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Abstract

Objective: To investigate the effects of knockdown of transferrin receptor on proliferation, migra-
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tion and autophagy of Hela cells of cervical cancer, and to study of possible molecular mechanisms.
Methods: Lentiviral construction of knockdown TFRC cervical cancer cell lines, and were divided

into the blank control group, TFRC knock-down negative control group, TFRC knock-down group.

The expression of target gene TFRC, autophagy-related proteins Beclin-1, P62, LC3, and extracel-

lular signal-regulated kinase/protein kinase B/mammalian target of rapamycin (ERK/AKT/mTOR)
signaling pathway-related proteins was detected by Western blotting. The activities of cells in

various group were detected by CCK-8 assay. Cell cycle distributions in various group were de-

tected by flow cytometry. Cell migration abilities in various group were detected by cell scratch

assay. Observation cellular autophagic vesicles in various group by electron microscopy. Results:

Compared with the blank control group, the protein expression levels of autophagy-related pro-

teins Beclin-1 and LC3 in cervical cancer cells in TFRC knock-down group decreased (P < 0.05), the

protein expression levels of P62 increased (P < 0.05). The protein expression levels of p-ERK,

p-AKT, p-mTOR increased (P < 0.01). The proliferation ability of the cells decreased (P < 0.05), cell

migration capacity decreased (P < 0.01), arrest the cell cycle in G2/M phase (P < 0.01). Conclusions:
Knockdown of transferrin receptor (TFRC) may inhibit autophagy of cervical cancer cells by sup-

pressing the ERK/AKT/mTOR signaling pathway, which in turn inhibits their proliferation and

migration.
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1. BIS

31 (Cervical Cancer, CC)J& FFARISCN [ Z 2o MR iE AR T2 1 2 BRI, A RD UL 2 1697
BB B0 IR ST 77 2, (A E SO A AU T R RR S (1] A FEER], R NSRS 5B R &),
RERSFEMERI A EKER. R, MR AT Do E 02 AE ¢ & B ik 5 [2].
8 A & AR (Transferrin Receptor, TFRC){E NSRRI oA K K EEFTI R F, CHIEAEFZ W
rH R (2 g 2k TR FRATTHIT AR 78 RS, TFRC 78 5 30 v 2 5 3808, e 21 23 TFRC PR R 15 %68 73.33%,
MAEIEH B8N 25%, HEmRIES TG RAHK[3].

HWRAE R —Fhid SV RIS AR, 72RO 2 A AR ) I Bl s o Hodm B B AR SR Th e 2 1 B 48
MO RE R BEUR, SRl 4H M AN A AR AR R I 75 3K, FF I PR R P B2 40 00 8 1 S AN A 2% Bk
BRI R 4], B OS2 R A WO BB A YRR TR AR ZE[5]. B R D) Re RS AT
LR 2 M R AR, R MR AR K. R R s T, BREE B B DUERRER B T R, AN
A BE R JE[6]. E= U, L RIA CCATL Al fgill i i PISK/AKYMTOR 17 53 B 411 = 258 41
0 [, AR e 4 B G B[ 7] - SR, TFRC J2 15 e 142 5 2008 20 A 1 Wk v AN 48 o B ST #R I (IS TFRC
TR E IS A A, HEm s I ALERS, R FUIAE L.

2. MMEHE
2.1. ScHrAARY
BN R Hela (b7 5 1 i 37 B2 B 41 B 0 SR 00 S 4R.485), 2 ML (FBS) M A1 ML 5 97

—
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(DMEM)I H KIEECEMEIRAF, BCA RKA&ME Rz M EEMBHARAR, TFRC Hifk.
Beclin-1 $iif4 . P62/SQSTM1 Hifklly H il = &AM ARF R A A, ERK Hifk. p-ERK Hifk. AKT Fiifk.
p-AKT $ifk, mTOR Hifk. p-mTOR Hifk. LC3B $ifk. GAPDH Hitfklg B i L LI RF R 2GR A TR 2
Al 2 A A R & B RS Z RAEEAR AR A, AN siRNA T B M T AR A
FRAT], #4377 Lipofectamine2000 14 H #E 8K Kt /R BH E A ], 18 #0 B g FL 3 R RHCA B

