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Abstract

BACKGROUND

Long non-coding RNAs (IncRNAs) play a key regulatory
role in modulating gene expression and are closely related
to iron death. At present, biomarkers for hepatocellular

Baishidenge  WCJD | https:/ /www.wjgnet.com

carcinoma (HCC) based on iron death-related IncRNAs
are rarely studied.

Alm

To explore the prognostic significance of ferroptosis-related
IncRNAs in HCC, and to develop a survival prognosis
prediction model for HCC to provide a basis for its
individualized treatment and immune research.

METHODS

HCC transcriptome data and clinical information were
obtained from The Cancer Genome Atlas (TCGA) database,
and ferroptosis-related genes were obtained from the
FerrDb database. Ferroptosis-related IncRNAs were
screened by co-expression method, and R software was
used to perform differential analysis of ferroptosis genes
and their related IncRNAs. Cox regression analysis was
used to screen out ferroptosis-related IncRNAs related to the
prognosis of HCC, and to construct a prediction model of
survival and prognosis for HCC patients. Survival analysis,
univariate and multivariate independent prognostic
analyses, and ROC curve analysis were performed to verify
the accuracy and practicability of the prediction model.
ssGSEA enrichment analysis was performed to evaluate the
immune response in high and low risk groups.

RESULTS

A total of 147 ferroptosis-related IncRNAs were obtained.
Survival analysis showed that the survival rate of the high-
risk group was significantly lower than that of the low-risk
group (P < 0.001). Independent prognostic analysis showed
that the model risk score was an independent risk factor
predicting the prognosis of HCC patients. Immune function
analysis showed that the immune cell lysis activity and
type II interferon response were suppressed in the high-
risk group, while the MHC class II molecular pathway was
highly reactive in the high-risk group.

2022-07-28 | Volume 30 | Issue 14 |
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CONCLUSION

A prediction model based on ferroptosis-related IncRNA
has been constructed for HCC patients, which provides
a theoretical basis for clinical evaluation of the prognosis
of HCC patients, and for targeted therapy related to
ferroptosis levels.

© The Author(s) 2022. Published by Baishideng Publishing
Group Inc. All rights reserved.
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BT 4kt K4k AE 4 ADRNA; I 40 075

ZOIRE: K44 3E%SRNA(ong non-coding RNA,
IncRNA) /2 3K B A a3 42 o X 48 4 K ALREAE R, Bkt
THBRELEEEMR R, ARRBEENZEFF HIE
4k L T A8 K Inc RN ABEA! K33 452 FRAMHC C % & 7
J& 89 4% S R e B A

TP
=

K44 3F 4 ARNA(long non-coding RNA, IncRNA) /2 &
B kA AR P R A R AR R, B it As
& FE % %. B A 43 i (hepatocellular carcinoma,
HCC) ¥ 2 T4k 5648 X IncRNAYE 4 & M 47 S0 A A
EEIL.

V=14

FiTek L T4 £ IncRNASHCCZ 8] 4948 % 14, 5F4)
FEHCCA BTG TRMALRL |y AR 8 I7 Fo 52,05 #F
RARBARIE.

Tri%

) R g5 = AL B 48/ #(The Cancer Genome Atlas,
TCGA)# ¥ T HHCCH KA KB L 16 kAT 8, A
FAFerrDb# ¥ & T H 4 AR, @it kA 77 ik ih
ik 2k F6 T A8 K IncRNA, #| I R# A4k 56 = L B A=
H A8 K IncRNAZAT £ F 547, A A Cox= )3 4547 ik i
t 5EHCCTFS 48 % b4k 56 48 % IncRNA, #ZHCC
B AT TAMABEA, i+ ATCGA#IE A F EHCC
A TR BE A KA, ARIE IUEAR P AL Ko g Ak
Wesn. AR EBFEHH £ % AFRLIE 5H
FAROCH £, o iETRM AL AL 6 A A0 Fo 52 R M. AR
sSGSEA'Z & o Mriftk &, RIS 2 5o 9% KR4 L.,

