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H SKP2 1935157 T HL-60 4IH ; P27+ (323516 T HL-60 4R, [45i&) HL-60/A ZiZZAMZHLE 45 MRP B93R%
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Relationship between Expression of Cell Regulatory Factor SKP2 and
Drug Resistance of HL-60/A Cells
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WANG Xiu-ju, FENG Jian-hong
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Abstract: [Objective] To observe the proportion of cell cycle and the expression of cell cycle regulators S-phase kinase-
associated protein 2 (SKP2) and P27 in drug-resistant leukemia cell line HL-60/ A and drug non-resistant cell line HL-60, and
to investigate the relationship between proliferation and multi-drug resistance of leukemia cells. [Methods] The expression of
SKP2, P27, and multi-drug resistance associated protein (MRP) mRNA' were determined by RT-PCR and Western blot analysis.
The cell cycle was analyzed by flow cytometry. Drug toxicity analysis was used to determine the sensitivity of the cells to
chemotherapeutic drugs. [Results] Drug-resistant leukemia cell line HL-60/A showed 49.14-fold resistance to Adriamycin, 39.20-
fold resistance to Daunorubicin, and 6.43-fold resistance to Arabinosylcytosine, respectively. MRP expression of HL-60/ A cell was
higher than that of HL-60 cell. The proportions of HL-60/A cells and HL-60 cells in the GO/G1 phase of the cell cycle were
(35.10 + 0.81)% and (43.96 + 1.12)%, respectively (P < 0.05). The expression of SKP2 was significantly higher in HL-60/A
cells than that in HL-60 cells, but the expression of P275! in HL-60/A cells was lower. [ Conclusions] The mechanism of mulii-
drug resistance of HL-60/A cell line is related to up-regulated expression of MRP. The proportion of drug resistant cell line HL-
60/A at the proliferation stage is high which indicates that drug-resistant cells have higher proliferative activity.
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B — b T B, MR SZ BT 5E 1 . A SO 4H
R JE IR S A 25 o R 5 F, SHEUR A
Pk HL-60 1T 265 40 i bk HL-60/A 4 40 B J& 15 9
- T SKP2 P27% AT, T SKP2 P27
TE B MR 40 Rk STRZT I E R, IE A
T H LRAR BEES R E

1 #M#HE57%

L1 # B

111 @iekRE @A HL-60 41f, H1l
R 2EBen 3, BEFRAER 100 mL/L &4 g
(FLN M ZFHF AT )30 g/L S EBERE , 100 TU/mL
HER,100 pg/mL 455 K 1Y RPMI1640 35 55 5
(3£ Gibeo) , BB F BN 5% €0,.37 ClHIE
FEFRAE R 2 RAZAR 1 R, HL-60/A 40 G T =
PIFN BRI MBI BT, S5 5R 4R |
1.12 XA B HRAAKER DRI P27 B
(IgG 24) (32 R&D system 23 &l ) ; /NFFT A MRP
(multi-drug resistance associated protein, MRP) i
Pi (IgC &) (3£ E CHEMICON 2 &) 5 /N LA
SKP2 H40 (IgG %) (3£ E Zymed Laboratories 73
Al); /NEPLA GAPDH Bfy (IgG) # (% H
CHEMICON /A 7 ) ; HRP #3718 B St B IgC 24
(DU TEAY) TR BRA T ) ; MMuLV ¥ %% 5
B ,Tag DNA T (3¢ E MBI /A &), BRASWE (75 95 o
Biowest /A ] ) ; Phototope-HRP detection kit (2 [E
cell sigaling) ; Cell counting kit-8( HZ< [F{~{k24HF
FURIT) s PP (LA B SR I PR 8 A R ) BT
BER(TEEIT RHAERAR ) RABE(F
ERIIT RHIZ A BRA D),

1.2 F i

121 fmie W54 WCEIT SR KR HL-
60 . HL-60/A 4iffl,1 000 r/min(r = 10 cm)E.L> 5
min, & BV, R REEL A, B
96 FLAR , TFLEERP 1 x 10° 40, {670 100 pL, &
LIMARNRIZI IR ER B R RAEE W
Ho MEH 24 h JFIA 37 CHIEAY CCK-8, a3
FEPURLEIRE 4 h,7E 450 nm AR SEYERE Bk
[l — 2% 6 477, R 4 1K,

122 mieRBMHAH  WENHE K HL-
60 HL-60/A 4}l PBS ¥k 2 ¥k, F PBS Wi E &
SR, VRSB E R 1 x 105/mL, B 0.5 mI, 4§

MBI, B 2 mlL 700 mL/L YK Z. 8% 4 Cit 7,
2 000 r/min(r = 10 cm) B> 5 min, 3 _F&, F PBS
BE¥ 2 K, MIA 50 mg/LRNA B 50 pL,50 mg/L
WL BE (propidium iodide, PI) 450 wL,37 °Cik
96 1 h, V4 SRS 40 B A

