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Effects of HSV-TK/GCV suicide gene therapy system mediated by
bifidobacterium infantis on cell apoptosis of prostate cancer PC-3 cell

xenografts in nude mice
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[ Abstract)Objective ; To investigate the effect of bifidobacterium infantis (BI)-mediated herpes simplex virus thymidine kinase (HSV-
TK)/ganciclovir(GCV) suicide gene therapy system on cell apoptosis of prostate cancer PC=3 cell xenografts in nude mice. Methods .
The prostate cancer model was established by subcutaneous injection of human prostate cancer cell line PC-3 into nude mice.
The model mice were randomly divided into 4 groups,which were treated by intraperitoneal injection of GCV in combination with tail
vein injection of BI carrying recombinant plasmid BI-pGEX-TK (recombinant plasmid group),BI carrying empty plasmid BI-pGEX-
5x—1(empty plasmid group),BI(BI group) and normal saline (normal saline group). After 4 weeks of treatment,tumor weights and
nude mice weights were recorded. The apoptosis of tumor was detected by TUNEL assay. The expression of Fas, FAP-1,casepase3 and
casepase8 were determined by real-time qPCR and Western blot, respectively. Results ; After treatment , comparing with those of empty
plasmid group, BI group and normal saline group,the nude mice weights in recombinant plasmid group increased (F=12.952,P=
0.000) ,the tumor weights decreased (F=7.795,P=0.000). The apoptosis index of recombinant plasmid group was obviously higher than
that of the other three groups(F=45.895,P=0.000). Comparing with the other three groups,the mRNA expression of Fas(F=70.077,
P=0.000) , casepase3 (F=70.611,P=0.000) and casepase8(F=73.781,P=0.000) in recombinant plasmid group increased,but the mRNA
expression of FAP-1(F=46.880,P=0.000) decreased. Protein expression of Fas(F=664.116,P=0.000), casepase3 F=203.090,P=0.000)
and casepase8 (F=654.354,P=0.000) in recombinant plasmid group increased,but the expression of FAP-1 protein (F=318.989, P=
0.000) decreased. Conclusion : The Bl-mediated HSV-TK/GCV suicide gene therapy system can inhibit nude mice prostate cancer
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apoptosis signaling pathways,inducing to nude mice prostate
cancer cells apoptosis and playing a role in tumor suppression.
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CRPC) SRR R T SCRAVEE I HL, ER 0 ML
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O, FRAIRIIZ N RN B EE ] (herpes simplex virus
thymidine kinase, HSV -TK)/P %A & 1§ (ganciclovir,
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FFHE (bifidobacterium infantis, BI) /-5 HSV-TK/GCV
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£ pGEX-TK BRI BI, & pGEX-5X-1 FURLAY BI &k
AEERR) BI AR i A S50 A7, ARSI B PC-3 i
R T 5 D BE R A2 B I 58— B e 43 1 g B R Wik 15 2
SR E R AR I ORPMIN640 35 37 58 J 0.25% g il 1 -
HyClone A ], JRAT casepase3 casepase8 Fas FAP-1 22 7%
PUATE T Immunoway 28 7, TUNEL 857 & 14 T2 IS (Roche)
7], SYBRGreen %¢ 6 i€ ft PCR R 57 & 4 T Takara 23 #)
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(100 U/L) Fl4%E 55 % (100 mg/L) ) RPMI1640 1 35
37 °C.5% CO, RS540 # AL I0H %
1.3.2 ARSI R R R R AL A 3 S A1IRYT
W e %8R KA PC-3 2R, B 1100 N 4RME/100 wl 5 FH

