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KA, IR ATFM2 £ HCC H A9 R 72 9 265
75 3%+ A Oncomine FH 2 43 M AIFM2 75 HCC FNE# P42 9 K3k 22 5, I UALCAN Zdl 2 43 #r
ATFM2 235 5 HO5 I PRI BEAFAE A9 AR SC 1 5 LinkedOmics 208 F & ) LinkFinder #5347 GO 4347 Al
KEGG 4345 FH LinkedOmics ZUHE 22 43 M1 5 AIFM2 26 35 40 & 17 25 1 08 . miRNA A% % A5 HH Gene -
MANIA #5405 122 53 A1 5 AIFM2 AH 5G9 88 11 BAH B AR TR 2% 3 1] eBioPortal 43 BT HCC HY ATFM2 €715 (1 431 %< 1
558 HCC 414U AIFM2 mRNA 3% 3K Fil DNA 45 DUy & T IR #4040 (3 P<0.05) . AIMF2 55 06 5 g
WRELEE RS | B i B2 A TPS3 S8 W AT 5C (3 P<0.05) o iR ik AIFM2 1 (8 3% B e LU IR 5
an$%MﬁF§<Pmm»(ﬂﬂmmvﬁﬁﬁﬁ,MMDﬁ%%HI%%%E%ﬁWﬁH%%
REA XM A%, 540 M 8 1k 0 e 1k R A% SR B % VA 5¢ . GSEA r M R W, £ Fh iR (Bl
mmmmn)mmm(mRm%ﬁ>ﬁ%%u%(WMvﬁmmum%k SUIHHOE . eBioPortal 43 H7
7R, AIFM2 7E HCC H i 228 5 B 202 8 mRNA Rk, (H BRI
5% AIFM2 7E HCC PR3k, SMBE R RS AHIC, J& HCC 12 Wi f B W fEAr R 9 . BT s i)
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Expression and gene regulatory network of apoptosis inducing
factor, mitochondrion-associated 2 in hepatocellular carcinoma
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Abstract Background and Aims: Ferroptosis may serve as a new target for antitumor therapy, and apoptosis

inducing factor, mitochondrion-associated 2 (AIFM2) is a key regulator of ferroptosis. This study was
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conducted to analyze the expression level of AIFM2 in hepatocellular carcinoma (HCC), and its
relationship with clinicopathologic factors and prognosis of patients, and to investigate the regulatory
network of AIFM2 in HCC.

Methods: The differential expression of AIFM2 in HCC and normal liver tissue was analyzed using
Oncomine database and the correlation between the expression of AIFM2 and the clinicopathologic
characteristics of patients was determined using UALCAN database. The LinkFinder module of the
LinkedOmics data platform was used for GO analysis and KEGG analysis, and the LinkedOmics
database was used to analyze the protein kinases, miRNAs, and transcription factors associated with AIFM2
expression. Analysis of the protein interaction networks associated with AIFM2 was performed by the
GeneMANIA database, and the frequency and type of AIFM2 mutations in HCC was defined by
cBioPortal.

Results: The AIFM2 mRNA expression and DNA copy number in HCC tissues were higher than that in
normal tissues (both P<0.05). AIMF2 was significantly associated with advanced tumors, lymph node
metastasis, higher pathological grades, and TP53 mutations (all P<0.05). Patients with high expression of
AIFM2 had significantly worse prognosis than those with low expression of AIFM2 (P=0.034). GO and
KEGG analysis showed that AIFM2-related genes were mainly enriched in pathways related to
mitochondrial and ribosomal functions, and were closely related to cellular oxidative phosphorylation
and post-transcriptional translation. GSEA analysis showed that various protein kinases (MAPK1/3/7),
miRNAs (miR-30 family) and transcription factors (NFAT) were significantly associated with the
expression of AIFM2. C-bioportal analysis showed that the main variant form of AIFM2 in HCC was
high mRNA expression but low mutation frequency.

