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Abstract

Objective: To systematically analyze the differential expression of voltage-dependent anion channel
1 (VDAC1), its correlations with clinicopathological parameters and patient prognosis in breast can-
cer based on public transcriptomic databases, to explore relevant molecular pathways potentially
involved in breast cancer progression, and to provide theoretical evidence for screening metabolic
therapeutic targets and prognostic biomarkers for breast cancer. Methods: Transcriptomic profiles
and complete clinical follow-up data of 1097 primary breast cancer cases and 114 normal breast
tissues were extracted from the TCGA-BRCA cohort. The expression pattern of VDAC1 was further
validated using the GEPIA2 and UALCAN databases. Stratified analyses were performed to assess
the correlations between VDAC1 expression and patient age, menopausal status, PAM50 molecular
subtypes, refined TNBC subtypes, TNM stage, and axillary lymph node metastasis. Receiver-operat-
ing characteristic (ROC) curves were constructed to evaluate the diagnostic performance of VDAC1
for distinguishing benign and malignant breast lesions. The associations between VDAC1 expres-
sion and overall survival (0S) as well as relapse-free survival (RFS) were analyzed by the Kaplan-
Meier method, and subgroup survival analyses were further conducted according to PAM50 molec-
ular subtypes. Univariate and multivariate Cox regression analyses were applied to identify inde-
pendent prognostic risk factors for breast cancer. LinkedOmics was used to screen VDAC1 co-ex-
pressed genes for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) en-
richment analyses. Pearson correlation analysis was used to evaluate expression correlations be-
tween VDAC1 and key genes involved in mitochondrial oxidative phosphorylation. The VDAC1 pro-
tein-protein interaction (PPI) network was constructed via the STRING database. Results: VDAC1
was aberrantly overexpressed in breast cancer tissues. Its expression level was correlated with tu-
mor invasion-progression and unfavorable patient prognosis, suggesting that VDAC1 may serve as
a potential diagnostic and prognostic biomarker for breast cancer. VDAC1 expression was corre-
lated with mitochondrial oxidative phosphorylation and energy metabolic reprogramming, imply-
ing that it may participate in the malignant progression of breast cancer and could be a potential
candidate target for metabolic-targeted intervention in breast cancer. Conclusion: VDAC1 is aber-
rantly overexpressed in breast cancer and its expression correlates with tumor invasion-progres-
sion and poor prognosis, which suggests its potential value as a diagnostic and prognostic biomarker
for breast cancer. Its expression is associated with mitochondrial energy metabolic reprogramming,
indicating that it may be involved in breast cancer malignant progression and represents a potential
candidate target for metabolic-targeted therapy of breast cancer.
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1. 51§

FLHRER & A ER MR IR A R — DS R, IR A EE g R S AL A B . 4228 S A
R OFFE, 2Rt fe BT KRR 5 AU B AP AE B VIR 1] F R AR B
B FIEIE 1 (VDAC)RERRASME - e m s 8, % ATP. ADP. NEHRR SRR 555 5+
TELRLAR - BT AL A8 4, RIS 8RR . FALIEJRARES . ZRRIARTR 1 2 0@ BEAFAE RG24
TN RLARARI 5 i T8 1 2 2 ) AR 4 40 [2] 3]

DA RSN SR EGAIESE[4] [5], R VDACT RI4H4% FL IR e R AR B F AL . #0] ATP AR Rk, 32617 Hil
SR AIMIGTE . TR AR ), (AEZ KRR ISR S H RS RS f#ENT VDACT HIIGIR 73 JZHR-IE Jh
SEPEIE e BRI SIE RS . A FEMKFE TCGA. GEPIA2. Kaplan-Meier Plotter £ & /A JL8 i 1#, M
HARIE . IGARRIE R, 2WTE 68 77 FAF 8RR DA 4k T R i S A A0S B b, 4k
Z TNBC7 PS40 BL3EAT 20 R 90 AE, FHAMFE PAMSO 2> 7 WA (A 42 4500, BT VDACI 76 7L s
WG R ST EAR DS THLE, RS SRR R AL U6 IE . 40 PR T A S8 A S8 1) 2500 R BRI A 15 2 ie
KHE6] [7].