1.2.3 RT-PCR 3] 69t 54/ SKP2,P27 %!
MRP, B-actin 5|4 A primer premier 5.0 % 4%t
PERL, SKP2 BV 54 :5'-GCC CCA ATC TTG
TCC ATC TA-3', TF¥#5I#¥ .5 -CTG CGA TTC
CAA AAA CT-3', 387/ ¥% 192 bp; P27 kipl
E#EBI Y .5 -CTT TTC ACT TCG GGC TGT GT-
3", FIFBI4.5-CAC AAA ACA TGC CAC TTT
GG-3', ¥ HEF=HI°h 368 bp; MRP 5|9k .5'-
CTT CGT TCT CAG GCA CAT CA-3', Fi#s|4).5'
-GCC TCA TCC AAC ACA AGG AT-3', ¥ Hir=ly
9 447 bp;B-actin LB ¥ .5 -GTC CAC CTT
CCA GCA GAT GT-3', TF#f5% .5 -CAC CTT
CAC CGT TCC AGT TT-3', ¥ H47=#1°} 245 bp,
T AR,

1.2.4 RT-PCR 44 49 it 4% SKP2 P27 %! MRP . @-
actin mRNA #9 & 1% WO HE KR HL-60,
HL-60/A 41, PBS BE¥% 2 YK, FH tizol R $RHL
M & (invitrogen 24 B ) IR 40 i 2 RNA | 28414y
JEIEE I E RNA 4 (A260/A280 > 1.8),3f
THRHEEE, FAE RNA BEEE 7K RNA &
N 0.5 wg/pLo B 10 L & RNA, A Z B
BAHER 1 L, WEBEBCY 12 pL,BAF 70 C
BB 5 min, BFIK L A 5 x WM 4 wL,
RNA BEMHIF (20 U/uL) 1 pL,10 mmol dNTP
2 pL, BLJE 37 CIEE 5 min, A M-MuLV I8
(200 U/pL) 1 pL, f )5 BARFN 20 pL,42 C I
B 60 min, 70 CHMTIFEE 10 min, & LR N, B
TIK LA, cDNA & BUG #~-AF T -20 °C WkEH
PCR SR 2 WL % 58 7=, - 3lhnA 10 x 28
MW 5 L, 10 mmol dNTP 1 pL,MgCl, 3 L, Vi
1% (20 pmol/L) 2.5 L, FIESI# (20 pmol/L)
2.5 pL,Tag DNA B (1 U/pL)1.5 pL, To B WFEK
32.5 WL, BVEZ 50 WL, SKP2 § 185444 95 <C
30 s FAEME,94 C 30 s B, 54 °C 30 s 1B ok,
72 °C 1 min SEF, 3L 30 MEIR, P27 9 418 5%
5 95 °C 30 s TAE 1,94 °C 30 s AF 1,54 °C 30 s
Bk, 72 °C 1 min SEfH, 2 30 MEFR, MRP ¥ 15 5%
15 95 °C 30 s TAE M, 94 °C 30 s A4 ,55.5 C
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30 siB2k,72 °C 1 min ZE#, 3£ 30 MEH, B-actin
P14 R 95 °C 30 s THAE M ,94 C 30 s APk,
 55%C 30 s 3Bk, 72 °C 1 min FEf#, 35 30 MER, A
b PCR 22 20 g/L BrEARHEE I FEL VK , 7EBE AL,
B b B2 TR A
1.2.5 Western-blot 7 34| 4g it ¥ SKP2. P27 ¥
MRP.GAPDH % & # &35 WA A K
HL-60 HL-60/A Ziffl , PBS ¥E¥ 2 ¥k, B RIPA 3
TR (BR) , FF7E I FRT I A PMSF, {8 LMk BE Ry
1 mmol/L, & 1 x 105 ZHAEHHIA 200 L 413
BV, vk 7843 2448 100 C/KIE R B 15 min,
4 °C.12 000 g B.L> 15 min, FHERARAFTF -80 C
VKA . BEE IEWRA BCA YA E 2 ik
B IR S AHEAWRE, BUEEMA S x EReEE
WA 5 min & A, KA SDS-PAGE MLk,
SKP2 P27 ' B-actin F& [ H Uk I 43 B9 JC vk 2 Hy
12% ,MRP I BS BCUR BN 6%, & EHIKSMFHN
45 min, 200 V., SKP2. P27 %! GAPDH 7& [ i) s 5%
2% {4 4 90 min, 100 V,MRP FY H %% 5 £~ 180
min, 80 V. B BEE S PVDF &, TBS/T W m
WEH AW ERE A 1 h, BFE TBS/T ¥ 3 K,
IIA—Hi, 4 CHEFRIE , TBS/T ¥k 3 ¥, A
EIRIEE 2 h, TBS/T ¥k 3 R, #4728 A MR K
BIgatr, K b, BT me , nA
10 mL &6 LumiGLO, R B 1 min, BEZ HEEG
XZH 1 ~ 3 min, 85 30 ~ 60 min, EF 10 min,
BRI T
1.3 Gitan

