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Background: The Sirtuin (SIRT) family consists of seven evolutionary conserved NAD-dependent deacetylases that play important
roles in various cancers, including breast cancer (BC). SIRTs expression has been reported to have prognostic value in BC, but these
studies used limited sample size and yielded inconsistent conclusions. This study evaluated the association of SIRT3 and other SIRT
family members with survival and neoadjuvant chemotherapy outcomes.

Methods: BC patients’ data was obtained from the TCGA-BRCA, METABRIC and GEO databases, comprising 4336 samples. SIRTs
expression and overall survival (OS) were analyzed using Kaplan-Meier analysis and Cox proportional hazards regression. SIRT3
expression levels were compared between pathologic complete response (pCR) and non-pCR groups after neoadjuvant chemotherapy
in triple-negative breast cancer (TNBC). Protein-protein interaction networks were constructed using the STRING database. Gene set
enrichment analysis (GSEA) was performed to explore potential functions of SIRT3.

Results: Through systematic analysis of SIRTs expression and OS of BC using three independent cohorts: TCGA-BRCA,
METABRIC and GSE16446, we found that high SIRT3 expression was significantly associated with worse OS in TNBC in the TCGA-
BRCA cohort, which was validated in the METABRIC and GSE16446 cohorts. SIRT3 expression was correlated with BC subtypes
and American Joint Committee on Cancer (AJCC) T stage, but not with age-at-diagnosis, race, or tumor stage. Moreover, TNBC
patients with higher SIRT3 expression had lower pCR rates after neoadjuvant chemotherapy (p = 6.40e-03) and SIRT3 expression was
significantly lower in the pCR group than in the non-pCR group in TNBC (p = 4.2e-03). GSEA indicated that SIRT3 was involved in
drug-related pathways such as oxidative phosphorylation, metabolism of xenobiotics by cytochrome P450, and drug metabolism.
Conclusion: Our study suggests that SIRT3 is a potential biomarker for both OS and neoadjuvant chemosensitivity in TNBC. It may
also assist in selecting suitable candidates and treatment options for TNBC patients.
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Introduction

Breast cancer (BC) is the most prevalent cancer in women worldwide." It is a complex and heterogeneous disease that requires
tailored treatment strategies depending on the stage and subtype.” However, some patients, especially those with triple-
negative breast cancer (TNBC), still have a poor prognosis despite the advances in understanding the disease mechanisms and
discovering novel biomarkers.* TNBC was the subset of breast cancers lacking expression of molecular markers estrogen
receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2). More than 50% of TNBC
patients relapsed in the first 3—5 years, and the median overall survival is significantly shorter than other subtypes.* Therefore,
finding biomarkers to guide patient stratification and treatment selection is crucial for improving BC outcomes.

Sirtuins (SIRTs) are an evolutionary conserved family of NAD-dependent deacetylases (SIRT1-7) that regulate
various cellular processes in cancer, such as oxidative stress, angiogenesis, the Warburg effect, genome stability,
autophagy.” '* SIRTs expression has been implicated in BC progression and prognosis. We previously reported that
SIRT7 inhibits metastasis'® and predicts prognosis in BC."'* High expression of SIRT3 predicts overall survival (OS) and
shorter disease-free survival (DFS) in BC.'> A meta-analysis suggests SIRT1 and SIRT6 are associated with poor OS
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in BC.'® Besides, SIRT7 has been shown to regulate chemotherapy response in hepatocellular carcinoma.'” Thus, SIRTs
are potential biomarkers and therapeutic targets for BC treatment.

However, the clinical significance of SIRTs in BC has not been systematically explored. For example, though high
SIRT3 expression was reported to predict worse OS in BC,'? it was analyzed in a limited sample size and did not stratify
samples into different BC subtypes. Considering the high heterogeneity of BC, some important information may be
missed. Besides, the results were not consistent in different studies, for example high SIRT3 expression was also reported
to be linked to better OS in BC.'® Thus, we aimed to evaluate the association of SIRTs expression with survival and
neoadjuvant chemosensitivity (NAC) in BC using multiple large public data cohorts from the TCGA-BRCA,
METABRIC, and GEO databases. Our results indicate that SIRT3 may be a promising predictive biomarker of long-
term overall survival and response to neoadjuvant chemotherapy in TNBC.

Materials and Methods

Datasets and Flow Design
The datasets and the overall design are demonstrated in Figure 1.

TCGA-BRCA cohort Discovery
(n=1194, https://portal.gdc.cancer.gov)

Prognosis
METABRIC cohort Validation |

(n=2509, https://www.cbioportal.org)

GSE 16446 cohort Validation Il
(n=149, https://www.ncbi.nim.nih.gov/geo/)

TCGA-BRCA cohort

(n=1194, https://portal.gdc.cancer.gov)

Characterizing
SIRT3 SRP324699 cohort

(n=28, https://www.ncbi.nim.nih.gov/sra

Expression profile

GSE75688

(https://www.ncbi.nim.nih.gov/geo/

cBioPortal Mutation profile

Chemotherapy GSE20194 Discovery
(n=278 https://www.ncbi.nlm.nih.gov/geo/
response

GSE20271 Validation

(n=178 https://www.ncbi.nim.nih.gov/geo/

DepMap drug sensitivity
(https://depmap.org/portal/]

. . Protein-protein interaction: STRING-db
Potential functions of B

SIRT3 Enrichment analysis: GSEA

Figure | The datasets used in this study and the overall design.
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Different Expression Analysis

We aimed to identify the differentially expressed SIRTs genes between normal and tumor samples in BC. We downloaded the
TCGA-BRCA cohort'® (n=1194) from the Genomic Data Commons portal (https://portal.gdc.cancer.gov) and an RNA-seq
dataset cohort (n=28, SRP324699) from the NCBI Sequence Read Archive (SRA) database (https://www.ncbi.nlm.nih.gov/sra).
The TCGA-BRCA consisted of 1075 tumors and 112 adjacent normal samples, while SRP324699 had 14 normal and 14 tumors.
We normalized the gene read counts using quantile normalization and then log-transformed. We performed differential

expression analysis using two-tailed t-tests and set p=0.05 as a significant cut-off. For more details on the data processing the
RNA-seq data, refer to our previous publication.”®

Single-Cell RNA-Seq Dataset Analysis

We aimed to explore the expression levels of SIRT3 among different cell types in BC. The single-cell RNA-seq dataset
(GSE75688%") was downloaded from the GEO database (https://www.ncbi.nlm.nih.gov/geo/). The cells were annotated
into five cell types: tumor, T, B, stromal, and myeloid cells.? A one-way ANOVA test was used to compare the

expression levels of SIRT3 among cell types.

