JO1 T SKP2 #0 L1 p27 F & Hela
HAEA TR R

EWAE,HMHE, B ToREA R E FRE
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M OE[AM] WE JQL X E I Hela 4N 03 58 1 5% i K 7T RE MO FE LA . [ k] RA
CCK-8 Ho B vk K JQ1 X+ Hela 40 i 38 415 (4 52 M0, 43 > — FF M AR (DMSO ) 5t SR ZH F1 JQ1 Ab B
HH (AU PESR 129 0.01,0.1 .1 A1 10pwmol/L) , 43 il 2L 31 24 48 72 #1 120h, #4411 43 2 DMSO
Xt IR ZH AT 10pwmol/L JQ1 Ab B AT )5 £ 5256, AN 85 3% 12d Je V55 410 5 Fe T i At 40 i
R5 5% 720 J5 SR A I X 40 B 1SRG T 40 At R T B4 A Ak, SR F SR 9 6 s B PCR(RT—qPCR) 1 7&
FH BT 3 K 0 S S AR 56 2K 2 (SKP2) Il p27 BY A5 4k, [45 5 ] JQ1 $M4] HelLa 41 Jify 54
5, ELARE 5S04 5 ik (AR |, 10mmol/L JQ1 A0 FR 41 i 72h Ji 40 M A7 7% B i 2F ; 5 DM-
SO X FRZH A0 LE , 10wmol/L JQ1 & 35 3 il HeLa 41 it v B T2 AL (40 i v B T8 A AR it 1342 vs
240+10, P<0.001); HAEVE 'S Hela 41EUAT- (S T-1 40 Lb : 12.80+0.88 vs 2.90+0.27, P<
0.01) ;55 DMSO %t BE41AR L, JQ1 fE M4 40 ) SKP2 mRNA F2E (1 %k (Hfr SKP2 mRNA %
KA H.0.4320.02 vs 1.00+0.03,P<0.01) , 3 L34 p27 mRNA FIZE H % % (p27 mRNA ik fF
%7:2.60+0.13 vs 1.00£0.11,P<0.01), [Z5& ] JQ1 38 ik i75 7 40 g 94 7= 2k 40 i HeLa 20 M % 3%
B, Hr] AR AY ML A0 SKP2 2k A B3 p27 Kk,

F/AE . JQ1; Hela 41 ; 40 M 98 7= ;S BAVLEG A OCHE 11 25p27
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Study on JQ1 Inducing Apoptosis by Down-regulation of SKP2

and Up-regulation of p27 in Hel.a Cells
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Abstract ; [ Objective | To investigate the effect of JQ1 on proliferatoin of HeLa cells and its po-
tential mechanism. [Methods] Hela cells were exposed to dimethyl sulfoxide (DMSO,control
group) or different concentrations of JQ1 (0.01,0.1,1 and 10pmol/L,JQ1 group) in the culture
medium for 24,48 ,72 and 120h respectively,and cell proliferation analysis was performed using
CCK-8 method. Hela cells were exposed to DMSO or 10wmol/L JQ1 in the culture medium for
12d,and the number of colony formation was assayed by counting. Hela cells were exposed to
DMSO or 10pmmol/L JQ1 in the culture medium for 72h,and the apoptosis was assayed by flow
cytometry ,and the expression of S-phase kinase-associated protein 2(SKP2) and p27 were detect-
ed by real-time quantitative PCR (RT—-qPCR) and Western blot methods. [Results] The prolifera-
tion of Hela cells was inhibited by JQ1 in a time- and dose-dependent manner,a fifty percent in-
hibition of growth was seen after treated with 10pmol/L. concentration of JQ1 for 72h. Compared
with DMSO control group,the colony formation was inhibited significantly in 10pwmol/L JQ1-treat-
ed group (the number of colony formation:3+2 vs 240+10,P<0.001);and cell apoptosis was in-
duced signiticantly by 10pumol/L JQ1 (the percentage of apoptosis:12.80+0.88 vs 2.90+0.27, P<
0.01). Compared with DMSO control group,the expression of SKP2 was significantly decreased
and the expression of p27 was significantly increased in JQ1-treated group (among them SKP2
mRNA expression folds:0.43 £0.02 vs 1.00 £0.03;p27 mRNA expression folds:2.60 £0.13 vs
1.00£0.11,both with P<0.01). [Conclusion] JQI inhibits cell proliferation of Hel.a cells via in-
ducing apoptosis, which might depend on down-regulation of SKP2 and up-regulation of p27.
Subject words:JQ1;HeLa cells;cell apoptosis ; S-phase kinase-associated protein 2(SKP2);p27
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(SKP2) 2 1 42 i Jea 240 Jf 3% 4 1) o 2 2 1, 76 g 4
M AR E B Rk, B ] p21 A p27 SRR
PR 2 e 8 0 L 2R T RS e IR S T A
TEFEBEE SKP2 1 R IA Al p27 IR 1L, IR H
SKP2 5% BET & [ 155 sk 120 JQ1 J2 8 & iy
BET £ L1 57, BE 98 45 514 ) BET 45 13 K% b
bromodomain containing 4(BRD4 ), K&K HMIF5Y
FE Y JQU 3 ik 175 3 Jifv 2 200 JH o) 300 5% ok R0 4 e 0 1
B A 1 R A A e 0 A BIF 5 0
BET & H M 57 JQ1 /F 75 /% Hela 40 , £
1 JQ1 XF HeLa 40 B9 /E FH B AL, il IR IG T7
B B0 A AT Y B AR