THRRATIEF FR L T, 3G B R EEAR R T 1t 00 B
WA A TCRH BRI HLArE /NS — 11 48 HAR
SUBERL I3 4 21 o 2B BRER K (A BRER K ) 21 | H 41 B ki (Bl -
pGEX-TK)ZH  Z5 JFifi (BI-pGEX-5X—1)2H .23 32 )L XUSEAT
(B, AF4H45 12 1], 43 2 Rk i B A PR K | BrpGEX -
TK FORLAY U FF AT % pGEX-5X-1 R 1 SUB T4 1
TN LBUSEAT B PR (S PRI 1% 107) 4% 0.2 ml, 4 7 d
IR ESE 4 T8, S BANAEBEEE 1 RIT IR RIS TS
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PR ER R AR R T
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WESERE A BLIRT /M BRI iR 5 BT AR TR
K ( apoptotic index, AT) =8 T2 A/ 40 2 < 100%
1.3.4  Real-time PCR R 433l H A5 A1 2R FRU AT 9] g 4 41
100 mg, Trizol IEHEHUE RNA, 354 5355 % ¢DNA, L cDNA
BiMEFT PCR., 514 b P A W AR FRA R BRI G
. BIYFA : Caspase-3: Li#514 .5 ~AGATGGTTTGAG—
CCTGAGCA-3’ R34 .5 -CAGTGCGTATGGAGAAATGG -
37,9 R BE R/ 103 bp; Caspase=8: U514 :5° ~GCTTT-
GACCACGACCTTTGA-3", 514 :5° ~GATGATGCCCTT -
GTCTCCAT-3" , 9" B4 - Be K /N 165 bp;Fas: EF54).5 -
CCGATTCATCTACCCTGCTG-3", FiiF5|4):5  -TGAGCAA -
TTCCAGAGGCAGT-3" 4" 14 Jy Bt R/IN: 152 bp; PAP-1; i
51¥7.5° -GGATTGTGGCCTTCTTTGAG-3" , FiiF5 4.5 -TA-
CCCAGCCTCCGTTATCCT-3", ¥4 H-Bf Ak/N . 111 bp; PCR 1§
FREAE ST .94 CHIZEPE 3 min, 94 CAEHE 30 s,64 CiE k 30
5,72 CCHEMf 1 min, 3L 35 AMEHF, 72 CHEfH 10 min,
1.3.5 Western blot &0 J3 551 B 4% 2H #4 BUAi 1) Jig 9 2H 28
100 mg, BIHE WSS, A PMSF K 2404, 850 I B 1375
T, BCA VR B IR, SR T P A LR W, Wk
# 10 min, BL 50 pg 3 FEE, 10%SDS-PAGE HLiK /&5,
TR AL RE , S NR W 2 iR A 1h, DA RPN cas—
pase=3(1:1 000 Fii &) ,caspase—8 (1:1 000 i B ) Fas (1:500
FiBE) FAP-1(1:500 Fi B¢ ) Fll B-actin(1:500 Fike) —Hifk , %
TERE PRI R A, TBST PB4 3 WK, FHK 10 min, JILAAH R ()
TP, FEIRARRPEE | h, TBST Ve 3 Ik, ECL b kOt
AL R
1.4 %it3am

Gt Ariz i SPSS 19.0 Gt , & skt LA +
PRifE2s (x +5)FROR , ZAREABAR N LLECR SRR R 22407
Br, T LA SR LSD—¢ 325, K 36 7K 1 0=0.05,
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Fig.1 Histopathological appearance of the xenografts

in nude mice ( HE )

22 BARABATIBEIRE

BI-pGEX-TKZH £ /E 3 K 4H | BI 2H FIBI-pGEX-5X -1
ZHA BTN (F=12.952, P=0.000) , faJfd Bt i PR (F=7.795
P=0.000) A= BEER K ZH BT 44 A1 BI-pGEX-5X-1 2022 [i] L%,
RREUTT I ford8d i i 22 R TR R LR 1,
2.3 TUNEL A& it 78 21 2008

TUNEL YA A % 2045 2 4R BRU i 27 Bt 4L 2P oA R TRl
JERIPE T (18 2) , BI-pGEX-TKZH &5/ Bk /K 41 BI 411 BI-
pGEX=5X-1 £ -0 B34 i (F=45.895, P=0.000) , A= HER K

41 BIL 41 Al BI-pGEX-5X-1 41 Z[A] b4, JA TR B T 4e i
B ERIE L,
®1 ZFARRPEGRERATER (x£5)

Tab.1  The nude mice and tumor weights and apoptotic
index of each group (x +s)

