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SIRTS as a biomarker for response to anthracycline-taxane-based
neoadjuvant chemotherapy in triple-negative breast cancer
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Abstract. Neoadjuvant chemotherapy (NAC) is of great impor-
tance for patients with triple-negative breast cancer (TNBC)
and the achievement of pathological complete response (pCR)
to NAC in TNBC patients indicates survival benefits.
However, the identification of reliable predictive biomarkers
of pCR to NAC in TNBC patients remains an urgent and
largely unattended medical issue. In the present study, we
evaluated the differentially expressed genes (DEGs) between
PCR and non-pCR patients after doxorubicin/cyclophospha-
mide therapy, followed by paclitaxel pre-operative treatment
in 64 TNBC patients recorded in the GSE41998 dataset
of Gene Expression Omnibus and identified 118 DEGs.
Subsequently, we selected five core genes that were closely
associated with the pCR of TNBC patients by using a genetic
algorithm-support vector machine-based method. Sirtuin
5 (SIRTS5) was one of the five core genes and patients who
achieved pCR expressed higher levels of SIRTS. Thus, we
speculated that SIRTS5 may be a potential predictive marker
of the response to anthracycline-taxane-based chemotherapy.
Oncomine analysis revealed that the expression levels of
SIRTS were higher in epirubicin/cyclophosphamide-docetaxel
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responders compared with non-responders. Furthermore,
Gene Ontology analysis indicated that SIRTS may affect the
response to anthracycline-taxane-based chemotherapy by
regulating the Rho pathway. It was also observed that SIRTS5
was upregulated in TNBC and breast cancer with BRCA1
mutation subtypes. High SIRTS expression was also associ-
ated with poor clinical outcomes of breast cancer patients. In
conclusion, the present study revealed SIRTS as a biomarker
for response to anthracycline-taxane-based NAC in patients
with TNBC and identified a series of novel biological func-
tions of SIRTS in breast cancer.

Introduction

Triple-negative breast cancer (TNBC) accounts for ~15%
of all breast cancers and is characterized by the absence of
estrogen receptor (ER), progesterone receptor (PR) and human
epidermal growth factor receptor 2 (HER2) expression (1).
Without effective therapeutic targets, chemotherapy is the
only systemic treatment strategy for patients with TNBC.
Neoadjuvant chemotherapy (NAC) for breast cancer is an
important therapeutic modality that can improve the clinical
outcome of individuals with breast cancer, particularly those
with TNBC (2). It is widely accepted that pathological
complete response (pCR) is a reliable predictor of good
prognosis in patients with TNBC and a number of studies
have investigated potential biomarkers for the pCR of TNBC
patients to NAC (3-6). However, these investigations mainly
focused on clinicopathological parameters, as well as imaging
data and lymphocyte infiltration. Since its advent and develop-
ment, high-throughput sequencing has been widely used to
investigate the underlying mechanisms of numerous disorders.
In particular, microarray analysis has dual significance, as it
may be used to identify individuals with a higher chance of
PCR to NAC and to explore potential therapeutic targets in
TNBC patients, by using high-throughput sequencing data to
identify reliable biomarkers.

At present, anthracycline-taxane-based NAC is among
the most commonly administered regimens for patients
with TNBC. Thus, there is an urgent necessity to identify
reliable biomarkers for predicting the chemotherapeutic
response and clinical outcome of TNBC patients following
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taxane-anthracycline-based NAC, in order to avoid the
administration of toxic agents and to help doctors tailor
treatment strategies for individual patients. Therefore, in
the present study, we extracted gene expression data on
64 TNBC patients (with pCR and non-pCR to NAC) from the
GSE41998 dataset of Gene Expression Omnibus (GEO), and
identified five core genes that were closely associated with the
pCR of TNBC patients, namely NOL7, GFER, COMMD4,
sirtuin 5 (SIRTS) and SRC, via a genetic algorithm-support
vector machine (GA-SVM)-based method.

SIRTS is a member of the sirtuins (SIRTs), a family
of nicotinamide adenine dinucleotide (NAD")-dependent
deacetylases that participate in various biological processes,
including the regulation of metabolism, cell division, aging
and oxidative stress (7). In recent years, studies have evaluated
the potential roles of SIRTs in different cancer types (8-10).
In particular, the expression of SIRTS has been assessed in
various types of cancer, including endometrial carcinoma,
head and neck squamous cell carcinoma, basal cell carcinoma,
lung and breast cancer (11-14). However, to the best of our
knowledge, no study has investigated the value of SIRTS in
predicting the pCR of TNBC patients to NAC, or the potential
association of SIRT5 expression with the clinicopathological
characteristics and prognosis of breast cancer patients.