Survival Analysis

We aimed to evaluate the prognostic value of SIRTs genes in BC. Three cohorts (TCGA-BRCA, METABRIC,* GSE16446>)
with overall survival information were used. We obtained the METABRIC cohort (n=2509) from the cBioPortal database
(https://www.cbioportal.org)** and GSE165446 cohort (n=149) from the GEO database. We used the Python package lifelines
(https://lifelines.readthedocs.io/en/latest/, version 0.26.4)* to perform Kaplan-Meier curve, Log rank test, univariate and

multivariate Cox proportional hazards regression analyses. We considered genes with p < 0.05 to be significant.

Association Between Gene Expression and Treatment Response
We aimed to assess the association of SIRT3 expression with NAC response in BC. Two cohorts (GSE20194,%
GSE20271%") with NAC responses were downloaded from the GEO database. GSE20194 had 278 samples and
GSE20271 had 178 samples. The median expression of SIRT3 was used to split samples into high and low SIRT3
groups in each cohort. Single and multiple variable logistic regression analysis were used to test the association of SIRT3
expression and clinical features with NAC response. A logistic regression predictive model was built and 10-fold cross-
validation was used to estimate the area under the curve (AUC).

To test the drug sensitivity in vitro, we obtained the AUC of drugs from the Dependency Map (DepMap) portal
(https://depmap.org/portal/). The SIRT3 expression in cell lines was obtained from The Cancer Cell Line Encyclopedia

(CCLE) database.?® Eleven estrogen receptor (ER)- and human epidermal growth factor receptor 2 (HER2)-negative cell
lines (HCC1599, AU565, HCC1419, UACC-812, HDQ-P1, JIMT-1, MDA-MB-175-VII, MDA-MB-231, CAMA-1, BT-
483, and CAL-51) were included.

Protein Interaction, Gene Ontology, and Kyoto Encyclopedia of Genes and Genomes

Enrichment Analysis

We aimed to explore the potential functions and pathways of SIRT3 in BC. The STRING database (https:/string-db.org/)*’
was used to identify SIRT3-related protein-protein interactions. Gene set enrichment analyses (GSEA) were performed
using GSEApy (https://github.com/zqfang/GSEApy)*® with gene ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGQG) gene sets. Three GO terms biological processes (BPs), cellular components (CCs), and molecular

functions (MFs) were included. We used a false discovery rate (FDR) of 0.25 as the significance criterion.

Other

We used Python software (version 3.10) for all analyses. A one-way analysis of variance (ANOVA) and Fisher’s exact
test, chi-square test was used for group comparison as appropriate. Boxplots were used to show median and interquartile
values. The significance level was set at 0.05 unless otherwise specified.

Cancer Management and Research 2024:16 heeps: 139

Dove:


https://portal.gdc.cancer.gov
https://www.ncbi.nlm.nih.gov/sra
https://www.ncbi.nlm.nih.gov/geo/
https://www.cbioportal.org
https://lifelines.readthedocs.io/en/latest/
https://depmap.org/portal/
https://string-db.org/
https://github.com/zqfang/GSEApy
https://www.dovepress.com
https://www.dovepress.com

@ Ning and Xie Dove

Results
SIRT3 from SIRT Family Associated with Prognosis in Triple-Negative Breast Cancer

We aimed to investigate the clinical relevance of SIRTs expression in BC by performing survival analysis in different BC
subtypes ER+/PR+, HER2+, TNBC using two large independent cohorts, TCGA-BRCA and METABRIC. For each
SIRT gene, samples were divided into low and high expression groups based on the tercile cut-off that yielded the lowest
p-value in the Log rank test. We set p=0.05 as a significant cut-off.

Although most SIRTs were somewhat associated with BC OS in the TCGA-BRCA cohort, they were not validated in
the METABRIC except SIRT3. The Kaplan—-Meier curves for SIRT1-7 were showed in Supplemental Figures 1 and 2 for
TCGA-BRCA and METABRIC cohorts, respectively. In the TCGA-BRCA cohort, high expression of SIRT3 was
associated with better OS in ER+/PR+ samples (p = 2.25e-02) but with worse OS in TNBC samples (p = 3.94e-02)
(Figure 2A). In the METABRIC cohort, high expression of SIRT3 was associated with worse OS in TNBC samples (p =
5.38e-03), but not in ER+/PR+ samples (p >0.05) (Figure 2B).To further confirm this result, we used a third dataset
GSE16446, which also showed that high expression of SIRT3 was associated with worse OS in TNBC samples (p =
2.74e-02, Figure 2C). Thus, we focused on SIRT3 in the following analysis.
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Figure 2 SIRT3 and overall survival of patients in ER+/HER2-, HER2+, TNBC from the TCGA-BRCA, METABRIC and GSE|6446 cohorts. The Kaplan-Meier curves for the

TCGA-BRCA (A), METABRIC (B) and GSEI6446 (C) cohorts.
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Characterizing SIRT3 Expression and Mutation Profile in Breast Cancer
We then analyzed SIRT3 expression profile in BC. SIRT3 was significantly downregulated in BC compared to the normal
samples in both the TCGA-BRCA cohort (p=1.37e-05, two-tailed ¢-test) and the SRP324699 cohort (p=4.59¢-06, two-
tailed #-test). Figure 3A shows the boxplot of the expression of SIRT3 in these two cohorts. We also compared the
expression of SIRT3 in different clinical stages (Figure 3B), molecular subtypes (Figure 3C), and age-at-diagnosis groups
(Figure 3D). SIRT3 was significantly lower in basal than other molecular subtypes (p<0.05, one-way ANOVA), and
slightly higher in patients with age>50 group than in patients with age<50 group (p=3.5¢-03, two-tail ¢-test). We did not
find significant differences in SIRT3 expression among clinical stages (p>0.05, one-way ANOVA).

Based on the single-cell RNA-seq dataset (GSE75688) that annotated cells into five types (tumor cells, T cells,
B cells, stromal cells, and myeloid cells), we found that SIRT3 was mainly expressed in the tumor cell type (p=9¢-04,
one-way ANOVA), indicating the high cell type specificity of SIRT3 (Figure 3E). We further explored the DNA
mutations using cBioPortal and found only 2 non-driver mutations in SIRT3 of 996 samples from the Breast Invasive
Carcinoma cohort (Figure 3F), suggesting that gene mutations may not be the cause of tumor genesis.