Conclusions: AIFM?2 is highly expressed in HCC and is associated with poor prognosis of patients.
AIFM2 is a potential marker for diagnosis and prognosis of HCC. The revealed regulatory network of
AIFM2 in HCC lays a foundation for the follow-up study of AIFM2 in HCC.

Carcinoma, Hepatocellular; Apoptosis Inducing Factor, Mitochondrion-Associated 2; Prognosis; Big Data; Computa-
tional Biology

CLC number: R735.7
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S PRI, 4RI (hepatocellular carcinoma,
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KT F 2 (apoptosis-inducing factor, mitochondrion-
associated 2, AIFM2) J& — N8k IE T /Y G 4 I
T ATEM2 i g A% B R R R AL R S
DNA HLEEZE 5, T2 2E 40 i 5 =1 [ i A B
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AR, AIFM2 B £ 35 5 HCC B34 1 ik IR s 38 A
R RWIE AR, HIL, AHFSE kB AIFM2 3
RUE R A B 58 B9 A 58 H s, 8 2B Y {5 B 2 4 i
A3 AT ATEM2 & [K 78 HCC /8 32 3k R AR o6 3k [ 45
W 4%, i HCC 12 W R ) e 8 148 8 7 048 1Y)
ThrEY .

1 RS

1.1 Oncomine &3 #f

Oncomine %0 5 & (https://www. oncomine. org/
resource/login.html ) J& — 8 P b 98 AH G 5E RS Fr
B 6, I BOE PR T R I R 3R B
BERE, ALFE R 4 UM IE F 2412410 DNA AT RNA 9 6
HUEAE/ I PN P& R 17 AR S A N e
A Oncomine 50 3% % 2 4~ HCC WF 32 BB BA %)), 045
Chen liver, Wurmbach liver ilf 9% 2% . F Oncomine %X
e, L ATFM2 7E HCC 2H 20 HIE % 41 4L vp
FRERF, M P0.05 NEFAGHFEX,
1.2 UALCAN &%

UALCAN  (hitp://ualcan. path.uab.edu) J& — 4> 3t
T TCGA B4 FE I TE L 43 BT F- f5 o UALCAN £ 4 -1
& AT L7 5 F A 3R B TCGA 08 128 79 B4 98 i )
Bds, DL ORI T BE R R Gk 5 R CE Il IR g B
FEAE DL B SR AR Z M OC ZR L A w] R 43 B 5 [
FIR Z A B R BRAE . A B S 38 ik UALCAN $5408 %2
53 B AIEM2 71 HCC H i 33k fag S A 1T UALCAN
BH 12 43 B HCC H ATFM2 (8 6 35 K SF 943 i
55 o 0 L RO L M e BRI B AR 2 JR) YOG
R, T ELT
1.3 LinkedOmics 4 #7

LinkedOmics % i 2 ( http://www.linkedomics. org/
login.php) Z—NETMINF&, TH T8 324
5 TCGA ¥ i AH 56 1) 22 4 50 s £, A 5% 3 i
LinkedOmics it 5¢ TCGA £ 45 2 HCC 2 2L (1) ATFM2
FEXTBEMIE RN (T . WESHEE (N
W) m A EERE (M) L AREY . RIOEE RI IS 4R
B0 . BEJS . FFH LinkFinder B2 e 23 #F TCGA %4
P JE HCC BA ) 5 ATFM2 AH 56 19 22 Rk FE I,
H A Pearson A1 5¢ 2 B4 AT 7€ HCC H 5 AIFM2 2 3%
FIRA G IE P, 2558 DLl B A E B R . F
JH LinkFinder # e %t & % 4 B (Gene Set
Enrichment Analysis , GSEA) Xt 22 5 41 5 3 (A 3F 17
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GO[4i L 5y (CC) . AW (BP) Fisr+Uifg
(MF) 17387, KEGG {5 53l B 70 B . 30 B SE AR
£ . miRNA BEAR & 5 AU 5% I8 74045 4