Nl
2.2. YIRAEFR 4R

B S AN R HeLa JCE 7E 5 10% FBS Al 19% XL (F 5 %= M4k &) ) DMEM 1, 37°C, 5% CO,,
IR R %, AR AR BUE KA 4% 1:2 AR T /E4ksiit. meitlEmpl g IRA &
T SIRNA ZANEARAL & GBI Fifg 75 LR R R A R 2 51K R R0 B i 7 1t M AR TFRC 11895
B, TR, By s, FIERS B R ImIE4NM, SRIGAUIK TFRC MRtk . #4005 s Froxt B4
TFRC R FH X B2 . TFRC R4l

2.3. CCK-8 3A4&MI4nptisE i 14

Ha &N SRANM(Z) 5 x 10° ANFL) BRI T 96 FLAR, 41 6 N FL. dHMIG e G 5y 37 3L Ak 4l 9%
24, 48, 72 h, R¥#E CCK-8 Wil#fE Ui, BFLINA CCK8 A 10 ul, MM E 1.5 ho 7EPH K 450 nm
T, FEEFR I ELE 450 nm AL SERE, RRA SR N ERKE. —NERAME, HRVIFLECESME, HE
FHXT4HHYE 7 o

2.4, RYRSEHAE M4BT FEBE

JeAE 6 FLBCES T AR 0.5~1 cm RIZk, HaMh & 41 S U4l (2) 5 x 10°4y), B T3R5 nogn
FONEEE S . FH 10 pL A6k B RIZR, 0% 0. 24, 48 h fE i FALEE. M, Image J A kiR
M. ¥MIRESZE =0h MIREAR - MarRRmEFRY) x 100%/0 h KR,

2.5. FHREARIE TR HA

AR S AL E FR AL 2 x 10° >, FITA I PBS ik B0 5 78 B3, KA in 1 ml 4 1 70%
LB, WRETIRA], ACHE 2 /NS 08 G AR GE e B0 e 35 BIE, IS B 4 B UL e
Jetaih 37 ClEGIRT 30 e . A4 B ACEBUR I K 488 nm K AMAS I 21 (58 5, ) B Aar S
SHEIL . SR modfit B 4T 0 Hr

2.6. R Western Blotting ;&M XFBRIE

WS s SR TR IR AN 90% LA LIS, N RIPA Hal S Aa i fN 2R #1715 76 7 247

F 4 CEOHLF 12,000 g B0 7 min, BT, B BCA ERINE AWREE, T4 LAY 1/4 fRF2 1
5x PR 5 IR G5, 100°CAE M 5 mine RAENIS IR AWEE, ATk, BIKER)E, BEE
PVDF Jiii b & 5% AR W4 1) TBST Wi h =R df i 2 h, TBST ¥k 10 min x 3%, 437l & TFRC
(1:1500).ERK (1:1000).P-ERK (1:1000).AKT (1:1000).p-AKT (1:1000).m-TOR (1:1000).p-mTOR (1:1000).
Beclin-1 (1:1000). P62 (1:1000). LC3(1:1000)#1 GAPDH (1:4000)—#7i, BT 4CUKMEPEH. =EMF
Fl B P1(1:8000) 1 h, jE¥E/EH ECL AL R IEIERER . H GAPDH EANZ, Image J B/ HT B 4%
WK E{E, Graphpad Prism 8.0 #1545 85 A AR R IA & .
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27. GIHFESH

AR Graphpad Prism 8.0 BfErtrdldls, PSR HE £ beEz(X+s), ZARER
R RBRERTTZ 00, LRI Z S ELBCR A the e, PP <0.05 NZERA G2 E o

3. SKHLAR
3.1. BiIR TFRC X B4R B8 X EBRERNEE

Western Blot 45 R . 7~, TFRC mifik4l TFRC & [ iA 5(0.1153 £ 0.01471), B RAKT TFRC mifik
FH P X E 2H.(0.9364 + 0.01508), %A GiiT44 i X (t = 67.53, P < 0.01). TFRC {4l B WA <& A
Beclin-1 2 %15 5 (0.5602 + 0.02051). LC3II/LC3I & (4 ik #(0.5482 + 0.02462) % TFRC B4 X} FE 20
(0.9030 + 0.09905). (0.9286 + 0.03370)F ik [F{K, P62 & (KA E(L.111 + 0.02134))%: TFRC B 14X} i
£H(0.9204 + 0.04766) K1kt 151, 2 735 H Siit % & X (t = 5.885, P < 0.05; t = 6.305, P < 0.05; t =15.79, P <
0.01) (.14 1).

