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Mechanism study of anlotinib enhancing radiosensitivity of nasopharyngeal

carcinoma CNE-2 cells by inhibiting the PI3K/Akt/ERK pathway "
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Kaifeng Central Hospital sKaifeng , Henan 475000, China)

[Abstract] Objective To investigate the effect of anlotinib on radiosensitivity of nasopharyngeal carci-
noma CNE-2 cells and its potential mechanism. Methods CNE-2 cells were divided into control group.anlo-
tinib group,radiotherapy group and combined group (anlotinib combined with radiotherapy). The MTT assay
was used to detect the proliferative viability of CNE-2 cells treated with different concentrations of anlotinib.
Western-blot was performed to determine the phosphorylation levels of phosphoinositide 3-kinase (PI3K)/
protein kinase B (Akt)/extracellular signal-regulated kinase (ERK) pathway.,the expression of apoptosis-re-
lated proteins [ cleaved caspase 3,myeloid cell leukemia-1 (Mcl-1)] and DNA damage marker phosphorylated
histone H2ZAX (y-H2AX) after X-ray irradiation and anlotinib intervention. Flow cytometry was adopted to
analyze cell-cycle distribution, and colony-formation assay was carried out to evaluate the radiosensitizing
effect of anlotinib. Results Anlotinib inhibited the proliferation of CNE-2 cells in a concentration- and time-
dependent manner (P<C0. 05). 4 Gy irradiation significantly up-regulated the protein levels of phosphorylated
(p)-PI3K,p-Akt and p-ERK (P <C0. 05), whereas anlotinib effectively suppressed the expression of these
phosphorylated proteins (P<C0. 05). Compared with the control group,the proportion of cells in G,/M phase
in the combined group increased by 25. 7% while the proportion of S-phase cells decreased by 22. 4% (P <<
0. 05) ;the expression of cleaved caspase 3 was markedly elevated and Mcl-1 was obviously down-regulated
(P<C0.05). The v-H2AX level in the combined group was significantly higher than that in the radiotherapy
group (P<C0. 05). Colony-formation experiments demonstrated that the 20. 0 pmol/L combination group ex-
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hibited the most prominent sensitization effect with the highest radiosensitization ratio (P<C0. 05). Conclusion

Anlotinib can enhance the radiosensitivity of nasopharyngeal carcinoma cells. The underlying mechanism

may involve inhibiting the PI3SK/Akt/ERK signaling pathway.inducing G,/M-phase cell-cycle arrest.facilita-

ting cell apoptosis and impairing the repair of DNA double-strand breaks.

[ Key words ]
nase B pathway; DNA damage repair

e W 9 2 Sk AR R UL A B R M R R . —
LA W Sk 0 e e SR A R b A A R L S AR T AR
7 DX 3 2R I DX At L ) S G ) T
P AT LAY S LAl i 25 G IR T R B T R
AL AR B R B, R I R 3R B = R e e, 2RO
FHWZ 0 C & e, s B8 5 K R b A S KUK #5
B AW R LT JE SR A R R e Ak B RS S
WK 3 7 0 WO Py 3 S s PR s S I e A G e O
PERIS . TR I TR AR S5 o 5 W 988 T AR 1) AR
KR ZR Je o FHLf L B A ELENIERE L, EA 0
TR, M N A KN 2 R AV 2 M 2 A
FIK L 5 0 AR A T K e R L R A
B A= 1524 ) Re WY S A e R S AR R L, &
B JeAE Ry — o B 22 88 /N G T TR IR T 0 A
F o A 22 Pl R 35 T R R B R AT Y B
TF 5% 22 0 HL A Jil i 2 Y Hh EL A O B R L B
LA S A e AT b B 3 Ok B AL e N T R
I AR SE B TR R 48 B8 J A S W i 0T 3 o
YERIBL . DA Sy il PR 32 13 B Sy A A% 100 1 i 3
BB,