1 #MR57TE

1.1 # #

B S0 I A R HeLa (1 [E] 811 15 53 4 {2 96 rh
) ; RPMI-1640 KR8 | iR 4 108 FBE IR £5 22wl
(PBS) (38 Gibco);JQ1 (3£ [H Selleck Chemicals)
CCK-8 ik 7l & . 45 &k %5 F1 DMSO (£ [® Sigma-
Aldrich) ; Annexin V-FITC/PL J§ 717 & (34 BD
Pharmingen™) ; SKP2 R4 A .58 BEHTAAR (35 [H Invit-
rogen) ; Cleaved Caspase-3 % BT A . 5¢ & $T & |
Cleaved Caspase-7 ¥t A\ £ 50 & $1 1K Fl Cleaved
PARP it N B v B i 4 (35 [ Cell Signal) ;p27 %
PN Z T BEPUAR A B-actin BT A A 5T BEHLIA (35 H
Santa Cruz Biotechnology); =4k RIPA 20 21/4 fitd 24
il (AERUEART) FH/h W IgG/HRP FE TR
IgG/HRP (dbutr42 4: 4% ) ; SuperSignal West Pico fk
F RGN (3£ E Thermo) ; RNeasy mini kit (3£ [
Qiagen) ; High-Capacity ¢cDNA Reverse Transcription
Kit,TagMan ® Gene Expression Master Mix , AR
GAPDH SKP2 #1 p27 (3 [ Invitrogen) .
1.2 fAREsE

HelLa 4 Jifd 55 5% T &% 10% A 4 L& ©9 RPMI-
1640 35353k BT 37°C 5% % CO, #0537 46
HIEE IR 2~3d B E IR, 3~4d L AR
1.3 CCK-8 Lk £ #K T Hela 20 A& 1%

AR HUE K HeLa 4000, %45 fLANM 0.5x10°
A HeAh 96 LR, 40 LI BE 2h J5, Zr i in A 10pl
SFUHE DMSO AR B 104l JQT ¥ W (24 B2 43331
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7 0.01.0.1.1 1 10pmol/L), i 245 kb B8 J5 41 §E P43
B 3% 24 48 72 F1 120h, T 4% W JE] AR AL fin A
10pl CCK-8 iAW, B3R A6 N AR SLWEH 1h I, FH AR
AP 450nm ) I 7 45 FL A IR BE (ODyso ) 8 .
1.4 Hela 28 A58 P2 BE S 36

U B0 K ) Hela 4000, 5 AEFL 4TI 500 4
P2 6 FLAR, 40 B BE 2h I, 43 S Ak Bl
10pwmol/L 9 JQT ¥ W 55 A5 /AR B DMSO ¥ i, T
WA 12d, ] PBS Bk 2 )5, N A 10% #&
IR SR G2 408 5 min, FEATA 0.05%%5 & £ 4 4
30 min, Y% BT 5 FE AT AL,
1.5 Hela B84 A B b 32

¥ HeLa 40 g 5 B DMSO XF B8 41 fn JQ1 4k 2f
A, B EUA K Hela 400, 4% A FLA0M 1x10° 4
PR E 6 FLAL, 40 B I BE 2h J5 , 4350 i A LR
10pwmol/L /4 JQT ¥ ¥ 5 5 (R FLAY DMSO % il , T
Br A R 720, USR0S A I X A U
TN B BN A . RNA Bl 38 B0 B 26 1
1.6 HelLa ZHA8E T #9400

% Annexin V-FITC/PI 37 £ 136 B fic B 2% vh i
W SE 4 1 AN I YA PBS Uk 1 ik, FH 2% vl ik 2 4
Ji, VR AT e B 2 1x10° 4~ /ml, 75 % 100wl 41 i &
WERE N, a3 A Sl PLEE AT 7l Annexin
V-FITC &, iR EHE F 20min, B A 400wl 2%
PRG3R SRS
1.7 Western blot #& il

