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[ Abstract | Objective: To investigate the effect of apoptin-loaded oncolytic adenovirus ATV infection on the au-
tophagy and apoptosis of human cervical carcinoma HeLa cells. Methods: Apoptin-loaded oncolytic adenovirus
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ATV and the control virus Ad-MOCK (both were constructed previously) were transfected into HeLa cells. The ef-
fect of ATV infection on proliferation of HeLa cells was measured through WST-1 assay; The effect of ATV infec-
tion on apoptosis and cell cycle of HeLa cells was detected by flow cytometry; Western blotting was used to detect
the effect of ATV infection on the expression of autophagy-related proteins (LC3, P62 and mTOR) in HeLa cells;
MDC staining was used to detect the effect of ATV infection on autophagy of HeLa cells. Results: ATV infection in-
hibited HeLa cell proliferation in a time-dependent manner; and the inhibitory rate reached 59.26% with ATV 100
MOI at 72 h, which was significantly higher than that of the control group (P<0.01); The apoptotic rate of HeLa
cells in ATV group was significantly higher than that in control group[(38.995+4.009)% vs (14.680+1.174)%,P<
0.01] 48 h after infection. With the infection of ATV, flow cytometry analysis showed that the cell cycle of HeLa
was blocked at S phase, which was most significant at 48 h and significantly higher than that in control group
[(58.490+2.447)% vs (43.235+4.419)%, P<0.05]. Western blotting revealed that after ATV infection, LC3 expres-
sion was gradually increase at 6, 12 h, with a highest level at 12 h(0.368+0.010, P<0.01)and a lowest level at 24 h
(0.106+0.023, P<0.01),P62 protein showed the highest expression level at 24 h (6.004+1.423, P<0.01), while
mTOR gradually reduced(0.042+0.010,48 h, P<0.01)with the extension of infection time; under fluorescent micro-
scope, monodansylcadaverin (MDC) positive staining of autophagosomes was observed in the peripheral region of
the nucleus of HeLa cells; the number of autophagosomes of ATV group was significantly increased as the ATV in-
fection time prolonged; compared with control group, the number of autophagosomes of ATV group significantly in-
creased at 6 h and 12 h [ (28.000+2.828) vs (8.5004+2.121), (37.000+4.243) vs (14.000+1.414), P<0.01], but relative-
ly reduced at 24 h [ (12.000+£2.828) vs (17.000+1.414), P<0.01]. Conclusion: Apoptin-loaded oncolytic adenovirus
ATV can promote the autophagy and apoptosis of human cervical cancer HeLa cells and then specifically kill tumor
cells.

[ Key words | cervical cancer; HeLa cell; apoptin gene; oncolytic adenovirus; autophagy ; apoptosis
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Fig.2 Effects of ATV on apoptosis and necrosis of HeLa cells

sor B[] R SE K, S S 4H BRI W 1 22 , S JHAE K ; 48 h BH ¥

& AdMOCK - i5 B B 5k, B2 & T Ad-MOCK & 44 20 [(58.490 +
= 2.447)% vs (43.235+4.419)%, P<0.05, & 5], i B ATV

51 K& B W BELH /F HeLa 41 i S A, 2E2% 1 52 B K40

MO, ATV Bl RSl R T- 5 AS 5 T 40 i

HHBH T S AT 52 HeLa 40 B 184 51

24 ATV G HeLlatmfle N s X &AM Rkii g

Apoptosis rate (%)

6 12 24 48 7 T
. t/h N —
Lime: () Western blotting 5 Il 45 5 57w (B 6A) , 15 %] H
"P<0.05, “P<0.01 vs Ad-MOCK group AL, LC3 EEARILEAE 6. 12 hiZWi N, 12 hik
B3 ATV Bi:127 HeLa HABHDA TR | K AH (0.368+0.010, P<0.01) , 24 h & &t H A%

