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F9 a0 210008, WA NEREERE, HUMHEE B b E AN REEBR R, HLM 310014)
WE BR SRIEREIESR 7 %R 11 EH (SLCTALD fERE R (ESCC) THIFRIE
Lo H 5 PR 2 18] (56 2 DAL A 520 ESCC 4 sl . TR S A atiE. A% FIH
FPEAAHAR T 310 5] ESCC A1 259 Hilee 55 1EH X A ZURE AR SLCTALL EEERIE. 7
Hr SLC7A11 HH 5 ESCC B3 Wllm AR AT AN TS Z T8 9C & siRNA 1] ESCC
IR AT SLC7411 FERPFEIE, FIF CCK-8. “FAGTHEIL. Transwell S24%, ¥R
SLC7A11 R Fikxf ESCC 4HMu I T A /KT B M . =BT (ATP)  FLER A Y R 2
PR S TALI ESCC 4EMARIKF. 458 SLCTALL EEARIEE T ESCC 4 )i,
FAE ESCC LML /K T 5% IR 4141 (P<0.001) o SLC7A11 Mi3RIA M ESCC
SFEEEZ (P<0.01) . Kaplan-Meier ZEA/770 M i7n SLCTALL =3 IA 1) 834 1 AR A7 1 [R]
A TRRIA R (P<0.05) o CCK-8 SKEG T TR RS R W], AKX SLCTATL Kik
BE% PR PR A 3G A B /7 (P<0.001) o Transwell SE56 %7~ SLCTALL FIEAK TR, B
AT R/ TR (P<0.001) o SLC7ALL HIRIAKFREKRET, ESCC 4HMipy ATP. FLER
FIPRE R KB 2 N (P<0.001), 278 Hi 5 ESCC ARG . 4518 ESCC 414371 SLCTALL
HAMEBLKCPEE, 5REBEA BBV, TR 2% 300 535 1096 240 ) 19 5
iL#. SLCTALL W HEZ 5 i{% ESCC 4010 f) % &l M S, FLER 70 M1 ATP AU, AT 2

ESCC AR .
(@i SLC7All; ESCC: H9%H: BRIETD; PMRIGIOREE: MENEAU, FLRRMU,: ATP
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Abstract Objective To investigate the relationship between solute carrier family 7 member 11
(SLC7AT11) expression in esophageal squamous cell carcinoma (ESCC) and clinical prognosis, and
to determine its effects on ESCC cell growth, migration, and other biological activities. Methods
SLC7A11 protein expression was measured in 310 ESCC tissues and 259 adjacent normal tissues
using immunohistochemistry to statistically assess the association of SLC7All with
clinicopathologic characteristics and prognosis in ESCC patients. The expression of SLC7411 in
ESCC cell lines was suppressed through siRNA-mediated knockdown. The specific effects of
SLC7A11 knockdown on proliferation and migration were evaluated using CCK-8, clonogenic assay,
and Transwell assays. Adenosine triphosphate (ATP), lactic acid and pyruvate assays were used to
measure ESCC metabolism. Results SLC7A11 protein expression was localized predominantly in
the cytoplasm of ESCC tissues. Significantly higher SLC7A11 expression levels were observed in
ESCC tissues compared to adjacent normal tissues (P<0.001). High SLC7A11 expression was
associated with poorer differentiation in patients (P<0.01). Kaplan-Meier survival analysis
demonstrated significantly shorter overall survival in patients with high SLC7A11 expression
compared to those with low expression (P<0.05). CCK-8 and colony formation assays demonstrated
that the knockdown of SLC7A11 expression significantly suppressed the proliferative capacity of
tumor cells (P<0.001). Furthermore, Transwell assays revealed a marked decline in tumor cell
migration capacity following SLC7A11 suppression (P<0.001). Critically, SLC7A11 knockdown
also reduced intracellular levels of ATP, lactate, and pyruvate, demonstrating that SLC7A1l
modulated metabolic activity in ESCC cells (P<0.001) . Conclusion The expression level of
SLC7A11 is relatively high in ESCC and is strongly associated with poor prognosis. Silencing
SLC7AI11 significantly inhibits esophageal cancer cell growth and migration. SLC7A11 has the
ability to regulate glucose, lactic acid and ATP metabolism levels in ESCC, thereby affecting the
metabolic microenvironment of ESCC.