1.4 cBioPortal 4

cBioPortal & — Fft FF L 4R B (1) I 28 53 A1 55 4 ¢
U5, AT T 2 Fhi iE (0 35 DA 41 22 B0 10 25 & MR
E, THTWREENMGED, HILBEER (CNV)
A mRNA FakF B, ARBEIE A, ] cBioPortal 43
Hr TCGA %k i 372 il HCC AR A v i) ATFM2 25 [H 728
SRR
1.5 GeneMANIA &%

GeneMANIA 7€ 28 %0 ¥ 2 (http://www. genemania.
org) & — 0] T E AR - 8 SR BAE
( Protein-Protein Interaction Networks, PPI) [ [ 2% S
B, 1T 6 0T LU 9 38 DA 41 2 FN A 1 o A e
HEAT VR RN R 4 e 2 DR 2y BB AR L A 55 1R 4 R
GeneMANIA i A] DL AR 412 45 4> Fir 34 A 1) 248 48 19 1
DAE FE A7 B PEAL o A HF 58 R H GeneMANIA F 75
PRI ATFM2 ] GE A7 76 AH B AR FH 0 56 PR 1 45

2 & R

21 HCCHAIFM2HWFRIER E5IGKFEEZEH

X

Oncomine 4.5 B0 g JFE 10 2 4~ 8048 BA ) 43 01 &
7N, 1E HCC 41 41 vh AIFM2 () mRNA 2 35 il DNA $%
DUBCET B 8 & FIE #4140 (P<0.01) (1), M
A TCGA 4 4 (1) UALCAN W] 3l 37F — 4 43 B ATFM2
£ TCGA B4l 2 (1 HCC TP i 23R 0, [R) s 56 fib
JEIG IR 20 1A . RS AL | kB ES AE R R A S AT
TOrdH . SRR, 78 HCC H AIFM2 7K F- B
BRI TIEWHAL (P<0.001) (& 2A); B o1k
Wi . FEFEAY B R, AIFM2 (326 i (3 p<
0.001) ([512B-C); fEAMELEHRE (N1) BHEMW
AIFM2 3k 2 03 & TR E SR (N0) B
(P<0.001) ([#2D); AIFM27E HCC i ik R BE &
SBFAR IS (3G m B W S (P<0.001) (E[2E);
A TP53 B[4 28745 H 3% 1 ATFM2 2635 Hh L W 2 i T3k
TP53 3L K RA Y & (P<0.001) (K 2F); Jie =
AR I ATFM2 38 5 3% TRk 3 (P
<0.001) ([¥12G). ATFM2 f3RK7KF5 BE 1Y A fE
(overall survival, 0S) BJWAHIC, AIFM2 R EEH
T b 22 TIRRIB A (P=0.034) ([2H).
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2.2 HCCH AIFM2 X ERIED T

AT B ATFM2 17978 76 5 35 ) 2%, 8 1 Person
A S M2 BT R T 5 ATFM2 35 55 5 2 M OG 9 36
(EI3A), 4%5% 4275 TYSND1. DNAJB12. MRPSI6.
EXOSC1 I CUTC 25 ATFM2 5 1F A e d5 B i B 5 4
HE ( ¥l 3B) , i PDLIMS, FNIP2, AKAP9,
PPAP2B Fll BRWD1 J2& 5 ATFM2 i A 5% 22 5 i ik 25 10
HIS A (#130),
2.3 GOIJEEEBEIMKEGGESEHE AT

7E LinkedOmics £ 4l 53 7 °F &, X AIFM2 J &
TE HCC v i 35 38 35 AH OC 356 (R 17 GSEA & 4E 43 17,
HOE B Y A 2 T T R TR A B AR R 2Rk 1
SERI N . SRR UG . NADH If R . I AR 1%
i . rRNA &5 &5 FA L w e ik (15 4A-C) . il T
KEGG 5 5 8 I & - T K 3L, AIFM2 J f 25 4 ¢
REREEHCCHh FES 5 T EHEKRM X6, Ak

P=3.59E-10
Fold Change: 1.555

Over—expressior_l Gene Rank: T

P=1.12E-7 |
Fold Change: 1.679

1 HCC iy AIFM2 # R RIL B R

W2 1k . RNA 2R & il FI1K 58 T A0 ¢ {5 5 il % 45
(E4D) .