1.5+
TFRC E 90KD . EE control
secin) [ @D 50 = e
wm- B3 sh-TFRC
62KD B

Lc3Il 14KD 15 0.5+
GAPDH 36KD

0‘\\@ «él ‘,\QQ\ 0.0-

(S SN TFRC Beclin-1 P62 LC3Il/LC3I

Figure 1. Expression of TFRC and autophagy-related proteins in each group of cells

E 1. ZEMAEF TFRC R BEHEXEARIA

3.2. TFRC {Ri# ETifE M patasE

I CCK8 skima il & LA ik e Re /1, 45 REW], TFRC MR 40O B{EE 24 h (0.2580 +
0.01473). 48 h (0.4793 % 0.02084) 1 72 h (0.7593 + 0.05652) ) /)N T~ [ 1 %} & 424 h: 0.3550 + 0.03291; 48 h:
0.06957 + 0.0076; 72 h: 1.057 + 0.177), ZRIJHAGiH2#E X (t = 4.660, P < 0.05; t = 16.90, P < 0.01; t =
5.181, P < 0.01), 1Ml 7% [ % HE ZEL AN B P 0t BB 20 b A 22 S e e vk 5 L (t = 0.059, P > 0.05; t = 2.026, P > 0.05;
t=0.563, P > 0.05). LA HHZR (0. 24, 48 h Al 72 hY R, Rl TERC X 101 = 250 Je 20 ffd (1) 48 4 e /g
52 TS TR AR A (AL 1 2) o

1.5
-o- control
-8- sh-NC
§ 1.0 =+ sh-TFRC
=
kY
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g
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Figure 2. TFRC promotes cervical cancer cell proliferation
& 2. TFRC R = HifE 4paiLsE
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3.3. TFRC {RIF EFE T

I gE L RIR SRR W], TFRC US40 Mo # ZAE AL P 24 h H1 48 /NS 4351 79(20.39 + 2.124)%.
(42.59 + 1.993)%, A M:xT HEALAH EE(39.09 + 1.257)%. (54.47 + 2.33)% M & [4AK, 2 RIE Fiit2rm X (t
=4.614, P <0.01; t = 0.6.802, P > 0.05). 1 %% A %}
0.798, P > 0.05; t = 0.580, P > 0.05) (/./4 3).

control sh-NC

sh-TFRC

Figure 3. TFRC promotes cervical cancer cell migration
[ 3. TFRC {5 iz ZHE 7%

I 9 2 P A G 0 4 L B9, TRRC ARG GO/G L J4M Mt LU 191 49(36.44 + 1.195)%, 5%t

60

B
o
1

N
o
1

AMMERF (%)

24

AN TFRC AR BA M%) IR 4H P 22 R T g 2m U (t =

T HEl control
. =3 sh-NC
B3 sh-TFRC
1
48

Iy i) Ch)

FE2H(52.34 + 0.9878)% & E 4K, G2/M HA4H M L 41(33.54 + 1.087)%, HRAMEXT I 41(17.07 + 0.5315)% %
HIt, ERBAGIFE (= 17.75,P <0.01; t = 23,57, P < 0.01) (WK 4).
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Figure 4. Effect of TFRC on the cell cycle of cervical cancer
[& 4. TFRC X1 & Hirz 40 A R0
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3.4. i€ TFRC M EFEBMI ERK/AKT/mTOR BB R RIEHE N

Western Blot 5 ) 7R, TFRC mi{CZH B fR 1L ERK (p-ERK). BEEZ 1L AKT (p-AKT). 1k m-TOR
(p-mTOR) & [ A &4 7 °4(0.4528 + 0.01231) (0.7491 + 0.02534). (0.7645 +0.03308), -5 {4 %f i 41
AHLE(1.048 £ 0.01587). (1.054 +0.02285). (1.094 + 0.01587) % iA/K VB i FRAK, Z2IE Gt L (t
=36.95, P <0.01;t=15.45, P <0.01; t = 15.54, P < 0.01). 4 ERK. AKT. mTOR fEiLEILAN

(WA 5).
1.5-

ERK | -] 44kD = control

pERK [ ES | 44kD B3 sh-NC

AKT [ o | 60KD % 1.0 = B sh-TFRC

®
m-TOR [ www v | 280kD I »
% 0.5
GAPDH [ e e e | 36KD
N C
S 0.0- .
& F X ERK p-ERK
1.5- 1.5+
Hl control El control
= sh-NC = sh-NC
==
IH 1.0 g [F B B3 sh-TFRC I¥ 1.0 o B3 sh-TFRC
- -
o
B 0.5+ M 0.5
0.0- T T 0.0- T
AKT p-AKT mTOR p-mTOR

