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P Ve R . A) B HPV-18 E7¥e@) s T #RNA(E7-siRNA)#7 #|HPV-18 E789 & ik, CCK-8i% 40| 4n
FRLIG AT DL, AR Ll AN 2 2m AR B T 1 UL, Western blot#a ] 2\ it §) "2 48 %= & @ Beclin1 #2LC3 & A
7K-F, QRT-PCRA=Western blot4 5| 4| SIRT 1 4 mRNAF=& & & X KF. HF &L B IR EHaCaT e
fe. & XHPV-18 E7% &, 4 5|18 i qRT-PCRF=Western blot#& M SIRT 149 mRNAF= & & & L K-F.
/5, #A SIRT185h 7| (SRT1720)FA &L 22 4m i, CCK-83% A0 4m fn 38 78 1 0L, A X 4a IR0 =4 e,
BT Hr sL, Western blotA& ] 2@ it ) "£ 48 % & @ Beclinl f= LC3& A K-F, 4R & I, E7-siRNALEK
HPV-18 E7¢9 kL5, Mg i A R %855, BT /K-FH &, SIRTIEmRNAF & & KL KT 2
F 44K, f£HaCaT@mj kA HPV-18 E7%& & &, £ ILHPV-18 E7-T 44t SIRT149 & 3iA. SIRT1L )
F) 4k 22 2T VAR BEHPV-18 E7A B 0 3K -F 206 1KoK - 4m i3 78, 42 R HPV-18 E75 B LBk 2069 am i
BT, 35 A AR X & & Beclinl & A K -FALC3-1II/LC3-1A. %%, HPV-18 E7° vA4% #t HeLa%m &L
SIRT1#49 & ik, FFi8 i SIRT 13 M AT 3t 4m AL 6 38 78 An B w4, F7 b 4m L 8 =

XA EIE; AT EE; SIRTL AT, A

Effect of HPV-18 E7 Protein on Proliferation, Apoptosis and Autophagy
of Cervical Cancer Cells through SIRT1

YAN Jing, YANG Rui, TANG Xiaoli*
(Department of Laboratory Medicine of Jinshan Hospital of Fudan University, Shanghai 201508, China)

Abstract This study aimed to investigate the role of HPV-18 E7 protein in proliferation, apoptosis and
autophagy of cervical cancer cells infected with HPV through SIRT1. SiRNA targeting HPV-18E7 (E7-siRNA) was
used to inhibit the expression of HPV-18 E7. Cell proliferation was detected by CCK-8 assay; cell apoptosis was
detected by flow cytometry; the expression of Beclinl and LC3 were detected by Western blot; the mRNA and pro-
tein expression of SIRT1 were detected by qRT-PCR and Western blot. HPV-18 E7 protein was expressed in HaCaT
cells with the expression vector, and the expression level of SIRT1 was detected by qRT-PCR and Western blot re-
spectively. Finally, the cells were pretreated with SIRT1 agonist (SRT1720); the cell apoptosis was detected by flow
cytometry, and the expression of autophagy-related proteins Beclinl and LC3 were detected by Western blot. The
results showed that after inhibition of HPV-18 E7 expression by E7-siRNA, the cell proliferation and autophagy
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levels were significantly decreased; the apoptosis level was increased, and the mRNA and protein expression levels
of SIRT1 were significantly decreased. HPV-18 E7 was expressed in HaCaT cells, it was found that HPV-18 E7

promoted the expression of SIRT1. SIRT1 agonist treatment can increase the low-level cell proliferation caused

by HPV-18 E7 gene silencing, alleviating the apoptosis caused by HPV-18 E7 gene silencing, and increase the ex-

pression level of autophagy-related protein Beclinl and the ratio of LC3-1I/LC3-I. In conclusion, HPV-18 E7 can

promote the expression of SIRT1, and then promote the cell proliferation and autophagy, inhibit apoptosis through

SIRT1.
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HaCaTHI A 5256 = {5 4% . HPV-18 E7#( [ E7-siRNA:
5'-AUG CAU GGA CCU AAG GCA ACA U-3', .
X FFHINS-siRNA: 5'-UUC UCC GAA CGU GUC
ACG UUU-3' 4 TAEY) TR (i) Bt A IR A
E . YLk Lipofectamine™ RNAIMAXIA H
Thermo Fisher Scientific/y &) o 4H @38 58 #5071 &
(cell counting kit-8, CCK-8). anti-B-actinfiff, ¥k
it F A BEb Rl =P B B RAEMEARA
FRAF] . anti-HPV-18 E7HiA. anti-SIRT1H{ 14K H
Abcam/A & . anti-Beclinl JLiE . anti-LC3-I/IIHT14
FI CST(Cell Signaling Technology) A &l