JQ1 AbFRAN M 72h J& , YA PBS ¥k 2 i, A
B RIPA 212/ 40 H 40 WAL 4 f 20 i, vk I
Z4f# 30min, 14 000g . 4°CE 0> 15min, YA I W AP
BV TR, B E SRR AL UK B B 5%
B4 W= I T 1h J5, 05 m A SKP2 BT A B 5
BEHLIA (1:500) .p27 bt N2 e BEPiIR (1:200) .
Cleaved Caspase-3 %Pt A B 58 & HUAK (1:1000) .
Cleaved Caspase-7 ¥t N £ 5 B BT & (1:1000)
Cleaved PARP f#t A 5.5 BEHT A (1:1000) 3% B-actin
BT A BATE BT (1:3000)4°Cid 17, PR JR A Et
/N TgGHRP 8EH1 % 1eG/HRP (1:3000) =M H
1h, HTHEEZEHMA Super Signal West Pico fb2% &
JRPINFE B X SR e rh gt L B-actin fEA NS,
1.8 ERFERENE

% RNeasy mini kit 12 7 & 150 9] 46 HC 248 g 2
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RNA, Fifd & RNA HIEAM 000t B E & RNA
e B e 2l % 4% Uk B R H] High-Capacity ¢<DNA
Reverse Transcnptlon Kit #1755 5% 5 R ] TagMan®
Gene Expression Master Mix #1401 5| 4 ¥ 17 PCR
P44, F StepOne-Plus real-time PCR system il & , &
N 54 :95°C10 min, 40 NP HEIEIR (95°C15s,60°C
Imin) . ¥EH GAPDH {5 N2 ,mRNA HIX £ ik
R 2000 e,

1.9 SHitzF4iE

K H SPSS17.0 ZEitHift, 5250 8 UK Kb
HE 22 (xxs) RN REAR LU BCR T ¢ K 56 75%7??
BF SR FHAE AL ¢ K565, P<0.05 25 5 A i it

2 & R

2.1 JQI X4 Hel.a 2 B0 5 0 1 1 6 FB
il i CCK-8 Lo 3k 4 % 8L ,JQ1 X HeLa 4
J A B MRIERT,  EAE 550 5 ) AR
(Table 1), BEF& JQ1 1F Ik B K i [\] f4 5% i , HeLa
21 B A A7 35 SR A S BG4 10umol/L ¥ JQ1 Ab B
72h J&i ,HeLa 20 M 4735 £ /b —2F B2 £ il
e (1Cs) 24 10pmol/L, 38 1 Hela 4 ffd 5 B T 1 5
5 i — 20 UESE JQ1 BEM ) HeLa 40 JfL 35 51 (Figure
1), 10pmol/L JQI ZLFEAH A 12d /5 , 5 DMSO *f i
ZHAR L, JQ1 & | Hela 40 e FEIE A . 40 v
Ve T MU 342 vs 240+10, P=0.0006, K L ¥E$¢
10pmol/L JQ1 #AT /R 25250, 4387 JQ1 il HeLa
200 L 15 5 0 A T AL
22 JQ1 %% Hela HRAT#H R

3 38 4 A AR I Hella 40 B 98 T~ & 31, JQ1
AE P 15T Hela 40 T- (Figure 2), 5 DMSO X}
HEZH AR LE,JQT Ab B S WY 214 fin HeLa 41 A (1 98 - F
7t :12.80 £0.88 vs 2.90 +0.27,P=0.0016, i il
Western blot 5 M 40 fg 4 7= A 3¢ & 1 Caspase-3,
Caspase-7 1 PARP #fi k7K V-, K B5 DMSO X Bt 24
AHEE ,JQ1 BE B 2 34 Hela 4 ifl Cleaved Caspase-
3 .Cleaved Caspase-7 il Cleaved PARP & [ /K-, &
B JQ1 JG T HeLa A0MIA T, 20154 127K F- 34 fin
(Figure 3),
2.3 JQI #p SKP2 FiEFn £ p27 FRiX

i 13 qRT-PCR F1 Western blot £ Il & # ,JQ1

M2 2016 £% 22 %% 7 H

T SKP2 F IR IF LT p27 KL, 5
DMSO Xf HE 20 At ,JQ1 #E B i 30 il HeLa 41 fifd
SKP2 (1) % ik : SKP2 mRNA % ik £5%0,0.43+0.02 vs
1.00+0.03, P=0.0003 ; - |1 p27 3£ 1k, p27 mRNA
F A # . 2.60+0.13 vs 1.00+0.11,P=0.004, % B
JO1 7] GE 38 i 1 i SKP2 &3k 1 F 1 p27 &35 7 il
HeLa 4fi i 4= (Table 2, Figure 3) .,

Table 1 The inhibition effect of JQ1 on proliferation of

HeLa cells(%)
Concentrations
(mol/L) 24h 48h 72h 120h
0.01 100.10£1.79 99.50+3.99 98.40+5.50 94.90+5.66
0.1 98.20+2.44 97.90+2.31 96.90+3.16 91.70+5.09
1.0 93.90+3.67 89.90+3.89 82.70+3.78 75.40+4.60
10 81.50+3.27 71.50+5.37 49.10+3.59 43.40+2.32

DMSO

Figure 1 Colony formation of HeLa cells

29% 12 8%
0.8% 23%.