FEACED BREUARTE  ApRARTEL  JATHEAK

215
(n) (g) (g) (%)
AR KA 12 23.12+120 1.67+0.09 10.11+2.16
BIZH 12 23.18+0.89 1.65+0.11 11.45+287

BI-pGEX-5X-1£1 12 2352+ 1.13 1.64+0.08 10.95=3.03
BI-pGEX-TKZH 12 2526+0.51" 1.50%0.09* 22.07 +3.35"
FAH 12.952 7.795 45.895
P1E 0.000 0.000 0.000

T :a, 5HA 3 tHAHIL, P<0.05

24 Real-time PCR AR R AT 7 B2 B 4122 casepase3 case—
pase8 Fas A FAP-14#9mRNA % i&

Real-time PCR 558 7R BI-pGEX-TK 41 casepase3 (F=
70.611,P=0.000) casepase8 (F=73.781,P=0.000) } Fas (F=
70.077,P=0.000) /) mRNA Fik K H A #ER K 41 BT 21 Al
BI-pGEX-5X-1 ZHW 38410, 1 FAP-1 ) mRNA kK F5
AEFER K 2 B ZH A BI-pGEX—5X—1 2H W] i F& Ik (F=46.880,
P=0.000), A=K B4 BI-pGEX-5X~1 4l [ AHH
Hb&E , casepase3 casepase8 Fas & FAP-1 [) mRNA A% 5H
WGt L, Wk 2,

B.BI 41 C. BI-pGEX-5X~1 41 D. BI-pGEX-TKZ1

B2 &EPEHLFT TUNEL £ (200 )
Fig.2 TUNEL assay in PCa xenografts of nude mice of each group (200 x )

%R 2 %£4H casepasel.casepase8.Fas.FAP-1 & GAPDH real-time PCR i ct & (x +s)
Tab.2 The ct value of real-time PCR of casepase3,casepase8,Fas,FAP-1 and GAPDH (x =5 )

Ei=tan HEPRER K2 BIH BI-pGEX-5X-141  BI-pGEX-TKZ FiE P8
casepase3 2253+025 2229 +0.23 2236 +0.30 21.46 +0.17 70.611 0.000
casepase8 23.54+0.12 23.42+0.19 23.44 +0.31 22.51+0.17 73.781 0.000

Fas 27.48 +0.22 27.63 +0.15 27.51+0.31 2634 +0.21 70.077 0.000
FAP-1 24.63£0.13 24.64+0.15 2459 +0.21 25.61 +0.20 46.880 0.000
GAPDH 18.83£0.11 18.76 £0.14 18.75£0.13 18.75+0.12

P PAEJEARIE A 2720 T o (AT BRI T A FRER K 4L AR B kA5 BN G T 45 3 5 casepase Z5 L H : BI-pGEX-TK 4143511 5
A HER K2 BI 2H % BI-pGEX-5X-1 ZH FL% , P A :0.000; A4 HER K 204351 5 BI 2H &% BI-pGEX-5X-1 2H Fb&&, P {43514 : 0.051,0.145; BI
205 BI-pGEX-5X-1 41 HAL, PN 0.602. casepase8 £ 55 . BI-pGEX-TKZH 73 3] 5 4= BEEE /K 4 BT 20 % BI-pGEX-5X-1 41 H4, P4 N -
0.000; 4= PR K 413 5145 BI 20 12 BI-pGEX-5X-1 £H FLA5, P {E 3 314 :0.136 .0.407; BI 415 BI-pGEX-5X-1 £ F45, PAE N 0.498. Fas 45 H A
BI-pGEX-TKZH 4351 54 B 4h 7K 41\ BI 4 2 BI-pGEX-5X—1 41 HA¢, P B9 :0.000; 4 FiEL K 4143 3115 BI 21 )2 BI-pGEX-5X—1 41 HeAe, P {H
43514 :0.291 ,1.000; BL 415 Bl-pGEX-5X-1 ZH 1145, P 0.292, FAP-1 %5 Herfr; BI-pGEX—-TKZH 43 51| 5 £E 304K 28 \BI 40 & BI-pGEX-5X-1
A LA, PAEE 7 :0.0005 A BEER K2 433115 BT 41 % BI-pGEX-5X~1 41 b4, P H 43924 :0.220 .0.356; BT 415 BI-pGEX-5X-1 41 [b4s, P {H K
0.758
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% 3 #&%H casepase3.casepase8.Fas.FAP-1 5 GAPDH BRI/ ELLE (x +5 )
Tab.3 The gray ratio of casepase3,casepase8,Fas, FAP-1 to GAPDH (x +s )