Figure 5. Expression of ERK/AKT/mTOR Protein in in each group
5. ZAYMAF ERK/AKT/MTOR AKX

4. ¥1ig

B A AR DL AR R, ORISR AL T R R AT A [8] . T UAE, BEEE
T IR, T S 2 0 A 03 SR HPV S P I R, A A5 SR R T A R LI
RIFIIETT » ARTIE AR IO [ S R0 1 X5 20006 6 03 2R AN BE T2 e AT kb T i /K [9] [10]. k3 540
P 2 Fh T RETEE 31, FEEK 5 TRRE BV AT 8 22 90 Hh R B, A A KK ST T v 5 R E A e 1 & IR A DR [2]
68 240 PR 184 R AR rhORT AR AR 0 BT 75 SRS N o E R 8K B 11 2 M4 (TFRC) =2 1A 17 4 i R AR s 1) oG
K, TFRC i 58RO E A4 G UME Ik s T NI [11]. 7ESMEMR b, 72 SEACHHAEC
1 25 5 RS 5 4 5, 81, MEK A5 57 5 (19 305 T AT T 560 3R 1 S2 AR R B 1 I 3R 1A K[ 12],
BRIl GP130/STAT3 5 Sk fififie & AE[13]. BhAH I H 1) e 5 T4 R WA R 2 R A% 7% [14] . AN[R]SE
RUPRIZ0 M, TFRC S2MEEAE R 2 ML AR . VRIS BRI, TFRC S5er g KX
ZAk 2 (FGFR2)AHLS &, I 12t 6 41 Ji 1 384 58 RN S0% ME[15] . FRATTAT IR 502 8, TFRC W] R il i 4%
JAK-STAT {i it 5 S 4 f TPk A= 4 447 (3]

Wi A2 2 R A0 R AE AR S A Oy T8 1%, JUTAAET A B4t . AWSS5EKKE N
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L AERF AL 5 3SR AN A [16] . AN 1 WD) R RS 2 3 OB AR K AR . FEMZIRAT I
B, ARSNGB SAMZR, ARG, BEMEIG, MR, I E AT DR A R e R
BURME[17]. BWRTEMR T B A SCEIER, B W R AT DA R 1 K SR SR gk R A . AR TR B,
E FUIR IR 20 2R b, SO0 0 mT i ok B DR e T 40 B 70, RIS sk A LI 7% AR 28 [ 18] [ W3 54
T BRI A AT, AR R A K [19], A T S 1 S R 200 i 1 S RS SRR B SR 1 i
SR T T 25 VE AN R PE[20] o AH B, AESRSURE Y, HREAHSCE ) Beclin 1 RIA G AT g 2 0% H W JF
FOif iR R A [21] 0 AR FUEE AR W, AR TRRC w00 5 2000 4 M0 P e, 300 17 00 1) 900 40 P ) 46 7
IERERE T, A0 JE AR A TE G2/M 1.

AKT/mTOR {55l #% 1 MAPK/ERK JEES# S SR EFE B 400 R BT . S an g, 2
7. TR AN FE22] [23]. MAPK 208N 22 5135 IEH A8 5 . 735 Ao b =
BE SR, ERK & MAPK {5 S8 8% 10 R I4150[24]. mTOR {E A4IH A KAS 545 SR 5 25 1 o B e
R Iett, ERK 511 Bel-2 BRI LA ] mTOR 7] S 400 EH W [25]. O F CHBRIESZ, MAP4K4
I 0] PISK-AKT-mTOR 3 % AIEGE MAPK/ERK 3l #4415 SOX6 75 5 20 41 il 4 1 [26] . AT FE A6
W'Y ERK/AKT/mTOR Gl F&AHKCH RIS, 45 RILRmifik TFRC J& B 2 FEIC p-ERK. p-AKT. p-mTOR
FHERIEAKE, B TFRC #HI = 0E Hela 40 [ 45 ] 528 i #f| ERK/AKT/mTOR 155 3# #% 4% .

g LA, TFRC 25 HUmdifft et R 1, mf% TERC w LA B S0t 40 M o e, gk i 41 ) L 494
B T, SHERR TFRC BAA BWRIAYT B S0 ALH 7 7. (HABE AN A AT, 855 I G s
FIR M S220 M T Re J W AH DG B A R IR, i — 20 5 38 L

=
T 9T R R TR H (2020-2-019-YY) .
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