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A AN mTOR BHE PV A5 BRAE 17 R S
ARG . A& SITRRE ) 1SS

BheT, KRR (BRITADERREREER, MIRIE 150080 )

H E: B RRZTwEZWHAHASHHTRELZEEES (mTOR ) & A 4B T T G mMIIGIH | 122K
EHE A YRR TG, FiE BFREFTH L L@ HS, TH M Caski, ¥ Caski miesm A THEL. §
ta%E Z 4115 Erastin 41, Western blotting #4028 JZ ' mTOR, Beclinl, #/E X E G244 311 (LC3 1) . BmREAR T
7 a3 11 (SLCTALL) Fo 5 pbH kit AL 48 4 (GPX4 ) & & /K-F, RT-qPCR #2028 fo#F mTOR, Beclinl, LC3 I,
SLC7AI1l #= GPX4 mRNA K-, 488X 5 &4l e P& A (ROS) . SBH A (GSH) F= Fe™ KF, P EEA
W 4w B S TERE s RIJR IS A 4n LT A5 48 5 Transwell S5 tm ez 24t h, R 5 HS migfark, Caski 28/
+ mTOR, SLC7AIll #» GPX4 & & & ik ¥ /e (£=10.58, 36.66, 14.68) , Beclinl #= LC3 Il & & & & i ¥ (£=23.00,
9.50) , ZFHEALITFENL (3 P<0.05) . 5THHmAAML, FhEE2 mTOR &G & mRNA & ixm Y (=25.00,
12.50) , Beclinl, LC3 Il & & & mRNA & ik3&hn (=6.84 ~ 3031) , ZFBEA %+ FEL (3 P<0.05) ; GSH KF
By (1=9.15) , ROS & Fe*' R F38hn (=7.64, 6.81) , tafn3gshisk /1. T4 H RAF £ 4L A IEIK (=19.03, 8.69,
23.00) , £F ARG EL (39 P<0.05) ; Erastin 28 Caski 286938 54k /1. B RIB LR AL, 274
F it &L (122534, 4.72, 643, ¥ P<0.05) ., £5i® FraF £ Tl # 5 mTOR #7& A %5+ A4= SLCTA11/GPX4
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Experimental Study of Rapamycin Inhibiting mTOR Activation Autophagy
and Regulating Ferroptosis to Reduce the Proliferation, Invasion and
Migration of Cervical Cancer Cells

YANG Jianing, ZHANG Liran ( Department of Gynecology, Heilongjiang University of Traditional Chinese
Medicine, Harbin 150080, China )

Abstract: Objective To explore the effect and possible mechanism of rapamycin inhibiting mammalian target of rapamycin
(mTOR) activation autophagy and regulating iron death on proliferation, invasion and migration of cervical cancer cells.
Methods Normal cervical epithelial cells H8 and cervical cancer cells Caski were cultured and divided into H8 and Caski. Caski
cells were further cultured and divided into cervical cancer, rapamycin and Erastin groups. Western blotting detected the protein
levels of mTOR, Beclinl, microtubule-associated protein light chain 3 IT (LC3 II ), recombinant solute carrier family 7, member
11 (SLC7A11) and glutathione peroxidase 4 (GPX4) in the cells. The mRNA levels of mTOR, Beclinl, LC3 II , SLC7A11 and
GPX4 were detected by RT-qPCR. The kit detected reactive oxygen species (ROS), glutathione (GSH) and Fe™ levels in cells.
Plate cloning was used to detect the cloning ability of cells. Cell migration ability was detected by scratch test. Transwell assay
was used to detect cell invasion ability. Results Compared with H8 cells, the protein expressions of mTOR, SLC7A11, GPX4
were increased in Caski cells (/=10.58, 36.66, 14.68). Beclinl, LC3 1 decreased protein expression (=23.00, 9.50), and the
differences were statistically significant (all £<0.05). Compared with the cervical cancer group, the expressions of mTOR protein
and mRNA in the rapamycin group were decreased (#=25.00, 12.50), the expressions of Beclinl, LC3 II protein and mRNA were
increased (=6.84 ~ 30.31), and the differences were statistically significant (all P<0.05). The levels of GSH were decreased
(t=9.15), ROS and Fe’* were increased (+=7.64, 6.81), and the cell proliferation, migration and invasion ability were decreased
(£=19.03, 8.69, 23.00), and the differences were statistically significant (all £<0.05). The proliferation ability, migration ability,
and invasion ability of Caski cells in the Erastin group were decreased, and the differences were statistically significant (=25.34,