Key words SLC7A11; ESCC; proliferation; ferroptosis; tumor microenvironment; glucose

metabolism; lactate metabolism; ATP metabolism
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& W (esophageal squamous cell carcinoma, ESCC)  F2 MV i 5 317 ) ST 1k g 25 70 2
—W, BRIETR RS KRR SRS SRR . SRR RRE B AR A 2 7 T 4
FZE LAY, AT T LA A SRR BRR A B s A B L i i e A KT, (B DR B
ESCC i Ji& (#1 F AL 4754 45 8 B

WRIREAR S G 7 R 11 5 E (solute carrier family 7 member 11, SLC7A11) 1E A& R
/ BEBRFEE (Xe-RG0) FITHREALINT,  TT LAY 15 i i A0 B S P S b S 20 4 38
SRR bR 200 L Rl AR A B G R A A K R BR A, AR R RO B R e ) DR R
o WFFPLE R, SLCTALL R N—ANIETEM IR A 7 3L e AU - 0N S0 45 2 F i v
BRI Ko Horlt SLCTALL FEAE/INGH A filiaa v 11 e FE£ 230K P 8 5 fiev T8 4 i o748 6 0
BRWERE TR LT, $78 SLCTALL B 5 MR AR K AR, SLC7ALL 7E ESCC i)
R, SRR SLCTALL 78 BSCC 414U K234 5 R TG 22 18] (155 2 S
ESCC 21 fif0 384 B 7% 45 40 MO Rp PR PR B2 0L, a3k — 22 23 i ok ESCC 4B R iy i # 1k A
1 MR 577
L1 mREH

AT T HER AR E S TR 2020 45 9 H & 2021 42 9 H HIRIAE T 569 5415
AR . Hdt ESCC 4141 310 4, J 53R 2H2R 259 Bl Wil KA1 B A
B ERES. FH#THEY, BUEHEN 2021 49 H.
1.2 EERFIRLES

NC siRNA. SLC7A11 siRNA (_Ei#fg 5 B 25 EARG IR AT, 5155 1K 1) ; SLCTAII
Jifk. GAPDH #iifk (X =IEAEMBAFIRAF, 525 26864-1-AP. 10494-1-AP) ; %
A ETR/ =Pt (RN ETEAEMEARFRAR, 5. RGAUOID) Lipofectamine 2000
#9ei57 (3£H Thermo Fisher Scientific A, $%5: 18324012) ; &isbE gl (g3
SREVBEARBMARAT, 5. CO121) ; H-HEHREM. CCK-8 ikl & (KEELE
MIHEARB R AT, 55 : MA0110. MA0225) . B (HAJBEA T, 5. eclipse cipol) ;
bR ({&F BMG LABTECH A+, 1%%5: SPECTROstar Omega) , FLEZ. FiZifE. A
. W FERAS ML, =RRIRT (adenosine 5'-triphosphate, ATP) FliR7| & (B9l

YT REF R AT, 795 : A019-2-1. F006-1-1. A003-1-2. A006-1-1. A095-1-1) .



