PE R AEYIRTT 24 hip: //www. biother. org

Chin J Cancer Biother, Oct. 2016, Vol. 23, No. 5 . 651 -
DOI:10. 3872/j. issn. 1007-385X. 2016. 05. 011 * Jg/‘* ‘}T‘ 7‘?1 *

FRA2BXKREZEIESF5 5% HeLa AT

Epp AR EE (]l BZEEKRY WHRER A, T8 4000165 2. THEZMPCER PoRkhE,E
J& 404000 )

[ E] 86 mid s E A RRRA, FiT A 2 BRI Z A human cannabinoid receptor 2, hCB2R )X} N\ F'5 FijiE
HeLa UERANMET-HOVE I BBl . 2 ok 0 BB AURZH S cDNA 7 Btk , 64T hCB2R FLPA Y RT-PCR 414, My T 21 Ji
Hi GV230-hCB2R K Hixif B 4 okl GV230 F54 4% HeLa 400, Western blotting ¥ J S5 D& A Ak 25 Y (BRSO I T 2R 3 4=
T MUEE R AR K TN hCB2R %35 K 20 Y 58 457 5 Vi = 20 I AR AS I HeLa 4} U4 T, Western blotting 1 & 521 5¢ % 5 ft PCR 487
HeLaZfifih hCB2R \Bcl-2 \Bax.Bad [ 33k, £ & : 528 Foki 45 Y2 AH [, GV230-hCB2R $5 4% Hela 40l 5 F iR HI 4 T
140 000 1 hCB2R & [, HLANA AN 4055 375 hCB2R (193835 ; GV230-hCB2R FE YL 4 A 4R iR TR B 2= T GV230 %5 JiT
BN IR (14.51 £4.51)% vs( 6.29 £0.57 )% ,t =1.72, P <0.05 ]; 525 Foki % B ZH A8, hCB2R %% YL 41 40 il /4 Bax F1 Bad
B35 KB IR P <0.05 ), 1 Bel-2 BYFEIAHA R (P <0.05 ), £ #: hCB2R ¥ F 2 %8 HeLa 40049 4E K K HLH
B A RIVE R AR ML T RES hCB2R HES S T AT M S E A M FA 2 b A 6.
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Up-regulation of human cannabinoid receptor 2 induces apoptosis of cervical
cancer HeLa cells

TAN Xiaoling', LI Jing’, ZHONG Xusu'( 1. Department of Gynaecology and Obstetrics, Xingiao Hospital of Third Mili-
tary Medical University, Chongqing 400037, China; 2. Laboratory Center, Chongqging Three Gorges Medical Hospital,
Chongqing 404000, China )

[ Abstract ] Objective: To construct a eukaryotic expression vector containing human cannabinoid receptor 2 ( hCB2R )
gene and investigate its effect on the apoptosis of cervical cancer Hel.a cells as well as the possible mechanism. Methods:
¢DNA of human brain tissues was selected as template for the amplification of hCB2R gene by RT-PCR; recombinant plas-
mid GV230-hCB2R was constructed to transfect Hela cells, and the empty vector GV230 was used as control vector.
Western blotting and immunofluorescence staining combined with laser scanning and co-confocal microscope technology
were used to detect hCB2R expression and intra-cecullar localization; Flow cytometry was used to determine the apoptosis
of Hela cells; Western blotting and real-time fluorescence quantitative PCR were used for the detection of expression of
hCB2R, Bel-2, Bax and Bad in Hela cells. Results: Compared with empty plasmid group, GV230-hCB2R transfected
HeLa cells expressed hCB2R protein with relative molecular weight ( Mr ) 40 000, on both cell membrane and cytoplasm ;
cell apoptosis rate of GV230-hCB2R group was significantly higher than that of the GV230 empty plasmid group ([ 14.51 *
4.51 1% vs[ 6.29+0.57 1% ,t=1.72, P<0.05). Compared with the control group, the expression levels of Bax and Bad
were significantly increased ( P <0.035 ) while the expression of Bcl-2 was significantly decreased ( P <0.05) in GV230-
hCB2R group. Conclusion: hCB2R has a significant inhibitory effect on the growth of cervical cancer Hela cell line, and

