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Abstract

Key words

Background and Aims: Triple-negative breast cancer (TNBC) is characterized by strong invasiveness
and poor prognosis. Metabolic reprogramming, particularly oxidative phosphorylation (OXPHOS)
dysregulation, plays a critical role in TNBC progression. This study aimed to identify OXPHOS-related
prognostic genes and construct a prognostic prediction model for TNBC based on multi-omics data.
Methods: Genes associated with poor prognosis in breast cancer were screened from the Human Protein
Atlas database. Combined with GSE176078 single-cell RNA sequencing data and COSMIC cell line
data, TNBC-related metabolic genes were identified. A prognostic model was established using the
TCGA-BRCA Basal-like cohort through univariate Cox, LASSO, and multivariate Cox regression
analyses. A nomogram integrating clinicopathological variables was subsequently constructed. External
validation was performed using the ICGC-BRCA-US cohort. In addition, the ESTIMATE and
CIBERSORT algorithms were applied to investigate the relationship between the risk score and the
tumor immune microenvironment.

Results: A total of 63 metabolism-related genes associated with poor prognosis in breast cancer were
identified, mainly enriched in oxidative phosphorylation and ATP metabolic pathways. Among them, 16
genes were significantly overexpressed in TNBC tumor cells and were primarily involved in the electron
transport chain process. The dCTP pyrophosphatase 1 (DCTPP1) and cytochrome C1 (CYCI1) were
ultimately identified as independent prognostic risk genes and used to construct the risk model. Patients
in the high-risk group exhibited significantly worse overall survival than those in the low-risk group (P=
0.006). The AUC values for predicting 1-, 3-, 5-, and 10-year overall survival were 0.664, 0.655, 0.662,
and 0.775, respectively, with a C-index of 0.634. The nomogram incorporating age and M stage achieved
a C-index of 0.726. External validation using the ICGC cohort confirmed the robustness of the model.
Immune infiltration analysis demonstrated that the risk score was negatively correlated with Immune
score, Stromal score, and ESTIMATE score, but positively correlated with tumor purity. Moreover, CD8"
T-cell infiltration was significantly reduced in the high-risk group.

Conclusion: This study successfully developed and validated an OXPHOS-related prognostic model for
TNBC using multi-omics data. DCTPP1 and CYCI1 may serve as key metabolic drivers of poor
prognosis and therapeutic targets in TNBC. This model may provide a useful tool for prognostic
stratification and individualized treatment of TNBC patients.

Triple Negative Breast Neoplasms; Metabolism-Related Genes; Prognosis; Nomograms
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Figure 1 Screening of breast cancer risk genes associated with poor prognosis
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A: Screening of breast cancer poor-prognosis

risk gene sets using the HPA database (top 10 genes shown); B: KEGG functional enrichment analysis of the prognostic risk

gene set
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Figure 2 Characterization of metabolism-related risk genes in breast cancer

A: Expression distribution of the gene set based

on scCancer single-cell data analysis; B: Correlation heatmap of the gene set expression; C-D: PPI enrichment analysis of

metabolism-related risk genes in breast cancer
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Figure 3 Screening of TNBC metabolism-related risk genes

A: Identification of highly expressed genes in GSE176078 TNBC

single-cell dataset; B: Screening of metabolism pathway-related genes; C: Intersection with 63 breast cancer risk genes; D:

Biological functions of intersecting genes
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Figure 4 Construction of the risk model based on TNBC metabolism-related genes A: Heatmap of gene expression in
different risk groups of the TCGA-BRCA Basal cohort; B: Scatter plot of risk scores and OS; C: Kaplan-Meier OS curves;
D: Time-dependent ROC curves showing predictive performance for OS; E: C-index of the model; F: Subtype-stratified
ROC analysis comparing predictive performance across different molecular subtypes based on 10-year OS

http://www.zpwz.net



914 o 5] B AR R 4535 %
2 0O 10 20 30 40 50 60 70 80 90 100
1.0+
A A
L 25 30 35 40 45 50 55 60 65 70 75 80 85 0.8
M4 ‘
MX = M1
X = = ues /
S S S ® 044 //
0 40 80 120 160 200 240
14208 . / 14E AUC: 0.664
0.9 0.2 34 AUC: 0.655
343':08 SAEAUC: 0630 g;ln:ddae); error
0.9 0.8 0.7 0.6 0504 0.0 104F AUC: 0.702 WS T
5 /'T 0S \ . . . . . \ T T T T T Upper 0.9096449
0.9 0.8 0.7 06 050403 0.2 0.4 0.6 0.8 1.0 le-value R
104E 08 1SR
F 0.9 08 07 0605040302 0.1 A B C
L S T 1.0 . I/I
¥ 0.8 % 0.8 e
8 0.6 8 0.6 .
#® g
& 0.4 & 0.4
0.2 0.2
0.0, a: -pre 00 i i i Base: i
0.90 0.92 0.94 0.96 0.98 1.00 0.90 0.92 0.94 0.96 1.00
T 14 0S % T 3 45 0S %
1.0 T i 1.0 ) T '-;
[ [
T 2 pai | " T AT
4:;% 0.8 .':.//A *’;t 0.8 é/‘
g_ 0.6 : g_ 0.6 :
Ei‘ 0.4 & 0.4
02 0.2 -
0.0 s edicte 0.0 icted
0.90 0.92 0.94 0.96 0.98 1.00 0.90 0.92 0.94 0.96 0.98 1.00
il 5 4 0S %< T 1047 05 % D