Correlation Between SIRT3 Expression and Clinicopathological Characteristics

Next, we analyzed the association between the expression level of SIRT3 and clinicopathological characteristics.
Samples were divided into SIRT3-high and SIRT3-low groups based on the median expression of SIRT3 in the TCGA-
BRCA dataset. We compared the distribution of clinical features such as age-at-diagnosis groups (>50 vs <50), race
(black, Asian, white), tumor stages (I, II, III, IV), American Joint Committee on Cancer (AJCC) T stage, AJCC N stage,
AJCC M stage, and subtypes (ER+/HER2-, HER2+, TNBC) between the two groups. No significant difference was
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Figure 3 Expression and mutations profile of SIRT3 in breast cancer. (A) Boxplot of SIRT3 expression in TCGA-BRCA and SRP324699 cohorts. (B) Boxplot of SIRT3
expression in clinical stage |, Il, lll, and IV. No significant difference was found among stages. (C) Boxplot of SIRT3 expression in molecular subtype normal-like, Luminal A,
Luminal B, HER2 and Basal. (D) Boxplot of SIRT3 expression in age groups, <50 and 250 years. (E) Expression of SIRT3 according to tumor, T, B, stromal, and myeloid cells in
the single-cell RNA-seq dataset (GSE75688). (F) The lollipop plot of mutations of SIRT3 in the TCGA-BRCA cohort from cBioPortal.
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found in clinical features such as age-at-diagnosis groups, race, tumor stages, AJCC N stage, or AJCC M stage between
the SIRT3-low and -high groups (Table 1). However, we found a significant difference in AJCC T stage between the two
groups (p=0.0036), with more T2 cases in the SIRT3-low group than in the SIRT3-high group. The most pronounced
difference was found in subtypes between the SIRT3-low and -high groups (p=1.12e-17). The SIRT3-high group had
more ER+/HER2- cases than the SIRT3-low group (74.3% vs 46.6%), while the SIRT3-low group had more HER2+ and
TNBC cases than the SIRT3-high group (27.5% vs 19.8% and 25.8% vs 5.8%, respectively). These results suggest that
SIRT3 expression is correlated with clinicopathological characteristics in BC, especially with molecular subtypes.

Table | Associations Between SIRT3 Expression Level and Baseline Clinical
Characteristics in Breast Cancer
Clinical Characteristics | SIRT3-Low (n=597) | SIRT3-High (n=597) p*
Age at diagnosis (years) 0.074
>50 415 (69.5%) 443 (74.2%)
<50 182 (30.5%) 153 (25.6%)
Median 56.0 60.0
IQR 48-66 49-69
RACE 0.14
Black 93 (15.6%) 94 (15.7%)
Asia 39 (6.5%) 23 (3.9%)
White 413 (69.2%) 436 (73.0%)
Other 52 (8.7%) 44 (7.3%)
AJCC T-category 0.0036
TI 136 (22.8%) 171 (28.6%)
T2 376 (63.0%) 316 (52.9%)
T3 60 (10.0%) 85 (14.2%)
T4 24 (4.0%) 23 (3.9%)
AJCC N-category 0.73
N- 279 (46.7%) 272 (45.6%)
N+ 318 (53.3%) 325 (54.4%)
AJCC M-category 0.67
M- 525 (97.9%) 478 (97.4%)
M+ Il (2.1%) 13 (2.6%)
Stage at diagnosis 0.19
| 87 (14.9%) 112 (19.1%)
I 346 (59.3%) 335 (57.1%)
] 141 (24.2%) 127 (21.6%)
v 9 (1.5%) 13 (2.2%)
(Continued)
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Table | (Continued).

Clinical Characteristics | SIRT3-Low (n=597) | SIRT3-High (n=597) p*
Subtypes 1.12e-17
ER+/HER2- 188 (46.6%) 281 (74.3%)
HER2+ 11 (27.5%) 75 (19.8%)
TNBC 104 (25.8%) 22 (5.8%)

Notes: *p: the P-value was calculated using the chi-square test or Fisher’s exact test. The significant p-values
were marked as bold.

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple
negative breast cancer; AJCC: American Joint Committee on Cancer.

SIRT3 Expression Independently Associated with Worse Overall Survival in
Triple-Negative Breast Cancer

To investigate the independence of the association between SIRT3 expression and OS in TNBC, we performed univariate and
multivariate Cox proportional hazards analyses using the TNBC samples from TCGA-BRCA dataset. There is no significant
association between SIRT3 expression and any of these clinicopathological characteristics (Supplemental Table 1). In

addition, the univariant analysis found that that only SIRT3 expression and tumor stage were significantly associated with
OS in TNBC (Table 2). The multivariate analysis confirmed that SIRT3 expression was an independent prognostic factor for
OS in TNBC after adjusting for tumor stages (Table 2). High expression of SIRT3 was significantly associated with worse OS
in TNBC (hazard ratio = 17.98, 95% confidence interval = 1.66—194.09, p = 0.02). These results suggest that SIRT3 expression
is independently associated with worse OS in TNBC.

SIRT3 Expression Level Associated with Pathological Complete Response to

Neoadjuvant Chemotherapy in Triple-Negative Breast Cancer
Considering SIRT3 involved mitochondrial metabolism and oxidative stress, we hypothesized that they are associated
with NAC response thus affecting the patient’s prognosis in BC. We compared SIRT3 expression level between
pathological complete response (pCR) and residual disease (RD) groups using two GEO datasets (GSE20194 and
GSE20271). We also checked the cellular response to drugs in TNBC cell lines using data from the DEPMAP portal.
We found that TNBC patients who achieved pCR after NAC had significantly lower SIRT3 expression than those who
did not, but this was not the case for ER+/HER2- and HER2+ subtypes (Figure 4A; p =0.0042, 0.59, 0.82, respectively).
In addition, TNBCs with low SIRT3 expression before NAC were significantly more likely to achieve pCR than those
with high SIRT3 expression, but not in ER+/HER2- and HER2+ groups (Figure 4B, p = 0.0064, 1, 0.79, respectively). To

Table 2 Univariate and Multivariate Cox Proportional Hazards Analyses for Overall Survival in Triple-Negative Breast Cancer

Characteristics Univariate Analysis Multivariate Analysis

Hazard Ratio (95% CI) p Hazard Ratio (95% CI) p
Age at diagnosis (<50 vs 250 years) 0.63 (0.19-2.09) 0.45 - -
AJCC TUMOR PATHOLOGIC T stage (T, T2 vs T3, T4) 3.36 (0.87-12.97) 0.08 - -
AJCC NODES PATHOLOGIC PN (NO vs NI) 1.23 (0.29-5.15) 0.78 - -
Stages (Stage |, Il vs stage Ill, IV) 5.06 (1.53-16.75) 0.0l 6.16 (1.72-21.99) 0.0l
SIRT3 15.30 (1.35-173.06) 0.03 17.98 (1.66—194.09) 0.02

