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Abstract: Conventional cancer therapies, such as radiotherapy and chemotherapy, often damage
normal cells and may induce new tumors. Oncolytic viruses (OVs) selectively target tumor cells
while sparing normal cells. Most OVs used in clinical trials have been genetically engineered to
enhance their ability to target tumor cells and activate immune responses. To develop a specific
OV-based approach for treating cervical cancer, this study constructed an oncolytic adenovirus
that delivered a base editor targeting oncogenes to achieve efficient killing of tumor cells
through inhibiting tumor growth and directly lysing tumor cells. We utilized the human
telomerase reverse transcriptase (TERT) promoter to drive the expression of adenovirus early
region 1A (E1A) and successfully constructed the P-hTERT-E1A-GFP vector, which was
validated for its activity in cervical cancer cells. Given the critical role of the MYC oncogene in
the research of oncology, identifying efficient editing sites for the MYC oncogene is a key step
in this study.Three MYC-targeting gRNAs were engineered and co-delivered with ABES8e base
editor plasmids into HEK293T cells. Following puromycin selection, Sanger sequencing
demonstrated differential editing efficiencies: MYC-1 (43%), MYC-2 (25%), and MYC-3 (35%),
identifying MYC-1 as the most efficient editing locus. By constructing the
P-ABEs-hTERT-E1A-GFP and P-MYC gRNA-hTERT-E1A-GFP vectors, we successfully
packaged the virus and confirmed its specificity and efficacy. The experimental results
demonstrate that this novel oncolytic adenovirus effectively inhibits the growth of HeLa cells in
vitro, providing new experimental evidence and potential strategies for treating cervical cancer
based on the HeLa cell model.
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VES IR 7 T LA R e 0 Aok R 4 0 A=
K, EANTRENS fih & G I i ged 40 L st T
% 9% 7% (adenoviruses, AdVs)F&— Fh JC A IR it £&
PEXUE DNA S35 , HLIE R4 K/ N2oh 26-45 kb,
HA BRI NIRRT 7 D EF
57 FhomyE RIS, MmyERY 5 AR AR A LTS
4 A~ RIS R (EL-E4) R 5 SR IE R (L1-L5),
SrAERTBE DNA & il 2 1 Rl J i 5t R A
FHUY, LA R (ELA)VTE B A BB 2 B
7 [ %5 5% T 3 DNA il &I, &
J 25297 7 o DR 3 3k o S () o T IR
Ve I8 g B R R R St R B IR S B
il L 1 356 8] oA S 30 JE A Mo f R S e
lan, ¥ hTERT. Survivin, AFP £SOl 4
SRS B FRCEAE ELA P8 i, BT LA AR
BEAAER 2L A T, O R TR
YERPRY, JER TRV 88 AACBO016-mp53 /&
—FE B HPV A4 rh g Bt 52 1 9 25
TEAN MR SR fE e, AACB016-mp53 JBELH T
XF HPV FHA: (% 8 2000 240 16 00 s RO O PE A, T
XoF UE B A VA A s e 2 48 2R 43 sl 4 i 24
b A R R 14 90 9 B DR 68 PR B ) B R YR
ORI Flanh ER2EBE LR ar R iR
B P2 T — > E1B ROk i e R 5T
RN BE(ZDSS) I HE A T A W T i A5 P R AN A
K I F (VEGL-25DAE MG P+, 18
HeLa NB i fifgi A | ZD55-VEGI-251 33
80% P4 i 968 A= A A Tl -0 ) 1 e g ot A
A TR AR FE Egr-1 BY5 shF A
PAT-HE 11 TNF MG T35 S iR B 6 [ TRAIL
PR R, CTE R T S 7N
1) 22 Bl IR IR TR IT o AL, RN R
HEA A 3 R N R A ST R A AR R
e A I R T O T e i SR A U

(coxsackievirus and adenovirus receptor, CAR),
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IHZE G, SRR ZER BRI IE H R
#ik CAR, W, AR M AdV 33
A EE R A AR SN o TR I B AR AR AT 4
1 HI-}A(HI-loop, HI)H 58 AKE & R-H & MR-
KA ATR(RGD-4C)He e, AT LUK finis 2 %) i g
AR AR e, TR SR RIOR o (151
WREETRYT B2 A7 3P,