In the present study, we aimed to clarify the relevance of
SIRTS expression to the pCR to NAC via online database anal-
yses. Using bioinformatic methods, public microarray data were
downloaded to determine whether the expression of SIRT5 was
associated with the pCR to anthracycline-taxane-based NAC
in TNBC patients. The biological functions of SIRTS were
also assessed by Gene Ontology (GO) analysis. Additionally,
Oncomine database analysis was used to demonstrate whether
the differential expression of SIRTS in breast cancer patients
was associated with the clinicopathological features, clinical
outcomes and response to anthracycline-taxane-based chemo-
therapy in breast cancer patients.

Materials and methods

GEO dataset. The gene expression profile microarray
dataset GSE41998, which was originated from a randomized,
multicenter, open-label, phase II trial (NCT00455533), was
obtained from the GEO database (www.ncbi.nlm.nih.gov/geo).
This dataset was deposited by Horak et al (15), who enrolled
previously untreated women with histologically-confirmed
primary invasive breast adenocarcinoma and treated them
with four cycles of AC (doxorubicin plus cyclophosphamide),
followed by 1:1 randomization to ixabepilone (n=148) or
paclitaxel (n=147). The gene expression data from 64 TNBC
patients who received the AC-Taxol (paclitaxel) regimen were
analyzed in this study. The dataset was originally produced
using an Affymetrix Human Genome U133A 2.0 Array. The
gene expression data of all samples were pre-processed through
background correction, quantile normalization, probe summa-
rization and probe ID to gene symbol conversion using the
MASS algorithm in the Affymetrix package (version 1.54.0)
of Bioconductor.

Differentially expressed gene (DEG) analysis, data prepro-
cessing and GA-SVM-based classification. The limma package
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of Bioconductor was used for identification of DEGs. Genes
with P<0.01 and a minimum absolute log2 (FC) >log2 (1.5)
were considered to be differentially expressed between pCR
and non-pCR patients. Visualization of the identified DEGs
on a heat map was achieved using the ComplexHeatmap
version 1.16.0 package (Bioconductor). The GA-SVM method
was used as previously described (16) with a search iteration
number of 100 and a population size of 20. Annotations for
the probe arrays were obtained using the Affymetrix Human
Genome U133A 2.0 Array annotation data (hgul33a2.db
version 3.2.3 package; Bioconductor). For cases of multiple
probe sets mapping to the same gene, the averages of the probe
set values were taken as the expression values.

Functional enrichment analysis of SIRT5. The Pearson's
correlation analysis was employed to evaluate statistically
significant associations between ‘221010_s_at’ (SIRTS)
and other gene probes in the 64 TNBC patients who under-
went neoadjuvant doxorubicin/cyclophosphamide therapy
followed by paclitaxel treatment in the GSE41998 set. The
significance threshold was set at P<0.001 and the resulting
correlation networks were visualized with Cytoscape
(version 3.5.1; http://cytoscape.org/). Subsequently, to identify
the potential underlying mechanisms of SIRTS in the anthra-
cycline-taxane-based NAC response, we searched genes that
were significantly associated with SIRTS in the Database for
Annotation, Visualization and Integrated Discovery (DAVID;
version 6.8, david.ncifcrf.gov) (17). In GO analysis, the catego-
ries screened were ‘cellular component’, ‘biological process’
and ‘molecular function’ terms. P<0.05 was considered to
indicate statistically significant differences.

Oncomine database analysis. The expression levels of SIRTS
in breast cancers were analyzed in Oncomine gene expres-
sion array datasets (www.oncomine.org) (18). We searched
SIRTS in the database, using thresholds of P<0.05 and fold
change >1.5. A total of 6 independent datasets were extracted
for the differential expression analysis of SIRTS, through
which normal breast tissues were compared with breast cancer
tissues. In addition, SIRTS expression levels were evaluated
in breast cancers with differences in clinopathological char-
acteristics, including histological, molecular and pathological
subtype and clinical outcome. Additionally, to assess the
predictive value of SIRT5 on the response of TNBC patients
to neoadjuvant anthracycline-taxane-based chemotherapy,
the expression levels of SIRT5 were also examined in epiru-
bicin/cyclophosphamide-docetaxel chemotherapy responders
and non-responders.