Notes: P values were calculated using univariate and multivariate Cox proportional hazards analyses, significant p values were marked as bold.
Abbreviation: AJCC, American Joint Committee on Cancer.
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Figure 4 Association of SIRT3 expression with treatment response of human tumors and cell lines. (A) SIRT3 expression in pCR and RD groups in dataset GSE20194. (B)
pCR rate in low SIRT3 and high SIRT3 groups in dataset GSE20194. (C) SIRT3 expression in pCR and RD groups in dataset GSE20271. (D) pCR rate in low SIRT3 and high
SIRT3 group in dataset GSE20271. (E) Scatter plot of SIRT3 expression and AUC of drug sensitivity for tamoxifen in TNBC cell lines from the DEPMAP portal. The
correlation coefficient and p-value are shown. (F) Scatter plot of SIRT3 expression and AUC of drug sensitivity for docetaxel in TNBC cell lines from the DEPMAP portal.
The correlation coefficient and p-value are shown. (G) Scatter plot of SIRT3 expression and AUC of drug sensitivity for fulvestrant in TNBC cell lines from the DEPMAP
portal. The correlation coefficient and p-value are shown. AUC: area under the curve.

validate these results, we used an independent dataset (GSE20271). We found that TNBC patients who achieved pCR
after NAC still had significantly lower SIRT3 expression than those who did not, but not in ER+/HER2-, HER2+ groups
(Figure 4C, p=0.04, 0.36, 0.61 respectively). In addition, TNBCs with low SIRT3 expressions before NAC still had
significantly higher pCR rates than those with high SIRT3 expressions, but not in ER+/HER2- and HER2+ groups
(Figure 4D, p=0.03, 1, 1, respectively).

Furthermore, we found that the level of SIRT3 expression was negatively correlated with the area under the curve (AUC)
of drug sensitivity for tamoxifen (p=0.04, =—0.62, Figure 4E), docetaxel (r=—0.5, Figure 4F), and fulvestrant (r=0.4,
Figure 4G) in TNBC cell lines from the DEPMAP portal, although the correlation with docetaxel and fulvestrant was not
significant. This result suggests that high SIRT3 expression may contribute to drug resistance in TNBC cell lines.

In addition, we tested the independent effects of SIRT3 expression on NAC response in TNBCs. Univariate and
multivariate logistic regression analysis were performed to assess the association between SIRT3 expression and pCR rate,
adjusting for other clinicopathological variables such as T stage, N stage, Nuclear grade (BMN), and age. At the single
variant level, we found that only SIRT3 expression was significantly associated with pCR rate (p=0.032) in the GSE20194
cohort, although stages T, N, and BMN were marginally significant (Table 3). When all variants were considered in the
logistic model, BMN and SIRT3 expression were significantly associated with pCR rate (p=0.031 and 0.024 respectively).
The odds ratio for SIRT3 expression was 0.59 (95% confidence interval: 0.37-0.93), indicating that low SIRT3 expression
was associated with a higher likelihood of achieving pCR than high SIRT3 expression. We then constructed a predictive
model based on logistic regression and used 10-fold cross-validation to calculate the area under the receiver operating
characteristic curve (AUC) score. We found that SIRT3 expression alone had the highest predictive power for pCR rate
among all parameters (AUC=0.65, Figure 5A). When combined with BMN and age, the AUC score increased to 0.72 in
TNBC. Similarly, SIRT3 expression alone had an AUC score of 0.67 in GSE20271 cohort (Figure 5B).
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Table 3 Univariate and Multivariate Cox Proportional Hazards Analyses for Pathological
Complete Response in Triple-Negative Breast Cancer

Characteristics | Univariate Analysis Multivariate Analysis

Hazard ratio (95% CI) | p Hazard ratio (95% CI) | p
T stage 0.83 (0.69-1) 0.052 0.84 (0.45-1.58) 0.59
N stage 0.75 (0.55-1.04) 0.083 1.09 (0.56-2.13) 0.80
BMN 0.85 (0.71-1.02) 0.075 5.91 (1.18-29.65) 0.031
SIRT3 0.94 (0.89-0.99) 0.032 0.59 (0.37-0.93) 0.024

Abbreviation: BMN, Nuclear grade.

In conclusion, these analysis demonstrated that low SIRT3 expression was associated with higher pCR rate in TNBC
patients receiving NAC treatment and may influence the cellular response to drugs in TNBC cell lines. Thus, it may be
a useful independent biomarker for predicting NAC response in TNBC patients.

Potential Functions of SIRT3

To investigate the potential functions of SIRT3 in BC, we constructed a protein-protein interaction network using the
STRING database (https://string-db.org/). We found that ten genes related to BC, including FOXO1, FOX03, SOD2,
NAMPT, GLUDI1, ACSS1, ACSS2, NDUFA9, PPARGCI1A and IDH2, can directly interact with SIRT3 (Figure 6A).
These genes are involved in various biological processes such as oxidative stress response, mitochondrial metabolism,

cell cycle regulation, and apoptosis, suggesting an important role of SIRT3 in breast cancer.

Then we calculated the genes correlated to SIRT3 in TNBC samples from the TCGA-BRCA cohort using Pearson’s
correlation coefficient. The top three correlated genes were ACBD4 (1=0.72), MOB2 (r=0.7), and LYRM9 (r=0.68)
(Figure 6B). We performed gene set enrichment analysis (GSEA) on the ranked correlated genes using a false discovery
rate (FDR) of 0.05 as a threshold. The enriched GO biological process terms were related to DNA replication and DNA
repair. The enriched GO molecular function terms were related to DNA binding. The enriched GO cellular component
terms were related to chromosomes (Figure 6C). GSEA of KEGG pathways showed that the negatively correlated genes
were enriched in the Fanconi anemia pathway, DNA repair pathway, cell cycle, and mismatch repair (Figure 6D), while
the positively correlated genes were enriched in the metabolism of xenobiotics by cytochrome P450, drug metabolism,
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Figure 5 Receiver operating characteristic curves of different predictive models for pathological complete response. (A) Receiver operating characteristic curves for
dataset GSE20194. (B) Receiver operating characteristic curves for dataset GSE20271.
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Figure 6 Pathway enrichment analysis of SIRT3. (A) Protein-protein interaction network from the STRING database. (B) Top three correlated genes with SIRT3 in TCGA-
BRCA TNBC cohort using Pearson’s correlation coefficient. (C) Dot plot of GO enriched terms using GSEA on ranked correlated genes. The dot size represents the gene
ratio of each term. The color represents the normalized enrichment score (NES) of each term. (D) GSEA of KEGG pathways of negatively correlated genes as a threshold.
The NES and FDR are shown for each pathway. (E) GSEA of KEGG pathways of positively correlated genes. The NES and FDR are shown for each pathway. (F) Boxplots of
cell cycle score, proliferation score, apoptosis score, and Ras MAP score according to high or low SIRT3 expression level using the median expression value of SIRT3 as
a cut-off value.