2.4 HCC # 5 AIFM2 R i& 18 5% B3 B . miRNA =}

HREFME

R T — R HCC H ATFM2 119 AH ¢ 18 425 W)
%, il GSEA AT KB T 245 AIFM2 R ik Fi it
S B BORE . miRNA GG SRR 7. 5 AIFM2 A
Kt 8 F B AT 5 A BB 2 o0 2 BB MAPKT
MAPK7 . MAPK3. RPS6KA1 Fl FGR, 5 AIFM2 A X%
B W% M ORT 5 4 miRNA 4% B J& miR-30 % &
(miR30A-5P, miR-30C, miR-30D. miR-30B, miR-
30E-5P) . miR-1/206cluster. miR-18 (miR-18a/b) .
miR-183 . miR-221/222 cluster, 5 AIFM2 #H ¢ fx &
RIS A FE S T2 B & NFAT, EN1, CEBP,
PAX4 FIPAXS (#1).

Over-expression Gene Rank: Top 5%

P=1.35E-5
Fold Change: 1.704

Copy Number Gain Gene Rank :Top 36%

P=0.016
Fold Change: 1.030

A-B: Oncomine 4.5 53t HCC 2H 21 5 1F & 2H 21 AIFM2 1Y mRNA Al DNA % U1 % 5

C: Wurmbach liver 8085 BA 5] /1, HCC L5 1EH 1204 AIFM2 (9 mRNA 7K 104 ; D: Chiang liver 2 5048 BA %1 /i HCC 20

USRS 4 21 h ATFM2 1) mRNA K- 4%
Figure 1 Transcriptional expression of AIFM2 in HCC

A-B: Oncomine 4.5 analysis of the mRNA and DNA copy numbers of

AIFM2 in HCC and normal tissues; C: Comparison of the mRNA levels of AIFM2 between HCC and normal tissues in
Wurmbach liver data cohorts; D: Comparison of the mRNA levels of AIFM2 between HCC and precancerous tissues in Chi-

ang liver 2 data cohorts
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P<0.05

P<0.001
.

—— ik (n=91)
—+— I3k (n=274)
P=0.034

2 AREIERFEFIEN HCC F AIFM2 RiAER R A BUSHIRM  A-G: UALCAN K 72 734 ATEM2 ik K-F- 5 g
IR | REERL  REEAERRORTS . AR . TPS3 RIS . MR M AEZ IR s He HCC BE BIAAF IR
Figure 2 Expression of AIFM2 in hepatocellular carcinoma patients with different clinicopathologic features and its effect on
prognosis A-G: The relationship between AIFM2 expression level and tumor clinical stage, pathological subtypes,
lymph node metastatic status, age, TP53 mutation status, tumor grade analyzed in UALCAN database; H: Survival curve of
HCC patients
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Positively Correlated Significant Genes Negatively Correlated Significant Genes
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Wl n*r.... ly INAA I
B3 ZEHCCHEAIFM2IBXHIERRIEEE (LinkedOmics)  A: fliJf] Pearson Ky 5553 HT7E HCC 1 AIFM2 FihAH G YRR
(LLEFRFRIEACHIEN, SRR TAASCHIEEN) s B-C: FAEI /R HCC Hh5 AIFM2 IEARSCAI AR DG HEIN (1T 5044)
Figure 3 Differentially expressed genes associated with AIFM2 in HCC (Linkedomics)  A: Pearson test analysis of the genes
related to AIFM2 expression in HCC (red color standing for the positively correlated genes, and the green color standing for
the negatively correlated genes); B—C: Heat maps showing positive and negative genes associated with AIFM2 in HCC (top 50)
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Cellular component Biological process
m=FDR<0.05 = FDR>0.05 me FDR<0.05 = FDR>0.05
-20 -15 -1.0 -05 0.0 05 10 1 X . X -20 -15 -1.0 =05 00 05 10 15 20 25 30