HERRR Y « fnEZE (xxs), W
M ST REA TR LB ¢ K, I K HERE R P <
0.05 BEGIT#E X,

2 % X

2.1 HL-60/A AR &2zt

ADR X} HL-60 40 A (9 2= %5 40 i Y& & (Inh
ibitory concentration 50, IC50) f& 0.044 pg/mL, %t
HL-60/A 401 1C50 2 2.162 pg/mL, THZ55%L
49.14 f%, DNR X HL-60 4f il ) IC50 2 0.035
wg/mL, X} HL-60/A 4iff Y 1C50 42 1.388 wg/mL,
it 25 45 % 39.20 £% . Ara-C %I HL-60 40 i 1C50
& 0.04 pg/mL, X HL-60/A 4iHE#Y 1C50 & 0.24
wg/mL, T 25541 6.43 5 (B 1),

The cytotoxicity of ADR

B0 1
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1 HL-60 1 HL-60/A 4Hffi% DNR,ADR,Ara-c %5
Wl it ih 2%
Fig.1 Drug sensitivity curves of HL-60 and HL-60/A
cells to DNR, ADR, and Ara-c at different drug

concentration (n=4)

2.2 HL-60/A M MRP )5 %5 & T HL-60
£ B

RT-PCR #& ] HL-60 1 HL-60/A 4f i MRP
mRNA £ %, S5HZS B-actin W HEFRFIX
£, HL-60 #1 HL-60/A 4t MRP mRNA F3Ri5E4)
134 (0.34 + 0.12)%F1(0.60 + 0.07)% , ERE 4%
HEEN(t = -4.4, P=0.004,& 2), Western blot
K40 MRP 2 H R IE, S5HWZ GAPDH I
HERFXR, MRP HEHRTRESHHR (020 =
0.02)%F1 (0.60 + 0.04)%, W& HEBERAEGIT
22V (¢t = -16.4, P =0.000,[& 3),
2.3 HL-60/A 4k SKP2 i3855 & , P27 ) 5
2 [

RT-PCR # il HL-60 #1 HL-60/A 41 ffd SKP2.
P27 mRNA W15, S5MZ B-actin K HERR
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%308

bp 9 10 bp
| 447

L 368

2 HL-60 70 HL-60/A #faH SKP2, P27 MRP
mRNA §IRIEER
Fig.2 SKP2, P27%', and MRP mRNA expression in
HL60 and HIL-60/A cells
A: HL-60 cell; B: HL-60/A cell
Lane 5.8: marker; Lane 4,10: MRP; Lane 3.9; P27';
Lane 2.7, SKP2; Lane 1.6: B-actin

ka _HL-60
37~

HL-60/A  HL-60 HL-60/A  ku

: o 190

B3 HL-60 0 HL-60/A 4k SKP2, P27 MRP & H
HISRIE
Fig.3 Protein expression of SKP2, P27, and MRP in
HL-60 and HIL-60/A cells
A: GAPDH protein; B; SKP2 protein; C; P27 protein; D;
MRP protein

A8 . HL60 1 HL-60/A 408 # SKP2 mRNA

H) B K2 58 (052 = 0.01)%F (0.83 +
0.03)%, ZF A T#E X (t = -19.1, P =0.000),
P27% mRNA MR IK5IR (0.75 = 0.04) %
(041 £ 0.05)%, ZREHITHEEBENL (1 = 11.8, P
= 0.000, & 2)Western blot #&illl HL60 1 HL-60/A
4 SKP2 P27 R H YKL, 5N GAPDH Y
F iRk 8, HL60 1 HL-60/A 4}l SKP2 &
FHFES BN (0.27 = 0.045)% 1 (0.58 +
0.06)%, PHHWRERBRITFENL, (1 = -74,
P =0.002);P27% HHMFELSH N (0.63 +
0.13)%#1(0.30 + 0.13)%, Fi& i & R B G it
B (=31, P=0.037,K3)
2.4 HL-60/A a4 F G1 HHLHARLL S

FH 2K 40 i ARG I HL-60 F1 HL-60/A P 41
o0 j R B B A . GO/GL HH 4 B K . (43.96
1.12)%.(35.10 + 0.81)% , ZREFHIHT¥E X (t =
11.1, P=0.001), SHIZHIR.(49.85 + 0.91)%
(55.56 + 0.95)% , ZREHITHEEL (1= -7.5, P
= 0.002), G2-M #4331 . (6.19 + 1.52)%. (9.34
+025)%, Z5 A HRITERE (= -3.5, P=0.066),
0} 24 240 B Ach T HG 78 B B P S B K G2-M B AG Eb )
T HURAI R (B 4),

| G2—-M phase

10001 ' Y S phase
] [ Go/G1 phase

B 4 i zLn (S il 5 48 400 A 4 B B 2
Fig.4 Determination of Cell cycles of the different cells by flow cytometry
A HL-60 cells; B: HL-60/A cells