Eistan AR KA BIZH BI-pGEX-5X-141  BI-pGEX-TKZ4 F1E P i
casepase3 0.641 +0.016 0.628 +0.018 0.620 +0.024 0.864 + 0.046 203.090 0.000
casepase8 0.499 + 0.016 0.494 + 0.013 0.484 +0.018 0.858 + 0.041 654.354 0.000

Fas 0.349 + 0.027 0.334 +0.012 0.343 +0.025 0.672 +0.022 664.116 0.000
FAP-1 0.714 +0.037 0.697 + 0.024 0.692 + 0.035 0.377 +0.026 318.989 0.000

1 : casepase 45411 BI-pGEX-TKZH 43 51 55 4= BHER /K 20 BT 41 0% BI-pGEX-5X-1 ZH 0458, P {H4 4 :0.000; 4E BREL K 4143591 15 BT 41 )% BI-pGEX -
5X-1 4LH#, PAES 314 :0.264.,0.086 5 BT 415 BI-pGEX-5X-1 £ HLAZ, P49 0.536, casepase8 4551 : BI-pGEX-TKZH 43-51] 5 42 #ER Kk 41 | BI
20 & BI-pGEX-5X~1 41 HL 4, P {535 54:0.000; £ FLER /K 240 43 51 5 BI 40 &% BI-pGEX-5X-1 41 FL 45, P {4 1 4 :0.615.0.155;BI 41 55
BI-pGEX-5X- 14 [b#2, P{E R 0.352, Fas 25580 : BI-pGEX-TKZH /3 31| 5 4= R /K 41 . BT 41 2 BI-pGEX-5X-1 41 L%, P #4747 : 0.000; A= #iih
KA 95 BLLH K BI-pGEX-5X-1 4 He&:, PAEAY 5124 :0.093.0.509; BI 455 BI-pGEX-5X-1 £H L4, PN 0299, FAP-1 4559 . BI-pGEX-TK
2153 ) S EE IR K AL (BT 41 K BI-pGEX-5X-1 41 FLAE, P {4747 :0.000; A 3R 7K 414371 55 BI 41 &% BI-pGEX-5X-1 41 HeAE, P B 4354 :0.206

0.099;BI 415 BI-pGEX-5X~1 He4, P{HM 0.688

2.5 Western blot # i #% & 77 7] B K& 40 4R casepase3 ,casep—
ase8 Fas & FAP-1 #9%& & k&

Western blot 45 3 i 7k BI-pGEX-TK 4 casepase3 ( F=
203.090,P=0.000) ,casepase8 ( F=654.354 , P=0.000) & Fas(F=
664.116,P=0.000) f4 25 H F 15K e FiER /K 20 BI 41 FIBI-
pGEX=5X-1 £ BRI NN, T FAP-1 F 85 14 kK F 4 A
$h7K 4 BI 411 BI-pGEX—-5X-1 411 W F#A% (F=318.989, P=
0.000), A:FEERIKZ Bl 201 Bl-pGEX-5X-1 £ 22 [H] A ELLL
3¢, casepase3 casepase8 . Fas [} FAP-1 [ RILZFH T
Gt AR AR 3 A3,

casepase 3

> <— AP
- -
1 2 3 4

1. A FEER K4 ;2. BI 4153, BI-pGEX-5X~1 4 ;4. BI-pGEX-TKZH

B 3 Western blot #EEHHLEHR
Fig.3 The analysis of Western blot

3 3t i

BEE R i BLPIBS PR SE IR A, A AR SR R
ZH T MR EZ e, HARER (suicide gene),
SRR B B O R Y A R AR AR M rh  HR
IR T AL T BE Y 25 W RTS8 S A 2R )