2R

J5 ik K IF 14T/ L AT A IncRNA, £, S H %
Cox =1 )2 447 2 5 34349 M 114N 5 HCC A A-FRUS A8
FH5RTAEINCRNA, A AP R DT, HRE
204 5 B E AR TARSUEZ(P<0.001). J 52 TS 5T
L5 R A, BAUR ISR 4 FRMHCC % 4 FUS #9152
R B & eI oh i Hr 2 B4R T, &R Sk
s RS A 1L R F i R K 2 RR A, @ &R
Kzl PMHC 11 k5T #2 23R KA.
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0 515
JiF41 g2 (hepatocellular carcinoma, HCC) & il T T
b G IR, 2 o TR R R R 75%-85%,
A R BRER A S B 2R R IR, HCCo B )5
PEMIE, BA R R A 2 R R EL SR A
SERHE, 2 2L T SRR RIA T RCRE. Rk, i)
T ERFCHCCR AR ML BIRTT RS A1 A AT
TG TS AL, DA4R il R ML 16 9T 77 S R HIT
BRAOT R ORI I — S5 B Ak o - (g 1 A
TR RAE TR, KRB RS E TR, Bl
B MR ER AR 5 R B A A D S s AR
Sanfust T, H R 7R Y, YU EHCCHI R A K
Je i AR R A EELRAEAE L, BAE T AR R iR T
A REBCNTRITHCCRIE F B KFEAEHAYRNA(long
non-coding RNA, IncRNA)EFE R FIE TR KIEE
KRR, SEPAT L BRAEEEEYRRS. il
HCCH A T ERIE T3 I A AE VbR S0 U8 WL, AHIT
T BB RTTAE T A K IneRNASHCCREE TG 2
(IO R, MR AEAF T TS AL, AT T AN
G W FAR AR

1 #RR73E

1.1 AP J8 I e 2 R 41 5 (TCGA, hitps://portal.gdc.
cancer.gov) s 2 T HHCC B3 1E H AL AT R A FE
SRAH B LR ARAR AR S, BERHEIE22021-10-29. #%
SAHBHESAT BIHCCHRFEA 37481, IEFFEAS0HBI; i
PRAHRFEAILI 7061, Horhilh RS B 8 8 A35001. %
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SR EHEE L Per TR X 7 YmRNAAMIIncRNA.
BRIET R R KA H I S mRN AR 43R, HLrhEkaE
T PR R AR T s 2 (Ferrdb) SR EX. @it 3Lk 7
M 713k A3 5 B AT T 5 N 2% DA S Inc RN A(r>0.5,
P<0.05).
1.2 7
1.2.1 HCCTUz A8 % 4k 5t =48 X IncRNA ff i&: F|FIR
BAF(4.1.2 /) % 3 e ak 73 #7715 3RAS B Bk AR T A 5%
IncRNAHT 2 40 M. BARTREARHEBE AlogFCP1,
P<0.05. 2 S4BT AR Ine RN A S I RAH OGS B4
TR FAELPIRS A FE, R “survival” GXT5 I
AT BRI ZR Cox B 73 #1(P<0.05), 3K1F&A % 78k
BT AR IncRNA XK i (hazard ratio, HR). 5K 2 Cox 7|
I3 B3R A3 IncRNARE— 24T Z I F Cox 73 7, FRFHCC
B FE A KU VT 73 FH 52 e H C C B 38 1 S Bk AE T AH 5%
IncRNA.
1.2.2 #AHCCTUS R+ 5B HRAE .. 2 [KIZK Cox
(5] U5 73 A 0 12 SRAF R BR AE TR DG Ine RN A, M F T2k
FETAH R IncRNA T MU PE AR AL, AR A 2 KU T
gy = Yhcoef*X,, FIAZARAL A X H A H & AN FEAAE B
AR 173, B AR A AR R T, S HCCRRFE 70 N
RS PR 4H. 15 0 P nfRER R IE T2 A G IneRN A,
coef AL AH R IncRNA 2 K 2 4 A 3145 1) 111 U 32 4, XAR
F AU IncRNAFK A 5.
1.2.3 Fi& R e+ 4 A5 A 3ok . ACHIF 50 R FH = Fh 7 =0
X B TR AL T2 A R In e RN AT i XU T 70455 24 3R A7 56
UE. FFARKAY: “survival” F1 “survminer” X &1k
K 2L TK aplan-Meier E 4725041, FH22Hi A0 e A A7
2k, B2 K3 Cox I My, Ja ik KU v 75 e 5 1
FVFAHC C R AR A7 TIUS I S7 KU R 7. R RER
£ “timeROC” A58 UE KPS VT2 158 28 1) o e 1 A R
R, IR 2iXE TARRHE M Zi(receiver operator
characteristic curve, ROC).
1.2.4 0% Jh e BG TG RS PP B 1 1AMk
FETAH K Ine RN AR Ik & JAH REFEA KU 1743, 1
sSGSEA & B2 73 T P4k iy I XU 4 A 88 S R A7 100
St KA HT R SE T AH K Inc RN ATE
IEFREART R FEAR T () RIS 7. HLRIE R
B2 /R b 9% 2 %(Pearson correlation coefficient)iZ:. A7
i 288 i Kaplan-Meier /7 A4 1, 12 X B 56 (Log-
rank test)ZE1T 40 #T.