MAPK signaling pathway, oxidative phosphorylation (Figure 6E). These results indicate that SIRT3 may modulate DNA
damage response and drug metabolic pathways in BC.

Using several score metrics derived from the TCGA-BRCA cohort based on gene expression profiles, we found that
the samples with high SIRT3 expression had lower cell cycle scores (p<0.001), proliferation scores (p<0.001), and
apoptosis scores (p<0.001), but higher Ras MAP scores (p<0.001) (Figure 6F), consistent with the KEGG enrichment
analysis. These findings imply that SIRT3 may inhibit cell proliferation and apoptosis but promote Ras signaling in breast
cancer. Interestingly, this is consistent with previous reports that SIRT3 overexpression represses proliferation®' and

apoptosis>> in BC cells.
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Discussion

In this study, we evaluated the prognostic value of SIRTSs in three large cohorts and found that high SIRT3 expression was
associated with worse OS in the TNBC subtype. Furthermore, we showed that low SIRT3 expression was related to
a higher pCR rate in TNBC after NAC, but not in ER+/HER2- and HER2+ subtypes. GSEA analysis of the genes ranked
by SIRT3 correlation suggested that SIRT3 might be involved in drug metabolism pathways.

SIRT3 is an NAD+ dependent mitochondrial deacetylase that regulates the unfolded protein response, modulates
energy metabolism, mitochondrial biogenesis, and oxidative stress protection.*>** SIRT3 also affects Wnt/B-catenin,*
Notch®® and mTORCI1?’ signaling pathway. It can act as an oncogene or a tumor suppressor in cancers.”® SIRT3
deficiency stabilizes HIF1a, which promotes BC growth.>' On the other hand, SIRT3 overexpression destabilizes the
oncogene MYC.?” SIRT3 is dysregulated in many cancers and may play a vital role in BC progression.*® It is
overexpressed in colorectal cancer,*' gastric cancer,”® and non-small-cell lung cancer*® but underexpressed in kidney
cancer™ and prostate cancer.>> In BC, we confirmed that SIRT3 was significantly downregulated using two independent
datasets. In addition, our analysis suggests that SIRT3 expression is heterogeneous across different BC subtypes.

Previous studies reported that SIRT3 overexpression was linked to poor prognosis in colorectal cancer*' and non-
small cell lung cancer.® In BC, low SIRT3 expression was related to poor locoregional relapse-free survival (RFS)
in BC."® However, He et al report that high SIRT3 expression predicted worse RFS and OS in BC."” Therefore, we
performed survival analysis using two large independent cohorts: TCGA-BRCA and METABRIC. We only found that
high SIRT3 expression was associated with worse OS in TNBC, which we also confirmed using another dataset. This
result is different from the meta-analysis'® which reported SIRT3 was not significantly associated with the prognosis of
TNBC. In that study, there are only two TNBC datasets, one has 186 samples, and the other only has 48 samples. In
addition, the expression of SIRT3 were measured using different methods, IHC/QT-PCR. In ER+/HER2- samples, we
only found a positive association between SIRT3 expression and OS in the TCGA-BRCA cohort, not in the METABRIC
cohort. In HER2+ samples, although the associations were significant in both datasets, they were not consistent. These
differences might reflect the high heterogeneity within subtypes, and further stratification of these samples might reveal
the underlying causes.

Since SIRT3 is involved in several pathways such as mTORCI1 and oxidative stress, it may affect BC chemotherapy
response. We then examined the relationship between SIRT3 expression level and pCR response rate in two independent
NAC datasets. We found that the pCR group had significantly lower SIRT3 expression than the RD group and that the
low SIRT3 group had a higher pCR rate than the high SIRT3 group. In the cell line models, we found that cell lines with
low SIRT3 expression are more sensitive to tamoxifen, docetaxel and fulvestrant. We also built a prediction model based
on logistic regression that showed the independent predictive value of SIRT3 for pCR in NAC treatment. The AUC
derived from this model (AUC=0.65, 0.67 for SIRT3 alone) is somewhat comparable to a three-gene model that achieved
AUC at 0.74.% Combining SIRT3 with other genes or clinical information might improve the prediction accuracy.
Nevertheless, these results suggest that SIRT3 might be used as a marker for predicting NAC response in BC and that it
may be involved in drug metabolism.

To explore the potential function of SIRT3, we constructed a protein interaction network from the STRING database.
The network indicates that SIRT3 could interact directly with FOXO1, FOX03, SOD2, NAMPT, GLUDI1, ACSSI,
ACSS2, NDUFA9, PPARGCI1A, IDH2. These proteins have various roles in BC. For example, FOXO3-FOXMI axis
modulates drug resistance,46 ACSS1 and ACSS2 enhance the survival of tamoxifen-treated cells,47 FOXO1 and SOD2
support cancer stemness,***> NAMPT promotes metastasis in TNBC,’® GLUDI1 expression is associated with better
patient outcomes,”’ PPARGCIA regulates mitochondrial biogenesis and oxidative phosphorylation to facilitate
metastasis,52 and SIRT3 dimerizes IDH2 to modulate cancer metabolism and tumor growth.53 ACBD4, MOB2, and
LYRMY were the genes most correlated with SIRT3 in TNBC. These genes have not been well studied in BC, but they
have been implicated in other cancers. For instance, MOB2 inhibits cell migration and invasion in glioblastoma
multiforme,>* LYRM9 might affect imatinib resistance,’> and ACBD4 might be regulated by TP53.%° These interactions
suggest that SIRT3 is part of a complex network that might modulate drug metabolism and affect NAC response and
tumor progression in BC. Consistently, GSEA analysis revealed that SIRT3 positively correlated genes were enriched in
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pathways related to the metabolism of xenobiotics by cytochrome P450, drug metabolism, MAPK signaling pathway, and
oxidative phosphorylation, while SIRT3 negatively correlated genes were enriched in pathways related to DNA repair,
cell cycle, and mismatch repair.