basal partof cell

-20 -1.5 -1.0 -05 00 05 10 15 20 25 30 -20 -15 -10 -05 00 05 1.0 1.5 20 25 3.0
Normalized Enrichment Score A Normalized Enrichment Score B
Molecule function KEGG pathway
=== FDR<0.05 = FDR>0.05 FDR<0.05 FDR>0.05
-2.0 -1.5 -1.0 -0.5 0 0 05 10 15 20 25 30 35 70 -15 -10 -05 00 05 10 15 20 25 30

-20 -15 -1.0 -05 0.0 05 1.0 15 20 25 3.0 35 -20 -15 -1.0 -05 0.0 05 10 15 20 25 30 35

Normalized Enrichment Score (o} Normalized Enrichment Score D

4 AIFM2#EHCC HIRIAMXERM GONBEERFMKEGGESEBAM  A-C: AIFM2{E HCC FRIKARIEIN GO T fiE
R D AIFM27E HCC FRRR AL N KEGG 5 53t i 7
Figure 4 GO functional annotation and KEGG signaling pathway analysis of AIFM2-related genes expressed in HCC A-C:
GO function annotation of AIFM2 expression in HCC; D: KEGG signaling pathway analysis of AIFM2 expression in HCC
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F1 HCCHEHEE. miRNAFNEEREFEREMEE (LinkedOmics)

Table 1 Targeting networks of kinases, miRNAs, and transcription factors in HCC (Linkedomics)

Enriched Category Gene Set Leading Edge Number FDR

Kinase Target Kinase_MAPKI1 71 0.014668
Kinase_ MAPK7 11 0.035448
Kinase_ MAPK3 56 0.062747
Kinase_RPS6KA1 15 0.085564
Kinase_FGR 8 0.14098

miRNA Target TGTTTAC, MIR-30A-5P, MIR-30C, MIR-30D, MIR-30B, MIR-30E-5P 247 0
ACATTCC, MIR-1, MIR-206 132 0
GCACCTT, MIR-18A, MIR-18B 48 0
GTGCCAT, MIR-183 73 0
ATGTAGC, MIR-221, MIR-222 69 0

Transcription Factor Target VENFAT_Q6 65 0
V$EN1_01 38 0.00054704
V$CEBP_Q2_01 76 0.00072938
V$PAX4_04 82 0.00087526
V$PAX8_01 14 0.0016411

2.5 HCCH AIFM2 (EE AR TIEFR

YT AIFM2 7E HCC H £7 7E mRNA JK - 1 5% 5%
SeH, U243 ATFM2 7 DNA J2 18 2 & FE7E 5
HEAE . i 3 eBioPortal 43 T TCGA $4i ¢ v 372 451
HCC 1Y 28 R RN A, 25 R 7R 372 (5 HCC B8 4%

o 5% BOE I ATFM2 &4 T ek (E15), Xt
MO ALRE . PR B2 6] (0.54%) Fl mRNA
15 B (4.03%) . B, 78 HCC H, AIFM2 11
LR 978 e e R AR R AR

I T

15 sl

G n [t Joma [

Pl A g |,,, ®
asans s Gyl

oS RiE

5 AIFM2#E HCC HHIEE T F LB MME
Figure 5 Types and frequency of AIFM2 gene variants in HCC

26 AIFM2BIPPIZEREIEMLE
38 117 GeneMANIA 43 #fF ATFM2 1) PPI 25 11 H.AE M

4, SERIEIN . AIFM2 5 & B L5 R B (AMT) |
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Figure 6 The PPI network and functional analysis of AIFM2 (the different colors at the edges of the network representing the

bioinformatics used: co-expression, site prediction, pathways, physical interactions, and co-localization)

