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[ Abstract ] Objective To explore whether recombinant Newcastle disease virus (NDV) rL-RVG can induce
ferroptosis in mouse lung adenocarcinoma cells through the Beclin 1 (BECN1)-solute carrier family 7 member 11 (SLC7A11)-
glutathione peroxidase 4 (GPX4) pathway. Methods The mouse lung adenocarcinoma Lewis cell line was cultured in vitro
and then subjected to infection with rL-RVG (rL-RVG group), infection with NDV (NDV group), BECNI knockdown (siRNA
group), NDV infection plus BECNI knockdown (NDV +siRNA group), or rL-RVG infection plus BECNI knockdown
(rL-RVG+siRNA group), with untreated cells serving as control group. Cell counting kit 8, Transwell migration and invasion
and plate colony-formation assays were used to detect cell proliferation, migration, invasion, and colony formation. The
content of lipid peroxide malondialdehyde (MDA) was assessed by a kit. Western blotting and quantitative polymerase chain
reaction were used to detect the expression of ferroptosis-related proteins BECN1, SLC7A11 and GPX4. Results Compared

with the control group, the cell proliferation, migration, invasion, colony formation, and the expression of SLC7A11 and
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GPX4 were significantly decreased in the rL-RVG and NDV groups (all 2<<0.05), whereas the levels of MDA and BECN1
were significantly increased (all P<<0.05); the rL-RVG group showed a greater effect than the NDV group (all P<<0.05). The
levels of MDA and BECN1 were significantly decreased in the siRNA group compared with the control group (both £<<0.05),
whereas the levels of SLC7A11 and GPX4 were significantly elevated (both P<<0.01). The levels of MDA and BECN1 were
also significantly decreased in the rL-RVG+siRNA and NDV +siRNA groups compared with the rL-RVG and NDV groups
(all P<<0.05), and the levels of SLC7A11 and GPX4 were significantly decreased (all <<0.01). Conciusion rL-RVG

can effectively prevent the proliferation, migration, and invasion of mouse lung adenocarcinoma cells and elevate lipid

peroxidation by up-regulating the BECN1-SLC7A11-GPX4 axis, thereby inducing tumor-cell ferroptosis.

[ Key words | recombinant Newcastle disease virus; lung adenocarcinoma; ferroptosis; Beclin 1; solute carrier family

7 member 11; glutathione peroxidase 4
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Horr, B/ A AT (non-small cell lung cancer,
NSCLC ) 24 (5 fili e & 5 19 85%, i 5 4R A A7
S 4%~17% 2 o ARIT R H RT3 By 2
Z—, SRNTER 43 £ A TR B AT 52 i ) 2 45 i RN
GAIT, KRR 26 TR SRR ST AL i
AT BA EEIRRE L .

BRAET 3 A2 32 O By — o B 4
TR, HARAIMIEAS . AARRRIE DL R ast L2
ST RPE R A A TR — gk
R, BRAET R R PEBILR S 2RO T A Dk Tk A Ak
Wy 1§ 4 ( glutathione peroxidase 4, GPX4 ) Xf F fig
B AL A SO RS 20N i TR AR R
% 7 W 53 11 (solute carrier family 7 member 11,
SLCTALL) - Z e H ik -GPX4 i 22 ik GPX4 Y16
AT, A% AR IGE F) 4 (nuclear receptor
coactivator 4, NCOA4 ) i 5 ¥ lff 14 % 4 At Py 4k
A PEAT B R A, BBk A ™ . T Beclin 1

(BECN1) &4 A Wit B A5 50, 52 M 25wk hg
kLR 3- W52 G W 9% 0 Ly, AR IR R TS
fLRE A5 N U BECNT-SLCTALL Z 54,
Wl Xe” 2 (AR /&R sk ) 1%
P, JEREERIET- L EABRSOIESS, HmEG R

( Newcastle disease virus, NDV ) HEEHIH] Xc™ &
g5, AR HE AN I TR A0 MR S e kT
e RIS RSN EEHE R 1 Y F 4 NDV ( recombinant
avirulent NDV La Sota strain expressing the rabies
virus glycoprotein, rL-RVG) F| FHi NDV 2 2 {& %

IRAER IR RSN R 3L, HAa R A e A A
RIFEERE R TN SZAR A BEITE A, DA L AE T
JoE 7 T RO W] B 5 T NDV., S T 20 1 30 S 56
ELUESE rL-RVG L NDV X 1 i 40 it 38 4 410 1) 5 0
1 fL-RVG it p53-Yes #HCHE ) 1- KHEAGHE
T A A R 4 3 BRI R AR R sT T
A5 B TER R EAUHIZE R # rL-RVG B & i
BECN1-SLC7A11-GPX4 il {175 T /1N Bt 9 40 g
BT