1.2 753k

1.2.1 HPV-18 E7¥e6)siRNA%: 4 HelLam/?.  Hela
Y1 i 2 P BloFLAR T, 2qHeLadll i 4 K 2 70%H} 3t
AT g, LR B R iR AL E 2 B IR, TE
XCsiRNAE N FHMEXT R, S804 9 HPV-18 E74E ]
SiRNA. &5 YL I siRNA N 25 pmol,
T2 hEMEBAMTEA, WEMAMAH T~ P
4. T SIRT1Z 5 HPV-18 E7540i HeLaZ Jitd 1
FA WA TR 5208, HeLaZll a9t 70 DU 4,
BN REET-siRNAFISIRT 14 Zh 7 (SRT1720)
AbFRZH . E7-siRNAALHE SRT1720AKA0FHZH . E7-
SIRNAR AL HE SRT17204b#2H . 24 E7-siRNAFI
SRT17204b ¥4 . E7-siRNAALFEJ7 5l 25 pmol
HPV-18 E7#E [ E7-siRNA4L#172 h, SRT17204b #
77347 umol/L SRT17201F [} E7-siRNA &b F £ 11
E7-siRNARACH 20 24 h, 54 402 45 o 5 it
TR =55,

1.2.2 qRT-PCR# M HPV-18 E7. SIRTI mRNA%
®m TR, X ERNASZ GG & (QIA-
GEN)¥t 9] H $2 B RNA, 2 B3 3 B 4L DNA JF: J #
k2, BTG E BPCR. HPV-18 E7 Fif 51 Y
% 5'-TGC ATG GAC CTA AGG CAA CA-3', HPV-
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18 E7 FHiIF51): 5'-CTC GTC GGG CTG GTA AAT
GT-3'; SIRTI FiE5197%1: 5'-TAG ACA CGC TGG
AAC AGG TTG C-3', SIRTI N5 %F %1 : 5'-CTC
CTC GTA CAG CTT CAC AGT C-3"; W% f-actin |-
W54 5'-ATC AAG ATC ATT GCT CCT CCT
GAG-3', WZ -actin 51954 : 5'-CTG CTT
GCT GAT CCA CAT CTG-3'.

1.2.3  Western blot#: ) XF T USCER B 4 o, d2¢ B
e B ) & v B P R IR R L, BCAVE M 2
FEWRE. EE ARSI R v I 2
5 min, SDS-Z& T4 /i It J1 ¢ )12 FL Uk J5 % PVDF i, H
T 5% I3E A 55 1 (bovine serum albumin, BSA)
H P = i B A 2 b, N —3t (B-actin, HPV-18
E7. SIRTI. Beclinl. LC3-I/II. caspase-3, # % kb
%12491:1 000) 4 °CH¥ B i &, TBSTHEER3 K, MMABK
R S AL BE IR IC I —470(1:5 000) == iR BEGHE F 2 h,
TBSTH B3 G L RO BRI E, Wi
HEIEXT AR BEAT K BE 5 AT

124 CCK-8tmsmpeigsa T AbE 5 AR
Yo, BT AN RI96FLIR H, TR I [A] s AR LA
10% A FHCCK-8¥A W, 1 B 25 U IR, RN ) 5 5
HREINEHE, 37 °CIEE 1 g I 5E Dasoo

125 AX@meEAbnmeE s WEAFLE
A, FFLZ5>10° 4 A, PBSEE &, 1 000 r/min
B05 minZs B, IIA100 pL Annexin V&5 & 220K,
FIHIA2.5 uL Annexin V-FITCAHIPL, J&24] J5 = ket
% E 20 min, F A 400 uL Annexin V&5& 220K,
FH A B SR 5% S o A e 2R o

12,6 it adr A5 E 8 A GraphPad
Prism 8E AT e it 22 0 M, B £l DLT 35 $As
122 (k) R o T 4 EL AR (R R AN AR AR A 56, 5%
TRALL EECBCRH BRZRT7 2 0. P<0.058% 1A
NEF GRS