#£ 1 SLC7ALl1siRNA B|¥1F%)

Tab.1 Sequences of SLC7A11 siRNA primers

Primer Sequence (5'-3")
_ F: UUCUCCGAACGUGUCACGUTT
e R: ACGUGACACGUUCGGAGAATT
F: CUGGAGUUAUGCAGCUAAUTT
si-SLC7A11

R: AUUAGCUGCAUAACUCCAGTT

1.3 ZHffa 555

ESCC ZHfutk (Kysel50) Tt ERL =B A SAR Y A0 . HEH 10%0h
FMLE 1% -5E5 RN 1640 15 I 3T ARG 75 o
1.4 40faEs g

PABESL 5%10% > Kysel50 4HfusHi T 6 FLAMIIETRIR, FraifuliBE s 70% A4,
SLC7AL11 siRNA 5 Lipofectamine2000 %% %4171 73 i1 100 L ) 1640 JoIfiEH; 775w,
JRSJFHE 10 min, AP IRA] 20 min 5N T4
1.5 F B H A

IR RE A 10% A8 /R SR i, St A A3 5 VIR 4 pm Y1 H . 65 °C MU 2h J5
i RS, SRR CBE (100%- 95%F1 70%) 1T /K1k. V1A 7E3H EDTA 4
MO R A R s 15 min Y2 A) 40 min BER . HIR N 3% 0, I E ALY A, B
B 1E YR I SR I A . HEAY) T 5 SLCTALL Hitdd (1:1 000D 7E 4 °C T E LR
—HiME SERE, I PBS Mk B LBk, S5 nidE A AL G AL BT (1:1000) 7E 37 °C
TSRS E 40 min, FGTREHAT RO YRR ARG, BREHW RS, RS
AR SLCTALL B AUl v G b AT 170 . SLCTALL sRARHMEE SALT
Ji, Geth R AR R . XOUE D VP R T BE PR b ) S e R . EEBIIES) (0~4
75 2 0%~5%=0 75, >5%~25%=1 75, >25%~50%=2 43, >50%~75%=3 43> >75%=4 /).
SREEVESY (0~3 43D = To=0 43, WRH=14r, KRE=24), $HB=3 7r. WFEFRMI<4 7 NIRER
ik, =4 RmRik.
1.6 Western blot 5236

VK 2R Kyse 150 4 i i e kb BRZH AN BRZH A 4H AR, 12 000 r/min 50> 20 min 4k
HEERE AWM. BCA EER, A 5xoading buffer, ZibA E, Zithilfk- Rk fpk-1%



JE-B P IRfG, 5 SLCTA1l. GAPDH $ifk 4 °C W EEK. ik —di)a W iR E FEHi/
% H (1:10000) 2 he ¥ HZJG, ECL KGR .
1.7 CCK-8 A% 41 40 a3 Fa v 1k

fl LN SLC7A11 %7 siRNA, si-NC £ 4% Kysel50 4L &, 48 h J5 114X 2 000 41 i
Bl E] 96 SR, HAIRE 6 NI, ELE 6d T H ) s CCK-8 R 7B 40 i
JIEATIE, #4510 pL CCK-8 WlFIIAREAALT, 37 CHE 2 h J5, HEEHHXIE 450
nm FRIMR e FEAR 55 BOT- 3448 @ 5 5% 500 20 55 06 IR AH 2 I ) 2 57 A B F 28 il B 28
1.8 PR Jr T A SE

] siRNA # Qe85 5% 48 h J5, #4500 MEAMREZMTE 6 Lk, —X 3 4, JEETES
B R i 9% 10d. (# 4% 2 B HEERE T 20 min, JFH 0.1%45 fh 4R 44 20 min, T4 7
I
1.9 Transwell S£4

T 20 T3 IRE A 400 pL JCIMIER; 7R B NN E, BN E T 600 pul. 20%
MR IR 24 FUBRNLFREFE 24 h, Wk REREFREIEH 4% 2 REBEHEE, B
IPNZA T S RE L S D Sl A T G K =SS B 211 A g8
1.10 $LES. &%, H—F (malondialdehyde, MDA) . BERABHIL. ATP WREH N