1 ##F7E

L1 A Lewis Jili B8 40 i (20035 34 28 4 A
RHEARAT ) 3 rL-RVG FHINDV (/R M E T
550 ) CCK-8 ikil & ( L =~ RAEVH A
FRZSH] ) 5 Transwell /N (7 M 3 R AR W ik 98 %
WHERAR) , Fpk (FEBD AR ) ; N
( malondialdehyde, MDA ) illli7] & ( S0131S,
R RAEYF ARG AT ); BECNI siRNA( R
HRHERHTRHE AR A ) ;5 RNA P05 4
ChamQ Universal SYBR qPCRMaster Mix ( Fg &0 4t
ME e A W B A A BRA ) 5 %Pt BECNI,
SLC7A11, GPX4 Hifk (R =& AYH ARG R
Al) , %Pt GAPDH ¥k, Fhife — 41 (R
Ay TRARAH) .
12 mioab s ¥ Lewis gl E T 584
DMEM FElis g3 (& 10% FBS) 1, 7837 C.
5% CO, 5 Fe i h 85 F5 . 43 0l 347 rL-RVG J2&% 4
(rL-RVG 41 ) . NDV & ¢ (NDV 41 ) . BECNI
AUk (siRNA 41 ) . NDV J& 4t Bt & BECNI i 18
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(NDV+siRNA 4 ) . rL-RVG & 4 Bt & BECNI
@i (rL-RVG+siRNA 4 ) S5 4b B, I35 & AH b
FOXTIRAL . WY K Lewis ZIEERN T 6 FLAR
o YA EE AR 70%~80% A i R IE L &2 KL
75" By NDV K rL-RVG Zb 34 i, $53% 24 hitt
FTIG 85050, siRNA G Y. K Lewis i il £2 Fl T
6 fL#R, A 37 C. 5% CO, 4035 3240 T i 535,
5 0 I %8 B K B 30%~50% J, IR AS B R
B TR IR 2 siRNA EP 45 B I 250 5 A
125 uL DEPC 7K ( TG ) fili Hvk B4 20 pmol/L.
B2 A0 1.5 mL EP 4%, % B8 Ui B 5 B i 5 A
250 uL JClfil i DMEM 15355 ) 5 L Lipofectamine
6000 [ a AR . &4 250 uL JCIfiiE DMEM 15753k
J% 8 pL siRNA 1 b i IA, K a A M b WAKIRS) S
FRACE 20 min, BESEEAMA 250 pL 4F 25
3%, 4~6h 5.

1.3 CCK-8 %% ¥ 5 000 40 dRh T 96 fL
Mo, B 3 ANE AL, MIA 100 pL B RIEIRE, i
NG FRA SR 24 h, AR FRRAREERT TR, 7E
AP0, 12, 24 F136 h 51 3 LA 10 puL
CCK-8 iAW, ARZL55% 2 h, HIEEARXAE 450 nm i
KAKMYEEE (D) i,

1.4 Transwell £ # | 12 £ %% Transwell /NE
FACFL AR % T 9050 U 7 R e (3R R 51 50 AR el 356 I
), ZJA K 0.25 mL 4 i B 4% Fl 2 Transwell
MEREES, FEFEPIMAEGH 10% FBS 1958
AHEFERE 0.75 mL, 537 24 h J5 RS L PR LA
FERAM; 4% 2R PEEREE 10 min, ] 1%
g5 R Y0 30 min; BT WA ML g%,
3T

1.5 HXMmER T 6 fLPEFLINAZ) 500
AN, 7E 37 C. 5% CO, BT H LB F%,
2 di 1 IREEFRIE, 7 dEFHFsgRaE, I PBS PRIk
2K H 4% ZRHEERE % 30 min, PBS PR 2 IK;
0.2% %% fh %8 L {4, 15 min, PBS PE 2 W, 44
HUAETE RO A AR X SR VR T B -

1.6 MDA # | % B8 MDA i 7 & i W 15 e i
0.37% [ TBA I 473 Al MDA #6:00 TAEW . 4 0.1 mL
PRUE SRR AR B (BB EREIRE ) A
1.5 mL B0 Y, ZJG A 0.2 mL MDA Kl T4
W, FEOMRAE, BT 99 C4 Rtk 15 min,
FRRSMA IR ZHEUE, BT E.ONH, 1000Xg