Although this study shows the potential of SIRT3 as a prognostic and NAC response marker in TNBC, there are some
limitations. First, though we collected many samples from public databases, the analysis of the current study may be
inconclusive. Second, this study was conducted by a bioinformatics approach alone. However, our results showed
consistency across multiple cohorts, in vivo and in vitro experiments to elucidate the underlying mechanism as are
needed. Third, as more data may be available in the future, we expect validation of the prognostic and chemosensitivity
value of SIRT3 in TNBC in future.

Conclusion

By analyzing multiple datasets, we found that high SIRT3 expression was an independent predictor of worse OS in TNBC.
We also found that SIRT3 expression was associated with the pathological complete response rate after NAC treatment. Our
study suggests that SIRT3 might be a useful biomarker for both prognosis and chemosensitivity in TNBC, although further
biological and clinical studies are needed to confirm its role in predicting prognosis and chemosensitivity.

Data Sharing Statement

All data were downloaded from public databases and followed the data access policies.

Ethics

All data were downloaded from public databases and followed the data access policies. This study was exempt from
ethical review by the ethics committee of Shenzhen Second People’s Hospital.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This project was supported by the National Natural Science Foundation of China, China (No. 82172356, No. 81972003),
the Natural Science Foundation of Guangdong, China (No. 2021A1515012144 and 2020A1515111165).

Disclosure
The authors have no conflicts of interest to disclose for this work.

References

1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in
185 Countries. CA Cancer J Clin. 2021;71(3):209-249. doi:10.3322/caac.21660

2. Kashyap D, Pal D, Sharma R, et al. Global Increase in Breast Cancer Incidence: risk Factors and Preventive Measures. Biomed Res Int.

2022;2022:9605439. doi:10.1155/2022/9605439

. Vagia E, Mahalingam D, Cristofanilli M. The Landscape of Targeted Therapies in TNBC. Cancers. 2020;12(4):916. doi:10.3390/cancers12040916

4. Li Y, Zhang H, Merkher Y, et al. Recent advances in therapeutic strategies for triple-negative breast cancer. J Hematol Oncol. 2022;15(1):121.
doi:10.1186/s13045-022-01341-0

5. Jeong SM, Haigis MC. Sirtuins in Cancer: a Balancing Act between Genome Stability and Metabolism. Mol Cells. 2015;38(9):750-758.
doi:10.14348/molcells.2015.0167

6. Guarente L. The many faces of sirtuins: sirtuins and the Warburg effect. Nat Med. 2014;20(1):24-25. doi:10.1038/nm.3438

7. Oellerich MF, Potente M. FOXOs and sirtuins in vascular growth, maintenance, and aging. Circ Res. 2012;110(9):1238-1251. doi:10.1161/
CIRCRESAHA.111.246488

8. Merksamer PI. The sirtuins, oxidative stress and aging: an emerging link. Aging (Albany NY). 2013;5(3):144-150. doi:10.18632/aging.100544

9. Ng F, Tang BL. Sirtuins’ modulation of autophagy. J Cell Physiol. 2013;228(12):2262-2270. doi:10.1002/jcp.24399

(5]

148 https: Cancer Management and Research 2024:16

Dove!


https://doi.org/10.3322/caac.21660
https://doi.org/10.1155/2022/9605439
https://doi.org/10.3390/cancers12040916
https://doi.org/10.1186/s13045-022-01341-0
https://doi.org/10.14348/molcells.2015.0167
https://doi.org/10.1038/nm.3438
https://doi.org/10.1161/CIRCRESAHA.111.246488
https://doi.org/10.1161/CIRCRESAHA.111.246488
https://doi.org/10.18632/aging.100544
https://doi.org/10.1002/jcp.24399
https://www.dovepress.com
https://www.dovepress.com

Dove Ning and Xie @

10. Wu QJ, Zhang T-N, Chen -H-H, et al. The sirtuin family in health and disease. Signal Transduct Target Ther. 2022;7(1):402. doi:10.1038/s41392-
022-01257-8

11. Costa-Machado LF, Fernandez-Marcos PJ. The sirtuin family in cancer. Cell Cycle. 2019;18(18):2164-2196. doi:10.1080/15384101.2019.1634953

12. Dilmac S, Kuscu N, Caner A, et al. SIRTI/FOXO Signaling Pathway in Breast Cancer Progression and Metastasis. Int J Mol Sci. 2022;23
(18):10227. doi:10.3390/ijms231810227

13. Tang X, Shi L, Xie N, et al. SIRT7 antagonizes TGF-beta signaling and inhibits breast cancer metastasis. Nat Commun. 2017;8(1):318. doi:10.1038/
s41467-017-00396-9

14. Huo Q, Li Z, Cheng L, et al. SIRT7 Is a Prognostic Biomarker Associated With Immune Infiltration in Luminal Breast Cancer. Front Oncol.
2020;10:621. doi:10.3389/fonc.2020.00621

15. He S, He C, Yuan H, et al. The SIRT 3 expression profile is associated with pathological and clinical outcomes in human breast cancer patients. Cell
Physiol Biochem. 2014;34(6):2061-2069. doi:10.1159/000366401

16. Zhang H, Ma C, Peng M, et al. The prognostic implications of SIRTs expression in breast cancer: a systematic review and meta-analysis. Discov
Oncol. 2022;13(1):69. doi:10.1007/s12672-022-00529-7

17. Liu M, Yu J, Jin H, et al. Bioinformatics Analysis of the SIRT Family Members and Assessment of Their Potential Clinical Value. Onco Targets
Ther. 2021;14:2635-2649. doi:10.2147/0OTT.S298616

18. Desouki MM, Doubinskaia I, Gius D, et al. Decreased mitochondrial SIRT3 expression is a potential molecular biomarker associated with poor
outcome in breast cancer. Hum Pathol. 2014;45(5):1071-1077. doi:10.1016/j.humpath.2014.01.004

19. Ciriello G, Gatza M, Beck A, et al. Comprehensive Molecular Portraits of Invasive Lobular Breast Cancer. Cell. 2015;163(2):506-519.
doi:10.1016/j.cell.2015.09.033

20. Ning L, Huo Q, Xie N. Comprehensive Analysis of the Expression and Prognosis for Tripartite Motif-Containing Genes in Breast Cancer. Front
Genet. 2022;13:876325. doi:10.3389/fgene.2022.876325

21. Chung W, Eum HH, Lee H-O, et al. Single-cell RNA-seq enables comprehensive tumour and immune cell profiling in primary breast cancer. Nat
Commun. 2017;8(1):15081. doi:10.1038/ncomms15081