T3 S5 122 35 I ) 52 R 20 M R B, 2 S [
FRA H ARFEN  HSV-TK /A H A i — 51, J& B aiif
Rz MR H RN Z —, HAERVLG
ARG iz S | RER A TK, 1 TK REE{L GCV
w1k, BERR 1L GCV BEEUAY DNA & iliad A& Hr i)
SRR ST, P DNA R AT, i DNA 4% 19 48
21k, DM AR S &, A 4h T3 245
J, e 2 B RE AN FE T, 17 I FL sh A B i
1) TK I8 XA D RER, [ A FE PR IR 77 4K
TEAR 22 I I8 A 35 Atk S 56 A IGG PAC3 56 A5 2 T IR
5%, Freyta WG L IR & TK R R 9 B 25
RITHISI I B 3 RS, B 1 PSA B R %
Li SEOIE i i 2845 20 e i 58 v & B, 4 R R ]
DABESE HSV-TK FE PR 7 ik 07 2%, i HAIL ] 32002
T A B TG 8 55 L RN K K IR 4, Zeng
I HSV-TK/GCV H A EEPEIT RGiAIT AK
FLIIE AN MCF=7 , % PRA0 A S5 2k B 1E G1/S
BBt

wn b ek, BhRE A TK 3% RE 7 BA B 7
3, ARG A G TR 35 R 350G 28 8 40 it
HIINfE ., PRI, BARANEPE TK SEP7E AR I8 1034
SR RIEVER, SR —Fh e & AR EARE A5
TR WU T PR A — DGR, T S AR
20 2 R 4843 e R ) 2 s DX A AR 43 F A IR T
TE R0 Sk e B S AT TR A B A JE A
Y7 Feged (0 R AR ER AL T ARG () A AN — s
Al ] Py AMTF ST X2 2 B 121 R U A B 1 Sy e 5
DA YT 1 AR AT B 41 e 0 1) s A b, LA
BT et R SRR RO, ARSI, R BI
I3 pGEX-TK/GCV & J7 Hi 5 B e AR L, Va7 it
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FEPERBTCAE T, T I & AE . 16T 4 JJE ,BI-
pGEX=TK £H #4788 AR B 1A I i ) S ey 1 A PR 7K
24 BI 201 BI-pGEX-5X—1 20 , [ Jo 2 ] AR A1
A FREER K4 BT 20 BI-pGEX-5X~1 212 [i] HL4%
TGt 25, TUNEL 455 /8 BI-pGEX-TKZ1 4
AR K2 BI ZH AN BI-pGEX-5X—1 £H ity 41 o 74
ToHLR AN, X —45 15 BIL A% pGEX-TK/GCV
BT IR 2 PR RIS 3] 1 i — 25 i
ST B R PR A T B TR 0 SR T H
PLHIT] BEZ 5 R s

200 L O AR PN A7 DR 2R Sl S 2R L PN A Y
A R AT = ) D Sl A ey = WA = 1
IR AR T IR AR E AW — SRt
LM 5 ST 20 B P ) PR T casepase ; — 4% /2
Aok 2 A T IO UR T RS PR TG casepasel™, Ab
PSR 32 A0 ] AR T O RS (AN Fas FCHE, i
JERIE R+ TNF) KTG A “FET- 324Kl i pe 157
I TAF S ¥ casepase(casepase8) FIHITT
T (casepase3 | 7) i AP T TR FM, FEA S H qRT-
PCR 458 B /" BI-pGEX-TKZH Fas casepase8 .casep—
ase3 1 mRNA Fk /K40 I 5 A B4R K 41 BI
ZHFI BI-pGEX-5X-1 21, Western blot #5285 5 i
RBI-pGEX-TKZ Fas casepase8 ,casepase3 2 ik 7K
P I T A 3 21 RIS BI
I3 pGEX-TK/GCV Y7 R8I HihE il GE i 1 Fas i
FERP , NG casepase8 , YT i casepase3,
I T EE A P T