Survival analysis. The prognostic value of SIRTS was deter-
mined by Kaplan-Meier analysis using the KM plotter online
software (http:/kmplot.com/analysis/) on 5,143 breast cancer
patients (2017 version). SIRTS gene (probe set, 221010_s_at)
was entered into the database (http:/kmplot.com/breast/) to
obtain Kaplan-Meier survival plot where the number at risk
was indicated below the main plot (17). Hazard ratio (HR)
with 95% confidence intervals (CIs) and log-rank P-value were
calculated and displayed on the webpage. The primary endpoint
of interest was distant metastasis-free survival (DMFS) and
the secondary was overall survival (OS).



ONCOLOGY REPORTS 39: 2315-2323, 2018

2317

Table 1. Five core genes identified by using GA-SVM based classifier to discriminate TNBC patients with pCR after anthracy-
cline-taxane based NAC from those without pCR (GSE41998).

Probe ID Gene symbol P-value Adjusted P-value B-statistic
202881_x_at NOL7 0.004161662 0.795911511 -2.86518995
204660_at GFER 0.001336072 0.762088046 -2.35709256
209133_s_at COMMD4 0.007963704 0.795911511 -3.15483672
221010_s_at SIRTS 0.006766523 0.795911511 -3.08223489
221281 _at SRC 0.007015234 0.795911511 -3.0983295

GA-SVM, genetic algorithm-support vector machine; TNBC, triple-negative breast cancer; pCR, pathological complete response; NAC, neo-

adjuvant chemotherapy.

Statistical analysis. The differentiated expression analysis and
Pearson's correlation test were applied for two-class differen-
tial expression analyses (e.g., pCR vs. non-pCR) and multiclass
ordinal analyses (e.g., grade I vs. II breast cancer) during the
Oncomine database analysis (www.oncomine.org). Unless
otherwise indicated, in all analyses P<0.05 was considered to
indicate a statistically significant difference.

Results

Identification of DEGs between pCR and non-pCR patients.
The overall procedure of analysis in the GEO database
is displayed in Fig. 1. Based on the public microarray
dataset GSE41998, we first compared gene expression profiles
among patients with pCR and non-pCR, and identified
118 DEG probes, including 99 upregulated and 19 downregu-
lated DEGs (Fig. 2A).

GA-SVM-based pCR classifiers. In order to identify optimal
biomarkers for predicting pCR, the GA of the GA-SVM
method was used to narrow down the number of genes, using
the DEGs as features and their expression levels as feature
values. A total of 61 gene probes mostly related to the predic-
tive classification were selected (Fig. 2B). Subsequently, these
61 candidate biomarkers were integrated into risk classifiers
with regard to the identification of TNBC patients with pCR.
SVM analysis with a 10-fold cross-validation procedure was
performed to evaluate the predictive performance of the
SVM-based classifiers. The area under the receiver operating
characteristic curve was 0.9762 (Fig. 2C). Five core genes were
identified to have better predictive performance regarding
pCR to NAC. The five core genes were 202881_x_at,
204660_at, 209133_s_at, 221010_s_at, 221281_at (NOL?7,
GFER, COMMD4, SIRTS5 and SRC, respectively; Table I).
To the best of our knowledge, SIRTS is closely related to cell
metabolism and had a significant positive association with
PCR to NAC in TNBC patients (Fig. 2D). These data indicated
the value of SIRTS in predicting the pCR of TNBC patients to
taxane-anthracycline-based NAC.

Functional enrichment analysis of SIRT5. To investigate the
potential altered biological functions of SIRTS5 associated with
the pCR of TNBC patients to NAC, we first screened 81 probes
that were significantly associated with probe ‘221010_s_at’

GEO dataset:

64 TNBC patients in GSE41998
DEGs between pCR and non-pCR
by T-test

p<0.01, log2(FC) > log2(1.5)
118 differentially expressed gene probes

I}

Genetic algorithm d=10

Choose current optimal
chromosome

Choose “core genes”

Calculate frequency

Choose “core genes”

1

Support vectormachine (SVM) classifier

Classification accuracy

Figure 1. The overall procedure of GEO database analysis. GEO, Gene
Expression Omnibus.