its mechanism may be directly related to the involvement of hCB2R in the expression of apoptosis related proteins.
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T E IR R WRTARRGYERRE | 2 R A
RGUENEME R R b R IE 3 Lo M
e 2 ARk, B 2 A FL SRR 9% 75 human
papillomavirus , HPV BRI T, 75 SUR 1Y &
RE FIHES, Hm K ER S TERA, 5O E G
FAL BRI BNT . HRTIZR MR 7 ik ik
FYECTARIGYT (B o TS A g i 52
SN ) TR A ORI Ok M A
TEAERFTE A FHR AT TR . KIRE Z kA 2
A . AKRIBRZE Z4K 1 ( human cannabinoid receptor
1,hCB1R )1 hCB2R( human cannabinoid receptor 2 ),
BT T W], KR Z( cannabinoids ) X8 41 il B4
A KA B2, BE I I KRR R 2 AR ] 78y
HUERAAR A A K IR R REAR B FE SIS . AW ST i
FHE hCB2R EAZFRIBHA, i € HAE T2 B8 Hela
NG IA, BFST hCB2R X5 Fie A1 8 T 1Y
VERIBILH , & 1E R R BR R TE R VR Y7 Hh A 1o 1 B85 52
e i

1 #R5FE

1.1 fafatk B £ FXF
NN ZH 20 ¢DNA |, T & %% HeLa 40 il . GV230

SR A B DR = e R B R0 SRR W AR AR . A
RNA 42 B 5] & fl RNA 386 5% 523875 & 0 [ Pro-
mega 2> H) 3 T 3K 2050 & T4 DNA & $2 1 |
DHS o 8452 25 4 1 L e o1 it ) & L 56 i 258 O o o
PCR A& W H Takara 23 7] ; Xho 1 Fl Kpn T B H
NEB 2 Al 5 Bokz 4 BOR 7 & H - Qiagen /A F ; Lipo-
fectamine™2000 1 B Invitrogen 23 A ; 62 CB2R $it
I VR Bel2 B IR Bax HUik U Bad HLik
W A Abgent 2~ F]; %I GAPDH $T{& 1 H Bioword
AT HRP ARICHT L 00 1gG 1 B AL AT AZ S 47
AN LLE DRI I SE BT AR 1gG W H Abbkine
OS] 547,6- PR -2 AR W K B 56T KR I F
HARAF WAHMLUE A Coulter 22 ; GeneG-
nome5 HF KGN H Syngene 23 F] 51Q5 ¢
JtsE it PCR VW A Bio-Rad 22 7]

1.2 CB2R jl#i%it 54 %

I GenbanNM _016083. 4 FE X ¥ 51 5, % H
Primer premier 5.0 #5114 76 LS9 5
A Xho T BEUINLEL, FUFS19 5"IMA Kpn 1 BV
i, 519 H _FF Invitrogen Life Technologies 23
“ o hCB2R Bel-2 \Bax \Bad LA} GAPDH ) I\ 'F
WP Wk 1.

®1 ZHEE PCREXSY
Tab. 1 Real-time quantitative PCR primer

Gene Upstream primer ( 5'-3") Downstream primer( 3'-5")
hCB2R GACCGCCATTGACCGATACC GGACCCACATGATGCCCAG
Bcl-2 ATGTGTGTGGAGAGCGTCAACC GCATCCCAGCCTCCGTTATC
Bax GCTGTTGGGCTGGATCCAAG TCAGCCCATCTTCTTCCAGA
Bad CC AGTGAGCAGGAAGACTC GGTAGGAGCTGTGGCGACT
GAPDH GCCTCAAGATCATCAGCAATGC CATGGACTGTGGTCATGAGTCCT

1.3 CB2R PCR ¥ 3§ & /= 4 454

DL R 41 20 ¢DNA b 3 B i, PCR 3 3%
hCB2R Zif3 ¥ %)( coding sequence,CDS ) i Bt PCR
R 450 pl AR %594 °C HUAEPE 5 min; 94 °C 7%
P£30 5,55 CiB k30 5,72 °C ZEAH 2 min, TR 30
K 372°C HEMH 10 min, PCR F=#) 1 1% BiE W EE i
FL K, 42 B [ A5 B bt B el 4t fk 9 R Bt
1.4 CB2R AAAERAKGHERLT

JH Xho 1 F1 Kpn 1 B4 CB2R PCR Ziifk =4 Al
FLAZ AR BOR GV230 ST DT, I, 264k i 1) 7~