1 #MetEFZE
1.1 ##

N SR AN M bk CNE-2 W 1 b i 35 2k W B
AR, RPMI-1640 Jefifi i 55 5 K il B L
DICED A1 2 W AR AT BR A ) 5 2 B Je W A TE R R I 2Y
i B A1 B A PR 2 ) 5 i A DG BT A [l R LI 3-34
fitf (phosphoinositide 3-kinase, PI3K) . # fig 1t (phos-
phorylated, p)-PI3K . #E 1 ¥ i# B (protein kinase B,
Ak .p-Akt i ML SM 5 5 8 15 B Cextracellular sig-
nal-regulated kinase, ERK) . p-ERK. 2f it X & -3
(cysteine-aspartic protease-3,caspase 3) . fa 40 il 4 I
J5-1(myeloid cell leukemia-1,Mecl-1) & GAPDH |
H 3£ E Cell Signaling Technology 2\ &l ; B 2 1k 4H &
FH H2AX (phosphorylated histone H2AX, -H2AX)
Pkl A 9 E Abcam A A s MTT 7 B L i U1 {4
EYRHEA AR WSRO [ A v SE A g R
B GHTD A R A 8 A2 BOKH) CelLytic M JRER
HFH V(Annexin V)-8 .8 % Jt & ({luorescein
isothiocyanate, FITC) /il £k 75 WE I T= A& M 3 71 & W
H 2% [E Sigma-Aldrich 23,

1.2 7k
1.2.1 @R
CNE-2 4055 3% F & 10 % G4 il iE & 75 55 % -5

nasopharyngeal carcinomaj;anlotinib;radiosensitivity; phosphoinositide 3 kinase/protein ki-

HEWH M RPMI-1640 33, B T 37 C.5%
CO, 18I 55 75 56 P08 BLAEAC 35, BOW 8504 1 40 40 i
T RS0 . K 4l i 3y X B 2 % 3 Je 41 i
ST G W B R JEBA TUT) .
1.2.2 #kprpam

KM Varian HE&M#E 45 (6 MV X §48) ¥k
BT L PR EE 100 em, RN 4 Gy/min,
1.2.3 @feE hin

B 804 £ 0 CNE-2 41 g il £ 20 40 j 20,
5X10° A/FLALF T 96 FLAR . B8 5 AE L KT R AL,
s BE S 5, i A 2.0.2.5.5.0,10. 0,20. 0,80. 0
pmol/L ZB R b B 72 h, HFLIMA 5 g/L MTT
W 15 pL,37 CHEOLME 2 h, 7 LGS &ALn
A 150 pL AR HR Y 10 min {f 45 5 7255
W R EEAR LT 570 nm P K AL I 5 WO B (L
A7 16 R = (SE I 2 W B AE — 25 AL O D /
O PR WG — 28 HALWOCE(ED X 100% . L5
M EE =3 K.
1.2.4 Western blot

oAy K6 N 38 B W R AL 4 1 (p-PI3K, p-Akt, p-ERK)
FER AL AN M T IR S 1 h WS s R T E T A G R
H (cleaved caspase 3.Mecl-1) X DNA #t1itn & v-
H2AX £k 4108 T RS G 72 h W4, WE )5
T R 24 B B T, BCA W AT B e 4 s
FWRAEE, B A0 pg AL 10% + bt L0 AR 98-
DS 07 T e 5 P UK A 5 MR I VR RS B R A R O W
JEE . 5% ERE W ky = R B P 1 b AR R — T (1
1000~1: 500 F ) T 4 CIEH 7%, TBST ¥k )G
A BRI E ALY AR G 5 (1 1000 BB =
W E 1.5 h, ECL b5 AL B REMA . L8 H
2 3K,
1.2.5 &@fe BB

WS A5 4 4 B, Wl TR Eh 2w YR R R, DL TR
0N BEF 4 °C @SR, B&O5EE®R, A
RNase A T 37 ‘CIEHE 30 min. Bk Y IE G YL (4 30
min, it 2 20 AR I 44 B )5 B 43 A . FCS Express
V3. 0 A 43 Hr 45 51 101 s AH 4 B Lb 41
1.2.6 fmfo 5% %5

Howh B £ 1 CNE-2 40 Mg, LIRS B2 %% i (300,
600.1 200.2 400 A~/FLO M T 6 fLAR. WhEEJ5 DL 4
PR JEHAL I 2 h, B2 AR (0~8 Gy) X §4k
MEEF, 4SR5 5E 8~10 d I M AR o] WAV, 7 2=
B BETR Eh Z vh VeV, 400 2 R W [ E 15



