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Abstract

Background: Iron is a nutrient essential for hemoglobin synthesis, DNA synthesis, and energy me-
tabolism in all mammals. Iron metabolic involved in numerous types of cancers including hepato-
cellular cancer. In this study, we aim to identify prognostic model that based on iron metabol-
ic-related genes that could effectively predict the prognosis for HCC patients. Methods: The RNA
microarray and clinical data of HCC patients that obtained from The Cancer Genome Atlas (TCGA)
database. We identify the clusters of HCC patients with different clinical outcome performed by
consensus clustering analysis. Four iron metabolic-related genes (FLVCR1, FTL, HIF1A, HMOX1)
were screen for prognostic model by performed the Cox regression analysis. The efficacy of prog-
nostic model was validated by the International Cancer Genome Consortium (ICGC) database. Mean-
time, the expressions value of FLVCR1, FTL, HIF1A, HMOX1 was performed using Oncomine data-
base, the Human Protein Atlas and Kaplan Meier-plotter. Result: The patients with low-risk score
have better prognosis than high risk score both in TCGA cohort and ICGC cohort. The prognostic
model showed well performance for predicting the prognosis of HCC patients than other clinico-
pathological parameters by 0OS-related ROC curves. Conclusion: Our survival models that based on
Iron metabolic can be independent risk factors for hepatocellular carcinoma patients.
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1. 5|15

JH- 44 J25 (hepatocellular cancer, HCC) & A &St Hh i A DG B T 18 WLIR A [1] o 55 oAt Sl i 8 AR
b, HCC MIRIRHFAEFMERHEL S T, Lt L, EaBmiEst T N 55 —fr[2]. HCC
UG R, 14ER 3 EEFERD RN 36%M 17% [3]. EARITAMELETF RV, (w7, SHEm. &5
BIT S ST S TR KM, (BT R BF AT M, KSR ZE[4]. AR, 1A
T EARZH B 7 R HCC TS -

BT A AL ML E A G %, DNA &R ae R T & g R 5w . SRt e — N EER A
VIR, BAEERARITI, A AERE, DNA AR, PUEALDIE, SUE R GBZEBAH[5]. £ Rl
TR T AR AL AN AR AE T, FRONERBETC[6] [7]. LB R, BRACIE & RS A R
fFEFaRRE, BEbs, M, S EE, B, R, BaFR BR8] [9]. 408 kA
F EAHE RV 2 L AR B BT R, R RIS RE[10] [11] [12]. BRARUAR DGR i AE N
FER(TFRC A1 DMT1), FJHFZERE(FTHL, FTL, HIF1IA, HMOX1, SLC25A37 Fl SLC25A38)F14MEFE K]
(FLVCR1 A1 SLCA0A1)4H %[ 13] [14]-

N T RPN S HCC 15 98 &, DLACERARIIAE SC I R 2 15 RT A 4 HCC Tl J= T AE AL bR 4
faFImPKHZ . JAMEH HCC B3 1) RNA TS A PREE KT & U B E AT HCC & 7%
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1) Hlls NI EE

WRAEIA SR, A5 TIBERBAABARCEE R, FZAHE TFRC, DMT1, FTH1, FTL, HIF1A,
HMOX1, SLC25A37, SLC25A38, FLVCRI1 f1 SLC40A1. M TCGA %#sZE T % 374 > HCC A1 50 4~
AHAT TR H L Z2H ) RNA B 51 ATl R &S 374 151 HCC A1 50 5] 5% 1F &5 4 2V ERAR U AH G Jik [R] 1) 22 S
FKIEHBMETh R, PMEFRIEKTH log2 Ak H—4k . FAT@E limma FAE 5t i 423 5 1R 4
U AR AR G R (M 2 R R IE,  RME NS R KB (false discovery rate, FDR) < 0.05 1 |log2 f5%(75 1k
(fold change, FC)| > 1.

2) RAREIAH ISR DR () — B itk BRI o0 i

£ R 15 5 Ff8H ConsensusClusterPlus 4T — St B8 /M B i 38 0 N AN R 2R [14]. SRS
KH Kaplan-Meier 715 &4 AL A HOS) M E R . H R HLEUER . YAl 8. AR
FEAR TR 73 AT

3) T ERARUAH I IR ) T3 f A Y

IS FLAE Cox [BH AT R AR AR L R ) k00, 33 S5 AEAF R E M OCI R . AR5, FRATR
HZ A8/ Cox [RIA AT 55k -5 A A7 = FE A R BRI AR DG ] o FRATTAR IS T/ B S A HCC B
IR VPS5 o WP TR IR . RIS = Z:lei xCi - (vi JEE P25 K, ci B[R]
HZR%) . WA, 2] Kaplan-Meier A 77 128, @i 6 SO0 360 i fa AR fa A7 PPl . 3R
i@ I A= Bl OS 8¢ ROC 128 KAl e TUIASE A (g ot 12 o ST 7905 20 B 2 AT T T 0 5 A Y 2 75 ] DAAE
9l S AL TS R 2R