Yo & T4 DNA ¥ B0 & & 52, iE B =Y
5 DHS o 2 A0 Bf, 6 A T35 R RS 2 W LB 1%
FRHAMIE TR iR B b, R T RARE R W
LB VA3 5 5, TR A% oo £ G R) 4 156 I B2 BT
Wi, R Xho T 1 Kpn 1 BEATEED] , H3% 116 In-
vitrogen 23wl 7
1.5 Western blotting % % J& % & 48 Jefb 5 % &, 7%
#m CB2R 4 Hela % oo £ ik

A Hela 40 L ] % 100 ml/L i 4 1L ¥ 19
DMEM 55355049 35 mm 53R ,37 °C, 50 ml/L
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CO, ¥EFEat 1%, 4 M (A BEAE 50% ~70% Ja , %
CB2R #4153 Jioki 4l , #2 Lipofectamine ™2000 %4 4L i3
B 453 955 Y GV230-hCB2R F1 GV230,48 h 53k
YA, B R, SRR H . B R AL 100 °C A2 PE
10 min,5 pl A FFE,100 pg/L SDS-PAGE, %
B, % 5 we/L AR - W51 TBST £/ 2 h, St CB2
Pri( 1:500 )4 C I E L%, HRP ARic iy 1 Fhife
leG ZRMH 2 h, ECL ¥ 2 5% . Western blotting 7%
K CB2R 1 HeLa 2l (O 2k 15 00

YLk HeLa 400 48 h 5, & B, 1 ml
VKH % 20 min;30 ml/L H,0, % 20 min;50 ml/L
G- M5 1.5 hy bt CB2R HLiR( 1: 100 )4 C
T, £SO EARIE A L E P fR 1gG( 1:50 )37°C 7
B 2 h,DAPI 322, 5 min, Bio8 G R, okt
B IS R 2 57 CB2R 7E HelLa 4 52 47 .
1.6 AXmEREM Hela 20ty A

Lipofectamine "'2000 % 4 4% 15 W] 5% 4+ 7y #i4i
HeLa 401, G4 1k, PBS 754k, 11. 19 x g B.0> 10
min , 20 A B A A X A0 AR G I 40 T
I, e geas okl HeLa 40 OO IR .
1.7 Western blotting & #: | CB2R Z A 48 % B
FRE MR

ORI Y 48 h 5 CB2R 41543 ks X I
2H Hela 4N B2, BCA 52 i, £ B0 20 g &
BEPFE A LS pp & 10 min, 10% SDS-
PAGE 43 B8 R 548 1 2 PVDF B E, H 5% it
NEWIHKY 37 °C B 2 h, TBST YEAR 3 ¥, 43 A A
CB2 —#i( 1: 500 ) .Bel-2 —#$i( 1:1 000 ), Bax — 4
(1:1 000 ).Bad —#i( 1:1 000 ) 4 °C ¥ F 1% , TBST
VRS 3 I, A HRP FRic A=ETR =Pt 1: 1 000 ),
FHRFE 2 h, TBST PEME 3 K, B EOCHIE . West-
ern blotting 3K A [R] 5% YL 20 CB2R % Bel-2 \Bax .
Bad & 1AM, LI GAPDH A NS, DL K
H 5 GAPDH 4% 1Y K BE(H 22 L3RR 2 1A AE X
Fikfw, BALEIYEE 3R,
1.8 BRI ZEE PCR 4N CB2R Z A 48X B
F 49 mRNA &k

WA CB2R 45425 A0, ¥ RNA $2BGA
& RNA 37 Sl R S /EAS 2] cDNA , #2 SERT 58
E 8 PCR R G UG #RE 25 Wl VIR R, PCR J
% 4544195 °C,10 min; 94 °C 20 s, 60 °C 30 s, 72 °C
30 5,40 MEH . LEEIRE R A 2745007, AACt =
(Ct HWER - Ct W2 )8 - ( Ct HREER -
Ct W2 )% A4, X% 7 ( relative quantification,
RQ ), UL RQ SLEG4H =2 744  RQ X} R4 =1 §154

1.9 %itzan

KHH SPSS17.0 et it e R « +5
FN A AVBE AR FH 8 A B AL I TG SRR 2K
P51 one-way ANOVA ) BEFTSEiH22 2047, LA P
<0.05 5% P <0.01 RAnEFAZITFEL,

2 & R

2.1 MR ME GV230-hCB2R & 207 45 ¢ B b % 2

hCB2 FEHAY PCR F=¥45 1% B IS HEE I HL Tk
B, ATILZ 1128 bp I EH AT, SHUH—2 Bl 1A);
P B H 40 22 3K BORE GV230-hCB2R ALY Xho T/
Kpn | T )JE AN & B, 7624 1 128 bp A & HBLH
()R B , R/NS R A Bl — 2 1B ). 324
IR, B A S R AR AR IR, 7 8 5 X E
RS ARA , % IH H 40 3308 SOk b 2 i )