FTHRESF 2026 5% 55 5% 8

Chongqing Med ],2026,Vol. 55,No. 8

1717

min, 0. 1 %045 ML %Lt 15 min, THE0E =50 440 iE 1)
Vg AR RE . BE BETE 38 = A 230 I B/ 4 ol A
JELEL X100 Y0 o A7 43 %0 = 25 57l i se BT % /0 Gy 32
B TP 1% L R PRy Z2 B DL G 50 A7 T 2
1.3 “%itsam

¥ M GraphPad Prism9 8443t 47 8048 3 ¥7 . 3 &
PERLLA 7 £ RoR, BRI AL REAR ¢ 4G 30 5l 54 1A

M 5 240 B 3 5 R RN SEER SR T, 5 0 pmol/L L
B,2.0~80. 0 pmol /L 4 g 3 5 A8 5 vk J3E AR P %
iR (P<C0.05), 3% 10. 0 pmol/L E K J5 25Uy 48 4§
SEE e B, TE] AR RE S B i — 2P S, 10. 0 pmol/L
G R JE AL 6~ 96 h, 4 i 3G 4R R B[R] AR O M T
R, B 7 L ) A B AT B ) SRR, LT 1

2.2 A7 A PISK i %69 8 & 2

EN LA P<<0.05 WERAGI¥E XL,

2 % S
2.1 EFH R FE R m I 0 %R

MTT LI 25 R W7, % % % Je nl W] I 40 il 5

150+ . I
a

gg a I
< 100- 1
5 100
1=
Ely
2 504
& 50

0'

0 2.0 25 5.0 10.020.0 80.0

A REERIKE (umol/L)

X PRI ALHE 1 h J5 » Western blot il 4%
B8, PISK Akt & ERK 285 FH 235 KF 4 WL B 8 %
F, M p-PI3K. p-Akt, p-ERK & [ /K F W & &

(P<C0.05), WK 2.

1501 : 1
a

;\§ a I
< 1004 |
B
el
IE_QI
%50-

0-

0 6 12 24 48 T2 96

B

B8] (h)

A R[] B 2 % 5 JE ke B A 9 240 N 38 U A B 5 B2 10. 0 ol / L %2 2 % J AN [i) Ak L ESF i) ot s VUAL 3 240 I 346 9 A9 B 0 5 ° . P<<0. 05,

B 1

2% [ ¥t B R JE 40 B 1 5 /Y 22 1

a

5 200 150
150 %
ﬁ 2100
100 s
R4 TR S 50 i %0
X ERLE b Cinga: | X BR4H b Cig: |
B 150 B
~N N
i X 100
Akt_“’0 R i
50
p < x
T:Q 0 v T 0 - -
a
B 150
A 150 i
® K100 —
100 e
] i 50
Q i
0 y — 0 . :
B orit:| T AL W4

A:Western blot Kl 45 5 ; B X B 20 5 7 40 PI3K/ Akt/ERK 3 % f 11 F A 7K F AL ;. P<<0. 05,

& 2

X §4% 33 i& PI3K/Akt/ERK & &



1718

FTRE S 2026 %% 55 5% 84 Chongqing Med J,2026,Vol. 55,No. 8

2.3 =¥ HhRmiiss E AL
9 % A

2 % % e AT B R 8 PI3K/Akt/ERK 3@ it p-

HraRgEaRiRk

MERE  HITE RPERE HKEH

p—PI3K 85X10°

PI3K 85X10°
p—-Akt 60X 10°
Akt 60X 10°
p—ERK 44X10°
ERK 44X10°

GAPDH 36X10°

A:Western blot Kzl 2528 ; B % 24 PI3K/Akt/ERK i % 25 1 %35 K F A
% B % RBHIE PI3K/Akt/ERK i 8% 89385%

B 3

2.4 ¥ %Rt CNE-2 %00 B 81 69 % 4

T A AR G I &5 R R, 5 X IR s, BB
BICHAMBTH S WK G, /G, W40 M Lt f B A T R
Sl R 7.1%.3. 2% F1 5. 6%.3.3%) . HZF T
GiiteE 2 L (P =>>0. 05); 1 % % Je 4 Ml T 4
G, /M A4 L A5 43 5 38 12, 4% F1 6. 9%, 2 %A
Giit2EaE (P <<0.05): BEA 4l S W40 i b 6 T j%
22.4% .G, /M B 40 I L B 3G 25, 7%, 2 5 A gt
SR L (P<C0.05) 11 Gy /Gy B4 B FRE 3.5% .,
ERTGIFE L (P>0.05), WHE 4,
2.5 ¥ %R CNE-2 48 je A =t %k