4) iRV e 4 ) I S 2

CIBERSORT & —Fh /3t T, mI it FH 2k DRI SR s B0 it S e R e A PRI i 1k S e AL R o FEIX TR 7
tr, JATEE CIBERSORT J7 ik B AL 40 e e A h S L 40 FA) 73 % i CIBERSORT /A= 1) 4 40 i)
T OR) A T 2 1) 5 SR A 9 = HERF I, IME P < 0.05 [15]

5) i#id Oncomine %(#% % . The Human Protein Atlas ! Kaplan-Meier plotter 36 iF k4 Qs AH 5 2 [

Oncomine %k, JREFFESELHE ERIE T web BB IZIE-F &, H i 2L K5 2 [16].
Oncomine ¥ & F 1% WEAE SR A R K& B IEF A 2 R Rk 38, DURIGIRARE B 730 . NS
S AR SO VR gt S A O AL R R AR B AR, DL E 2 5 R AR K R SR B L R . 7R 3K
T, FATH A Oncomine #dh FE AT N 285 15t RS RIR R HCC ZH SR 23 BR AR AH S R 1)
EAFFRIL . @i Kaplan-Meier Z: X AELL T AL 1E RBP #£ HCC A {4 il 5 4 8

6) Leriik il fe A A

AT TR 45528 el [ ool ohie 5 DR ZEL 1% L (I CG C) 50408 e i AT A A B IE » R4S HCC 38 1 XU 1T 43 i i
MIFEF AR . 1ICGC $¥E I F B 116 4 HA HCC g FIATUL (1 1EH 4141,

7) Gt ot

FAG Geit oy A A Perl 15 5 A1 R B S HEAT . 23] Kaplan-Meier 2k LA 7 s AU 2RI KR 4 2
BRI ZE S, FFRHAT X BT 38 DAR € 22 S BB . BT A LG v 27 2 35 1t 58 O P < 0.05.

3. R
1) BRI N Fe ik 2
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Figure 1. Heatmap of differentially expressed iron metabolism-related genes between HCC and normal tissues

& 1. HCC MIERHA 2 [BEFFIERI SRR G A X EE B A E

2) BRACUAE G R 1) — B R 2 o0

—HERE SRR, BRAERER RN HCC BE 0 WIS 2(A)~(D)). PF SR IS 5 I PR BT
TEMIR R 2H 1 FNZH 2 Z (A1 IR T AR Ao WIAE e 535 22 55 (18] 2(E)) . BE4k, Kaplan-Meier #14k 875,
11054 0S BEKTH 2 (P=0.006) (< 2(F)).

3) HE T ERARUAE S I BR] () T0L i A5 284 f A ~r AN IGHIE

L% 4 NMACE ALK (FLVCRL, FTL, HIFIA, HMOXL)MJE G Rl . ATIET 4 MAR
AR I IR 1) T R F DL R AU WUSEIE 4> = (FLVCR1*0.16713 [1)°F#53%1%) + (FTL*2.52E-05
HIF3IE) + (P #IE) HIF1A*0.014361) + (HMOX1*0.002315 (£ F- ) 2Rik).

FRAE XU 1P 73 () FR AL EOKSF, HCC B8 7 AR XU A v XU 2H .- Kaplan-Meier 4247 4 o, A%
PR 2 A AR 8 T RS 4 (HR = 1.329, 95%CI = 1.210~1.461, P <0.001) (&l 3(A)). thah, Fedilimid
F 5 ROC M2 PFAl T OS AH T A 2 fy v P, IXURS: V23 1) AUC S22 v T ARG PR BE 2 450 (141 3(B))
RJa, BATEE SR HCC B #h AT HE P LA T AR A7 70 A o FRATRT DR XU V7 73 & HCC R
MIBET-R . thah, BESERESVR o 13N, EEmsET3 B 3(C), K 3(D)).

FATELAH F ) A XHE T ICGC #dE 117 1 H e RIKEN, JP (LIRI-JP)H4ifz HCC &3 1) XU
PR AE RS AN EIE . HCC B AR KU v 43 I A2 5 s fe AR E4H . Kaplan-Meier 4277
2R IR T AT R RS (TS A E.(P < 0.001) (& 3(E)). BE4h, ROC HiZRIE R OS AH s A5 7 Tl
HCC BTG 1 R AFRE 1 (1 3(F)) - B KU VE A s, B MSET2 (18 3(G), &l 3(H)). B,
IXBEIG RS, FLIE S T BRATT T B F) T P f R
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Figure 2. Differential overall survival and grade of HCC patients in the two different clusters. (A) The HCC patients divided
into two distinct clusters, k = 2; (B) Consensus clustering cumulative distribution function for k = 2~9; (C) Relative change
in area under cumulative distribution function curve for k = 2~9; (D) The principal components analysis of the iron metabol-
ism-related genes; (E) Kaplan-Meier curve of cluster 1 and cluster 2; (F) Heatmap of expression of iron metabolism-related
genes and clinicopathological features between cluster 1 and cluster 2