I B0 10 min, 1F 96 FLACHIIIA 200 pL |
W, FBEFRAAE 532 nm P KA SE D {E, HRIEFR
HERNZET T3 MDA /K-,

1.7 ARXEGAM R PR A A I AH DG
HHMRIL, 78 6 fLAR DR M, 0 A & 1)
SRR BCR A A, F BRI B RS, 10 pL
FE S EAT 10% SDS-PAGE, & HLE N 80 V., Hif
]2 30 min, 1 4%45 40 )2 5 & LR 120 V 4%
ZEHLTK, ARG MET ] 400 mA TE % 30 min, KA 1
%R 2| PVDF i I 76 TG 8 11 il o 3 A b
[4] 20 min, 315 A9 5% A BC 4 B — PR R
W (BECN1., SLC7A11. GPX4 HilkmywFeLt
1 : 1000, GAPDH HU{AMFERELL R 1 2 5000) ,
ZJATE 4 CURFa I 1% . ¥ PVDF IRAEZE R T
FHTBST ¥ 3 ¥k, B 10 min, FE4rUEIES A GE
BT (R AT £ 10000) , EIRFIFE 1h
J& H TBST e E/E 3 ¥k, BFK 10 min, K5 H
ECL ZNW AT A5 o

1.8 ABX KRN SR qPCR KIS H 1 &
Ko e HE RINA s B2 G 1) G 100 P 5 B2 e 2
RNA, ZJEE S8 RNA W, KFRIEH 4 DNA &
e il 52 % s AR 2R, AE 37 ‘CRV 15 min, 85 C |
5 s J5 SE R B SR R, 20k RO IR A AE T
—80 CUKAf. & MULHIFRECHIY 1 s MK R, H
PCR {17 qPCR, D) B-actin fEHNS I, HIY
JER mRNA ARk i A 27 ki,

1.9 it 43 H SPSS 22.0 #AF A T80H% 5
#r, F GraphPad Prism 9.0 344 &, Fr SE56 14
B 3R, B x+s Fon, PILL] LR ST
FEA e, 20 R B &= T 22001
¥KiE (o) M 0.05,

2 &% B

2.1 rL-RVG *f Lewis &8 i3 74 48 1 69 %7 CCK-8
SRR, 5XTIEALE, L-RVG 41, NDV 414
HL35 e 152 290 (¥ P<<0.05) , JFH rL-RVG
2H 4 B 1 5E RE 7 A A )RR B A NDV 4 O B
(P<0.05) . WK 1,

22 rL-RVG *f Lewis 40 i it #%5 . 42 & . £ %W &
At e Hrm LA R BoR, SXTHAMLL, L-
RVG 4. NDV A 41l % g (81 2A, 2B)
f2Z&he )1 (Kl 2C. 2D) KMAERIEMGES) (B 2E.
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2F) HREAE (# P<<0.01) ; rL-RVG 4140 i IF %
BB . (R78RE ) S AEVETE RE 11 L NDV 41 5 AIR( 1y
P<0.05) .

—A- Blank
-a-NDV

1.5r

D450

24 m 7
Time/h
B 1 rL-RVG %l Lewis Z8iE145E
Fig1 rL-RVG inhibits proliferation of Lewis cells
'P<C0.05. n=3,x+s. rL-RVG: Recombinant Newcastle disease

virus rL-RVG; NDV: Newcastle disease virus.
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2.3 rL-RVG % Lewis 28 J. MDA /K- 49 % s H4E
tr e 2R3 B & 4 Lewis 40 Jitd 19 MDA B ik
K, MR A (15.8740.61) umol/mg, rL-RVG
Z0°M (21.9340.64 ) umol/mg, NDV 44 (19.26+
0.30) pmol/mg. ZEit2# 4 R iR, S5XF A
AHLE, L-RVG 41, NDV Z4fifl MDA 7K~V Tt (3
P<0.01) , Jf H rL-RVG 41 41 it MDA /K ¥ & T
NDV 4 (P<0.01) ,