Western blot K25 R B~ , S5XF A L, &%

MIRE  BUTHE REBRE KaA

cleaved caspase-3 17X10°

40X103

Mc -1

36X10°

cleaved caspase-3FEHFTIAKTF

GAPDH

A B

200

1
1

PI3K.p-Akt & p-ERK F ik /K (P <<0.05),{H

X 4% BV 1 26K K TG B 5 i (P =>0. 05) . ILIE] 3,
B 5150
.200 Z
) P
%150 24100
{ﬁmo "
|
50
o o
a 0 z 0
L ma«a T x?ﬁh‘éﬁﬂ BAA SR WoTR RBBRE HAE
a
N ' |=|_150
B200 <
) %100
K150 &
#®
100 ﬁ 50
HE 50 2
;'; 0 f—] =0 SERLA MFTE REHRA BAA
L iR woTA REERE BAn
a
[ H_150
izoo I *>1 100
K150
ﬁ 100 Hﬂ{
X
HE 50 & 0
2 ] FHIEE HiTE RBERE BAE
B L XA HHE RSEBREA Ba

: P<C0.05,

e H MIT 4 cleaved caspase 3 M Mcl-1 fE H %A
KSR WL BH A8 Ak (P >>0. 05); T 36 & 2 cleaved
caspase 3 H R B /KT 85, Mcl-1 & R iEK
S R R (P <<0. 05) . LA 5,

1509 (=

3 6,/6, 14

100- 03 ,/mi

L (%)

50

SBRE TR REERA BAE
REHRBI CNE-2 40 A J5 H1 19 &2 i

i

P HESH ﬁf(T'éﬂ k?’&*h‘éﬂ H*Aﬁ

& 4

H_150
2,

50 100
00
50

50

Mc | -1 H Rk

A

0 T
R T REPBEE BREE

A:Western blot il 5558 ; B: % 4L 408 1 8 F R IB R B0 1o %57 . P<<0. 05,

5

REER T3 CNE2 AATHEXEBRIZHZIT



FTHRESF 2026 5% 55 5% 8

Chongqing Med ],2026,Vol. 55,No. 8

1719

2.6 %% %R FHBE CNE-2 &0 50 57 A B i o)
A

W6 & T R S 3G 0 T AR A 2 A A T R
BUREAR . X2k BRI T 46 356 25 200 0 A7 T35 38 B
JTHREAR (P<<0. 05) . 5T 20 H# . & B & e
5.0,10.0,20. 0 pmol/L k& 2H J5CJ7 44 5 e T v, HE
H1 20. 0 pmol/L B4 25 & (P<<0. 05) ,{H 5. 0,10. 0

pmol/L KA A BT LB, 2R L H It B X

(P=0.782), W& 6,

2.7 ¥ A% RE A CNE-2 2k 57 o9 DNA #i4s
Western blot #0145 B, 5XF B4 g, &%

BRH T A A A v-H2AX B H R BAKETHE

HECA YL F R4 (P<<0. 05, WK 7,

a
6 - |

100999 \ a B
_10.00 - ey e a
=
= &
! \- o |
i 100 - mrra §§
2 —o- BEAM (5.0 umol/L) 24 J—
010 1 BAA4E (10,0 pmol /L) I

- BAA4E(20.0 umol /L)
0.01 T T T T 1 T T T T T
0 2 4 6 8 10 TR REERA el & BAH

A —— B (5.0 umol/L) (10.0pmol/L) (20.0umol/L)

A AN TR 500 4 % 2 %5 5 2 e JRE ) 400 A7 0% 3 LU B AN TR 22 2 % J vk JE PR O B B IL 5 P<C0. 05,

& 6

MIRE  MTE REBRE KAH

B
YoHAX N R R o0 150+

3
GAPDH 36X10 )
<
N
b= =

A

A:Western blot il 455 ;B % 4 v-H2AX Rk 5L LL#:* . P<<0. 05,
FEZMHAE CNE-2 fil)5 v H2AX BB RIEKF SR