3 i #

HCC J2& J5 & 1 9 v di i UL 1 o 2 2 7o)
Hii, HCCRRIT LLF AR . I AIRIT A 1036 97
. BARIEAEAMIRIT FRIM L, HCC W
PSRBT A . (B, WRITEME R MR
R AE R W . ME R nRRaaELtr
R Wk, KM E T L5 Fhr&E Y H
T 40 B A 309 2 W RN S T 2 R H a1 .
BRAET 2Rk — IR IGE, S 58T 48
5 1 B 00 RN N 5 I i & kR R H AR
WU LR . AIMF2 J2& — D ERAE T {5 5 1% 558 P& 1Y
KR R . {H02, AIFM2 7E HCC " /Y2 B Fl
S B (e B R AR . S8 TR AIFM2 7E HCC
[ 12 W7 A A T0 Y p B, AR S GE A A
B2 5 BT ATEM2 J2& 5 5 HCC 19 1If IR 95 B A AIE
KAEAFWEH G, JHiZ4E AIFM2 T2 IR 2 5
F 45 R R 95 R 4%, AT Sy ) B ATFM2 7E HCC T &
YRR AE B A T AL 25 Sl

FATHE ATFM2 7 HCC 41 20 v 36 35 7K F R 47 88
W, JF T AIFM2 35 5 HCC B I R 2K & 2
A EHE . S5 LM, AIFM2 78 HCC iy 3 3k K
R TR 414, X R ATFM2 1T fg & A4

© WA )3 of [ FF I F A EPTA

e F o HE—200r LB, AIFM2 i3 = S5 i
20 P 4R 2 0 B R OG . ATFM2 78 43 301 o 1 1 1 A7
WU 25 e A% B A0 B rh SRR OK O T L kA,
AIFM2 i& 5 HCC B 4346 A 5%, 7EAR 4346 1) HCC o
() AIME2 [ 23k 1 1 2% 5 T 2k By HCC . ATFM2
TE HCC H 3R 38 7K P38 5 4 i BE X TP53 1 28 A8 R A8
MG, PEA TPS3 3k K 278 1Y ATFM2 3 ik i
EETAETPS3 M AW E L. htk, W
AIFM2 Al BB 5 TP53 RASKETE M E X R . &G 4E
FEor AT & B, AIFM2 1 % 35 7K F 5 HCC 19 /8 & (1)
A AETE B PIA DG, AIFM2 5 3R 35 Fil /R 45 HCC f&
FHWE AR X R U], AIFM2 J2& HCC ¥
TE B2 W0 TS b 9 -

45T AIFM2 5 HCC B #F Tl f & AH ¢, 28
FHED ATEM2 7] RE7E HCC P B4 P4 . R,
ARWFFER T T ATFM2 75 HCC F 2% 3k W 3% 4H ¢ 19 56
PRl A SCPERFSE K B, ATFM2 Fll— S6 4 533 36 [ B oA
LAY SCHEE L [ 40 MRPS16 2 K . MRPS16 A i
it PI3K/Akt/Snail 15 5 % i {2 3 b 9 o e
AIFM2 5 B 30 25 11 AR B4 A 1 FINIP2 52 3 67 A
K, 1 FNIP2 £ B W b g v 2 ¥ A AR Y, Xl
A3 A — A 75 1 4R 2R ATEM2 7] RE & #4298 7 .
AN, AWFSE T8 i GSEA B T £24 5 ATFM2 4
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KB ARG . o RNA (miRNA) FE: St N 1
GO M KEGG 43 A £ B, ATFM2 A5G Bk i) & (X & 22
WL RAR R R D RE A G E S, SR
AL B TR Ak RN A St S B IR SR DA O . FRATTE
HCC 48 T (1) ATFM2 1) 4 15 F1 MAP2K1/37 . RPS6KA1
FFGR 45 8 1A 35 AHOC . MAPK S 2 5 248 fifg
MK R RE T, % ISP Y B S S
R R R VIA & . RPS6KAL Ml FGR ¥4 Bt th &
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