Fas AHCWERREE -1 (Fas associated phosphatase—
1,FAP-1) /EN Fas REGH T, fEAif A=K
I3k AN L 2 P s A R A i AR A
25, B MARIIEEFHE M, A%
IR AU AT KPRk . FAP-1 7E Fas /%
(R 1245 5 S i P b B VE D AT 41 61 e
M RIR T TAEARSE G gRT-PCR & Western
blot 45 J 34 i 75 BI-pGEX ~TK 41 (i 41) i 9 £H 41
FAP-1 KKV B AR T PR /K 41 BI 41 BI-
pGEX-5X-1 41, [FISL#EN BI /5 HSV-TK/GCV H
REEPNRTT RGFHAL FAP-1 ik 54k Fas /-5
AR Tl T A PR

B2, BL A HSV-TK/GCV H AR FEHEIT &
GUIRY TR BTG B i &2 4 AR . R, BL A
HSV-TK/GCV F A% H [ A fnf % ¢ fir 51 s 2 i, 2

FAE L HA T S T 10 13 B B A7 a0 — 5T

Z % x #

[1] Siegel RL,Miller KD, Jemal A.Cancer statistics,2015.CA Cancer J
Clin.2015 Jan-Feb;65 (1):5-29.doi; 10.3322/caac.21254. Epub 2015
Jan 5.
(2] DRERE, vh Tl PN, 5 b R RN RHER 2 WA T R
M]AEsT: AR TR R, 201461
[3] Ketola A,Maatta AM,Pasanen T, et al.Osteosarcoma and chon—
drosarcoma as targets for virus vectors and herpes simplex virus thymi-
dine kinase/ganciclovir gene therapy[J].Int J Mol Med,2004,13(5):
705-710.
[4] Freytag SO, Movsas B, Aref I, et al.Phase I trial of replication—
competent adenovirus —mediated suicide gene therapy combined with
IMRT for prostate cancer{J].-Mol Ther,2007,15(5):1016-1023.
[5] LiS,Gao Y,Pu K, et al.All-trans retinoic acid enhances bystander
effect of suicide gene therapy against medulloblastomas|J].Neurosci Lett,
2011,503(2):115-119.
[6] Zeng Z],Xiang SG,Xue WW et al.The cell death and DNA dam—
ages caused by the Tet—On regulating HSV —tk/GCV suicide gene sys—
tem in MCF-7 cells[J].Biomed Pharmacother,2014,68(7) :887-892.
(71 #h AH, A=K T7 AR S ] A ARl 2013,25(2)
206-217.
[8] Yin X, Yu B,Tang Z,et al.Bifidobacterium infantis —mediated
HSV-TK/GCV suicide gene therapy induces both extrinsic and intrinsic
apoptosis in a rat model of bladder cancer[J].Cancer Gene Ther,2013,
20(2):77-81.
[9] 5 Bk TET, ACHE, A5 RS AT p TE PR S M SR R IR
YR FHL - PR R B 22k, 2013,40(2) 1 268-272.
[10] Xiao X,Jin R,Li J,et al.The antitumor effect of suicide gene
therapy using Bifidobacterium infantis —mediated herpes simplex virus
thymidine kinase/ganciclovir in a nude mice model of renal cell carci-
nomal[J].Urology,2014,84(4) .982.
(1] VTHCEE, SEN, SR, 55 B SUS T B 1R U2 P
L S AL BOXT W20 R P SR 1) IR , 2009, 29(8) : 721726
[12] W f&, FWAHE Bk, 45 2 LAUECFT B A 5 HSV-TK/GCV
F AR EEEVATT F G008 K BUBS eI 21 LA ML J8 T2} Fas/FasL 3351
S P IE R R, 2012,41(10) :877-881.
(13] 2 ff, Ak RN g AR B H AL )], [ BR A 2 2
#5,2014,41(2):103-107.
[14] Jia LT,Chen SY, Yang AG.Cancer gene therapy targeting cellular
apoptosis machinery[J].Cancer Treat Rev,2012,38(7) :868-876.
[15]  Gump JM,Staskiewicz L,Morgan MJ,et al.Autophagy variation
within a cell population determines cell fate through selective degrada—
tion of Fap—1[J].Nat Cell Biol,2014,16(1).47-54.
[16] Joshi S,Ryan KM. Autophagy chews Fap to promote apoptosis[J].
Nat Cell Biol,2014,16(1):23-25.

(WAERSE . AAL)