4.72, 6.43, all P<0.05). Conclusion Rapamycin can reduce the proliferation, invasion and migration of cervical cancer cells by
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inhibiting mTOR activation of autophagy and regulating ferroptosis mediated by SLC7A11/GPX4 pathway.

Keywords: cervical cancer; mammalian target of rapamycin; autophagy; ferroptosis; proliferation;

migration; invade

B U S LoV A IR T AR A
HAT, X5 8 & A FUR 0 AE SCEUR 7 F 1L
il AR sE A I U Rk, SRR E SR L RN
AL T 37 B SR TR YT RS G
W 7E 48 15 40 M A2 28 5 ik s B OCE E Ak
M, 58 AR EESEVIMX, Wil
FEAAEZME N ( mammalian target of rapamycin,
mTOR ) A3 it 4% [ Wk 2 55 5 808 55 2 Fh IR
A Y BRAEST B, Beclinl, U AMCEA
( microtubuleassociated protein ) %% %# (lightchain3
LC3) 145 H Wi AH OCHE 17 7 0090 20 A v Rk ] ik
SH B BRIET MR IE SR AR Rt A . BB BRI
e H K ( glutathione, GSH) #it=, & &ukEHTEST
R VRS T AETE B RS 1. B SR i e SRk AE T
F AR HOK - B YA OE 7 BRI, 7R R S
R HERR T E W SRR T 2 (R AT AR I &R H T AR
SEA TN . ARSI o VA SRR 20 A 1 W S kAT
T2/KF, #R%% mTOR {5538 2 75 Al P2 2o
T2 55 SR G AE YA AT R R, DUBIRYT
B SRR U R S SR S A S 1a] o
1 #R5FE
L1 BT E b R0 HS, E B A0
Caski ( RPCGEHEFEAMPHLARAR) .
1.2 XA 5ME mTOR P, ¥ AR KIE 7

b3 11 (SLC7A1L) $ifk . A H KIS S AL P 4
( GPX4) Pifk, Beclinl Fiifk, LC3 T (I =&

Y ARG RN E ) 3 GAPDH $ifk ( 26[H Affinity
HWIH AR ) 3 Fe*', GSH, ROS #illit# & (2

“REYHEARGIRAT ) 5 THIAEE, Erastin (55
[ MCE A+ ) ; Transwell /NE (IR T AR
A 5 B (5[ Thermo Scientific 24F] )

13 %7k

1.3.1 SEB 5320 IGFRIEH B8 1 i 40 He, B 3
JEAN AL Caski, Caski 4IAE > A E U2 . SHAEE R
HE5HACTHSF (Erastin) 2H, BHEDEK 10
i (T25em®) 4, HASLKIHELE B0 3K, ¥
Caski Z L iR 2] 6 FLAY, KiF: Z 40 %] 80%,
BHUEAE T 37 CIE AT IE R R, RINERA
JA 25 wmol/L 5 IF%5 Z K5 9% 12h, Erastin 41/ A
10 w mol/L Erastin £55% 12h,