2. #EREFE
2.1. BUEXKIE

1) TCGA-BRCA #(#E£E[8]: T #k 1097 41l R A I 1t LB . 114 100 1R % FLIRZH 2 mRNA TPM
FIRERE, FBFBURFEER . AR TR TNM 2030, MBS, LR e BIRRE S,

2) GEPIA2. UALCAN TELH¥EZE[9]: TTHIAL VDACT 78R/ IE & . 3% PG 0 41 1 263 40 i+

3) Kaplan-Meier Plotter (4% [ 10]: 44\ GEO & IFFLMRIE S, *h75iE VDACT ik 5 E# OS.
RFS ALK [FIf 25T TCGA-BRCA A%, #%H8 PAMSO0 43244434 Luminal E.2Y(Luminal A +
Luminal B), HER2 B4, Basal-like W5, 7E5 302 P 353 BT 2B A7 0 HT 5

4) LinkedOmics $#E %[ 11]: 771k TCGA-BRCA FAFIH1 5 VDAC! &3 3Rk F K,

5) STRING ##i i : ## VDAC1 T HAEM L . AHE T A BRI RIE T A L2 80w e, TFAe
M Rt

2.2. VDAC1 FRiEER5SIGEKR T BE S

DA TPM fE1EN VDAC] hriEfbRIE &, 4)Z 7 4RI

1) A0 H: IEFHARRAL vs RIS 1);

2) NH%5r)Z: 21~40, 41~60. 61~80. 81~100 WA (14 3); “Aazen. HALM. 44 5K 4);

3) MR 10 J2[12]: PAMS0 £ 815) % (Luminal A. Luminal B. HER2 &%/ Basal-like) (/4 5);
= RAMEFLRE 7 MRS AN AL (BLT. BL2. IM. LAR. MSL. M. UNS) (& 6);
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4) Rty 2 S IRESE NO~N3 3 #A(IK 7); IRPK TNM I~IV #i(1& 8). P4 [a)Rik %= 7 R H
Wilcoxon FRFIALLS; 2 4HI0] LUK F B K 28 22 70 BT (One-way ANOVA), ZH[H] 5 LUK H Tukey $H )5
6 P<0.05 AZEREBGIE L.
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Figure 1. Box-plot of VDAC1 mRNA expression in normal breast tissues and pri-
mary breast cancer tissues from the TCGA-BRCA cohort

B 1. TCGA-BRCA AT IEEFLRBLR SR L FLIRELHL VDACI mRNA 3R
ILFELE

K F Kaplan-Meier 2E47 7 BT R 5T VDACT I /K5 U B3 A A7 TS ORI &) 2). BT
M EARBERAT EAE T, SR 2 o, IERESIESET, VDAC &R ib 2 70 M 8 2 I SR A A7
HKREMFMEEL. B 2FFEEM 4R TR, VDACI &RIESAMEEH T A RGN E
(HR = 1.78, 95% CI: 1.42~2.24, Log-rank (P = 5.5 x 107)); #T GEO ¥R E S 212038 s at) 14T
P33 —E 451, VDACI 3Rk 5 B B2 F A7 45 5 i 3 A (HR = 1.38,95% CI: 1.25~1.54, Log-rank\(P
=1x107). FRZERILR, VDACI mRIE RIS EH ARG

5T TCGA-BRCA Hi4EiE— b3R5 VDACI RIE S5 B HERE IR 2 AR LA FEA R 43
N 21~40 5\ 41~60 5. 61~80 & 81~100 Z VUM, FFELA IEH FLARA LA AT X n & 3). &5
BOR, SRR BRI VDACT Y mRNA Rk KM T IEW AURA L, ARER 2 107U E
35 2 (8] VDACT FIEA LI B IBA FE AR fbea s, 2HIR) 320k 22 57 R F 5 207 22 0 M (One-way ANOVA)