2. AT RBENBEEGFRMDRES. (A)HCC BEN AWM EMEL, k=2; (B) —HRARERAY
MR k=2~9; (C) BN RMAL TERAENE k=2~9; (D) HKRHEXEENERS7H#7; (E) 1M
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4) FEAERL, I PR RS A R IR Ha e 4 M 06 &R

AR R Z2 A8 B Cox [BA T o R TS A W] LAy HCC 3 L s I R (B 4(A), 1] 4(B))-
WAL, PGB S5 R BEARHE A A OC, W AEAFAIRAS (p = 0.001), 43 H(p = 0.002), 432 (p = 0.001)F1jif:
B TOIRAS(p = 0.002) (&1 4(C)~(F))-

T RIATTH CIBERSORT S VAl 1 JH- faft R 5 v i yRg 2 18 Se 7 40 i 5 Tl R RS I o6 &% .
CIBERSORT Zp#frior, JHE m fa 2 AISf2h 22 M e i SR Y i 2 e 22 S 2. 3 (14 5(A), B 5(B)). B
WEARHE MO 7E = G4l N E 4, 11 T 40/ CD8. NK 4HEiE b ARG 4L 3 N & 4 (15 5(C)).
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Figure 3. Prognostic model of hepatocellular carcinoma patients in TCGA and ICGC cohort. (A) Kaplan-Meier curve of
high-risk and low-risk HCC patients in TCGA cohort; (B) ROC curve of OS-related prognostic model in TCGA cohort; (C)
Risk score distribution of HCC patients with different risks in TCGA cohort; (D) Scatterplots of HCC patients with different
survival status in TCGA cohort; (E) Kaplan-Meier curve of high-risk and low-risk HCC patients in ICGC cohort; (F) ROC
curve of OS-related prognostic model in ICGC cohort; (G) Risk score distribution of HCC patients with different risks in
ICGC cohort; (H) Scatterplots of HCC patients with different survival status in ICGC cohort

[&] 3. TCGA #1 ICGC PAF R FT 2Rt B & KT IREL . (A) TCGA AFIR & e FfRfe HCC B &Y Kaplan-Meier BhZk ;
(B) TCGA FA%Ih OS HXx /S22 A) ROC BhiZk; (C) TCGA AR AREIXKE HCC BEMNIEITES 5% ; (D) TCGA
AT AR EIEFRES HCC BERESE; (E) ICGC BAFIH & HKRE HCC & Kaplan-Meier #i%k; (F) ICGC A
Flh OS #EXF/ERELE) ROC #iZk; (G) ICGC BAFIFHARE MM HCC BERIXIEITS 27 ; (H) ICGC BAFIFAREE
FERE HCC B2EMERE
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Figure 4. The relationships between prognostic model, clinicopathological parameters. (A) Univariate factor independent prognostic
analysis; (B) Multivariate factor independent prognostic analysis; (C) The relationships between prognostic model and survival state;
(D) The relationships between prognostic model and stage; (E) The relationships between prognostic model and grade; (F) The rela-
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Figure 5. The relationships between prognostic model and tumor-infiltrating immune cells. (A) 22 immune cells in High-risk group;
(B) 22 immune cells in low-risk group; (C) Violin plot displays the differentially infiltrated immune cells between High-risk group
and low-risk group
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Figure 6. The expression level of FLVCRL, FTL, HIF1A, HMOX1 in the Oncomine database, and The Human Protein Atlas.
(A) Expression level of FLVCR1 in HCC and Liver in Oncomine database; (B) Expression level of FTL in HCC and Liver
in Oncomine database; (C) Expression level of HIFLA in HCC and Liver in Oncomine database; (D) Immunohistochemistry
results of FLVCR1 in HCC (Staining: High; Intensity: Strong; Quantity: 75%~25%; Location: Cytoplasmic/membra) and in
normal tissue (Staining: Not detected; Intensity: Negative; Quantity: None; Location: None); (E) Immunohistochemistry re-
sults of FTL in HCC (Staining: High; Intensity: Strong; Quantity: >75%; Location: Cytoplasmic/membranous) and in normal
tissue (Staining: High; Intensity: Strong; Quantity: >75%; Location: Cytoplasmic/membra); (F) Immunohistochemistry re-
sults of HIF1A in HCC (Staining: Medium; Intensity: Moderate; Quantity: >75%; Location: Cytoplasmic/membranous/nuclear)
and in normal tissue (Staining: Not detected; Intensity: Negative; Quantity: None; Location: None); (G) Immunohistochemistry
results of HMOX1 in HCC (Staining: Medium; Intensity: Moderate; Quantity: 75%~25%; Location: Cytoplasmic/membranous)
and in normal tissue (Staining: Low; Intensity: Weak; Quantity: 75%~25%; Location: Cytoplasmic/membranous)
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Figure 7. Validation the prognostic value of FLVCR1, FTL, HIF1A, HMOX1 in HCC by Kaplan Meier-plotter. (A) FLVCRL1;
(B) FTL; (C) HIF1A; (D) HMOX1
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