A B
bp M 1 bp bp M | bp

5 000—
5000— 3 8%%:
3 000— —
2 000 To08= 1128
I 500— {128 750
750 = 500—

500—
250
100—|

To0—

El1 CB2R EE PCR =¥ % GV230- hCB2R Egi]#&i
Fig. 1 PCR product of #CB2 gene and
GV230-hCB2 digestion with Xho I and Kpn [
A:PCR product of hCB2R gene;B:Recombinant
plasmid GV230-hCB2 digestion with Xho | and Kpn [ .

M :DNA marker DL5000

2.3 CB2R & Hela %m e 44 £k
Western blotting 2554 [ 2 ) i/~ , CB2R #4 4L 4
H )8 A ek, 2450 T Mr 40 000 Ab, 5 1 2%
S0 mias ok X B R KN 24 CB2R By &I,
I 2 M (= 10%)

CB2R— T

GAPDH— e e —36

El2 HeLa fif%s 3/ CB2R MIERRIX
Fig.2 Expressions of CB2R protein in
HeLa cells after transfection
1: Blank group; 2: CB2R group
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2.4 CB2R & Hela %m e, vF 64 % 4%
BTG A B R AR N 45 R & 3 )8
7, CB2R 223K T 20 it B A 40 Bt S I

E 3 CB2R 7 HeLa fBEF A ES( %200 )
Fig.3 Localization of CB2R proteins in
HeLa cells after transfection ( x200 )

A: Green fluorescence; B: Red fluorescence;

C: Compact fluorescence

2.5 hCB2R %1 Hela Zm it A = %38 5

T2 AR A I 25 R/ 4 ) SR, hCB2R 41
HeLa 108 12305 T2 BoRi2H) (14.51 +4.51)%
vs (6.29 £0.57 )% ,t=1.72, P<0.05 1.

=)
4.15% -

7-AAD
7-AAD

1.B1%

10" 10' 10° 10° 10¢ 10" 10" 10° 100 104

Annexin-PE Annexin-PE

4 hCB2R 48 HeLa fARBA T %
Fig. 4 Apoptosis rate of HeLa cells in hCB2R group
A:Empty plasmid group; B: hCB2R group

2.6 CB2R %1 Hela 22 CB2.Bcl-2 . Bax.Bad & @&
o & ik

Western blotting 455 18] 5 ) .75, CB2R H =S
JFRL2H HeLa 4 g Bel-2 | Bax, Bad ¥ %3k,
CB2R S 54 1T- M2 Bax . Bad 3£ E
BT R4 (0.58 £0.03) % »s(0.21 =
0.01)% ,(0.58 +0.03 ) % vs (0.18 +0.01 )% ,P <
0.05 ],{H Bel-2 A RXR T Fibi 4l (0.17 +
0.01)% vs (0.52+0.03 )% ,P <0.05 |,
2.7 CB2R %1 Hela %8 2 Bel-2 . Bax.Bad mRNA #)
Fik

PG H PCR K45 L W 7n, CB2R 41 Hela
M S 5 M 7oA 3L A Bax . Bad mRNA 3
T A kil (1.02 £0.07 )% (1. 14 =
0.10)% wvs (0.46 +0.03 )% ,P <0.05 |,{H Bel-2