HEAT G A%
HT TCGA-BRCA MR, B HARAL A FLIRAE RE A D AT AN, 4655 4L,

BRA IR FLIRA ST VDACT mRNA RiEZF (A 4). S8R EIR, F20T. HAELN A2 )5 ALE
WAHH VDACT RiIEK T T IER AIRAR; ARLEZAPRE I LA 2 6] VDACH RIERMWEE] ]
AR, IR RRIE 72 7R ] B R K T 22 0 T (One-way ANOVA)BEAT i it 2 LA
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Figure 2. Kaplan-Meier survival analysis of breast cancer patients stratified by VDAC]1 expression levels
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Figure 3. Box-plot of VDAC1 mRNA expression levels in breast cancer patients
across different age groups based on the TCGA-BRCA database
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Expression of VDAC1 in BRCA based on Menopause status
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Figure 4. Box-plot of VDAC1 mRNA expression levels in breast cancer patients with dif-
ferent menopausal statuses based on the TCGA-BRCA database
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Figure 5. Box-plot of VDAC1 mRNA expression levels in breast cancer of different molec-
ular subtypes based on the TCGA-BRCA database
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Figure 6. Box-plot of VDAC1 mRNA expression levels in breast cancer with various
molecular subtypes (including refined TNBC subtypes) based on the TCGA-BRCA
database

6. #TF TCGA-BRCA HEFES TR VDAC] EARE 5 FI A FLARE(S TNBC
KAL) P Y FRIA K T RE L E

5T TCGA-BRCA ##a4E, %M Ea5 RS H AEAEA S 9 NO. N1, N2, N3 4, BEIE
W IR M VDACT ) mRNA FIEK A 7). 455 ER, A EWRE LSR5 W0 FLAR R REA h
VDAC1 RiA/ACEY & T IEH FUIRA LY Bk SR i Fh i, VDACT ik A 5 30 B 2 1) S 1 i 34 5
RS, B Rk 7 R R B R K T T AT SR LR

55T TCGA-BRCA ## %, #%MIEK TNM 7R AU A S 9 I 1L 1L, IV A, BREIES
FUIRA LN 20 HT VDACT mRNA 223 /KU1 8). 45 5 Eow, I~IV 1 &I AR 20 3L e 41 44 VDACI
RIS T IEW ILIRAL, BEEIRK DR, VDACI itk LRSI MR R e b fasy, £
2 1) FTA 2 S R B IR R 2 43 T (One-way ANOVA)BEAT Gt i 2246 56

2.3. EIMBES £ FIE S

1) ROC HiZk: DUIEH/MRH LN —/r2R45)5, VDACI RisE AR E, HHE & N AUC,
PPl VDACT %5 FURR RSB0 AR 112 Wi 18
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Figure 7. Box-plot of VDAC1 mRNA expression in normal breast tissues and breast
cancer samples with different lymph-node metastasis statuses from the TCGA-
BRCA cohort
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Figure 8. Box-plot of VDAC1 mRNA expression levels in breast cancer across
different clinical stages based on the TCGA-BRCA database
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2) Kaplan-Meier 4753 #7: BL VDAC1 FIA A HOEWHE, 7> E. IKRIAMZ, Log-rank AL
5 0OS. RFS AEfFMiZk =R, tHE XL HR & 95% Ei5 XA #—S 44 PAMS0 437 WA HE4T 0 41 5y
2, 7 HI{E Luminal WAL, HER2 F5# WA, Basal-like W% P &858 AEAE 0T, K7 VDACI il s 8
()3 B o S

3) TUGEIEREAL. B R Cox BIHFHIETGAHIKAE R ¥ P < 0.1 MARRBMAZHER Cox HH R
[l VAR, B L B ek S T fE R 2

24. £RIE. ERRERGEREXES

LinkedOmics i br#E: Pearson #2< R& % |r|>0.3, P<0.001, K18 VDAC1 B#FIE. FfILRIAFRK;
X He ik FL ST GO (CEMidFE BP. 4414y CC. 43 FIhfit MF). KEGG iBig &4, LLP<0.05{E
NI E R R R BEIRIL . ATP & AR, 2 HT 35 VDACI ) Pearson 1.