2 BER
2.1 4k T A W BZABEIncRNASR UL 2 TCGABUEE
N #A5 BIHC CIE FEAS (374451 A IE 5 FEAS (S04 1 %
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B, & BT TAERIncRNAIDEZAT/BIR R TS i U

SEALHAE G AR 15 . FerrdbBdi B T 45 218k 5E
TRH 2594, FRIREVER AU T LRI RIA . 4 BFDR <
0.05 H1logFC>1ARHESHr, Tiiidess 21 72 S R IA KA T 5
RI3E844, Rk Bl & R FE A H 75 71/~ Fi3
A, H%fir>0.5 HP<0.057 ik brite, H&IL 3115 21850
AR IneRNAFE2334S, Horh B 72 R R IA [ Inc RN AL
1474,

2.2 HCCTRJG 48 % 4 424k e - A8 A Inc RNAJf i 45 R
HCCH & 2 FRIA LT A K IneRNA, 54471 [A] Al
ARG G, IR ZTECox E 51T ik 2444
WHE P<0.05, Giit 3 i K49 MneRNA 5 A AE 15
REMI. 2 HFRCox[BTH LR Z Cox 1] H 73 #r 45 5
FRUGHEAT IR IE, 2495 2111 MneRNA. 25 R0k 1.

2.3 UG RIewE AR M 45 R AR 2 K R Cox[alH 5
T A3 BlInc RN ARG T RS PP, RS VF 431t
TN NneRNAFRIL K5 RS R 2R, Bk
RSP Ay RS PE2) = LINC01224*0.569+SREBF2-
AS1#0.430+NRAV*0.153+K DM4A-A S1#0.654+ZFPM2-
AS1#0.043+SNHG20%(-0.287)+SNHG4*0.232+MKLN]1-
AS*0.982+PTOVI-AS1*(-0.502)+LINC009-
42*0.023+ZNF232-AS1%0.066.

2.4 TG R 5 AR B e 2 B R i o KUK 1 0
B, VRSN REAR TR AR B RSB H 7 250(0.852)1F N
BWTE, ARIE AW ER 370BHCCREA /3 A (X
FreH, BE2H %1854, Kaplan-Meier A7 b 4s B EIR,
e AR RS 2P 35 A2 A7 I 1) 73 3010 2R (1.76 £ 1.85) 4 Fl
(2.50+2.04)4F, P4 AEAFI (R AEAE i 35 22 7 (P<0.001),
L. Cox[BIH A Hr it T 5 MU 1773 B AU HC CAE
TERAS IR, R R Cox[FH T4 TR, KU TT
IR AR IS TR R AR AR AS 2 2 AH S AU B (hazard
ratio, HR) = 1.211; 95% & {5 [X [i](confidence interval, CI)
= (1.159-1.266); P<0.001]. i —:47Z R & Cox[l T 5>
W4 R IR, TG U VT 40 B AR i T 0 A A7 475 100 1)
SFERE R T-(HR = 1.190; 95%CI = 1.135-1.247; P<0.001),
W2, ROC/ M4 R R, KB PP AL FIIHC C &
FUE 2FERBEAFEROCHZ R (area under
curve, AUC)Z 7 °40.784. 0.7804110.743, #1&2. ROC
th it — 2B 40, e IRRHIE 5 XS PP B AR AT HC C A
HAEAEZR B, 45 R KR VP AR A TN M)
XTHCC & A A7 B W35 520, AUCHE 73 7l 90,784 411
0.672, A PP 4 A T TNM 23, &3,