1.32 RT:qPCR #4ll mTOR, Beclinl, LC3 I, SLC7AIL,
GPX4mRNA 7/K3-: 2 H8, Caski Zifi-h.ii RNA H,
iR SE L RNA i cDNA, Ff mTOR, Beclinl, LC3 1T,
SLC7All, GPX4 ) cDNA 3%, MZk GAPDH. 5|4
FFAI WL 1. PCRFEFFIZE : 95°C ALY 2 min, 95°C
PR 20s, 55°CIB K 20s, 72°CHEf 30s, FJ5 72°CHE
f#i 10min, £ 35 MEER,

*x1 Bk 020

M s 19 IRElk
mTOR 5’-ATGGCAATCCGTAAACGGGTCC-3’ 5’-GCCAATCGAACTTGCATTACGGC-3°
Beclinl 5’-CTTAAGACGTGCAAATTGCCCA-3’ 5’-ATTGCGTAAGCGTAGC AGTTGAG-3’
LC3II 5’-GACAATTAACCATGCGGGTAGC-3’ 5’-GAAGCCGAATGACGAACGTTTGC-3’
SLCTAIL 5’-GCCTATGTGAAACGAACATACC-3 5’-CCATTGCCAAATTAAAGCAATTAC-3’
GPX4 5’-AGGCATCCGTGCAACGAAGCAC-3’ 5’-CCAGTGGAACTAGCATGACAGTA-3’
GAPDH 5’-GCAAGATTTCAAGTGCAAACGA-3 5’-AAGTTCATTGCATTGGACACGATC-3

1.3.3 Western blotting £ 1] mTOR, Beclinl, LC3 I,

SLC7A1l, GPX4 HHFRAKF: UL Caski
R ITPE OB T, RS AR vk BEffH BCA i
FIRI L, FCEAIEMIRR, SRS AR A B
BT -20CH& M. FEATHCE A GBS, W
EERCFLIE A 30mg (IR PBEI TR, HIK SR
. 120v 30min, 80v lh, JGHD & % I E T 1
%, BEH KRS R EENE S PVDF 5 B8 — g i e
THEREIe A TR, SRS R 80v 1h, FefiE)s

B Sml/dlBE AR £, PBST 1Pk 10min/3 ¥,
43 9 E mTOR, Beclinl, LC3 I, SLC7AIl, GPX4,
GAPDH ¥ifA, PBST ¥t 10min/3 ¥k, Z=HEFH T
R 40, PBST i Ve 10min/3 ¥R, i 1 & 6k ik
116, 5 Imagel BA44530T .

1.3.4 857 &K Caski 5 #4018 h ROS, Fe™,
GSH 7K°F: Fise# ROS, Fe K GSH K] &
BT IRA 30min, 4% BE AU & A0 U e
T L MARESL . BEARTR . R ST BREER I A
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96 fLARHIFIRA, AR EIVE 3 N ELL, [
PSR J5 , Fe B0 B 45 1 B4R AR A 2 =04 B T4
ROS, Fe*', GSH &, fJasgiitintr.
1.3.5 - sa EAS I Caski ‘&5 SR 4N IIE G AE ST . #
Caski = #iU AN MO FEFP 2 6 FLAR P, T 1045 R 4
LR IR AN 2 s EBOR T 50 A, ff A PBS X
Ve, IMA W RO A E, A Giemsa
WY e, e adFH PBS VW TESG , FARRT .
1.3.6 2 it X JR S AG Caski By 2500 20 i 1 7% fE
4 Caski B 20000 40 L FE 70 2 6 fLAR, HEFRAM =
85% ZiA, [ KR e A Sk 7 45 LAk Hh ok 2 E )
— SR HE A TC IS B TR AR SR 5%, 43 3 7E Oh
F1 24h BPKEAFLH PBS VRS 7 Wi g,
H Image) BT R B
1.3.7 Trallswell K1 Caski Z0AEIAZ2ERE T7: #5200 w1
T iER:F WA (5x10° 488 ) Transwell %
R TR R, T A A e e
FRW, BEFE 24h, fdH 4g/dl £ B BB B AU 40
ML 7€ 10min, FEEBEWR, MALS SIS0
25min, PBS VL3 K, Ao EAZAFEFIE BT
JUE=SIEiEi
1.4 it o4 R SPSS 23.0 #4017
#r, GraphPad 9.0 #K{F#H T4 K. A IESSMEY
THE ORISR + PRl (xs) FoR, WAL L
BORH Student’s ¢ K%, HERE 3K, P<0.05 2
SEA5FE L.
2 R
2.1 THMmAF mTOR, Beclinl, LC3 1T, SLC
TA1l, GPX4 #9%& & kikK-F IWFE2, 5 HS
MuAHEG, Caski ZHJfi-F mTOR, SLC7A11, GPX4 &
&AW, Beclinl, LC3 I EAXRLWL, %R
HAEGFE L (#P<0.05)