2 H#HR
2.1 HPV-18 E7{Ri#HeLaZfift455

N T BT HPV-18 B7% & 2 4 il HeLalt) 52
mi, I FH HPV-18 E74E [m] /N T4 RNA(E7-siRNA)#I
fil 713 1E , qRT-PCREE R TR, 5 X} HEZH FINS-
siRNAZHAALL , E7-siRNA# Y4 E7 mRNAKT- i
K (B 1A); FF H Western blot4h £ 5 qRT-PCR4E
B —F, 52 [ I FINS-siRNAZL A tb, E7-

siIRNAF; JL HE 78 1 3218 7K 1 B i B IR (B 1B A
1C). CCK-83L56 25 7R, 5 X B 41 FINS-siRNA
HA L, E7-siRNAFE YL i 5 HeLaZi i 38 5 A 2 25 #1
HE FH(ED), X 25 H & BIHPV-18 E7{E 3 T HeLa
S o () S B
2.2 HPV-18 E7##|HeLaZR AT H R B k&

A P 5 A S He LaZ i T 4% 10, 45 54
E2AFIT 7, %o HE ZH L A0 3900 T 240 1) M 6. 7% A1
5.2%, NS-siRNAZFL 4L 20 FL R HAH T2 2% 86.9% A
5.6%, E7-siRNAFE G% 21 5 1A F0 0 HA 3 172 28 518.3%
F110.5%, E7-siRNAFE G 20 8 17 3% 0 & & 1 53 A i
“H; Western bloth& il Iff] T~ #H 5% &5 [ caspase-37 ik
W, g5 R UE2BRTR, 557 A FINS-siRNAZLAH L,
E7-siRNA¥E G0 5 AL ] caspase-3 85 [ K 0. 2 T
(E2C), X 2L 2k 3K BHHPV-18 E790 #ilHeLaZl A 17
T o

Western blotfs Jll H 1 AH 2% 25 H Beclinl A1 LC3-
/I(E2B), 45 87w, 5 %7 41 FINS-siRNAZLAH L,
E7-siRNA% %4 41 Beclin1 % ik 7K °F . 3 P& K (E12D),
LC3-I/LC3-18 & 35 F£AIK (&I 2E), 45 R KW HPV-18
E7{e #EHeLad i W5 .
2.3 HPV-18 E7{€#SIRT1#IRIA

N T WFFCHPV-18 E7% HeLa4ll fs SIRT15£ 1%
K BIg2 A, 43518 3E qQRT-PCR A Western blotA: il
SIRT1FImRNAM & [ KA K, &R ER, 5TH
Xf HE 2 FINS-siRNAZL #H L, E7-siRNA%% 4441 SIRT1
mRNA(E3A)E A (E3BAE3C)E kKT 1) 8%
2398

N HE— 5 56 IFHPV-18 E75%F SIRT13 34 I 4%
YER, AT E#HPV-18 E7# ik # 44 F % YtHaCaT
4 ffil, Western blotf IHPV-18 E7RK A /K-, &R T
JRHPV-18 E74 % K Zh(EI3D). 4R )5 43 38 i qRT-
PCR 1 Western bloths JSIRT 1 {mRNARI & (1 % ik
K, R ER, 5XHIRAMEL, E7RIE#F ARG
(HaCaT) SIRT1ImRNA(E3E) & H (EI3FFIE3G)
FIEK T B E T . XesE LI, HPV-18 E7{E
HESIRT 1Rk .
2.4 HPV-18 E7i& T SIRT15 M HeLaZH ff1 14 78 .
AT BEE

CL A SCHRHRE SIRT 1 B8 101 1) 41 A o 1 e i3t
Y M IG AN | BED, N T RSB ERSTHPV-18 BT 7
IR SIRT 1R W HeLaZll JE 34 5 8 T2 F0 E W&, AWt
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A: qQRT-PCRIGIHPV-18 E7 mRNA# ik 7K F; B: Western blotk& lJHPV-18 E74 4335 7K 1 C: FBHIKEE /347 8, D: CCK-852 56K I HeL a4 i

WHEIE Ol *#*P<0.01, ***P<0.001.,

A: quantification of HPV-18 E7 mRNA levels using qRT-PCR; B: the expression of HPV-18 E7 protein was measured by Western blot; C: statistical
analysis of figure B; D: CCK-8 assay was used to evaluate the proliferation of HeLa cells. **P<0.01, ***P<(.001.
El1l HPV-18 E7{EiftHeLaZBRf11E5E
Fig.1 HPV-18 E7 promotes the proliferation of HeLa cells

o3 A FHE7-siRNAFIHIHPV-18 E7f1381X, SIRT1
5 S VB Eh FISRT 172040 0 40 BUSIRT 1, 43 5l
I T CCK-852 56 ¥t =X 4 it 4% R FlWestern blotfs
ARG 5E . P TR BRSOl CCK-83 5645 L i
7N, 2 SRT17204b B (1) 41 il 5 ok £8SRT17204b 2 (1)
i f AH L, SRT172040 32 i3t 1 41 fa 34 4 (K4 A), BP
SIRT1 38035 7T LLIR " HPV-18 E73E R T 2R S 8
/RPN f 38458, IX R HSIRT12 5 THPV-18 E7{¢
HEHeLadt 38 58 i ik 72