PI

2.1%
10°

DMSO

Annexin-V-FITC

Figure 2 The impact of JQ1 on HeLa cells’ apoptosis

Table 2 The impact of JQ1 on the expression of SKP2
mRNA and p27 mRNA (x+s,n=3)

Groups SKP2 mRNA p27 mRNA
DMSO 1.00+0.03 1.00£0.10
JQ1 0.43+0.02" 2.60+0.13"
Note:*:Compared with DMSO group, P<0.01.
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DMSO  JQ1

R —
s @ | Cleaved caspase-3

W MR | Cleaved caspase-7

S | Clcavcd PARP

ket e SKP2

e - p27
S .

Figure 3 The impact of JQ1 on the expressions of
proteins by Western blot

3o i

AR 9 S5 DR %) B0 A s R R ) 2 3 R U
TR, T 3 e 56 PR ) 5 6 18 38 o 5 7% S P o
EESRVEE FRYEELM G, BET 5 I R AEME IR ]I
SiGHEN L OB AR AR, WA R
B SR TR TR IS YL Y 2 BRI, (i R S SO
PHLUE B0 ) BET 2 11 5205 52 B RTIR Y7 R 37 25 9
B 03B BET 8 FI R G B 4 A& 4, 1
& BRD2 .BRD3 .BRD4 I bromodomaintestis-specific
(BRDT), 1 BRD4 %2 T ¥4 4l i A7 22 53 24 1]
FEFE SRR TE AR, S 0 A K R A A A S 3 R Y
B S A4 .SKP2 .c-Myc F1 IL7R 21150 JQ1 J&—4
ez 45 B, BERS R TP 5 BRD4 M55 4+, M TTTKE
BRD4 MY o 5T B ok, #4fil BRD4 11 % 5% 9]
FEVER . BuR 244 32 28 30 o 5 5 oR A i R T
200 P D 400 o Ao 4 B Y B AR 2 N AL A
ML R 3 Befge A 1, Q1 3 B2 3l 5 i S vk A
LR A A e AR B A L R R R AN ST R
A, JQ1 38 2 175 5 b 98 400 it A= TR 0452 ok i 5 i
Je 20 LR T EHL A o P A A G R e i ke e
TAANML, SR 5 43 2 PR AL 2R U5 988 4 i % AN
BEORK b i e R0 LR S 200 BRI JQT X E B
T 20 B A AR R WL R eI . AT SR 4B QT X
B U Hela 40 M0 2 AT A MR HEAE T, HEEMAEM
2 ] 5 70 AR I 3 A SR T B
JOU == 203 o 75 5 I J83 240 M 8 TR M ) HelLa 40 i
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SKP2 J& T F-box & 15 W% , il it 17 K & 1 il F
fit ARz RALMWE D, S S8 A K T K&
T AR R OCHE R 9, AR e 1) & AR R TR D R R
EEAEH 8 5 R 0 TS BT OES P27 24
I ] $08 R P AR A 9 A o R P S R B, T
M Z 8 cyclin-cdk & & YR E M, X4 f JE 1A 1F
A1 80 R4 T34 403 4 2R3 5 5 IR Ak, p27 S5 40
MO T S . ARSI p27 i B s m A T A0
PR T, R T A0 A e BTG i 7 A% AT A
Jyop27 R T AE AT e S S B0 PARP (£
R BLHEA cyclinBl WIREMEA S, WF5E A
TE B U A S AR AL AR AE SKP2 1Y 5 R ik 5 p27
MR IL, JFA BT SKP2 @ a3 17 4 A K
AR BB IR ALY p27, J2& '8 S & A R JR I T B
Ji P oS80T YR 2 RIESIA R JQ1 B AL T AR g
FEIH e-Myc #1335 R 0 b 96 (9 A= 4, SR 1 SKP2
[ FE5Z BRD4 %% s 45, SKP2 7€ JQ1 A5 1 M Jed
v vb VR AT AR ARBIESE & B, 10pmol/L 1)
JO1 fEFHF HeLa 4038 72h J& , BE W WA ] SKP2 &
FIRy Rk, JF B p27 ARy Rk R W JQL X8
59 Hela 20 A Y 410 1 /E FH AT g /238 5 5 3 SKP2
B p27 R RIB ML,
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