BB S 4 A — A R R I ROR, ERER
TEA AW DNA W g oL~ , BARTEREE
) 5 PR 7 b SRR 1y e 4 B An 3 Al
FH Bt s B Ak 4 45 75 (cytosine base editors,
CBEs) ] LASEEL C 2] T fZRAEDS), 1 fi M2 0 i
L% 48 %% (adenine base editors, ABEs)I|AJ L) 5
W AR GRRABRI, JETET R, BFEHE
A TR S gRNA B [ 5 B JEU S I
i1 RAS, MYC ZMEEED , X SERk K75 Z R
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o MYC LA, BT MYC 2 (1 1) 1IE & By b1 Fn
PrE e, FHIEFOE R R EUsE N, T
P S0 T e DA T 90 1) g 1 e e o X R ik
AR B R dE A ik b 3% ABEs, SE¥
Xof i g A TR (ARG M G e, 3R AR O ACHE T IR A
B 000 2 0 AR A, RS T T e e 4 I A
PR o R XFPACE AR, DA S B
BRE HETR YT, [R)INE BRAR AL G2 3R 9T D v Al R ok
B RIE R RIS, SR E 16 T SR i —Fogr iy
B R A B0 R
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1 #HRE5F=E

1.1 #ApR. FERFIFLES

NWEHR'E HEK293T FE #i35 HeLa by 5K
R AE, ARG HEK293A 4 i T K i
AR A PR A . VR AR R
pBHGlox il H i) JFi ki PDC316 My F i 2% R A4
VB A B2 A] . T 4% v B 3 R &5 (minerva
super fusion cloning kit)l K it AE YA R
INFE . BRI MEEE I (agarose) ) T F i 5 AR W)
o). BREIERZ IR N U Eco311. 10xBSA.
T4 DNA ligase. #5035 08 T K H L8 1
AR R F] o 8RR £h 2% 1 (phosphate
buffer solution, PBS). &M 1% 3% H (dulbecco’s
modified eagle’s medium, DMEM). 0.25%/##E
FIE . 1% 8% RIEOUPT) . JG 4 LT (fetal
bovine serum, FBS), M%7 % (puromycin)¥4 i
TFAERI R AT R A W] o EP B0 . 20035 37 1L
TR R R A ARGRA T . CCK8 4
Jif0 4 7 7 M AG IR 7] £2 (cell counting kit-8) I T
RS AR T RHE A RS A, DNA marker I4F
e XS EVEARBARARR A R N RE
(polyethylenimine, PEI). i/l 247 Wy 55 3% = il
HIBC IR AER (5] B 1 U (Ti2-U) S B2
tTA G AR /N
1.2 Bk ERE

E1A 4 KIEK (GenBank &3¢S : MH121101.1)
A At R A R A BR/A Fl & . hTERT Ji
¥ (GenBank HSr%: NM198253)-203—+56
3£ 260 bp HIIFH KA B FRCRE R A B, 75
H HeLa 4l &R H3KHL . GFP J¥ 41t iz ki
pCMV_BE4max P2A GFP H3kH(, Ll PDC316
hy UK AR G % v B O Tk b N RS R
P-hTERT-E1A-GFP . cmv J3 3 T & % 45 #%
CRISPR-Cas9-ABES8e (ABEs) J¥ %Il & %% i hi
ABES8e, ] Goldengate J7 ol 37 gRNA

Z&: 010-64807509

4% 2 gRNA B 2LF0kL sgRNA-cedb, 4 B 1Y
JEORL DL PSR T B gRNA 50 5 (K] 4 5807
o BE Ry gRNA Fl ABEs FHJG4% vake 5 ik
TaRERE XTI ETR A, 4045 2] P-MYC gRNA-
hTERT-E1A-GFP #l P-ABEs-hTERT-E1A-GFP,
1.3 HEK293T. HEK293A #1 HeLa ZH
patE S