WU R 45 R EOR, REET-siRNAT- I
()20 A, SRT 17204 B 2H 5 SRT 17204 &b P 41 A 7
TP, B4 A B % 7, £E7-siRNA
TF-HL 40, SRT 172040 BH 2H 40 i 8 1 b A5 B LA
F-SRT1720kK &b ¥ 41 (X14B), ENSIRT1 ) ¥4 3% 7 LA
ZFHPV-18 E7R: R T S EBUW A Mg 1, 1X K
SIRT1Z 5 7 HPV-18 E74I#] HeLaZl fitd 4 1~ ) i
2 ; Western blotfa I T-4H ¢ 85 [ caspase-3¥iE

L(E4CHE4AD), 45 R 5 i g 25 AR, X i
iE T SIRT1Z 5HPV-18 E74I| HeLaZH o yd T )it
£ . Western bloth Il F Wi AH O¢ 8 H 25 F(E4C) iR,
SRT17204b 22 2H 41 i B Wi AH 5% 2 E Beclinl 234 7K
- 5 3% 71 (BI4E), LC3-1/LC3-1MH &3 T (KI4F),
BISIRT 1 [ 3803 7T LA BT HPV-18 E735: R 1T 2k 5 5%
K- 40 i W%, IX K BASIRT1Z 5 [ HPV-18 E7
it HeLaZt ffg F W6 ()i 72

3 g

HPV j& — 7 A 5 i XU PR IRDN AR 5, B2
RIN2002 PR, Kl AN E fEAYHPVI6, 184
I3 BE, KLIT3%H)E $005 AU FT 7 A8 5 X B Fh s fE
RIHPV I B YL AH OG0, 7E 15 fi TUHPV I 4 1 RF 42
SR FE o, HPVEE DR 21 1358 40 F B n] 4 N7 £
YN LRI b, FEX PR AR AS T 9 B0 R 3R B0
J& T AEAE A M N R 82 = R IEHPVEE HHPV E71,



2102 R

(A) B)

Mock NS-siRNA E7-siRNA

5.2%

5.6%

Pro-caspase-3

Cleaved caspase-3

PI

Beclinl

LC3-1
LC3-II

T T u T

Annexin V-FITC

© D) (E)
0.8 20+

—_
(=}
]

Cleaved caspase-3/B-actin
I < g e
[} B [=} o
1 1 L 1
a ] |
*
*
Beclinl/B-actin
o o o
o ~ >
L 1 1 1
LC3-II/LC3-1
o —_ —
W (=} W
1 1 1

0- 0 .
Mock NS-siRNA E7-siRNA Mock NS-siRNA E7-siRNA 0 Mock NS-siRNA E7-siRNA

A RSB AR A0 I T-; B: Western blothrill F 1 AR TAH 5 215 7KF; C~E: BIBIIRIE /AT, **P<0.01, ***P<0.001.
A: analysis of cell apoptosis by flow cytometry; B: the expression of apoptosis and autophagy related protein was measured by Western blot; C-E: sta-
tistical analysis of figure B. **P<0.01, ***P<(.001.

[E2 HPV-18 E7#H|HeLaZB R A = FH {2 B ik
Fig.2 HPV-18 E7 inhibits apoptosis and promotes autophagy in HeLa cells

A) - o ®) © 4s-
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E: qRT-PCRAZIMISIRTI mRNAF %7K F; F: Western blotf I SIRT 15 [ 147K F; G: EIFHIAE /30T &l #%P<0.01, **#P<0.001,
A: quantification of SIRTI mRNA levels using qRT-PCR; B: the expression of SIRT1 protein was measured by Western blot; C: statistical analysis of
figure B; D: the expression of HPV-18 E7 protein was measured by Western blot; E: quantification of SIRT/ mRNA levels using qRT-PCR; F: the ex-
pression of SIRT1 protein was measured by Western blot; G: statistical analysis of figure F. **P<0.01, ***P<0.001.
E3 HPV-18 ET{RHSIRT1HRIA
Fig.3 HPV-18 E7 promotes SIRT1 expression
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A: CCK-85 i o Ml HeLaZll o B4 58 175 48 ; B: At U4l H BOARAG I AN KL I8 125 C: Western blovk: I T2 5 IR AH 58 25 15 I K~F; D~F: EICHIKEZ 7

HrE. SRT17204SIRT 105, **#P<0.01, ***P<0.001 .