RS YR (AN H, TR, WA, 9B, RS H AL, ATP K&
VLI AT AR, 3 MR BORTEREAR OO B A A AT RO, FRREAT 4007
1.11 Giit24ab 2

fEF SPSS 22.0 FAFBEATEAR Ge it , X AL BB AT A FMAL, THBUFR RN n (%) R,
THEZRILLX £ s %R, AAHBORA 42 f50 50 Fisher HIVIMERAGY: IEA i BT 257
(2R IR A P LA ] Student’s ¢ K36, 25 4 IA) M40 FL S A8 FH B R 36 05 22409 (ANOVAD
HJG#1T Tukey £ H L EHG S . K Kaplan-Meier 13 T4: /0 #r. GraphPad Prism 9.0 /i
TR E
2 R
2.1 SLC7A11 ZEHTE ESCC g F IEH AR IIRZENR

ESCC 1R 5% IE HA e A 5 R, SLCTALL B FEFEETE ESCC A
TR (B D o Gt REREHLS T SLCTALL IE A RIAH & T8 55 I H 4H 2

(*=270.88, P<0.001) . W3 2.



B 1 ARG REERNARAAF SLCTAI REFHR
Fig.1 Expressions of SLC7A11 in different tissues detected by immunohistochemistry
staining
A-C: Expression of SLC7A11 in normal tissues adjacent to esophageal cancer; D-F: Expression of
SLC7A11 in ESCC tissues.
& 2 SLCTAIl £ ESCC 5EF EFARFHRERI 1 (%)

Tab. 2 Expressions of SLC7A11 in ESCC and normal adjacent tissues 7 (%)

Group Immunohistochemical Staining (IHC Staining)

1 value P value
Low expression High expression
Normal 221 (85.3) 38 (14.7)
270.88 P<0.001
ESCC 50 (16.1) 260 (83.9)

2.2 SLC7A11 FEHARIX 5 IERREIFEZ AR R
PRI o g% AL VT 0 F AT 58 24 R A5 2.1 172 1l ESCC 83 434 SLCTANT IR RIAZA
(<474, 4341 5 SLCTAI mFEH (>4 45, 129 B o £ 3 PGt RER, MR
SRR (°=8.198, P<0.05) 5 SLC7AI11 RKIEKFREIEMK.
# 3SLC7A1L BH 5 ESCC BEIBRFREERRLER n(%)
Tab. 3 The relationship between SLC7A11 protein and clinical pathological data of ESCC

patients n(%)

Expression of SLC7A11 in ESCC

Variables
n Low expression  High expression  »? value P value




Gender

Male 105 29 (27.6) 76 (72.4)
0.986 0.321
Female 67 14 (20.9) 53 (79.1)
Age (years)
<60 82 20 (24.4) 62 (75.6)
0.310 0.860
>60 90 23 (25.6) 67 (74.4)
Differentiation degree
High 31 14 (45.2) 17 (54.8)
8.198 0.004
Medium and Low 141 29 (20.6) 112 (79.4)
T stage
T14+T2 76 21 (27.6) 55 (72.4)
0.503 0.478
T34Ty 96 22 (22.9) 74 (77.1)
N stage
No+N; 118  30(25.4) 88 (74.6)
0.036 0.850
N2+N3 54 13 (24.1) 41 (75.9)
TNM stage
[+1I 100 21(21) 79 (79)
2.039 0.153
HI+1V 72 22 (30.6) 50 (69.4)

2.3 SLC7TAINl BEHFRIEE ESCC BE R HIRA

XFBE VTS B e B M B AT S T R S AR, AT ZE R R ESCC
Frh SLCTALL B H s R B A AU RS T SLCTAL IRERE K &%, HERAA
Gt E L (B2 .