B 7

3 g ®

MR 9 2 — e MR Y b R VR AR DR
BB FER Hu P 28 E BRI T AR IR KN
BRI R AT ke Y B AT v R AR H
AW o Hepg e iy o R0 SR oY ik R b &
Fofr DA 22 AT S5 S0 978 20 4 SR BORRAE TR B L R TS R
TR e kb B R R X B W R T S R HL
i A BF 57 © OIS — a2 o R L (ELIG PR 5% Ak 1 A BRE
PR BUGT R 5 53 0 050 S T 105K W X F 0 R
Bijm BA EEE Y,

PRAT UEH8 2 B . oo o A B ok AR L 3 IR 2R 3 L O
FE DR S8 3K F AT 5 I T OIS 2 S W R G T
TR EE IR S R R A 9T T AR S v A
X HSPUAR OC S 0 I, 5 e i R Mg AH L, A

ZE BRI X 5 & B3 CNE-2 48 B i A 77 B =k 1

SR A REERE BAE

R AR ARG S ) 0 T A O A o I L B
WAL BTGP A & AR TR 5 0 T R O A i e 2
R R AIRE RN R T R LS A T
IR L B JeAE S — i 280 N o I 2R Ul A1
i Bt I BB R G AR (= A B AN Al = WP A el
PI3K/Akt/ERK i % . T4t DNA i 716 & &5 5 4l
Jie 0 S0 L4 R O T 25 22 R ML S 3 e 0T SO
AW FEAE L, i)y vl % 5 PISK/Akt/ERK 18 #%
VT S T2 %9 8 JE AT A AR ) 2 B A IS Ak, PISKY/
Akt/ERK 38 }% 09 5 8 W00 76 M kA = 28 St 24
R SR L TR S R T A DA e
Tia] 100 1] 3% 30 3% 3% b © I S ] 49 S S 0 g A0 MY R0
AL 22 5 JE AR Ay 2 I A5 G I R e A 7 )
T B A P ] 0 N R A K T Z AR (vascular endo-



1720 FTRES 2026 5% 55 5% 8 H)

Chongqing Med J,2026, Vol. 55,No. 8

thelial growth factor receptor, VEGFR) | 5 £F 4 41 fif1
H K AT Z Kk (fibroblast growth factor receptor, FG-
FRO 55 i 32 1A T 2 2 1 165 » HL 0BT %4 S5 35 3 119 32 1A T
2R W % AL, 2 T[] 4% 4 ) T e PISK/ Akt/ERK
T [ AR PR T L X AT e A R T 8 BOVE R
AL Z — .

TE5r T HLH 2 0 A B 5T e 30 4 2 5 e v o e
i PISK/ Akt B IR 101 1k o 5 v B2 408 7 B35 11K 48 i
%01, 955 caspase 3 MKEPE R T2, HoZ & W 76 F5 &8
T 48~96 h FE— L HERR . A0S IO M o RS
4 Gy X &5, G, /M 5140 i L 491 B3 8 1% i, S
ST 200 P L ) B SRR IG . 4T G, /M A i [R] JR 4
B HE S A 2, X R 5517 5 1) DNA XUEE W 2448 &2
RORAR T L A A 300 st M A S A R e L B R K
Jii) S BHL i T BB 2 2 A R S Y o — EE AL

TE I TR A5 T T BN ] 2 A e B B
WRHE FRRFT-EA caspase 3 223k, M B A Ak
PLJ5 caspase 3 MBI E A TEHA Mcl-1 N2
R AR . Bel-2 ZR75 8 1138 4 8 45 2R 1R S L i
Z 5T R TR Y B R N Y
8 S 5 T 718 e = = 21 R R T € DN 17 K A
Boh g g drizt . B BT BoR  Mcl-1 ik K
-5 B R O BRI M ST s 2 T ) AR R
Joi X W e b PO TR B IR S A Y R BT A
UYL H G, W B e WA T E i T Mel-1., %
% caspase 3 K& A48 P TS, o] B H 4R = BUT
RO ) S — TS FEBL A

AN, 2% 8 e v W B 1 ST 75 5 ) DNA i
ks & ¥ v-H2AX H H R K. BRI H2AX 7
DNA #5652 bk # CsEE T, © 9 2 RO
P55 DNA 8l 45 19 U AR & W, KR k2 ATM,
ATR %58 [ B I8 5 80 1 30 ) ATM 2 9l iE 52
T 358 8 SR 20 B O U AR IS T A 4 -
H2AX F2: 2 U8 DNA WUHE W7 2416 42 2 B ik —
SR B R e o T MR A 43 08 A2 AR G R T
TR A