(SIRTS) in the TNBC samples in GSE41998 (Fig. 3A). In silico
GO analysis of these 81 differentially probes was subsequently
performed with a threshold of P<0.05. As displayed in Fig. 3B,
SIRTS was associated with all three GO functions (cellular
component, biological process and molecular function), among
which the molecular function involved Rho guanyl-nucleotide
exchange factor activity (3 genes, P=0.029) and vinculin
binding (2 genes, P=0.034). The cellular component involved
extracellular exosomes (20 genes, P=0.0047), the endoplasmic
reticulum membrane (ER) (8 genes, P=0.016), hemidesmo-
somes (2 genes, P=0.024), the sarcolemma (3 genes, P=0.028),
the plasma membrane (20 genes, P=0.035), endoplasmic
reticulum exit sites (2 genes, P=0.039) and the basal part of the
cell (2 genes, P=0.039). The biological processes involved the
IREI-mediated unfolded protein response (4 genes, P=0.001),
regulation of Rho protein signal transduction (3 genes, P=0.03),
negative regulation of hormone secretion (2 genes, P=0.033),
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actin polymerization or depolymerization (2 genes, P=0.039), myelination in peripheral nervous system (2 genes, P=0.046).
positive regulation of urine volume (2 genes, P=0.043) and It is interesting to note that the Rho pathway was reflected in



ONCOLOGY REPORTS 39: 2315-2323, 2018

P=412E4
Fold change = 13.73

Turashvili
1.0

0.0

-1.0

2319

P=0.001
Fold change = 1.714

P=0.03
Fold change = 1.85

O

TCGA
20

——

kil

hob
o o

Ductal breast
carcinoma (5)

log2 median-centered intensity 3>
~
o
log2 median-centered ratio
=]
o

o

(=]
g
o

1 2 3
L:ab‘rélliro:::?:]t 1. Apocrine breast carcinoma (1)

3. Imvasive cri

NELEC]

2. Ductal breast carcinoma (354)

0.0

S

1.0

log2 median-centered iratio

4 5 & T 20
5. Mixed lobular and ductal
breast carcinoma (10}

Ductal breast
carcinoma in situ (3)

Invasive ductal
breast carcinoma (390)

4. Lobular breast carcinoma (38)

& breast (10}
7. Papillary breast carcinoma (2)

Figure 4. Oncomine database analysis of the expression of SIRTS in different subtypes of breast cancer. (A) Elevated expression levels of SIRTS5 were identi-
fied in lobular breast carcinoma (Turashvili breast dataset; Oncomine database), (B) in mucinous breast carcinoma and (C) in ductal breast carcinoma in situ

(TCGA breast dataset; Oncomine database). SIRTS, sirtuin 5.

A P=2.70E-4
Richardson 2 Fold change=1.907
2
E 5.0
3 I
£ 40
-
] I
£ 3.0 ]
£
Bell=——
c 2.0
et |
K
g 1.0/
~ I
g oo!
ERBB2/ER/PR Other biomarker
negative (18) status (19)
(] P=4,63E-4
Waddell Fold change=1.616
2 20
E 1.0 > )
S —
- L _—
2
g-1.0
[
3 .20 N
g
5 -3.0
£
o 4o
(=]
2 .50

BRCA1 wild-type (60) BRCA1 mutation (20)

B P=2.70E-4
Waddell Fold change=1.923
£ 20
=4
a
£ 1.0
J:
g 0.0
8
c -1.0
3
% 20
g -2
o~
g 3.0 .
ERBB2/ER/PR Other biomarker
negative (22) status (44)
D P=0.034
10 Stickeler Fold change=1.566
2 .
e
T 00
]
H
o 1.0
c
2
E 2.0
o
g
3.0
Epirubicin/Cycloph ide+ Epirubicin/Cyclophosphamid
D I non-responder (22) D fer (10)

Figure 5. Oncomine database analysis of the expression of SIRTS5 in different breast cancer molecular subtypes, BRCAI mutation and patient treatment
responses. (A and B) Elevated expression levels of SIRTS were identified in TNBC (Richardson breast 2 dataset and Waddell breast dataset; Oncomine data-
base), (C) breast cancer with BRCA1 mutations (Waddell breast dataset; Oncomine database) and (D) andepirubicin/cyclophosphamide-docetaxel responders
(Stickeler breast dataset; Oncomine database). SIRTS, sirtuin 5; TNBC, triple-negative breast cancer.

the enriched GO cellular component terms, indicating that
aberrations in the Rho pathway may play an important role in
the putative SIRTS5-mediated response to anthracycline-taxane
based NAC.

SIRTS expression analysis in the Oncomine database. By
querying ‘SIRTS’ in the Oncomine database, the expression
of this gene in various cancer types and cancer subtypes
was evaluated. In the present study, we further analyzed the
expression levels of SIRTS5 in breast cancers, through which
the log-transformed and normalized expression values of
SIRTS were extracted, analyzed and interpreted from bar
charts. On analysis of SIRT5 expression in cancer versus

normal tissues, higher expression levels of SIRT5 were
observed in breast cancer tissues in three datasets (data not
shown), while lower levels were observed in breast cancer
tissues in another three datasets (data not shown). These
results indicated that SIRTS5 may not be a tumorigenic gene
in breast cancer.