£ 2 HS8, Caski ZHIf mTOR, Beclinl, LC3 I,

SLC7A11, GPX4 EHKE (xts)

| H8 Caski i PfE
mTOR 1.00 £0.00 287:031 1058 0.009
Beclinl 1.00 £ 0.00 023+006 2300  0.002
L3 1 1.00£0.00 037£012 950 0011
SLC7ALL 1.00 £ 0.00 423:015 3666 0001
GPX4 1.00 £ 0.00 303£025 1468 0.005

22 FiaEETTHE ML mTOR 12 5 @ B A-F
8 aeERFe e LR 3, SESUEAMLL, &
MA1%% 2 4 Caski 40 Mot mTOR & 1 J2 mRNA % ik
W8/, Beclinl, LC3 I % 11 & mRNA &k,

ERHEASRE L () P<0.05) .
3 FBMAEEIT Caski I mTOR, Beclinl, LC3 I
EA K mRNA KFERIEN (xts)

iH HouEd  WIAERA o Pfg
mTOR & H 1.00+0.00 0.17+0.06 25.00 0.002
Beclinl /5 1.00+0.00 450+0.20 30.31 0.001
LC3 T &HA 1.00£0.00 2.97+0.38 8.9 0.012
mTOR mRNA  1.00 £0.00 0.17+0.12 12.50 0.006
Beclinl mRNA  1.00 £ 0.00 3.40+0.26 15.71 0.005
LC3 T mRNA  1.00£0.00 2.87+047 6.84 0.021

23 EtaEE %) mTOR T 3 55 4m ik 5b T K
Fegem UK 4, SETURAMLEL, FAERYA
Caski 40 ' SLC7A11, GPX4 %K1 mRNA ik
W, 2R HEASIE L (3 P<0.05) ; GSH
KD, ROS K Fe®' K, 225 HA 4501
RS (¥ P<0.05) .

Fz4 FWMEEREXT Caski #iffidh SLCTALL, GPX4 EH

& mRNA #1 GSH, ROS, Fe2+ 7KEHIZM ( Xts)

TiH HOUEA  EERA o P
SLC7AL1 EH 1.00 + 0.00 0.27+0.06  22.00 0.002
GPX4 M 1.00+0.00 0.13£0.06  26.00 0.002
SLC7ATImRNA 1.00+0.00 023+0.15  8.69 0.013
GPX4mRNA 1.00+0.00 023+0.12  11.50 0.008
GSH 1.00+0.00 031+0.11  9.15 0.011
ROS 1.00+0.00 326055 764 0.023

Fe™ 1.00+0.00 247+036 681 0.029

24 & e E & 34 mTOR g 3 % 40 o 38 74
A AZEKRFH R SESURAMLL, Hin
B % Y1 Caski 20 L (1) 3% 5 BE 71 (33.33% = 4.04% vs
101.70% + 4.73% ) . iLFEHE 71 (023 +0.15vs 1.00 +
0.00) M 1278 HE F1 (023 +0.60 vs 1.00+0.00) HJ[%
%, Z2REAGH¥E L (1903, 869, 23.00, ¥
P<0.05) .
2.5 SRTHEFANTHB MG, . FE
KFeh e e UM, Erastin 4H Caski it
HIBATERE 7T (30.33% +2.08% vs 101.00% + 4.34% ) .
ITHEE ST (043021 vs 1.00+£0.00) M 1ZZEHE T)