2.5. PP1 EE E{EMEEE

¥ VDACI § N\ STRING ##E 72, ¥R IR €4 Homo sapiens, Bi5EEBIME 0.7, S HAEEAEIE,
AL VDACT £ o2 8 R 45

2.6. GiiH¥EITA

R 4.2.1 (limma. survival. pROC. clusterProfiler £). GraphPad Prism 9; GEPIA2. Kaplan-Meier Plotter-
LinkedOmics. STRING fE£E T F & o

3. &%
3.1. VDAC1 R IREELAP EESTRE, ESHEEM#HRIBFFIEHEX

TCGA A% Wilcoxon FRFAE IR LS B R, JE R FLMREHALZ VDACI mRNA Rk /KPR Em T IEF A
BRALAP <0.001, & ). ERIEDITEEE:

A2 RS A VDACT RIS T E B E 2 (5 3. &l 4);

2) 4T ALyZ: Ll PAMSO 437 HER2 PHI% WA VDACT FiAHH, H A Luminal %4, Basal-
like =FAMEBARMRAL: 404> 7 F TNBC IE% )5, TNBC-LAR %! VDACI ik & & TH 4 TNBC W4
(EEN 6);

3) MRk 2 AR WA VDACT RIAY) & T 1EH AR LG N B No 1) N3 i e
i, VDAC1 RISAFE—E LFEH, HAHNEARBEAR R R, R D™ RIS B R E . IRIR
I~ HIEE A VDACT Rk Bl W S A7 (e BT, TIFREEFEE; VIR 20 #, HEAER
PR, AWM R|FREH DA 7. E8).

3.2. VDAC1 RZFLIR REMBELFSHHHE

ROC MR/ #ras i R, VDACI X 43 IEH ALARA L 5 AR 4 2 AUC =0.837(95% CI: 0.804~0.869,
P <0.001), #&7x VDACI Fik/KFrl{E AR RAEESE MBI Fhrdd), H& RIFi2HikaEe.

3.3. VDACI1 SFRIARBRABREEEIRAG, AMUEKRAR

Kaplan-Meier Plotter 5 37 BA S A7 Hr 45 B — 2 2):
1) OS :47: VDACI mRIEHBAFIHE E %, HR = 1.78 (95% CI: 1.42~2.24, Log-rank P = 5.5 x
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1077);

2)RFS 4:47: VDACI mRIEA LR KA E S TIEKZEH, HR=1.38(95%CI: 1.25~1.54, Log-
rank P=1x107),

BRI Cox [FIAFER: =ik, B TNM 7. M kG5 I, VDACT skl 5 v AL e TS
ARGRE R, K ERBEMHANLZHEERIEG, VDACI &k 2 f i gl i 88 OS 7 /G K K 3
(HR = 1.412, P = 0.006).

3.4. VDACI £REEREFERFEEBAHIER, SEARBRHEEREFFRX

GO e s %
o BP (Wit FE): W3 E ELRAR AL BERRIL . ATP AW Bt FE L 2 AR T 4% L M SR R 25
o CC (JNABLY): EHELRARAME. LRIk oM, LR AR SE R A 14
* MF (/- FUife): w4 ATP MiigtE. Bl FEiERis. St R E . KEGG @iz 0w 5%
H: LRI HIF-1 SAARSHE RS LR AP T IE . PI3K-Akt Q41K . Pearson A4y
Mri&7~, VDAC1 5 SDHA. SDHB. UQCRCl. COX5A. ATPSFID %543 Ri/AIEI 5% . ATP & s
FEIR 2 B 3E IEA (P < 0.05), UESE VDACT FKIA/K -5 LAk 4 A 2R bR Th 8 = B2 W [

3.5.VDAC1 EBEEMERFH B BRI SHATNERE R

PPI W% S 7 VDACT #%:0 HAE R A A54% HK2. BAX. BCL2. COX4I1. ATP5B; HK2 /% VDACI1
5 Rim iR, BAX/BCL2 FKGEFIE LR T{ES, COX4ll. ATPSB & 55 R L BE =& A,
IFEA VDACT &gk A . 4R Eas . T ik E A .