WS WA AE — 5 R BR R, (1) Br F 4 B Bk
CNE-2 5 A S Wi AT 5 H HTRE Y, L3 4F SCHK 32 75
A BEAFTE HeLa 452 S5 YL MU | 5 SR iF 5% 5 7E &
S HR K A A S T e R A L R (i C666-1) H
H—2EHE, (2)5.0 pmol/L 5 10. 0 pmol/L &%
B To 2 5, AT B AR BE R OCHE MR (4n VEG-
FR.FGFR) T # d5c R AR JE M il A 56, 4 78 10k B X ]
Al REAEFEZG 850 B ISR AR A 52 . (D) A5
FH 10.0~20. 0 pmol/L % % & Je ¥ FE @ T im KA 25
I 25 4% BE I vk BE A AR b — 4 1% 352 45 80 b Sy 00 5 ] I
R LT o ADAEAE AL A W] RE .

25 AR A ISR S5 2 B Je ] a0 oy

7S PISK/Akt/ERK i # 1% 1k, h A 5 % G,/M
W TR WA BEL A 05 caspase 3 MKHME T T X FH S DNA
XUBE W 2416 &2, 22 4 B 36 5 5 R g CNE-2 41 i A i
IR . R e Bk A R R AR Sk B W R T 3
BRI AE T S IR A L O R IS SR B A IR YT R 1L
265 TR, SR L PISK/Akt/ERK il f& & 75 Ho
W — B8 i 32 1 500 3 B L AT T 1 Bl B R 3R GR BT
BRAG AR VAT B 1) S0 L DA — 25 W R R R O R
DAEH,

MEBMRTAEHFARBELEMNZ YR

S % ik

[1] Li D.Fan G, Zhou Y. Chitinase 3 like-1 acti-
vates the Akt pathway, inducing NF-kB-de-
pendent release of pro-inflammatory cytokines
and promoting the proliferative ability in naso-
pharyngeal carcinoma cells[ J]. Cytokine, 2024,
179:156631.

(2] ARAEHE AU, 52 b N S0 g g B4 2L rh CX-
CRA £IA 5 B35 Ih R BLRRAE B 4 B 1k 97 97
R B 5 & LT ] 52 T E 2% 35 2021, 36
(8):1273-1276.

[3] WulL Z,Zou Y.Wang B R,et al. Enhancing na-
sopharyngeal carcinoma cell radiosensitivity by
suppressing AKT/mTOR via CENP-N knock-
down[J].J Transl Med,2023,21(1).792.

(4] sUHToR, 5336, X 5. S 41 21 NK-1R.
CXCL10,VEGFR-2,PDK1 &k X} # & il )5 i)
VEAR M (B L) 1. 92 88 E 24 3K, 2024, 39 (11)
1785-1788.

(5] sRE = 52k, Zom. 2% % e £ i 835 L i
FLIRYT 0 FH 25 RRAE A W a5 LT ). BRAR i g
BE%2,2024,32(9):1663-1668.

(6] BB, Wiin . 4 7k g, 55, 22 % 5 JE X i i o 4
Motk A549 JCT B PE B 52 me K AL ] B
BE Rl K224, 2021,42(8) 1 40-46.

[7] Tang L L,Chen W Q,Xue W Q,et al. Global
trends in incidence and mortality of nasopha-
ryngeal carcinoma[]]. Cancer Lett, 2016, 374
(1) .:22-30.

[8] Kong F.Zhou J,Du C,et al. Long-term survival
and late complications of intensity-modulated
radiotherapy for recurrent nasopharyngeal car-
cinomal J ]. BMC Cancer,2018,18(1):1139.

[9] Lang J,Hu C,Lu T,et al. Chinese expert con-
sensus on diagnosis and treatment of nasopha-
ryngeal carcinoma: evidence from current prac-

tice and future perspectives[]J]. Cancer Manag



FTHRESF 2026 5% 55 5% 8

Chongqing Med ],2026,Vol. 55,No. 8

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Res,2019,11:6365-6376.
He H,Huang Z,Wen F,et al. PSPC1 knockout
promotes radiosensitivity, inhibits EMT, and
metastasis of nasopharyngeal carcinoma cells
[J7. Exp Cell Res,2025,452(2) : 114755,

Sun Y,Chen K, Lin G,et al. Silencing c-Jun in-
hibits autophagy and abrogates radioresistance
in nasopharyngeal carcinoma by activating the
PI3SK/AKT/mTOR pathway[J]. Ann Transl
Med,2021,9(13):1085.