3 9 #

UL 95 T 25 & AR B AL 5 2 24 T 2 5
(multi-drug resistance, MRD)BIFRIKA X, 24
ZAH2 2 19 (multi-drug resistance associated protein,
MRP) 2 —Fh 43 F &K 190 ku B BEIEE A, )8
T ATP %5 & & X # K (ATP-binding cassette,
ABC)BBZRIGE F AP, Wada 25058 53 25 W1k B2

FEEE ISR vk e A P B R R R P R0 SR
() HL-60/DOX AIfxIPEEs | MFLE . KEH
Bk, 2 2 AE 38 U2, FFUERH HL-60/DOX £24
25 1Y & £ 5 MRP HYERIAA ¢, HL-60/DOX 4 it
NIRRT EEZR MM HEME S5 . ARSEE0 A A9 HL-60/A
Y1 i IR A L B R R R A I BRI ST B, 8
VR A PR 1 i 5% T 2 B AT
R HL-60/A B Z A WINER a5
. PHERG T AT 25500 B2 49.14.39.20.,6.43
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i 25 RT-PCR #1 Western blot #:ll HL-60/A 41
H MRP {35358 8= F HL-60 404, iFB 40 iRy
LU 25 PEH 5 2 25T 25 M 55 55 MRP AY 335
S, ARG RS Wada 045 R,

IEH HELEh Y 4 A ANE FRIE T R A
G SRR, R 2 A BRI T RIS
ST o bR 40 L P 1 T T SR 40 B BTG PR A
RO FE RN TS, 4R T itk 1 A 55 ekl 1Y) %
AERRAEENE L, BNEEE K
A549/DDP 41l 5 AR T 245 19 A549 40 g 47 X Eb
5% & B : A549/DDP 404 F40AE A H 61 #1my
0 A LB BT AS49 40, T 25 40 A i 14 7 Rk
IR, FEA SR, T 25 40 HL-60/A %% HL-
60 T 5 , 4b7E GO/G1 HAM) 40 i LBk b, 1 S 1 .
G2-M B 20 il , JIERH HL-60/A B354 &
B WA AR R T HL-60,

£ it Y 2 RO T 4 B SR B I S R s R R
FIPRHE , S HHBMEMH X E H 2 (S-phase kinase-
associated protein 2, SKP2)&— 5 40 i JF #A
BEEUMCHEE, S50 REERTFHE
92 R4 Rl HirR | p27ee B SKP2 fp i LAY
Yz —, P27 Be— HENT 4 RE A 27 KD #Y
PRREVEE R, EE Y0 R SRR R R
H, MEf40ET Go/GL #A, BHIEAIMEIEA S #,
Agarwal APISE(R P57 IE BA SKP2 Y 1R e A (R i
e B A= B, AN G SKP2 By, RN
P27% KA FIF B BN YT . BRI R E—
A T P S R PR, P27 () 3R 3k 5 SKP2 2 A

KU NZEHREBEM LTS HER TR

B AFIRYTHR S Y, FE B IR AT 5T R A B
R AR, Yokozawa S50 % B P275 J 3RIK 1)
AL BE M TOR AR 85 T P27% KFEN
B R P27 ST USRI . Min 28 A
R A SKP2 1)FRiE 5 SRR E 40 8 B %
N R ARG SRR 56, SKP2 R E T
o TP R4, SRR AR, BTN I HL-
60 F1 HL-60/A #E4THRI, &3 A M HL-60 HY
SKP2 AUk B 3E KT HL-60/A, THHTH ) P27
BERTEE, 5B R 3,
ARSI F AT d RT-PCR 1 Western
blot 75 46 W HL-60 F1 HL-60/A 4 jfi Ff SKP2.
P274 33k R I 2 WU 5 1Y) 1 LS 4 el g
FEE SKP2 YA, M ZE [ 274! ) e ik /K -

15 5 XA AN BUR Y B MRS 40 M SKP2 P27 [ 3
IRGEIRAE . SKP2 3835 AT BB M 1 L5 i 24
HIVETE R K |, SKP2 A AL —Fi 1 MU R R AT
B, SEIR PRI ML S HL-60/A 4bF187H
JAH S B K G2-M #ALuFl¥E £ JLEA HL-60/A R~
UGS T 254 N Usk , Thi HLELE S8R A4 FE RE 7
o F 003 A M DL B 5E R R
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