Kl 2 SLC7A1l EHHRZXES ESCC B3E 5 £ 7 H 2 K
Fig. 2 Survival curves of ESCC patients stratified by SLC7A11 protein expression levels

2.4 YRS IIE SLCTALL RikXt ESCC 4HHHIE W

Western blot SZ36G kI AN[H SLC7AL1 FE[X siRNA K& (50, 75 nmol/L) #1 75 nmol/L
Lipofectamine 2000 1EH F SLC7ALL H HFRIEKF, 45 R LR S0, Yk EAE 75
nmol/mL FIUTERA R fe i, SLCTALL SR RIAEHAL (1=8.963,P<0.001) ([& 3A) . fliH]
IR QL AT e Kysel50 i 5 - HEAT 410 2 556 LABGIE SLCTALL HYRIAXT ESCC 558
TR . CCK-8 SEIk 45 B oR, SLCTALL /KT F#M )5 ESCC 4 34 i fie 7185 A 1k
XTI IEAC, HAESE 5K (1=4.75, P<0.01) LALEE 6 K (1=13.17, P<0.001) PREHETEfE /1 A
BEitEER (K 3B) « PGSR FFE R/~ SLCTALL RIAFHKZ 5 40 i i 875 ik fig
JIFAR (t=13.89, P<0.001) (& 3C) . Transwell 5256 o, SLCTALL /K[ A AT LA &

FAATG i AH i #2 ik 1 (1=33.08, P<0.001) (& 3D) .



B 3 SLC7Al1l X}T ESCC ZHfu 5T # /K Frsm

Fig.3 The effects of SLC7A411 on the proliferation and migration level of ESCC cells

A: Western blot was used to verify the transfection efficiency of SLC7A11; B: CCK-8 was used to
assess the viability of ESCC cells; C: Plate colony formation was used to evaluate the proliferation
ability of ESCC cells; D: Transwell was used to assess the migration ability of ESCC cells;
***P<0.001 vs NC group; #P<0.01, **P<0.001 vs si-ctrl group.

2.5 ESCC BEMBEEE AWM ESHRILTRXR

BRAET A A2 A0 M S A R JF RS B AR, T 8 (MDA &2 I U B &=, — 52
FEPE bl AR A MRS Tk o A FAS[RIAR BB FE B BRSE T 2155 37 Cerastin) Ab #2421 i
J& . AUMTA EERE 2GR E T (F 22=416.0, P<0.001) , AR i EAb K FTHm, 1t
ARSI KT (B 4AD o NIRUERT &R/ S ERSE TRIAE R, DA R IR BER E
1) erastin [F] i &b 35 TG %) %5 BE RS R 2R = @ 2B (4 500 mg/L, %9 25 mmol/L) R FRFH 37
) Kysel50 4, g /1rAefk, S5RER, EIRMERER RIS erastin 403 52
MvE N ZE R G F R (B 4B) , (BAE i AT TR T A s B erastin VR EETH



SN B RS (F 22=180.70, P<0.001) ([ 4C) , #&/8 ESCC F1 8k %ET- 5 ESCC 1)
it J8e 5 ) BEAC I A O

Bl 4 AR erastin A3 T ESCC IR /KT KA RIWREH&HER R EH ESCC 4
RGN
Fig.4 The effects of erastin on MDA levels and cell viability of ESCC cells under different

erastin concentrations and different glucose concentrations

A: Changes in malondialdehyde (MDA) levels in ESCC treated with different concentrations of
erastin; B, C: Changes in cell viability under different concentrations of erastin in glucose-free and
high-glucose culture conditions; **P<0.01, ***P<0.001 vs si-ctrl group.

2.6 SLC7ALL /K5 ESCC KRS SLCTALL & Xc-R4 (hMARIBAR iz
) WL, st E R SN A IR R, K5 GSH A& . 2B RI#R
AFH TR E Y ESCC MRMIMEME, 45 R R SLCTALL RERNRRZ 5 GSH /K1 3% F %
(t=10.56, P<0.001) , & 5A. Al FHa 7 & A Il FEAR SLCTALL K42 5 ESCC 40, 7
MR ATP. FLRR/AKFIHAM, #lgs R SLCTALL KPR 4 il N R (t=60.20,

P<0.001) . ATP (t=49.07, P<0.001) . FLE& (1=17.35, P<0.001) f#7KF¥[#{% (& 5B-5D) .