Fig.3 ATV infection improved the apoptosis

(0.106+0.023, P<0.01) ; 7£ [ Wi #% 1, 5 LC3 LT
rate of HeLa cells

[ P62 I 7E 24 h i = R IA 5 (6.004+1.423 , P<
0.01) ; mTOR £ [ 1 3% 1A 5 W 6 5 1 F B 0] () ZE K
B [4415(0.04240.010,48 h, P<0.01). %5 S Ui B ATV
SR GG (3R T HeLa 40 5100 W i) & A=

2.3 ATV R4 [a% Hela a2 B 27T S 21
T AN ARG I 25 2R (B 4) R, BE#E ATV AE H

Ad-MOCK 6 h Ad-MOCK 12 h Ad-MOCK 24 h Ad-MOCK 48 h Ad-MOCK 72 h
i L]

ATV 12 h ATV 24 h

i ’ 1 ks
== - !li (D SN I SN

RNase
&4 ATV %t HeLa HAEHY £0AE B HASZ M
Fig.4 Effect of ATV on cell cycle of HeLa cells

PI




o [ iR AR AR YT A A, 2017, 24(12)

+ 1360 -
80
3 Ad-MOCK
@ ATV s
= 001 =
X
~ *
i)
Q
Q
172}
<
<=
o
w

6 12 24 48 72
Time (t/h)

"P<0.05 vs Ad-MOCK group
&5 ATV %I HeLa 201 S #iA9 5200
Fig.5 Effect of ATV on S phase of HeLa cells

2.5 ATV B % )5 Hela m fitL @ & K -F 69 T 4L

PR T AT, ATV Y5 (1) HeLa 41 1% &
X3 MDC FHPE G 5 mRES I E R M. B ATV
E PR A]E K , MDC 42t 1 /MR 3 H BTG 2 .
5 [A] I A] Bt Ad-MOCK ZHAHEL (B 7D, B 4H 4e it 100 4
YR, RS MDC a4 (18D ,6.12 h F &
AN TR B H B35 18 22 [6 h: (28.000+2.828) vs (8.500+
2,124, 12 h: (37.000+4.243) vs (14.000+£1.414)7, )
P<0.01], 6] ATV J&R 3858 T HeLa 20 H /K. (H
FT K G 24 h I H R /N AR H 020 [(12.000+2.828) vs
(17.0001.414), P<0.01], % B ATV & Z% 24 h J5 4 U5
TR AT RE N F AL R T, 4051 T AR A, 5L
H M EH b .

A B C D
1 23 45
ol | 04 X . '
GAPDH Wwwws= O (> S 4 o 02
_ 01 Y =, g 02
DG ———— i =
mTOR S 0 :

ATV

Ad-Mock 6 12 24 48 h

0
Ad-Mock 6 12 24 48 h Ad-Mock 6 12 24 48h
ATV ATV

"P<0.05, "P<0.01 vs Ad-MOCK group
1: Ad-MOCK; 2: ATV 6 h; 3: ATV 12 h; 4: ATV 24 h; 5: ATV48h
B,C,D: Effect of ATV on expression of LC3, P62, mTOR
El6 ATV B4 HeLa ZHAf/E%F LC3. P62 M1 mTOR & A FRERIF ML
Fig.6 Effect of ATV on the expressions of LC3, P62 and mTOR protein in HeLa cells

6h 12h 24 h 48 h
AdMOCK- - -

[]7 MDC 7~ER HeLa 4AAf B /) A (x50)
Fig.7 MDC traced autophagosomes of HeLa cells (x50)

3 1 %

T2 R RES 175 N AR e A 40 S S P e R
g 108 SR W 1P AN S gt =3 22 O s 4 |
JE ~ RSCET 4 40 i 1 LA B S A R T R R T
RE o TR 4 6T 3R T 3 3 1 R T AR BBURK, AR T I
AR TR A AR, X R TR TR R
PR TR A5 Sl B A R HAT, ZERR YT ANk
BRIG T 250 S TR 93 75 AT 78 BN R VR 9 O 98