B 10%J6 28 I35 A 1% 55 5 R A #)
DMEM HELRSE 45575, £E 37 °C. 5% CO,
BEFRFh RS . MU B IR B2 80% T, Bk
SEAREFRAE , IFH ] PBS S MBI TR 1-2 3
VeI . RIS, A 0.25%A0 B 11l
CE BRI AL FE, 1 mL SE 4 RERE
FEZ I A R AR LA 1:5 A LRI TAR AR
TEFRUESE R, 4 2-3 d PHT—IRAE4C,
1.4 hTERT Bl Fi55 MR

PORAS BIFH9 HEK293T 4 fitd . HeLa 4 fifg
FE R 53103 M fLIEF & 6 FLARH, 24 h 524
I M 3 BE ik B 60%-70% 1 F PEL &5 4¢ . %
PDC316-hTERT-GFP ki ffi 1] DMEM #ii &,
¥ DMEM # By PEI #& 5 min 5 B2 A
UKL DMEM HE 15-20 min, 5S¢ FiRAY
BRJG, KW E R YR b 60 pL REALEE LB
IEH 4N HEK293T FlJEE 4 HeLa H, 46 h
e e A R SR, 24-48 h 5 R B 0O
BE R340 I o I BTSN O o DS v s € D
THE A Mg .
1.5 S5 E6K

1 NCBI #4741 MYC (GenBank % 5%
52 NC_000008.11), 45459051 B FIA 3¢
oy R B AR ) 1A s B 15 9. MYC-1 |
W51¥H 5'-GTGCTCCCTTTATTCCCCCA-3';
514 M 5'-ATTCCTGAGGGGTGGGAGAC-
3', MYC-2 L5148 5'-CCGGTTTTCGGGGC
TTTATC-3"; FiE5190 5'-GATCAGGGCGGG

>: cjb@im.ac.cn

1385



1386 ISSN 1000-3061 CN 11-1998/Q A:# T #2~44k Chin J Biotech

TTGGAATC-3'-MYC-3 Lii#5|#)°4 5'-GCAGTG
GCGCAATCAACCTC-3"; NiiE5|¥10 5'-ACAA
GTTCATAGGTGATTGC-3', PCR % & P-ABEs-
hTERT-E1A-GFP Wi FiF5 18 5-GGA
GTTTTCCCACGAGTACTGGA-3'; FilEs|¥h
5'-CCAGCTGGATGAACAGCTTG-3', PCR %
E MYC gRNA %9  _LlES |9 5'-GAGGG
CCTATTTCCCATGATT-3'; Fii514h 5'-CTG
TGCCCGCGAATCCAC-3', Fiks| ¥yt
BB AR A\ 715G
1.6 it MYC [RiEERSREN RS
£ NCBI #8 E T4 T MYC L i & K7
§1) J 2 mRNA X3, T XEFHELR, it
T 3 MEEE R gRNA 5, 435l 48 MYC-1 .
MYC-2 F1 MYC-3, Fi Goldengate Jy ki 2% %
gRNA - BRFR b ook 56 Ju 258 5 i 47 2k
D5 2 B 9 HEK293T Zii i . KRS RIFH
HEK293T 4ifi#i 18 5x10° ~/FLEEME 6 fLik
., 24 h JEYAREEEIEE] 60%-T0%H 1T
PEI 4% U K5 A #4719 3 4 gRNA JiiH7 Fil ABESe
PR LR e R i, B HMHSA 2 pg/mL
IS5 2R A SE B AR SR NI, 4-5 d ks
4AEFH 1 mL (9 PBS %% 2 3, ¥ 200 uL 1% PBS
BENGEERI PR R, 5 000 r/min #5.0 1 min, 2
3 PBS, AR AL TIE S 30-50 uL 2 i
W, 65 °C 10 min, 98 °C 2 min HEHUAH I BL R 2H
FELAMON BN, KRG ME) MYC-1, MYC-2 K&
MYC-3 R 5Eg19iE4T PCR 34, H-mid Bifg
BEEES L TKAG I 5577 . AR v By
1 000 bp R I BEAR , o H k4 At H il
1w MYC L R B % BRI R
BRZSFIM R, LA AN [F] gRNA A s 8 G BRI
A TR R, E T AR R
gRNA i, bS5, FIFTCaErERAR, Fixm
4 gRNA 7 s 5E [0 7 2= P-hTERT-E1A-GFP X}
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WOk . [Ff, CRISPR-Cas9-ABESe (ABEs)
S AS L% 2 P-hTERT-E1A-GFP X} IRk |,
DIMG e 2 IR R 28U o X — 2P BRE N T
TE H BETEAN I H = U MYC gRNA, DT
{& CRISPR-Cas9 R HEMAE i HiXT MYC J [H i
fignts, LLREIWFZES0GRI7 I E .
17 BERSERESL
1.7.1 it SR