(0.43+0.15 vs 1.00 £0.00 ) ¥JF&f%, 227 HAGH
2R (122534, 472, 643, ¥ P<0.05) .
3 itig

B R R IR 2 —, RR R
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TEBAERGIN, e300 B N 4R 1 30 7 ARZ
FRAETS 0 UTAESR, B UL IR YT R T if B
TREME. SR, 2R AR S R A A
IPAESRAE T hr v B I, ARSI E FE AY
KARHLEI ST R 7 B

5 T {8 240 A [ A LA %o 5 7 A
Hrak=, PRI . mTOR A mTORCI
M mTORC2 AR E G MIE XA, =5
AR, A . AR A e R
mTOR HIHI 7 & 1A% 2 ] BHIT mTOR {5 5188, M
M=y . Prliss . AMEMBET A SIER, Hit
WIARE R FEHTRERT " B9 R, mTOR
Wi S S E SUE ) R R, B e S0
Fil5 SR o6 B4 YANG 48 SURESE R, BOE
AMPK/mTOR {5553 % 1 6 3 BRI T REFE AT A
H WA 4N i B M AET- . AKT/mTOR {5 5 18 #§ 1
B SRR AN 1 WA RS v BT R MY, FRATTA
MFRZE R o, B U 4 i mTOR FRiE 3,
Beclinl/LC3 I /- M40 A W gk i, (8 H 55 bh
FEZNH mTOR FIPIE Z38 B30 H WK, (7]
I RARARC S SR AN (R 30 . TR AR 28 e -

BRAET J2—Fh A e . g i | AL LR
SN EET I, S . D RS
PN . I 2R Ge i S5 2 A AR 56 10 R AR
TR, PIET-S 50 ZRIRIE G Y1
Sy, AR RE AT T B R . iR
B, SLCTA11/GPX4 ifi f§ A F R T- 2 5 5 3
T B 1. HUANG 25 U8 BF5E % B AMPK/
mTOR i % 7 845 SLCTA11/GPX4 i #& A S i 8%
T, 2 5E 4RS8O, CHEN 45 1
g, M5 K nl i i ) % mTOR/SREBP-1/
SCD1 iE ##% RSL3, MM F45 E i kot
TKF

WANG %5 2 fff5¢ 68, ALOXS5 Al i i 2
6 2R 1) AMPK/mTOR i % SR AIE 2F [ WAt M 4k
FET. BRI, HATIET mTOR J&75 i i 2k ot
TS5 E SN KA LR AR, AT
KB, mTOR il 751 75 F1 25 28 T S0 e 0008 4 At 1y
BICT K. AT 2 00E, FATMAZIET
SR, SRR, BRAET KO BBG I AT ey SR 4
i3G5 . IERS M AR 2R RE JIRRAR, X 5 TR R XS
B S 20 M B R R R —

ZE LTk, EIAEE R rLEA S mTOR #E H
I JE 5 SLCTA11/GPX4 il A FRYERAET, M
AR E SO An L s . 1RZEMGERRE S, XN
I PRIG Y7 U8 H AT A LB Al , IR s TRAT]
S S T R AT T B AR T AR A

SR, AHITFE FURWIL AT Caski B S0 A0S TF

G, AR A R B B 20 40 M SO I PR A

ARPEATHAE, S EAEAFZER . ANE BB s

HUR AL B YR LU AT RS eAh, ARBT

FEEURWIAD B A Wi A BRI T B s A ) AR )

AT RN REAEEER R, S Z AT RIRA R T

L B3B3 T 000 5 S50 2 R A MR A TR AR SRR ST
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