2.5 eI AR HssGSEAE i 45 R 5
71N, e RS 2L F G A R P A MR AT TT B R A 2
FOHPRAS, s KB FMHC 112890 7818 S UM
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® 1 ZERCox@IFDHTHCCTUSRZMINCRNA

2EE FH(coef) HR 95%d PlE
TR £
LINCO1224 0.569 1.767 1.223 2.553 2.42E-3
SREBF2-AS1 0.430 1.537 1.149 2.055 3.76E-3
NRAV 0.153 1.165 1.008 1.346 3.81E-2
KDM4A-AS1 0.654 1.923 1.071 3.452 2.86E-2
ZFPM2-AS1 0.043 1.044 0.993 1.097 9.17E-2
SNHG20 -0.287 0.751 0.554 1.018 6.54E-2
SNHG4 0.232 1.261 0.954 1.667 0.103
MKLN1-AS 0.982 2.671 1.602 4.454 1.66E-4
PTOV1-AS1 -0.502 0.605 0.423 0.866 6.03E-3
LINC00942 0.023 1.023 1.003 1.044 2.76E-2
ZNF232-AS1 0.066 1.068 0.986 1.157 0.108
HCC: fT4BiasE.
® 2 FIMHCCEZEFBERINSREFNZRECOXEFDHT
e PREDN ZREDN
= HRIEL(95%CI) PlE HR{E(95%CI) PlE
K 1.010(0.995-1.025) 0.181 1.008(0.993-1.023) 0.313
MR 0.824(0.560-1.214) 0.328 0.838(0.557-1.262) 0.398
BENDE 1.124(0.871-1.450) 0.368 1.091(0.832-1.431) 0.531
TNMAHA 1.674(1.361-2.059) 1.044E-6" 1.573(1.269-1.951) 3.649E-5"
Uiy 1.211(1.159-1.266) 1.931E-17° 1.190(1.135-1.247) 4.340E-13"

°P<0.001. HCC: FF4MIRSE.

e XU e R4

1.00

P<0.001

0.00 A

0 1 2 3 4 5 6 7 8 9 10

A A7 ) (4F)
w4l 1 185 105 48 35 23 15 11 2 2 1 1
fR2H 1 185 149 78 54 40 25 14 6 4 2 0
0 1 2 3 4 5 6 7 8 9 10

HEAZI ] (4F)
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—— AUC at 1 years: 0.784
AUC at 2 years: 0.780
—— AUC at 3 years: 0.743
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2 BEFTIHCCEZ £FIBRROC. HCC: HAMmE: ROC: 32 LIERFIERTZ.

1.0
0.8 4 /
4
o 0.6 4
=
o4
0.2 | —— Risk, AUC = 0.784
! Age, AUC = 0.532
yd —— Gender, AUC = 0.510
e Grade, AUC = 0.500
0.0 4 —— Stage, AUC = 0.672
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
BRI

DOI: 10.11569/wcjd.v30.i14.623 Copyright ©The Author(s) 2022.

3 IBFRRIBFHE SIEEHUNLETFROCHIZ. Stage: TNMA ], ROC: SZ 1A LIEFFFAhZE.

RAS, B EA G522 5(P<0.05), WiE4.

3 111e
HCCAR R [EH LB s, E ok 2R ) R
ARG F L AN AR U R BN, BRAE Tk R AN
IncRNATE 2 i T P JfIRg (1) 8 A2 Fe ok R b R 55 B 2
WEAER, Wk R M. o s AR
SR, I T AL T TS, SR, Bk
A K IncRNATEHCCAr 1 J2 T H AL A B 1, [
N SN A 2R e 2 7 TP S0

BRAETAEH C C R AR AN Je i 78 v i # 7 A EE
AR, BHATHE CUESE, PEEIR -7 200 X n 5 is ik
(system XC)FIGPX4R] LLAFEERIET . TangZEiff %R
BR, AR e AW IR BB T A, HonT Um R
system XC R Gi AISLIGSH, 75 S AT 4 i 2 A= s,
e 0 1] 2 R pS 371 BT LAd i 45 R AE T, REMAHCCHY
RIE. Chen®5" W Ft o, pS3nl LLIEIS i FESLCTA 4%
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3K, Wsystem XCRGUEME, R EANRAIET. 1tk
4k, miRNA-214. BRCAIAHIE (15543 F 34 T 520
AN kst T,