R VTR B L SR G 1) T 2 N IR 4 K kR
) RS O (A R

SCH R W], ARG B — R AR T, ATV XY
HeLa 2 i (40 1) BAT I TR RGN 0 & . AL IR B
T BUR PR LR I8 8 ATV RJ DAS 3 e 4 i - 41
R 5 B T, L R 4H g S . ATV
75 IR 2 PR T, 3R T PR A R A R R B
BB A [ 1] S 20 o 48 41 2 v 1 40 B R 1
BRI IR TS ATV U540 R T4, PRSE



b

T A AT IR T LR (R I 15 ATV X N5 350 HeLa 20 i (¥ 40441 4 H - 1361
e 5H o, modulation in cancer{J]. Clin Cancer Res, 2009, 15(17): 5308-
5316. DOI:10.1158/1078-0432.CCR-07-5023.
[4] HE W, WANG Q, XU J, et al. Attenuation of TNFSF10/TRAIL-in-
30r duced apoptosis by an autophagic survival pathway involving
40 g g i“T‘yOCK TRAF2- and RIPK 1/RIP1-mediated MAPKS8/INK activation[J]. Au-

MDC fluorescent cell

6 12 24 48
Time (t/h)
El8 ATVH5 Ad-MOCK IR E MDC RS A H
Fig.8 Number of the pointlike distribution MDC fluorescent
cells in ATV and Ad-MOCK

WK — 7T, B WEAE 9 —Fh ORI HL I A8
i 928 240 i G 52 B S 3% H 0 4 S AL T BT S 45
PR LA A sy — 5 T, 3 B 1) R A R AR 22 5
i WEPEBE T, AT A1 e 1) R AR Je o LC3 A2
FLEN AN B T RE ATGS FE R [R5 » BEHE [ 52 o7
T AR, 25 BRI, LC3 08 T BFNIT Y,
[ B8 R IE I AR T T A, 1 LC3 1T 4 445
SE MR R E WA - BB S A R A, A
5 s e, AR R, ATV LS 7R
HeLa 40l b LC3 11 & Bl A& fE I A ZE K, 12 h 2R
H k7K I 2 T v, 2R W RS PR R A R
RN E I o A il I SN RN N TR SR B A
XM BRI RES 5 T B S0 1 R AR 5 T ATV B 24
hJ&, LC3 1T RIEHH L5 R FAAIG, sS0HR ZR 48 MDC
PG MR D L 45 FAUE I, 4 At T T RE M H
W # R T, $) T 40 B B e R AR, 5 B E R M
0 H B kD 20 R R B AN I A 2 AE AR A 5 A
ATV ATRES| R T 5 AWES 5 T 40 i IR A
N7, BE 45 FR 7E HeLa 2 S 1, ATV J& 4 48 h [ 2
ik B ik, T 520 HeLa 4110 () 3454

ZE L RTak , £F 5 2008 HeLa 4180, ATV fE 5] 2
YRR VE TR W, AR T TR R LA TN AR [F
I £ B 6 1 W 33 17 AT g 2 51 S R 4 i T 1 AT
T 0 TG R R G BAA S H M E .

(& £ xx #]

[1] #i, SNG4, 518 TRAIL 2 H 52 {& DR5.DcR1 7E & i P %
FA[I]. BAC R 22, 2009, 17(9):1749-1751.

[2] JIN S M, JANG H W, SOHN S Y, et al. Role of autophagy in the re-
sistance to tumour necrosis factor-related apoptosis-inducing ligand-
induced apoptosis in papillary and anaplastic thyroid cancer cells
[J]. Endocrine, 2014, 45(2): 256-262. DOI:10.1007/s12020- 013-
9997-8.

[3] WHITE E, DIPAOLA R S. The double-edged sword of autophagy

tophagy, 2012, 8(12):1811-1821. DOI:10.4161/auto.22145.