2.4 rL-RVG *} Lewis 8 L 4k 30 = 48 % & & & ik
A e B BTG A A A5 R BOR, 5 X R
HAHH, rL-RVG. NDV £ 4f Jifd o BECN1 & A 1
FikThE (¥ P<0.01) , Jf HrL-RVG 415 NDV
ZH AH [ BECN1 4E M £ 35 3 5 (P<<0.01) ; 1M
GPX4, SLCTALl HH 5N RAIAH L FRA T (1
P<0.01) , HrL-RVG4l 5 NDV 41 #f kb GPX4
SLC7A11 FEHRIBHEAR (4 P<<0.01) . WK 3,

rL-RVG R

= Yoo : (ﬁ-

Cell count

A =

I'L-RVG %k
b LT e N I v N —
P T s ﬁ"'ﬂ 5000

- .-.'Q.. |

Cell count

Colony count
)
S

2 rL-RVG #l#] Lewis ZHfT# . SEMEZFMEES

Fig2 rL-RVG inhibits migration, invasion, and colony formation of Lewis cells

A, B: Migration of cells was detected by Transwell experiment (A: 100X ; B: Statistics of cell counts); C, D: Invasion of cells

was detected by Transwell experiment (A: 100X ; B: Statistics of cell counts); E, F: The proliferation of cell was detected by
colony-formation assay. 'P<<0.05, "P<<0.01. n=3, x£s. rL-RVG: Recombinant Newcastle disease virus rL-RVG; NDV: Newcastle

disease virus.



BEREERFFM 202641 H 5547 % e 8]
k3
L *k
€ o - = *%
S z = ok < —
& S 5 NS 215 T S 15 o
T S Y Mm(xi0) R o . = e
N et I i 2
BECN : = 5 10} S 1o}
o [}
;ﬁ 0 NN i‘? 0 NG 50 NS
S i o] i
= S & I & 2 S
Q < <

&3

rL-RVG 3 Lewis fifa5kE T-1H X T A RiZHI 0

Fig3 Effect of rL-RVG on expression of ferroptosis-related proteins in Lewis cells

The protein expression was detected by Western blotting. ~P<<0.01. n=3, x=*s. rL-RVG: Recombinant Newcastle disease virus rL-

RVG; BECNI1: Beclin 1; GPX4: Glutathione peroxidase 4; SLC7A11: Solute carrier family 7 member 11; GAPDH: Glyceraldehyde-

3-phosphate dehydrogenase; NDV: Newcastle disease virus.

2.5 rL-RVG i i¥ BECN1-SLC7A11-GPX4 i % %
F Lewis &8 ftLsk 56 =
2.5.1 BECNI siRNA Jfi #r % % T 98 40 g # BECN1
H &k qPCREHWR, X4 BECNI mRNA
Sf 2% 35 4 0.98+0.09, siRNA 240 BECNI mRNA
AHXF ki M 0.50+0.06;5 & 15 BN 2892 4G 0 2%
(Bl 4) S, %4 BECN1 & AN #IE R R
1.0440.08, siRNA 41 BECN1 & [ A Xf F£i5 & h
0.3240.07, GEil2Emtrss iR, S5XT R4,
siRNA 41 BECN1 1 mRNA FlE [ #K AL (1
P<0.01) , iE5Z BECN1 Biss 3

4 BECNI siRNA FURIF5 35T Lewis A BECN1
ERREHIFM
Fig 4 Impact of BECNI siRNA plasmid transfection on
BECNI protein expression in Lewis cells
The protein was detected by Western blotting. BECN1: Beclin 1;
siRNA: Small interfering RNA; GAPDH: Glyceraldehyde-3-
phosphate dehydrogenase; siControl: Negative control siRNA.

2.5.2  BECNI # % rL-RVG F& Z¢ 48 il MDA & 3k
FE o ARIEREITZ T4 4 MDA K, KRR
ZH M (1433+098 ) umol/mg, siRNA ZH & (10.78+
1.07) pmol/mg, NDV #H (20.651+1.17) pmol/mg,

NDV+siRNA 444 (14.67+1.32) umol/mg, rL-RVG

Z0h (24.55+£0.96 ) umol/mg, rL-RVG+siRNA 4K
(16.2240.79 ) pmol/mg., FEi2ForHras R 8w,
EXTRRAILL, siRNA 4400 MDA KF TR (P<
0.05) , $&7~ BECNI 9l J5 vl LA/ MDA FEl;
rL-RVG+siRNA 24 AH L T rL-RVG 21 . NDV+siRNA
A b T NDV 41, 40 i MDA /K- F B (3 P<
0.01) , UiW] BECNI @isAe — & B b o] LISt
rL-RVG. NDV i i1 MDA ¥ %
2.5.3 BECNI & # * rL-RVG & % 40 1 % 71 =
MAEBAFREIHDZE Y FH BECNIL JF,
SLC7A1l., GPX4 & I R LB X A F & (¥
P<0.01); rL-RVG+siRNA ZHAH LT rL-RVG 4 |
NDV+siRNA 2H #H I 7 NDV 4H, 4H Jift BECN1 &
[R5 TR, SLCTALl, GPX4 A RETE (3
P<<0.01) , Ui BECNI i v] LLAE— e fE R L
Rk JE T M 2/ 1 SLCTALL, GPX4 £k, W
’ 5,