22. Curtis C, Shah SP, Chin S-F, et al. The genomic and transcriptomic architecture of 2000 breast tumours reveals novel subgroups. Nature. 2012;486
(7403):346-352. doi:10.1038/nature10983

23. Desmedt C, Di Leo A, de Azambuja E, et al. Multifactorial approach to predicting resistance to anthracyclines. J Clin Oncol. 2011;29
(12):1578-1586. doi:10.1200/JC0O.2010.31.2231

24. Gao J, Aksoy BA, Dogrusoz U, et al. Integrative analysis of complex cancer genomics and clinical profiles using the cBioPortal. Sci Signal. 2013;6
(269):11. doi:10.1126/scisignal.2004088

25. Davidson-Pilon C. lifelines: survival analysis in Python. J Open Source Software. 2019;4(40):1317. doi:10.21105/joss.01317

26. Shi L, et al. The MicroArray Quality Control (MAQC)-II study of common practices for the development and validation of microarray-based
predictive models. Nat Biotechnol. 2010;28(8):827-838.

27. Tabchy A, Valero V, Vidaurre T, et al. Evaluation of a 30-gene paclitaxel, fluorouracil, doxorubicin, and cyclophosphamide chemotherapy response
predictor in a multicenter randomized trial in breast cancer. Clin Cancer Res. 2010;16(21):5351-5361. doi:10.1158/1078-0432.CCR-10-1265

28. Barretina J, Caponigro G, Stransky N, et al. The Cancer Cell Line Encyclopedia enables predictive modelling of anticancer drug sensitivity. Nature.
2012;483(7391):603-607. doi:10.1038/nature11003

29. Szklarczyk D, Kirsch R, Koutrouli M, et al. The STRING database in 2023: protein-protein association networks and functional enrichment
analyses for any sequenced genome of interest. Nucleic Acids Res. 2023;51(D1):D638-D646. doi:10.1093/nar/gkac1000

30. Fang Z, Liu X, Peltz G. GSEApy: a comprehensive package for performing gene set enrichment analysis in Python. Bioinformatics. 2023;39(1).
doi:10.1093/bioinformatics/btac757

31. Finley LW, Carracedo A, Lee J, et al. SIRT3 opposes reprogramming of cancer cell metabolism through HIFla destabilization. Cancer Cell.
2011;19(3):416-428. doi:10.1016/j.ccr.2011.02.014

32. Qiao A, Wang K, Yuan Y, et al. Sirt3-mediated mitophagy protects tumor cells against apoptosis under hypoxia. Oncotarget. 2016;7(28):43390.
doi:10.18632/oncotarget.9717

33. Huang JY, Hirschey MD, Shimazu T, et al. Mitochondrial sirtuins. Biochim Biophys Acta. 2010;1804(8):1645-1651. doi:10.1016/].
bbapap.2009.12.021

34. Papa L, Germain D. SirT3 regulates the mitochondrial unfolded protein response. Mol Cell Biol. 2014;34(4):699-710. doi:10.1128/MCB.01337-13

35. Li R, Quan Y, Xia W. SIRT3 inhibits prostate cancer metastasis through regulation of FOXO3A by suppressing Wnt/beta-catenin pathway. Exp Cell
Res. 2018;364(2):143—151. doi:10.1016/j.yexcr.2018.01.036

36. Wang L, Wang WY, Cao LP. SIRT3 inhibits cell proliferation in human gastric cancer through down-regulation of Notch-1. Int J Clin Exp Med.
2015;8(4):5263-5271.

37. Gonzalez Herrera KN, Hirschey MD, Shimazu T, et al. Small-Molecule Screen Identifies De Novo Nucleotide Synthesis as a Vulnerability of Cells
Lacking SIRT3. Cell Rep. 2018;22(8):1945-1955. doi:10.1016/j.celrep.2018.01.076

38. Torrens-Mas M, Oliver J, Roca P, et al. SIRT3: oncogene and Tumor Suppressor in Cancer. Cancers. 2017;9(7):90. doi:10.3390/cancers9070090

39. Quan Y, Wang N, Chen Q, et al. SIRT3 inhibits prostate cancer by destabilizing oncoprotein c-MYC through regulation of the PI3K/Akt pathway.
Oncotarget. 2015;6(28):26494-26507. doi:10.18632/oncotarget.4764

40. Zhao Q, Zhou J, Li F, et al. The Role and Therapeutic Perspectives of Sirtuin 3 in Cancer Metabolism Reprogramming, Metastasis, and
Chemoresistance. Front Oncol. 2022;12:910963. doi:10.3389/fonc.2022.910963

41. Wei Z, Song J, Wang G, et al. Deacetylation of serine hydroxymethyl-transferase 2 by SIRT3 promotes colorectal carcinogenesis. Nat Commun.
2018;9(1):4468. doi:10.1038/s41467-018-06812-y

42.Cui Y, Qin L, Wu J, et al. SIRT3 Enhances Glycolysis and Proliferation in SIRT3-Expressing Gastric Cancer Cells. PLoS One. 2015;10(6):
¢0129834. doi:10.1371/journal.pone.0129834

43. Yang GC, Fu B-C, Zhang D-Y, et al. The Expression and Related Clinical Significance of SIRT3 in Non-Small-Cell Lung Cancer. Dis Markers.
2017;2017:8241953. doi:10.1155/2017/8241953

44. Liu H, Li S, Liu X, et al. SIRT3 Overexpression Inhibits Growth of Kidney Tumor Cells and Enhances Mitochondrial Biogenesis. J Proteome Res.
2018;17(9):3143-3152. doi:10.1021/acs.jproteome.8b00260