PRIRZS RLIG-H HEK293A 4HI LA AL 5%10° 4
MR 2 6 fLiR s 24 hs, M4
IKF] 60%-70%HT, {# F PEL K5 RF5E Y (190 27 3%
PR R [ B 22 R (pBHGIox): H B9 ki =1:1]3%
YL 2 HEK293A ZHf
1.7.2 EFSHEEE

TP 2 d B 1 YOR B SR AL 9-14d )5,
2 W I BE A5 BERT, A 1 mL BT 57 4k R ik
KAERAT ok, WEE 1S mL B.0EF; 8
TETEW AR 37 °CK SR S S R 3 IR, LA
WM EE; LA 12 000 r/min (938 EE 250 10 min, HX
IE BT 1.5 mL BLOE T, FFE-80 °CTH IRAE
1.7.3 H®ETHAL

Bk S R IF  HEK293A 41 il LA 45 AL
IX108 ARy FE 4R 2 6 fLAP ;s 24 h )5, 24410
JitL 2% B IR H 29 90% 0T, B 100 uL T dE,
B 900 uL DMEM H, JR4]/5FFEL 100 uL £
900 uL DMEM 1, #EfT 10°-10* 5 FG B+
Fii R e 9 S OINA. HEK293A 4iifig, 37 °C
BEFRAE TR SE 2 h R AT, A 5%l
- I35 DMEM 35350k, 454 5-10 d B3I EE
PR WA T UL WA B S LR, bR
PRI BE, B 6-8 PIEEEHE, HL 10 pL 584k
IR AR T AR 1 A W TR B, ICEE KT A9 10 pL
SEA B FRILMBNHTAY 90 pL Y 5E B IR SR &
Y5y, B 20 L nEET— KA AL & A
1x10° 1 6 FLAR
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1.7.4 PCR £E5RHI 14

W R TR 6 FLHR 24 h 5, MBS By 40
LR S TP G EIE W EAT PCR %8, KriESs
BHBRAN; 40l 2 B itits, A RUE
A FAIREA, RIGIT REREY Y W
PLEACER, BRUEAlb T HA L g g
PV TR 0 BF o
1.8 mEEENE

o B4 20 40 M R 3 R & (50%
tissuecultureinfectivedose, TCID50)J7 ¥ 3k Il &
A2 v N A 2 TR S T . HEK293A
HRLLL 1< 10* AL % B R0 T 96 fLAk , BfL
100 uL ¥EgE3E . W H, K aifh 099 5 %
10°-10" f5 B0 R RS, BALINA 100 pL 7B
W, BmBEER 10MEEL, 745, B
Ik 240 B 0 7 400 GV IR e T

