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Abstract
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Background and Aims: Breast cancer is the most prevalent malignancy among women worldwide, and
chemotherapy resistance and tumor recurrence remain major obstacles to long-term survival.
Dysregulation of apoptosis is considered a key mechanism underlying chemoresistance; however, the
synergistic roles of apoptosis- and chemotherapy-related genes in prognostic stratification and drug
resistance have not been fully elucidated. This study aimed to construct a multigene prognostic risk
model based on apoptosis- and chemotherapy-related genes and to further investigate the role of the key
gene in breast cancer stemness and chemoresistance.

Methods: Transcriptomic and clinical data of breast cancer patients were obtained from The Cancer
Genome Atlas (TCGA). Differentially expressed apoptosis- and chemotherapy-related genes were
identified, and a multigene prognostic risk model was constructed using univariate Cox regression,
LASSO regression, and multivariate Cox regression analyses. The predictive performance of the model
was evaluated by time-dependent ROC curves, nomograms, and an external GEO dataset. Associations
between the risk score and clinical characteristics, immune cell infiltration, and chemotherapeutic drug
sensitivity were further analyzed. Functional assays, including wound healing, Transwell invasion, and
Western blot analyses, were performed to validate the biological role of the key gene in breast cancer
cells.

Results: A prognostic signature comprising 10 apoptosis- and chemotherapy-related genes was
established. The model demonstrated favorable predictive performance in the TCGA cohort, with AUC
values of 0.705 and 0.650 for 3- and 5-year overall survival rate, respectively, and was further validated
in an external GEO dataset (3-year AUC=0.741). The risk score was identified as an independent
prognostic factor and was significantly associated with advanced TNM stage, increased infiltration of
immunosuppressive cells, and resistance to chemotherapeutic agents, including NU7441 and fludarabine.
PCDHB?2 was highly expressed in high-risk patients, and its knockdown markedly inhibited migration
and invasion of MDA-MB-231 cells while reducing the expression of the stemness-related protein SOX2.
Conclusion: This study established a robust multigene prognostic model based on apoptosis- and
chemotherapy-related genes for risk stratification and personalized survival prediction in breast cancer.
PCDHB2 may contribute to chemoresistance by regulating cancer stemness, highlighting its potential as
a novel therapeutic target and providing new insights into breast cancer precision therapy.

Breast Neoplasms; Multigene Risk Model; Immune Microenvironment; Cancer Stemness; Prognosis
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Figure 1 Screening and functional enrichment analysis of apoptosis- and chemotherapy-related genes in breast cancer A:

Heatmap of differentially expressed genes; B: Volcano plot of differentially expressed genes; C: GO enrichment analysis;

D: KEGG pathway enrichment analysis

http://'www.zpwz.net



B A, TR Ry AR SR A ALRRE BUS A A A 2 R PCDHB2 2 Bf B TP B9 2373

JEH HR (95% CI) P JEH HR (95% CI) P

ZNF443 1.494 (1.099~2.031) 1+ ——e——— 0.0l ZNF443 1.496 (1.095~2.043) —e—— 0011
ZNF750 1263 (1.059-1.506) 1 —e—t 0.009 ZNF750 1018 (0.823~1.258)  —p— 0.87
CD24 1.183 (1.070~1.308) | —o— 0.001 CD24 1.072 (0.959~1.198) e 0.22
EPB4114B 1481 (1.197~1.833) | +—e— <0.001 EPB4114B 1218 (0.965~1537)  h—e—i 0.098
PCDHB2 1.266 (1.089~1.472) | —e— 0.002 PCDHB2 1.206 (1.029~1.413) —— 0.021
VL 1.189 (1.014~1.395) p—e— 0.033 VL 1.130 (0.927~1.378)  H-o— 0.227
MAL2 1.243 (1.058~1.461) |+—e— 0.008 MAL2 1.136 (0.953~1353)  H-e—i 0.154
NANOSI 1310 (1.107~1.551) | —e—s 0.002 NANOSI 1139 (0.933~1.390)  H-e— 0.2

PITPNM3 1,593 (1.183-2.146) | ——e———  0.002 PITPNM3 1119 (0.772~1.621) +—Le— 0.553
PSCA 1114 (1.017~1.219) o= 0.02 PSCA 1.068 (0.971~1.174)  dent 0.176

—— 34F(AUC=0.705)
—— 54F(AUC=0.650)
—— TAE(AUC=0.657)

HR=0.41(0.29~0.60)

2 BRERFERBMEHEBMBSHIE A 103MHUFEERR GO HHEIHT; B: 10345 2K 1 KEGG & 4407 ;
C: LASSO A0k ; D: LASSO [MIAZEHGEE; E: 10 R A B K Cox MRS HIARME s F: 104 5L
HEZ R B HARMKIE . G: &, KSR EAAINZ; H: SRR ROC fhzk

Figure 2 Identification of prognostic genes and construction and validation of the prognostic model A: GO enrichment

analysis of 103 prognostic genes; B: KEGG enrichment analysis of 103 prognostic genes; C: LASSO coefficient profiles; D:
LASSO regression variable trajectory plot; E: Forest plot of univariate Cox regression analysis for 10 key genes; F: Forest
plot of multivariate Cox regression analysis for 10 key genes; G: Kaplan-Meier survival curves for high- and low-risk

groups; H: Time-dependent ROC curves of the prognostic model
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Figure 3 Visualization and evaluation of the prognostic model
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curves of the nomogram
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Figure 4 Associations between key genes and clinical characteristics A: Forest plot of univariate Cox regression analysis; B:

Forest plot of multivariate Cox regression analysis; C-D: Expression differences of PSCA and PCDHB2 across
pathological stages; E-G: Expression differences of IVL, NANOSI, and ZNF443 across age groups; H: Expression
differences of PCDHB2 across T stages; I: Expression differences of PSCA across N stages
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Figure 5 Relationships between key genes, immune cell infiltration, and drug sensitivity A-J: Correlations between 10
prognostic genes and 14 immune cell types; K: Heatmap of correlations between immune cells and the prognostic model; L:
Differences in predicted sensitivity to NU7441 between high- and low-risk groups; M: Differences in predicted sensitivity to
fludarabine between high- and low-risk groups
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Figure 6 External validation of the prognostic model using the GEO dataset A: Kaplan-Meier survival curves based on the
prognostic risk model; B: Time-dependent ROC curves of the prognostic model
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Figure 7 Effects of PCDHB2 on the biological behavior of MDA-MB-231 breast cancer cells A: Wound healing assay; B:
Transwell invasion assay; C: Western blot analysis of SOX2 and OCT4 protein expression
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