5 JIZLEEEEESITN

A MBIE N +AER M 231 59

LA BURIILIE; B: HIROC LR/ BIRANH] OS (Y Hil AE

Ji; C: BAL-SMEFREIAIR; D: S 1, 3. 5. 104ERAER

Figure 5 Construction and evaluation of the nomogram model

A: Comprehensive prognostic nomogram integrating risk

score, age, and M stage; B: ROC curves showing predictive performance for different overall survival outcomes; C:
C-index of the model; D: Calibration curves for 1-, 3-, 5-, and 10-year OS

2.5 GHRE TG IE R AN o4

B IR b AR R A XU B R, K L T
ICGC FLIRFEBAF (n=192) HEATHRUE . R85 KU T
B ALAE BT AR ARR g e Al (n=96)
SRfGA (n=96), HIFLER B, KGR Y
OB L DR AE o XU 20 [ A d 2 B CRR S 51 3A) ¢
JRURS: T 43 43 4 0 XU D1 23 B0S L, an b st <1 3B
5 LRI — 3, A A AE B R RS BT 4 Y K
AU, B KRS AL S AR T RLRS: 4
(El6A); 5 LR —3, & XE 4L 0S Xt F
1B KUK 40 #5 2 (log-rank P=3.952x10™*) (4 6B) .
HE— 253 5 ROC 3 A7 56 UE 7 Ak A5 #6414 7 00 2% B
T OS KBS BERIZE 1, 3. 5. 10 41 AUC 43 5
9 0.630, 0.656. 0.656. 0.700 ([&] 6C) ; # &P
i, —HHEHE BN 0.627 7 (P=3.522%x107°) ([#l6D).
2l SR NS S U ol [ ST R W e  P (

http://www.zpwz.net

1CGC ZL % 9 BA 31 v LA R 1 390 0 380 0 g )
HPA B2 AL 45 3 Won . M T IE % #L iR 418,
DCTPP1 fEFL R R Al 4irh FRiA W2 B CYCL7EIE
WAL PR, EARBALTERSE &SR
ik (JE6E) ., F|FH ESTIMATE % 1 i1 5 & FE A (1) f
R I T M 28 A P 4 B E 4T Spearman AH 3¢ 43 AT,
gi R o, WE IS5 ESTIMATE score ( R=-0.23,
P=0.001 4) . Immune score ( R=—0.16, P=0.025)
Stromal score (R=—0.26, P=0.00033) 2 RN HXE,
5 tumorPurity 5 B i 1 A1 5¢ (R=0.23, P=0.001 2)
(5 6F), Hyk, i@t CIBERSORT % 22 b 40 i 21 fitd
WA FEE A TR IR AR R, BARKZE
B0 M R 3 22 S, {H CD8Y T 4 M AE = X
B 20 v i L B RIS (151 6G ), X B R i KU
TNBC 0 J& 2 0] fig 5 Bt I 9o S e 2 I A %



%5 Ay, £ ETENSRUAXERN A RERaEANE S B 915

-\

..MHL
[l

L i
0
¢ ° = B (n=96)
'so’o. * . o' AU S "“..o. 4 . = AU (n=96)
. P=3.952e-04

— I4EAUC: 0.630
—— 34EAUC: 0.656
——54EAUC: 0.656 Gndex
tandard error
—— 104F AUC: 0.700 e
Upper
p.value 3.5224e-05

R=-823,p=00014

u“.u.'

El6 FIAICGCRAFIIGIEREHEEHIRBEMENMH A KEESS OS IAEIREHUTIE s B: OS 1Y Kaplan-Meier £k ;
C: WFMRHETEROC HIZE; D: %A —EEE A 450 ; E: DCTPPL S CYC1 & RIAE IE & FLARLSURFL B P (1 35
ik Fo WESITE- SRR PR AP E T G m XU 2ELIR] 22 Fh G ie 2R L)Y b8 (CIBERSORT #.3%)

Figure 6 Validation of the risk model using the ICGC cohort and exploration of underlying mechanisms A: Scatter plot of

risk scores and survival status; B: Kaplan-Meier OS curves; C: Time-dependent ROC curves; D: C-index of the model; E:
Expression of DCTPP 1 and CYC1 in normal breast tissues and breast cancer tissues; F: Correlation analysis between risk

score and tumor microenvironment scores; G: Comparison of infiltration proportions of 22 immune cell subtypes between
high- and low-risk groups based on the CIBERSORT algorithm
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