[5] NIU T K, CHENG Y, REN X, et al. Interaction of Beclin 1 with sur-
vivin regulates sensitivity of human glioma cells to TRAIL-induced
apoptosis[J]. FEBS Letters, 2010, 584(16): 3519- 3524. DOI:10.
1158/1078-0432.CCR-07-5023.

[6] ORO C, JANS D A. The tumour specific pro- apoptotic factor
apoptin (Vp3) from chicken anaemia virus[J]. Curr Drug Targets,
2004, 5(2): 179-190. DOI: 10.2174/1389450043490631.

[7]1 SU Z, YANG Z, XUY, et al. Apoptosis, autophagy, necroptosis, and
cancer metastasis[J/OL]. Mol Cance, 2015, 14(1): 48[2017-07-06].
https: / molecular- cancer.biomedcentral.com/articles/10.1186/s12
943-015-0321-5. DOI: 10.1186/s12943-015-0321-5.

[8] LEUNG E Y, WEIGERT M, WALTON J B, et al. Role of innate immune
responses in the effectiveness of oncolytic adenovirus as an anticancer
agent[J/OL]. Lancet, 2017, 389: S61[2017-07-06]. https://www.re-
searchgate.net/publication/314251057_Role_of innate_immune_re -
sponses_in_the effectiveness_of oncolytic adenovirus_ as an_an-
ticancer_agent. DOI: 10.1016/S0140-6736(17)30457-9.

(91 WA, T35 e, ¥ B3 BRI BRI & 3 6 R 25 ZD55-TRAIL Xof
HeLa 21 [ 10 1 45 FI B2 JEAL R 0 (0], o [ 400 i 2 00 = 27 3,
2014, 36(5): 595-601. DOI: 10.11844/cjcb.2014.05.0378.

[10] Z= 75 . XURF 57 1k e e =5 28 0 25 1A 22 L S5 08 % S S %6 [ D).
TR EE, 2009.

[11] 2035, 5k, Fhakp, & . FMBT I8 5 RN 28 A B 77
2 A5 25 1 L [T]. I JE AR 2 2k K, 2016(1):1-4. DOI:
10.13350/j.cjpb.160101.

[12] LOW K C, TERGAONKAR V. Telomerase: central regulator of all
of the hallmarks of canc-er.[J]. Trends Biochem Sci, 2013, 38(9):
426-434. DOLI: 10.1016/j.tibs.201-3.07.001.

[13] PAL P, AGARWAL K, RAI A, et al. Apoptic activity of chicken ane-
mia virus VP3 gene cloned in replicase based eukaryotic vector[J].
J Microbio Biotech & Food Sci, 2013, 3(3): 240-242.

[14] YANG J, WANG J, ZUO Y, et al. Molecularly modified VP3 (30-
121) induces apoptosis in human bladder cancer (EJ) cells but not
in normal (3T3) cells[J]. Cell Biol Int, 2012, 36(11):1037- 1042.
DOI: 10.1042/CBI120110390.

[15] YUAN L, ZHANG L, DONG X, et al. Apoptin selectively induces
the apoptosis of tumor cells by suppressing the transcription of
HSP70[J]. Tumour Biol, 2013, 34(1): 577-585. DOI: 10.1007/
s13277-012-0585-y.

[16] #5543 5-Fuifs 5 N4 lWde HCT-116 40 Wk 58 T2 O0 R Sl
HIWFFE[D]. REEERIREE, 2013.

[17] MATHEW R, KONGARA S, BEAUDOIN B, et al. Autophagy sup-
pressestumor progression by limiting chromosomal instability[J].
Genes Dev, 2007, 21(11):1367-1381. DOI: 10.1101/gad.1545107.

[18] PENG W, TONG D U, ZHANG Z, et al. Knockdown of autophagy-
related gene LC3 enhances the sensitivity of HepG2 cells to epirubi-
cin[J]. Exp Ther Med, 2015, 9(4): 1271-1276. DOIL: 10.3892/etm.
2015.2266.

[WFs BHA] 2017-09-05 (&= HEAT  2017-10-27
[A4RiE] HEHh