mRNA FIRME T k4] (0.19 +£0.01) % wvs
(0.46 +0.03 )% ,P <0.05 ],

1 2 M(x10%
CB2R '_40

GAPDH == = | 36

Bad [ 2>

B 5 HelLa #1535 Bcl-2.Bax.Bad
EBRIE

Fig. 5 Expressions of Bcl-2,Bax,Bad

proteins in HeLa cells after transfection

1: Empty plasmid group; 2: hCB2R group

K & I

CBIR 4345 F WG A= 58 R 4045 ; CB2R fE4E 1
ERGH, EH R T WK G HAZIK, H 68%
R . RO ZE I RIMRAE Y P B 2 4, B 1k
oV PURZE UKk S 2R EE A O B
ST X R g | LRI | R 2 TR A
PUME A VE R o KRR 20 o R EC 4 2-AG AN
anandamide ) . KA (40 DY SRR , THC ) XA L
(KRR R AN Z b BEms| W KRRATT A= 9 WINSS ,212-2,
WIN )3 B, 85" & B, RIKE LS Y it
G AL 2 JORR 3R 32 R 5 0 4 J 2 1 1
(2T, B0 1) Iy 0 e 0 34 5, %o L AR
TS J A I B8 25 B A I A BRI VE . e Ak,
FE] PR A1 I PR BTS2 36 % 3, CB2R B B A Vi i 5 €
I MO RO LSRR A IR A, B i
HLA P & A g, CB2R 78 NS E i
31805 I HE PRI tumor-suppressing gene )Y f (4,
i AL I R A 3 I8 559 B CB2R B b fiis
IR, 2, 0% CB2R 5 cAMP R i1 PKA
T I, PR T R AT 2R, WIS S R O
T2 RS R, CB2R 7 I A0 P 3
KRN AN IIESE A -THC %t T 98 20l HepG2/
BEL-7402 HAMHIVER . 76/ BUSHR fr | Py ik R
JBRZ AEA RII/D 25 1 S8 B s kR TR B, CBIR
CB2R E45 179 CaCo-2 4l h #8435, CB2R #
IKEHETEE T CB1R. AEA A[3@# CB2R MR/
S 25 % CaCo-2 2Bl p-AKT £ 1 F1 caspase-3
ST TR F IR I S 5 O R LR T, i
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SZARIIR R BEFB A FE BT

PG K255 5, i p38MAPK \PI3K \ERK
WA T 905 Bel-2/Bel-xL 8% Bad 25 1 52 1 41 fitg 7
{7 e o e S S TN S e | ey
T AYPET=ZAK Fas S B9 725 R b
SRS Bel- 2 R . Bel-2 FR VIR I
AFNZ PR T8 36 R, — R S e s T L R A
PRIAT-HEA . HApgri T3 56 Bel-2 \Mel %,
PEUA TIN5 Bax \Bad %5 Bel-2 J: R 7= 9y i
AR C ROBI, T ZIETI TR T

X5 SR IR TT 254 B AR AL B it 5
TPk —HRT B ISR IS . AR S5 B et
T hCB2R H#% R IK K, 5% 4 HeLa 20 il JF 45 0
CB2R 7Edfiffrh ik, Rl 445 Hela 4 Bax .,
Bad .Bcl-2 ) mRNA A5 H %548 1k, 45 3 B oR
CB2R ZHH 2 Y8 7= F Bad . Bax 7F mRNA 17 17K
RS T HAL, P T- T Bel-2 K5
TR T2 ki, W] CB2R i#id | Bax . Bad 5%
ik, [FEE R 8 Bel-2 (23R4 i Hela 41 H T,
ARG FEIH , CB2R AE 75 S 20 i 3 T Sl i T AN [
- E I, T S AR T AR SR T Rk

ARSI INFIEE T GV230-hCB2R Jik: , Jyik—
ST CB2R WA MR- AL T 3 /R LA . hCB2R
WL Bel-2 G5 AH G IR 175 5 5 2009 41
HeLa P81, Ry g (0 L PRA 7 KWL I o B2 4t T 5K
W RIREETEIEMEE KR REE
YERT, HA 40 M pE AN T~y Y AR,
A NCIRYT - SR R

[ % X k)

(1] F80, X855, BB A ik LIV [T ] s EESR
f#, 2008, 23( 20 ): 2900-2902. DOI: 10. 3969/j. issn. 1001-
4411.2008.20.061.

[2] ARMAROLI P, VILLAIN P, SUONIO E,et al. European code a-
gainst cancer, 4th edition: cancer screening [ J J. Cancer Epidemi-
0l,2015,39( 1 ):139-152. DOI: 10. 1016/j. canep. 2015.10.021.

[3] HERNANDEZ D M, APRESA G T, PATLAN P R M,et al. Epi-
demiological overview of uterine cervical cancer [ J . Rev Med
Inst Mex Seguro Soc, 2015, 53( 12 ): 154-161. DOI: 10. 1017/
¢b09780511570094. 003.

(4] FhEEL, 4RIB, WS ZV0EMEBRG I IRYT & SUR T
JPIR SRR RBT S [ 1) s E AR, 2007, 22(33):
4682-4683. DOI:10.3969/]. issn. 1001-4411.2007.33.015.

(5] WZ=fh, MER, HRJ1, 5. RS IR YT 0 S S
MIRASTROREE [) ], T EEZS T, 2010, 12( 11 ):1877-
1877. DOI:10.3969/]. issn. 1009-0959.2010. 11. 026.