Bl 5 SLC7ALLl R/ ESCC H GSH. WM. ATP. FLEKFHIZRALER

Fig.5 SLC7A11 knockdown altered GSH, pyruvate, ATP, and lactate levels in ESCC

A-D: GSH, pyruvate, ATP and lactate levels in ESCC under different treatment groups were
measured by GSH, pyruvate, ATP and lactate Kits; ***P<0.001 vs si-ctrl group.
3k

Hal, ESCC /™ g B AR, Patro g —Mo R An st TopLm], 2 hal
L A g o 3t e A A R o g 17 R U SRR B T R BT T BRI AR T TR T A
ESCC HIKA KR Bi% ESCC B ¥ Pl 5 HoA M H HEZ R & 3.

SLCTALL fEARRIET: 1B L i 1T R 710, RHf 5u R S e AL B R #8578 T B AE
ESCC kR IA %0 (83.9%) 3w TIEW A (14.7%) I e AL N5 4
FIRAIRE T, AR SR SLCTALL RIE S B8 MR 2 R EAOG (P<0.01) 5 Til)5
IrMTiEs SLCTALL faRib BF A A FRAR, i iAy SLCTALL W] LA DYi2 K DAL I
ESCC Wa f)— 007 ABEFur, i BEn e 44l i SLCTALL #)/N T3 RNA (SIRNA) ,
B RN MuiE ESCC 4l 5 h SLCTALL [15R1A15 LLA BRI, K CCK-8, AR Fif%,
Transwell 25556, {FB] SLCTALL 7f LA ESCC K A= K EHERE, /K BRAR T LAfSE frhga 41
N s, VR REE ) LSRR B

U4, BRI HUEHE R 1A M R G Tl AT OC 2 o A EREEZE A 40
WrreH, RIFHARE R A%, $9R ESCC B MR AR /K 5 15 A A7 (e 2 00,
Warburg RN, B SEEREME, 4R IR R & R DL O RE S o 6 10 m) 74 R 2 5 DA
B FLRRER AL, eI RE kAL (0o B RO B X — RO R B, AATTIA R 38 fi g 4
JEL FRD I AR AU Joe B 0 i 2 A 28 R B AR A



BRFET- 15357 erastin I ] Xe- RGURIENE, HAETOME LA bl F= 2 o5t ESCC
BRIE T K 1 2 5478 ESCC 4kt T 5 HARUIAH . SLCTALL fEN Xe- RGH
R A BR VPR B T B AR A, AT LUK A B s R 1S B, Tk R R 1
AT GSH R & B 5 2RI V)M 5, 78 SLCTALL 2 {Ik)5 , ESCC i GSH
IKPREG, BRI ESCC 40 A (IR R RSB, 1IESE T SLCTALL /KPR R i
TERIET-HERE o WA S W AR A R e e AR, it — PR ST SLCTALL X —7)
TAE ESCC #EJ& f (i /E LA, LR AIER SLCTALL /75 5 ESCC AR U HOPR 15 1 B g A O
AT 5T R F R AT SLCTALL B RRUR TSI R, BEREARAR DG 9 ATP. LR, NN
AR, S5 R BoR ATP. FLIR . INERER (/KPS FEAK, $&7r SLCTALL /K-F I FEILAESE ESCC
BIET KT MR 5 5 T R AR ThREMURERS, WIEEy ESCC B3 MR YT M TG I il
RO RS . REA AR T SLCTALL /£ ESCC FEEAE, (HFIEHERZ 511
BERLIGAE BRI A B S BRI . T — AR i I 24 S0 A0 5 22 1R 240 ff 27 S 56 -4
FFIHIE SLCTALL 7£ ESCC Ha&IA M > FHLI, #E—B 5T SLCTALL 7£ ESCC Hr ¥ 52 i Al
TEM.
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