it

3 it

FEFR ], il 2 05 SRR BE T R A BT AT A I
PR AL, SR A BOA YT S X TR
FHIra. s R E s HA EEE L, PIT 2
—F o R AN R AR T R, S A I oG
2 ERAERRSE R, F9E BECNT 3535 7] i i
SLCTA11-GPX4 filifs ST BRI & A BaE T
I I T R 2 3 2o 1 0 R I Ao AU A SRR T 240 M 2k
FET-H %A 7, T BECNT 2 [ I () 5 35 5],
B FR A T4 BECN1-SLC7A11-GPX4 #lifE 4T3
FER AR
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Fig5 Impact of BECNI siRNA plasmid transfection on expression of ferroptosis-related proteins in Lewis cells

The protein expression was detected by Western blotting. ~P<<0.01. n=3, x*s. BECN1: Beclin 1; siRNA: Small interfering

RNA; SLC7A11: Solute carrier family 7 member 11; GPX4: Glutathione peroxidase 4; GAPDH: Glyceraldehyde-3-phosphate

dehydrogenase; NDV: Newcastle disease virus; rL-RVG: Recombinant Newcastle disease virus rL-RVG.

VTR B LA IR RE ), REAEAE iR A e
EPEME R A, DI X el 200 B dh A 7 e
PEWEIR . R B 0T DL BRI )ik, B
PR s, I HRBE DR R0 . BN, FF
ISBE IR Y o FEIRY TR T, RN TR A
A mRER s NDV R B RIEN R,
Je—Fh RGBSR R, AW R
NDV TE 45 i S AR b5 16 97 h B e R 1 b B e i g
IR E ], B A R A e, e ]
FBRAR. 25 AR R . IL-RVG
E—FEANDV, BAEERL et AN G
WL KA E M, A L NDV SR BRE S
A WFFE W rL-RVG 7EHUME/E 7 T T NDV™,

A 528 ] rL-RVG., NDV B4 40 fitg, #6025t
T-AEYIbRE Y MDA K- A iS5 6 1 MMl S R
KP4, 4558 R IL-RVG. NDV 4344k
P Lewis 1 ifd, 7] FFARZ0HL SLCTALL, GPX4 HH %
ik, JHim 4 BECN1 & 1381k J MDA /K,
tL-RVG 7] 5 3 Lewis 41 il £k € 12, H BECNI-
SLC7A11-GPX4 {5 538 % v G/ =5 T izt B, LU
SIRNA % YL 1) )7 ¥ Rl BECNT Ab B Lewis 20 g 7] T

i MDA /K F-3f |15 SLCTA1L., GPX4 A ik, 1M
B U8, BECNI BX 4 995 5 A0 B 5 rL-RVG-+siRNA 41 .
NDV+siRNA 21 A H T rL-RVG 4. NDV £ 41l Jits (1)
MDA 7K~F-F1 BECNI # 13835 T %, 1 SLCTALL,
GPX4 HEHFIBK YT, KU BECNT misife—e
B AT LIS IL-RVG. NDV i i i) MDA #4642, 15
FOBRAET A G IE 4 25 (1 SLC-TA11, GPX4 F£ik/KF
B R, $E7n rL-RVG {2 i7F Lewis 40 R AT 7] RE &
i1 BECN1-SLC7A11-GPX4 {5 518 BRI SR

M2z, A WFSEIUE 82 rL-RVG 7] |- 5 BECNI-
SLC7A11-GPX4 il 8 3Rk, WPt LA 1%
PE, B 2NE I A AL RSB T, T Lewis 21 ffL 38
FE, MR BN PUEEYE M, i _FJH BECN1-SLC7A11-
GPX4 {5 5 18 % 7] fE & H AR I HLH 2 —, My il
S 6 97 3R HE T rL-RVG X — 7 /& %, BECNI1-
SLC7A11-GPX4 i % i i HAK 43 F BLHI A R ik
— B IRABGE .

[& % X #f]
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