Cancer Management and Research 2024:16 https: 149

Dove:


https://doi.org/10.1038/s41392-022-01257-8
https://doi.org/10.1038/s41392-022-01257-8
https://doi.org/10.1080/15384101.2019.1634953
https://doi.org/10.3390/ijms231810227
https://doi.org/10.1038/s41467-017-00396-9
https://doi.org/10.1038/s41467-017-00396-9
https://doi.org/10.3389/fonc.2020.00621
https://doi.org/10.1159/000366401
https://doi.org/10.1007/s12672-022-00529-7
https://doi.org/10.2147/OTT.S298616
https://doi.org/10.1016/j.humpath.2014.01.004
https://doi.org/10.1016/j.cell.2015.09.033
https://doi.org/10.3389/fgene.2022.876325
https://doi.org/10.1038/ncomms15081
https://doi.org/10.1038/nature10983
https://doi.org/10.1200/JCO.2010.31.2231
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.21105/joss.01317
https://doi.org/10.1158/1078-0432.CCR-10-1265
https://doi.org/10.1038/nature11003
https://doi.org/10.1093/nar/gkac1000
https://doi.org/10.1093/bioinformatics/btac757
https://doi.org/10.1016/j.ccr.2011.02.014
https://doi.org/10.18632/oncotarget.9717
https://doi.org/10.1016/j.bbapap.2009.12.021
https://doi.org/10.1016/j.bbapap.2009.12.021
https://doi.org/10.1128/MCB.01337-13
https://doi.org/10.1016/j.yexcr.2018.01.036
https://doi.org/10.1016/j.celrep.2018.01.076
https://doi.org/10.3390/cancers9070090
https://doi.org/10.18632/oncotarget.4764
https://doi.org/10.3389/fonc.2022.910963
https://doi.org/10.1038/s41467-018-06812-y
https://doi.org/10.1371/journal.pone.0129834
https://doi.org/10.1155/2017/8241953
https://doi.org/10.1021/acs.jproteome.8b00260
https://www.dovepress.com
https://www.dovepress.com

@ Ning and Xie Dove

45.

46.

47.

48.

49.

50.

5

—

52.

53.

54.

55.

56.

Oshi M, Angarita FA, Tokumaru Y, et al. A Novel Three-Gene Score as a Predictive Biomarker for Pathologically Complete Response after
Neoadjuvant Chemotherapy in Triple-Negative Breast Cancer. Cancers. 2021;13(10):2401. doi:10.3390/cancers13102401

Yao S, Fan LY, Lam EW. The FOXO3-FOXMI axis: a key cancer drug target and a modulator of cancer drug resistance. Semin Cancer Biol.
2018;50:77—-89. doi:10.1016/j.semcancer.2017.11.018

Calhoun S, Duan L, Maki CG. Acetyl-CoA synthetases ACSS1 and ACSS2 are 4-hydroxytamoxifen responsive factors that promote survival in
tamoxifen treated and estrogen deprived cells. Trans! Oncol. 2022;19:101386. doi:10.1016/j.tranon.2022.101386

Yu JM, Sun W, Wang Z-H, et al. TRIB3 supports breast cancer stemness by suppressing FOXO1 degradation and enhancing SOX2 transcription.
Nat Commun. 2019;10(1):5720. doi:10.1038/s41467-019-13700-6

Yan Y, He M, Zhao L, et al. A novel HIF-2alpha targeted inhibitor suppresses hypoxia-induced breast cancer stemness via SOD2-mtROS-PDI
/GPR78-UPR(ER) axis. Cell Death Differ. 2022;29(9):1769—-1789. doi:10.1038/s41418-022-00963-8

Zhang H, Zhang N, Liu Y, et al. Epigenetic Regulation of NAMPT by NAMPT-AS Drives Metastatic Progression in Triple-Negative Breast Cancer.
Cancer Res. 2019;79(13):3347-3359. doi:10.1158/0008-5472.CAN-18-3418

. Craze ML, El-Ansari R, Aleskandarany MA, et al. Glutamate dehydrogenase (GLUD1) expression in breast cancer. Breast Cancer Res Treat.

2019;174(1):79-91. doi:10.1007/510549-018-5060-z

LeBleu VS, O’Connell JT, Gonzalez Herrera KN, et al. PGC-1alpha mediates mitochondrial biogenesis and oxidative phosphorylation in cancer
cells to promote metastasis. Nat Cell Biol. 2014;16(10):992—1003, 1-15. doi:10.1038/ncb3039

Zou X, Zhu Y, Park S-H, et al. SIRT3-Mediated Dimerization of IDH2 Directs Cancer Cell Metabolism and Tumor Growth. Cancer Res. 2017;77
(15):3990-3999. doi:10.1158/0008-5472.CAN-16-2393

Jiang K, Yao G, Hu L, et al. MOB2 suppresses GBM cell migration and invasion via regulation of FAK/Akt and cAMP/PKA signaling. Cell Death
Dis. 2020;11(4):230. doi:10.1038/s41419-020-2381-8

Shen H, McHale CM, Haider SI, et al. Identification of Genes That Modulate Susceptibility to Formaldehyde and Imatinib by Functional Genomic
Screening in Human Haploid KBM?7 Cells. Toxicol Sci. 2016;151(1):10-22. doi:10.1093/toxsci/kfw032

Liao JM, Zeng SX, Zhou X, et al. Global effect of inauhzin on human p53-responsive transcriptome. PLoS One. 2012;7(12):¢52172. doi:10.1371/
journal.pone.0052172

Cancer Management and Research Dove

Publish your work in this journal

Cancer Management and Research is an international, peer-reviewed open access journal focusing on cancer research and the optimal use
of preventative and integrated treatment interventions to achieve improved outcomes, enhanced survival and quality of life for the cancer
patient. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to
use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/cancer-management-and-research-journal

150 n ‘ in u Dove Cancer Management and Research 2024:16


https://doi.org/10.3390/cancers13102401
https://doi.org/10.1016/j.semcancer.2017.11.018
https://doi.org/10.1016/j.tranon.2022.101386
https://doi.org/10.1038/s41467-019-13700-6
https://doi.org/10.1038/s41418-022-00963-8
https://doi.org/10.1158/0008-5472.CAN-18-3418
https://doi.org/10.1007/s10549-018-5060-z
https://doi.org/10.1038/ncb3039
https://doi.org/10.1158/0008-5472.CAN-16-2393
https://doi.org/10.1038/s41419-020-2381-8
https://doi.org/10.1093/toxsci/kfw032
https://doi.org/10.1371/journal.pone.0052172
https://doi.org/10.1371/journal.pone.0052172
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Datasets and Flow Design
	Different Expression Analysis
	Single-Cell RNA-Seq Dataset Analysis
	Survival Analysis
	Association Between Gene Expression and Treatment Response
	Protein Interaction, Gene Ontology, and Kyoto Encyclopedia of Genes and Genomes Enrichment Analysis
	Other

	Results
	SIRT3 from SIRT Family Associated with Prognosis in Triple-Negative Breast Cancer
	Characterizing SIRT3 Expression and Mutation Profile in Breast Cancer
	Correlation Between SIRT3 Expression and Clinicopathological Characteristics
	SIRT3 Expression Independently Associated with Worse Overall Survival in Triple-Negative Breast Cancer
	SIRT3 Expression Level Associated with Pathological Complete Response to Neoadjuvant Chemotherapy in Triple-Negative Breast Cancer
	Potential Functions of SIRT3

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics
	Author Contributions
	Funding
	Disclosure