1gTCIDso=L-d(S-0.5)
Ao Lo SRR B X8 d ks R 3 X 4
ZIH2E; S AR FL LR Z L,
19 MUBFERSFNEUHFRRGER
g B R R IMAFER

{5 A [R] 84 &2 £ (multiplicity of infection,
MOT) [ 1988 976 PRI L B B A A, DA o Beeads
MOI, Ff- i — 25 WL B 1 T8 5 B X 1E 4 AN
909 240 L A S R R A SR

oot 4 K ) HeLa 40O 44k , 5 96 FLAR
TRALEERD 3x10° D AHME, FERGFRA 15 5% 24 h;
i & 5%M6 4 I 7% DMEM k% 5% 3t 6 B
P-hTERT-E1A-GFP i8¢, MOL 437l 1.5, 10,
20, 50, DAARIRGANMIAE A XS IR, B 513 3 4
AL, TERFRM ISR, B 4 d RS R R,
¥ o6 fLARHIHRY IR AT L, BALIA 90 pL
TCMEREFERE . 10 pL CCK-8 %, 5 2 Fhigi 1A
IR CGHOCHRAE); SRS e A e, frek
0.5 ho 7ERFARY 450 nm 5 K ALK 45 L 1) 6 2

Z&: 010-64807509

I, AR R AT R[S R AL B L)/
HEAL—25 F1£L)]%x100%

¥ HEK293T 4 ift F11 HeLa 4 Jifd 43 51 LA 55 L
5% 10° /™4 B i) 285 BE A T4, 4 6 fLAR, BE SR
M ER5% 24 h; DMEM #BR 5, % MOI=10
TNASREE, 1-2 h G % 58 3Rk 24 . 48,
72 h i R E I W SR AN I AR IR 3 2 4
MUAFETE AT SC I, ARWFIR 0 T R 5 I i
iE MOI, F+7) FH B0 5e WLV I8 o B 4 B S000
Y M RE SRR SCR, DARORT IE R M Y 52
e, DT PEAL G 7 1 ) R
1.10 CCKS Hi&EHstie

SFIVEAS A g 25 MYC gRNA BV 988 7
7 P-ABEs-hTERT-E1A-GFP 1 P-MYC gRNA-
hTERT-E1A-GFP 7 1:1 &Y X} HeLa 4HAEAY AR
iR, DL P-hTERT-E1A-GFP #5983 25 6 HR
HALBROT . B EAE K] HeLa #AETH AL,
5 96 LA, FFFLIERN 3x10° MM, 7EB:3R4
i g% 24 h; 5 5% 17 DMEM B3 325586 Bk
B, FAEfL MOI=10 It AReEE, # 5 MEAL, 7F
Brgeptivhiige. 1624, 48, 72, 96 h ¥4 96 fL
M IR G R 5 2, AL 90 uL JCi i &5
FRHk. 10 pL CCK-8 ¥k, 1R, #AEidfrh ik
ot AREAEREFRAATFE 0.5 h; 7E 450 nm K
ARSI AR LI SR BE , THAFTE R o AR R =[ (58
B5AL—25 F1HL)/OW BRAL-25 F14L)]x100%.

2 HERE540

2.1 MYC EREmBALRIIT

J T AR MYC SEEEER, AR
CRISPR-Cas9 £ 4t 1 ABEs £ A& , #! i) mRNA
YY) A R SR A, B XA T AR R
KM AG. TG, Fl ABE BfiJLZn 5254 A RAER
G, BHIEHMINE FRIERDIHEE(E 1A, 1B),
MTFE MYC B FIRIAZM, #Fm FEEE
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FIKF-. BTEARESE & B, ABE 6 3 2 45 5 HE
TESE 36 Pk, BoE A gMESCRRAE, HAEW
P NG 1E R 4% 7 B2 /5 4 (protospacer adjacent
motif, PAM){ii 5., 2T ABEs B4R T 3 4>
gRNA (MYC-1, MYC-2 #l MYC-3), A4
MYC B[R B4 B+ P . SCHegs R R, X 3 4>
gRNA {7 5 # A g it Hoh MYC-1 13755,
AR SCR e B E T 43%, 1 MYC-2 il MYC-3
7 5B G B3 45 0 R 25% 11 35% (1 10).
2.2 hTERT Bl FEMBHEKEPHE
BiE M

h T PEAL hTERT Ji 8l 176 A [F) 41 i 25 A
JA SRR AWFIEAEE T &4 hTERT Ja 8 UK sh
GFP FikM#kik, IR 2= HEK293T
il HeLa 40 & . 7ESE LIS 1Y 2448 h N, il
1 WEE GFP 12 Y6 B R VEAL g 2h s . i
F hTERT Ja gh 1 HA Mgk, HAR S
T 22 P 240 M b B e v Y P T LE A0