4. it
4.1. VDAC1 M RFIXFHESISH . MEHME

AW AT TH TCGA FLMRE KFEABNFIIES:, VDAC! fEFLEA LA PR E MRk, RiLKF
SR B WK AR IEAG, RIRMIERZRIE RIS FArE[13][14]. 721K HER2
FHEFLIRE VDACT Rk f i, %8R g0 s s is A o, REEVHAETR SR M, D HER2 FiEfE
ST B VDACT, R EkifAk ATP fHhes DLSCHEPRIEIETE ;. 11 TNBC-LAR MV AYARHIE B 8 A0 AR
W, LR AR SE LB BR VS R, [H L [FIRE I VDACT ik, NASIRD I A L g B2 (4t 22 S A 0 [ R [ 15

ROC HfiZk AUC 1A% 0.837, UiLEH VDAC %5 /K- Pl 4l Bh X 73 FLIR R B AR s AR A7 B A A AL gk —
WAESE, ROEFERE . 0. WA S Siln R85 5, VDACT mR A A A RBUSRER, InR
A VDACT FIAAIN LS UG 20 2R R, SRR FET A

P AHE T 5 ANREA R IE S G O AR NH I s ie R 30, 0] VDACT o] LAFRSARFLARE 40 ATP
AR, IR . SEREAE ST B RS B AR RE L 28] VDACT LR th s A, JF H
SRR, ARG 451 E LRk —80. (HAG 30 78 78 45 52 g i 7 e
WMEE2] VDAC] Al RBLH MR OCR A, ke M2 R B ERR AR O BFARYEEAR: . 319
SEHGJE T IhRET- B 7T, AW RN IR FEA R LA M EE A S s @ MR B RRYIMA.
SRR GRS 5> T BRI IR AFE 2 57 @ VDACL fEAE] 2 fiF R i, SRk, mRNA
Rk KA EAE T EATRRA.

4.2. VDAC1 B &R ERERATLIRETEER
Warburg [16] [17] 08 B & AR 8 e OBRE B (1L R, (TS WF FEUIE S 22 B AL BRI 40 I OR B i ik
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FriE F

LRI EAL B, 15, REBMREEAR . VDACL RLRRSMEME— K iz i, s
ADP NZGRifR. ATP BN, SA0MsEalfe ROt S UIMIR[18]. AW AIRIAE 5. LA
SIMTIUESE VDACT 5 8RR BRI [N [F) 0 B, 455 AT sciesiit. mifil VDACT SR Eki ik
HREEAL. J8 ATP AERL, &AMl 5E . 1M . HUHIZTH, VDACH il il 4EF LR A i s e
M, FRERftey ATP S G ETH, ERFLE MR, KRR, R VDACI 5 HK2
55 T A AR AR T AP R S B E T U [19]

4.3. VDAC1 {ERFLERE R L R R H I R & H

AT /NGy F-40 700 T #E e BT VDACT J@IE Th RS, AR e 2ok g AR 175 3 g 40 9 121201
AWFFTIESE VDAC] 78 HER2 [k, TNBC-LAR WAImRik, XKW RHAIEIT AL 258, #0[A
VDACI 3] N H R EHATT 7 % . {2 VDACL fEIEH 41412 Rk, Balifiif] VDACI f776 IEH# 41
M EEPE, ARSRATIF R AR 2L SURS S M Ak, PR SERIAE A [21] [22]

44. KR ERESEERRRE

1) JABRME: © T34 mRNA HdE, 2 ARREIGIRALUE e AR FKTRIE: @ Rl
N AL RO S iR . AT Y BURE AT @ AAEAE /BT AR R AR OGME, Te vk B R SR A
BRAR:

2) JREEWFTR T WEEFL AR IR R A ZU6AE VDACT EARESTG; i VDACI Rk
RFREE A AR, JTE rescue [HIAMSEIGIARA BN AT IE K PR BUR . IRk A AYIEIE VDACT {2
JelEM: 4T VDACL Rk 5 Rie Uiz S8 /A6y T 25 W) UM I DR BK .

5. &g

1) VDAC1 mRNA 7EFLMREH LA B2 mRE, HRIA SRR . IR Mk 78 5 AR E A G
£, HER2 FHMEEAL, TNBC-LAR F54HIE % VDACI FiL/KFHX 8 E; VDACI TGS %M ELELE
PAMS0 75 W AVRE 5 1

2) VDACT X FLIR R B RIS WiRGEe, [FREn TR N U B3 OS. RFS W1
ARG Fhr &

3) VDAC!1 Rik SRR EMBEIRIL. ATP &Gl LR m A G, 3R KT iS5 70w B 5
1R ICBMEERE, Wy L e AU S 1) = ol P £ ik B A 1

E&InE
KIRR AW R R G T H (95 FZ20232D028), KUK M NS,
SEHk
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