Wang X, Zhang Y, Mu X, et al. Exosomes de-
rived from Y3-T cells synergize with radiother-
apy and preserve antitumor activities against
nasopharyngeal carcinoma in immunosuppres-
sive microenvironment [ J ]. J Immunother
Cancer,2022,10(2) :e003832.

Guo X, Sun Z, Liang Y, et al. Unraveling the
crucial role of CCL3 in nasopharyngeal carcino-
ma: bioinformatics and immunohistochemical
insights[J]. J Pathol Transl Med,2025,59(5):
281-290.

Xie Z,Li W, A1 J,et al. C20rf40 inhibits metas-
tasis and regulates chemo-resistance and radio-
resistance of nasopharyngeal carcinoma cells by
influencing cell cycle and activating the PI3K/
AKT/mTOR signaling pathway[J]. J Transl
Med,2022,20(1) :264.

Xu M D, Liu S L,Zheng B B,et al. The radio-
effect of

therapy-sensitization cantharidin;

mechanisms involving cell cycle regulation, en-
hanced DNA damage,and inhibited DNA dam-
age repair[ ] |. Pancreatology,2018,18(7) :822-
832.

Han D, Zhang J,Bao Y, et al. Anlotinib enhances
the antitumor immunity of radiotherapy by activa-
ting ¢cGAS/STING in non-small cell lung cancer
[J]. Cell Death Discov,2022,8(1) :468.
Akbarzadeh M, Mihanfar A, Akbarzadeh S, et
al. Crosstalk between miRNA and PI3K/AKT/
mTOR signaling pathway in cancer [ J]. Life
Sci1,2021,285:119984.

Xu Z,Xu L,Ge Y,et al. Cabazitaxel suppresses
the proliferation and promotes the apoptosis

and radiosensitivity of castration-resistant pros-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

1721

tate cancer cells by inhibiting PI3K/AKT path-
way[ J]. Am J Transl Res, 2022, 14 (1) 166-
181.

Yang L,Zhang Z.Zhang Y.et al. Radiotherapy
M2 polarization

promotes of macrophages

through the regulation of the PTEN/PI3K/
AKT signaling pathway through miR-616-3p in
lung cancer cell-derived exosomes[]J]. In Vitro
Cell Dev Biol Anim,2025,61(10):1202-1217.
Ding J,Chen Z,Ding W,et al. DNA polymerase
T suppresses the radiosensitivity of glioma cells
by regulating the PI3K/AKT/mTOR pathway
[J]. Autoimmunity,2023,56(1):2234101.
Gaio-Lima C,Castedo J,Cruz M, et al. The role of
hyperbaric oxygen therapy in the treatment of radi-
ation lesions[ J]. Clin Transl Oncol,2022,24(12):
2466-2474.

Warren C F A, Wong-Brown M W,Bowden N A.
BCL-2 family isoforms in apoptosis and cancer
[J]. Cell Death Dis,2019,10(3):177.

Liang Y Y. Niu F Y,Xu A A,et al. Increased
MCL-1 synthesis promotes irradiation-induced
nasopharyngeal carcinoma radioresistance via
regulation of the ROS/AKT loop [J]. Cell
Death Dis,2022,13(2) :131.

Yu Z,Guo J,Meng T,et al. Bel-xI. DNAzymes
promote radiosensitivity and chemosensitivity
in colorectal cancer cells via enhancing apopto-
sis[ J]. BMC Pharmacol Toxicol, 2022,23(1).
13.

Liu X,Chen H,Xu X,et al. Insulin-like growth
factor-1 receptor knockdown enhances radio-
sensitivity via the HIF-1a pathway and attenu-
ates ATM/H2AX/53BP1 DNA repair activa-
tion in human lung squamous carcinoma cells
[J7. Oncol Lett,2018,16(1):1332-1340.

Ran X,Wu B X,Shi M,et al. CRISPR screen of
druggable targets in small cell lung cancer i-
dentified ATM inhibitor (AZD1390) as a radio-
sensitizer [ J ]. Int J Radiat Oncol Biol Phys,
2024,118(5):1308-1314.

(i B #.2025-12-28 &[] H 11 :2026-04-16)

CH - AR