AW R ARG B HR, i 7233k
BET-FHIGIncRNA. Fe &5 2 114MKSET A K IncRNA, F
FRIAEEE T HC CHAF Tl Ja TR AL, JRATIAH, s XU
H A A A7 2 TR RS 4H.(P<0.001). TRIIHCC
BHEVE . 200 R3FAELFEPIROCHZ MR KT
0.7, TR ZIGETY BA BT (RS e AT U, JRAT 10—
B ZR SCHRE DL, 1A TS Inc RN A4 5 iR (1 &
AR JERZEY). SunZE I RE R, LINCO122438 5 1
FEMIR-193a-5p/CDK 8415 M 5 i 24H i T e ik e
ChenZ"if 1 ¥ K DM4A-AS 13 #3541 i Ak Hep3B
BTN, ROl RE A MR AL NKi-67. N-
R R 1R B 1 R IA /KPR R 4 B S T v, R
Har B K. 3 — P 7T K I, KDM4A-AS il i 144
KPNA2/HIF-1of5 5 I8, (& 1 R AR . $m
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B 4 SXEETEREERREIIREDHT.

KDM4A-ASIEHCCRAFMIENEI. Ren5HF 70 & HL™),
FOR AR 2 2 P ZFPM2-A S 1 B 55 4L B 2 T ()
AN S BGHT FE 37, ZFPM2-AS 132614 7] DU i Ff
IR IR A B ARS WS 7O B AZ 22, XingZ5 3@ i 734730
XTOREE LA, K IISNHG207E 5 S 4 21 rp 2t ik
RAS; SNHG20:E FRIE (2 #ESKOV3IFIA27804H ik 1 4
FRZE. DL B FRISPOR, PRAE T AH R IncRN A TE TG 14 i
R R R R AR R E . AR, BRAE T AH
KIncRNA HRTEHCCH B 7L W, HZmHCCR A
Fo R TRy T WL AT AR HC Cllfs PR S Hh 46 S0
AR

TR FUR B, RBET ARG R G T i A
HOR R EEAE R, BIETETIM . BAIAD. HRigif
T B A% G A P 25 G 2 2 P R 4% R A B R R AR
FA. Wang S5 72 iR /I AR ARL Ht 78 R 30, CD8+ T4H
T AT Ry SR 4 P SLC3A2 FMISLC7A11
(RIZRIE, AT AR AR e e 4 ) e S IR () e B, 350468 e e
AR AR AET"Y. Muri JonathanZS2i R B, Fif&BI1
1M RT3 25 X BT A Bk A0 T R B i 45 B [RIG P X4, AT
DL S AN BET, AT RSB AR G N2, ASHf
FAMHHRIR, BAET-AE R Inc RN AR DU 1428 S 25 4
Mo s e TR NS MMHC 112K 715
M HCC H 2o fRAs, AT s HCC R Tl

4 g

g5 b, ABHTIHERA R SHCCEZE TG KR EY]
HIBRIET MR Ine RN A, HAA A FiUm U PP 27 0
HCCHE & Ta BAT B I . R 5 e ImRTE
PRARGE £, W REDVE MALIRTT 7 S EEE T U7 S e it
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JH- 20 g s R v A TR 22—, 70%-80% 1 121
ST, R R R A DG T R R B = A R
SR, AMRFEARIRIT . MNIBIT . WEEEYNRIT SRS
TiEANEE ] IR T SRR TR RS T R D,
{E2 20 PR e R 3 A AR A7 AT e i — 2D 3R . (Rl
PRI A0 B A RS ALA . TR YT SRS VB A AR AE
TG TR, SRR FilE R M 16T A5 ra ).

Zazl

BRAET e — A RO R L AR 20 M U T R A B B A
SET27 3 WEICR I, BRI T3 [N S AR S Ine RN AR LA
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o FRATLAR e A R, [ S T ASE AR A 2 77 T A
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IncRNA & AU /01528, AT 4.
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G R ik DR 2 Tl a0 T s, ik R3S 147
ANERBET M RIneRNA. ¥, Z K ZECox[mlH 5047143 7l
RAFAONAIA S5 HC CA AT Tl 5 AH 5% (R BB T AH 5%
IncRNA. A7/ Tas R EoR, m R H AR BT
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B RAHNRE, s AR MHC 112657818
R IRE.

LR
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BRI AR R Inc RN AR A 82 B i R PP A FHF 4 i g 28
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