A: CCK-8 assay was used to evaluate the proliferation of HeLa cells; B: analysis of cell apoptosis by flow cytometry; C: the expression of apopto-

sis and autophagy related protein was measured by Western blot; D-F: statistical analysis of figure C. SRT1720 is the agonist of SIRT1, **P<0.01,

**%P<0.001.

El4 SIRT1Z5HPV-18 E75/00HeLaRRUE =50 B MEAY S 12
Fig.4 SIRT1 is involved in the effect of HPV-18 E7 on apoptosis and autophagy in HeLa cells

HPV E70] DL R fift i AR I J55RF 248 Ho 987 2 I pRb, 5210
T 5 4 M 1Y) IR 40 RME S A, I S 8UE A
Jf R M B AT, K ANHPY ETIE S 5 % ik ik,
O 40 B T, R A P 1 R S AR, (5 e
b R A A AR i B I B S LR AN TS A
LU R AR5 5 B 1 AR ML TR Rl —
.

i e TN L SK R IR 99 5 (high risk-HPV, HR-
HPV)5 & 3t 1) R A R e % V1A G, FoHPV E748
F 2 HR-HPVEUR (1) F £ 8 1 2 —, (5 H 300 1) 48
A5 SRR RN W . A3 BT FEAE SEAE B S0 4 i
FIHsiRNAFE [T ERHPV-16 E7HTHPV-18 E70] &2
0] 00 P 84 5 5 T A5 5 A PR R T 0, AR AL S

g5 RARARL, 2 PR 17 U BRHeLa4t Jif HHPV-18 E711)
Fak, BT LA HeLaZ i 38 58 A1 H W JF e 28 T
FA T E R HRNAT AR HIHPV-16 BT/
15, KRILSIRT 14 [ )R8 N M, A8 55 R HHRNA
TIEAMGIHPV-18 E7IRIE, 45 F K IISIRT1HE
F 218 1, IF Bl g % R 8k fEHaCaT4H
MIZEXHPV-18 E78 H, FCGIESE THPV-18 E70] LA
WOESIRT1 R IE, IX R BISIRTI SE7 2 [MAF1EE &
R, JFHSIRTIATRES 5 T 5 808 M R 4K
J&. Nk R S SIRTIZEHPV-18 E7 4% 4H Jio 1%
BA - TR E R VR R, AT FE M F SIRT 1) 57
SRT17203F 47 525, & IHPV-18 E77] LU i SIRT1
e i3 HeLaZt Hfd 1) 364 5 A0 15 Wk, 00 40 AR O T, {EL%
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FHPV-18 E7401] B 2 58 8 i o] b JAth 7] 2 3 1%
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IFi) B A e 0 i P 8 2B K, G0 3 B 2 IR, k) e g
IR 7 8 3, kR A AT R AR K R 8
SIRT 1 75 51 533 Al 7 B N 53 v s 08, A 4 9s 2%
IR P~ A 1pS3 8 A 25 WAk, AT 5 Bps53 i, 1
Y1 38 SapS3FT A SO T . EARMF R, SLIG &
R L BYSIRT1 1] LA # fil] caspase-3 Y 4 375 A1 4 fitg
o BRI Z Ah, &4 8 58 K WIHPV-16 ETA] L1 5
POV T2 K FSiva- 1R A4 B AE W S 2 508 12 1A
R, fEAB A, FRATTRINHPV-18 E70] DL fig i
SIRT1f %k, 7 HiE i SIRT 140 #IHeLaZt i 7 12,
X6 Tk — 25 BB SIRT LE & 5508 vF 4R F A 5

F W 7E V1 25 119 i 988 448 A v i 28400 1) 0 2 3k 1)
WUEAEF, W B AT o R A A S . S
i e 240 B T Sk 00 ) i 8 A A, AR T 3 B R 3 e
6 241 o 338 GE R T gRg A K R B R T . R TE
HP VK e R A5 32 20 i 1) 58 o 6 A o 2 o R 3 7 2
YEH, 5 IC R, HPVIE YL X 1 E 40 M 1t 3 vt A
HEIELN, BFFTR, HPV E74E 2 2008 4 i v 7] 1)
FAtg9BHMILAMP i 7 H 2, f 2%l i fg 2k [ AR
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