A Splicing X

Mutation I 1

GT GG GT AG

|

A o N

Splicefailed

B Splicing

mutati()nl 1

GT AG GT AG

j iniron? |

MYC DNA ‘ intron] |

|

RNA | N

Splice success

1 ERRESERRELEIN
Figure 1

W TE A X AR AR, SEER A5 K], HeLa ZHAf
o GFP Rk im, MV RBIMXT A HEK293T
AR FEIR A5 ) GFP [55(8] 2A), 3% 4t
WESE T hTERT Ji 8l 76 e g i b B e 1y
SR ShECR, MR IR % A is YRR, s
TE T H e R S v s 81 B

AT E— &4 hTERT 3 3 F1E
HEK293T #l HeLa X 2 F 4 ifd 7 (1) i3 shid 4k
ABFEFEHEIN T DT BT I ik — s AL R .
YL 24 48 h T BIANIIE R IR, HEATEEGTT
¥, a2 ETHBGTEUR PR A gk
DL B R 0 B R, A4S 3] hTERT J5 h350R
(Kl 2B)., 7E¥EY: 24 h 5, HEK293T 4 k&
DG 20 AL o LB 11.88%, T HeLa 4
Mk F] 11.74%. 1E5545% 48 h J5, 2 P4 &
R AN L XA fr BT, {H HeLa 40AE
PG Sy 2, B HREE T & 29.89%,
1M HEK293T 41 il A9 2¢ 56 EL 20 R 15.10%

MYC-1: CCAGCAGCCTCCCGCGACGA

N A " f' \

'y " f A [ |\
AVAVAVAY \/\/\/ YA
R TP\ s A= WP, O

N\ N A A B
«'\,‘\_.- [\ \f\:"\«"‘-‘ \/ |
AL N NN YN S~

a &6 & T © 6 © & © @ A & a A

uuuuuuu e - - - - - - - - - - |

\ MYC-2: GCTTACCTGGTTTTCCACTA

,’\
( v N \ n N /l P ,”‘.\‘-‘
L RAY, ‘f VNV VVVYWAWA WV

= - = [ - v+ e e 8 4+ 3+ o ol v e

o o & 5 s 3 & v o o o« BB e - - o Eel - - - ]

-d
5
—
~—
<
=
s
P>

:::::::::::::::

Analysis of gene editing and gene editing efficiency. A: mRNA exons splicing process after ABEs base

editing; B: Normal mRNA exons splicing process; C: Editing efficiency of different loci of MYC proto-oncogene.
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HeLa

1 L)O_um

HEK293T

100 pm

24h 48 h

| O{)ﬂn

100 um

40 —
CIHEK 293T
= = HelLa ® Kk
< 30 -
.2
E
320
3
5
S
= 10
0 1 L
24 h 48 h

2 hTERT B#1F7E HEK293T #01 Hela 4R B S 505E ¢

Figure 2 hTERT promoter activation activity in HEK293T and HeLa cells. A: Fluorescence images of
hTERT promoter activity at different time points in HEK293T and HeLa cells; B: Bar chart analysis of
fluorescence ratios of hTERT promoter activity at different time points in HEK293T and HeLa cells;
Statistical analyses were performed using a two-tailed t-test. P<0.001 (**%*).
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Figure 3 Optimal MOI of oncolytic virus and its selective killing effect on tumor cells. A: Effect of
different gradient MOI on the survival rate of HeLa tumor cells after 96 h; B: Oncolytic virus killing effect

on HEK293T and Hela at different times.
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Figure 4 Oncolytic virus delivery base editor on HeLa cell killing. A: Oncolytic virus infects and lyses
tumor cells to express the editor protein for the base editing process; B: Effect of combined oncolytic viruses
on the viability of HeLa cells; Statistical analyses were performed using a two-tailed t-test. P<0.001 (***).
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