[6] QU Y, DANG S, HOU P. Gene methylation in gastric cancer
[ J]. Clin Chim Acta,2013,23(424 ):53-65. DOI:10. 1016/j.

cca.2013.05.002.

[7] PROTO M C, GAZZERRO P, CROCE D L,et al. Interaction of
endocannabinoid system and steroid hormones in the control of co-
lon cancer cell growth [ J ]. J Cell Physiol, 2012, 227( 1 ): 250-
258. DOI: 10.1002/jcp. 22727.

[8] WANG D, WANG H W, BACKLUND M, et al. Loss of cannabi-
noid receptor accelerates intestinal tumor growth [ J]. Cancer Res,
2008, 68( 15 ): 6468-6476. DOI: 10. 1158/0008-5472. can-08-
0896.

[9] JUNG H W, PARK I, GHIL S. Cannabinoid receptor activation
inhibits cell cycle progression by modulating 14333 [ J |. Cell
Mol Biol Lett,2014, 19( 3 ): 347-360. DOI: 10. 2478/s11658-
014-0200-x.

[ 10 ] GREENHOUGH A, PATSOS H A, WILLIAMS A C, et al. The
cannabinoid delta( 9 )-tetrahydrocannabinol inhibits RAS-MAPK
and PI3K-AKT survival signalling and induces BAD-mediated ap-
oplosis in colorectal cancer cells [ J ]. Int J Cancer, 2007, 121
(10):2172-2180. DOI:10. 1002/ijc. 22917.

[ 11 ] RAMER R, HINZ B. Inhibition of cancer cell invasion by cannabi-
noids via increased expression of tissue inhibitor of matrix metallo-
proteinases-1 [ J ]. J Natl Cancer Inst, 2008, 100( 1 ): 59-69.
DOI:10. 1093/jnci/ djm268.

[ 12 ] PUCCI M, PASQUARIELLO N, BATTI N, et al. Endocannabi-
noids stimulate human melanogenesis via type-1 cannabinoid recep-
tor [ J 1. J Biol Chem, 2012, 287( 19 ): 466-478. DOI: 10.
1074/jbe. m111.314880.

[ 13 ] FONSECA B M, CORREIA S G, TEIXEIRA N A. The endocanna-
binoid anandamide induces apoptosis of rat decidual cells through a
mechanism involving ceramide synthesis and p38 MAPK activation
[ J]. Apoptosis, 2013, 18( 12 ): 1526-1535. DOI: 10. 1007/
$10495-013-0892-9.

[ 14 ] RIMMERMAN N, BEN H D, PORAT Z, et al. Direct modulation
of the outer mitochondrial membrane channel, voltage-dependent
anion channel 1 ( VDACI ) by cannabidiol: a novel mechanism for
cannabinoid-induced cell death [ J/OL ]. Cell Death Dis, 2013, 4
(6): €949 2016-07-18 1. http://www. ncbi. nlm. nih. gov/pme/
articles/PMC3877544/. DOL: 10. 1038/ cddis. 2013.471.

[ 15 ] BROWN I, CASCIO M G, ROTONDO D, et al. Cannabinoids and
omega-3/6 endocannabinoids as cell death and anticancer modula-
tors [ J ]. Prog Lipid Res, 2013, 52( 1 ): 80-109. DOI:10.1016/
j. plipres. 2012. 10. 001.

[ 16 ] GUSTAFSSON A B, GOTTLIEB R A. Bcl-2 family members and
apoptosis, taken to heart [ J]. Am J Physiol Cell Physio, 2007,
292( 1 ): C45-51. DOI:10. 1152/ajpcell. 00229. 2006.

[ 17 ] HARTMAN M L, CZYZ M. Anti-apoptotic proteins on guard of
melanoma cell survival [ J ]. Cancer Lett, 2013, 331( 1 ): 24-34.
DOI: 10.1016/j. canlet. 2013.01.010.

[ 18 ] WAIBEL M, SOLOMON V S, KNIGTE D A, et al. Combined tar-
geting of JAK2 and Bel-2/Bel-xL to cure mutant JAK2-driven ma-
lignancies and overcome acquired resistance to JAK2 inhibitors
[J]. Cell Rep, 2013, 5(4): 1047-1059. DOI: 10. 1016/j. cel-
rep. 2013.10. 038.

[ K7 EHEI] 2016 -04 -26
[ AXHmE] il

[ @B ] 2016 -08 -21



