (v +s,n=6)

Table 3 Effect of quercetin on adhesion rates of U937 cells(x + s,

n=6)
25531 #& BE/ mol - 17! R 4/ %
2 - 100. 00
Mt e 10 78.14 = 4. 86"
20 53.32 +2.95%
40 48.51 +2.50%

3.4 Mt R X U93T dHMIIE AL RE I RIR
BRI EE R Won, 525 A i, i & 10,20,
40 pmol - L™" 41 U937 4l iy iF B R W] B FF K (P <
0.05,P<0.01), WHE?2,%4,

3.5 it B F X U93T 41 R B BE 1 Y R
transwell /NERIMZE LR R E /R, 54T
B, M M % 10,20 ,40 pmol - L' 4H U937 4 il 2 22 4
M B AR (P <0.05,P <0.01), WLE3,%5,
3.6 M ZE X U937 41 MMP-2 I MMP-9 7 [ %
KW w52 1A B, Mk R 10, 20,
40 wmol-L™'4 U937 4 MMP-2 Fl MMP-9 7K 4 %

C D

2 W R R U937 48 RET # 88 1 RO R (B 5 WA, x 50)
Fig.2 Effect of quercetin on migration ability of U937 cells in vitro

(inverted microscope, x50)

F4 WHEEI U7 BRITBRAFIM(x+s,n=6)

Table 4 Effect of quercetin on migration rates of U937cells(x = s,

n=6)
21 5 W EE/ wmol - L™ EBR/ %
% - 100. 00
it Kt % 10 51.59 £2.43"
20 28.72 +1.64%
40 17.13 £0.97%

C D
B3 R U937 40 M i 5MM2 28 88 1 B9 B0 (wranswell, x 200)

Fig.3 Effect of quercetin on invasion ability of U937 cells in vitro

(transwell, x200)

KRR (P <0.01), WK 4,%6,
4 itig
U937 4iififg J& H i iz B 2 19 2 Mk 6 & H Il s
MR . AWFSE CCK-8 455 & 3, it He R X% U937
200 6 1% A 5 AT Y S A 0 4 D, L S S TR] - R A
PE. [FIRFA#ESE TUNEL 45 5 % B, il Kz & R fig
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RS WREX V937 BREREBMEBNZIN (v +s,n=6)
Table 5 Effect of quercetin on numbers of invasive cells of U937

cells(x +s,n=6)

20 5 He )% /pmol - L~ %22 4 Jf 5/ %
2 - 149.2 £10. 1
Hit e % 10 96.8 + 5.4"

20 74.1z 4.5%
40 70.6 = 4.2%

e (D - —:

MMP-9 S S s s 9) kDa

GAPDI [ A ¢ -

A B C D
B4 #HEEx U937 41/ MMP-2 1 MMP-9 3% B8 ik
Fig.4 Electrophoresis of quercetin on expressions of MMP-2 and

MMP-9 of U937 cells

6 HEEI U M MMP-2 i1 MMP-9 R5ER S0 (x + 5,
n=6)

Table 6 Effect of quercetin on expressions of MMP-2 and MMP-9
of U937 cells(x +s,n=6)

A5 B/ pmol-L-' MMP-2/GAPDH MMP-9/GAPDH

25 - 2.546 +0.332 1.296 +0. 174

Mt e % 10 0. 848 +0. 120" 0.498 0. 058"
20 0.790 0. 113" 0.358 £0.049"
40 0.627 £0. 089" 0.234 £0.033"

WRU3T 4 -, TR B ETHE . DL L4 R
7R, iRz 2T fEXF U937 4 i A= K B Ve, T
VE R W AE G PRI BR M 2590 o

RUPERE F M 4 e L S A0 R iR 28
WY, PRI B E AT . Wit
AT AT 220 1 B 28 11 I 906 200 R o % AR 22 ik )1 2 4
AR BRANE BRA) Bk, SRR A
0975 1= 58 RN B8 0 — A 52 4 (B, 440 ) 85 6 g
THE RER D EHITBMEEZNEZN
F L AR R G R K I 2R G 0 R R
SR LA B 4= 28 o A RS A i 3 ek A 22001, R R
DA b R AR AR, 06 4 4 i 266 B R o B i L AR 28 LA I
MBI AR R, P, SOPEBE &R I 40 Y
Rl 1 EReRe 1 AR ZERE S RN R AR 22 1Y
M) F G bR o AHT 5T 0 A0 M B ML 56 RR B R
SN transwell /)N %A S8 2 58 52 55 W 424 2 R )
U937 4 i Fh B R R B R AR 2 A0 A 52, 4
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R R U937 A R TR R
FR 22 MM, DL 25 R, Mt Bz T B 0 )]
U937 4 M i3 B F= Z2 BE J1 o A48 1 Fz 2 4 7
U937 £ Jifd (9 3 % {2 28 6 1 1 mT RE AL, A F 5% it
MMP-2 F1 MMP-9 & &K #1717 5307

MMP-2 , MMP-9 J il 8 iF #% 4 56 1+, 2 5 fib
T AT A R4 280, MMPs 2 3R 40 1) R
(ECM) 1Ry 35 22 PR sk iy, N 75 52 Ca®" ,Zn” " %5 4
JB B T N BB N T A 4, fE 08 AR M R
ECM, 2 5 Z i A= BRI 3L B AR, 0 — DR K
o Moo MMP-2, MMP-9 fE % [% fift U ie | J2 %6 % R
PRIV 00 g J5E 455 A 22 ol sl b o B4 1R 28 5 o
Hhk R G B MR B S & B, MMP-2,
MMP-9 7E 2 PE 86 & F i P i Rk B m
AW, 25 A4l U937 41 fifd MMP-2, MMP-9 & (4 &
RIS, SUEM R A — 2 [FE, A 5T Western
blot 43 A 45 B Wb s it Bz 2% I 25 B (I MMP-2, MMP-9
HmEHERIR, DL ES R IR, Ml B 2= AT ik U937 4
JiL Y 3 B RN AR 28 fie g, FL ML AT BE 5 L B il MMP-
2 ,MMP-9 % ik 3%,

g2 1 M 20T g X U937 41 i A K B A 4
YEHT. 53 A Jz 28 7R n 40 1 U937 41 Jig MMP-2,
MMP-9 &3k , JF 1 30 7 Fof 958 40 B A0 1R 8 S5 56 7%, oh
Wk Mz ZAE I PR b R T 20 MBS 2R 1 I (3R T S AL
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