The results of cancer histological subtype analysis are
displayed in Fig. 4. Compared with ductal breast carcinoma,
lobular breast carcinoma was found to express higher levels
of SIRTS (Fig. 4A). Overexpression of SIRT5 was observed in
mucinous breast carcinoma, relative to the other histological
subtypes (Fig. 4B). Meanwhile, ductal breast carcinoma
in situ expressed higher levels of SIRT5 than invasive breast
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Table II. Elevated SIRTS expression in hormone receptor negative or HER2-negative breast cancer tissues compared to hormone
receptor positive or HER2-positive breast cancer tissues (Oncomine database).

Study name Cancer type Negative (n) Positive (n)  Total (n)  Fold change  P-value
Waddell breast ER-negative vs. ER-positive 27 42 69 -1.625 9.64E-4
Richardson breast 2 ER-negative vs. ER-positive 24 15 39 -1.632 7.72E-4
Waddell breast PR-negative vs. PR-positive 28 38 66 -1.570 0.003
Richardson breast 2 PR-negative vs. PR-positive 26 13 39 -1.626 5.34E-4
Waddell breast HER2-negative vs. HER2-positive 43 12 55 -1.816 0.013
Richardson breast 2 HER2-negative vs. HER2-positive 29 8 37 -1.501 0.016

SIRTS, sirtuin 5; HER2, human epidermal growth factor receptor 2.

Table III. SIRTS expression analysis in primary sites relative to metastasis and in different pathological subtypes of breast cancer

(Oncomine database).

Study name Cancer type Total (n) Fold change P-value
Radvanyi breast Primary site vs. metastasis (33 vs. 4) 37 2.398 9.53E-6
Bittner breast 2 Primary site vs. metastasis (327 vs. 9) 336 -1.850 0.035
Ma breast 4 Grade 1 vs. grade 2 (4 vs. 3) 7 1.534 0014
Desmadt breast 2 Grade 2 vs. grade 3 (5 vs. 4) 9 -2.127 0.028
Bittner breast Grade 1 vs. grade 2 (5 vs. 23) 28 -1.522 0.034
Miyake breast 2 Stage II vs. grade III (97 vs. 18) 115 1.701 3.52E-5
Bittner breast MO vs. M1 (176 vs. 5) 181 -1.523 0.026

SIRTS, sirtuin 5.

carcinoma (Fig. 4C). These results indicated that varying
degrees of SIRTS upregulation may be specific to certain
histological subtypes.

With regard to the expression of SIRTS in different
molecular subtypes, SIRTS5 was overexpressed in
TNBC (Fig. 5A and B). Higher levels of SIRTS were also
expressed in ER-negative, PR-negative and HER2-negative
breast carcinoma, compared with ER-positive, PR-positive
and HER2-positive carcinomas, respectively (Table II).
Furthermore, patients with BRCA1 mutations exhibited
elevated SIRTS levels compared with those expressing
wild-type BRCAL1 (Fig. 5C). On analysis of SIRT5 expres-
sion with regard to patient treatment response, a significant
1.560-fold elevation in SIRTS expression level was observed
in epirubicin/cyclophosphamide-docetaxel responders relative
to non-responders (Fig. 5D). Collectively, these results demon-
strated that high-level expression of SIRT5 was positively
associated with the TNBC and BRCA1 mutant subtypes and
the response to anthracycline-taxane based treatment.

On clinical outcome analysis, higher SIRT5 expression
was prone to occur in patients presenting with metastasis at
1 and 5 years (Fig. 6A and B). Additionally, in comparison
with patients who were still alive at 1 year, those who died
within 1 year exhibited SIRTS overexpression (Fig. 6C).
Meanwhile, differential expression of SIRTS5 was observed
between the primary tumor site and metastatic site, as
well as between breast carcinomas with other variable

clinicopathological characteristics (grade, stage and distant
metastatic status; Table III). Collectively, these results
indicated that breast patients with elevated SIRT5 mRNA
levels have relatively low 1- and 5-year distant metastasis-free
survival rates and 1-year survival rates.

Survival analysis of SIRT5 in breast cancer patients.
Subsequently, to evaluate the prognostic effect of SIRTS,
we constructed Kaplan-Meier plots and log-rank analyses
in an online database. We performed this analysis using the
‘best cutoff’ value of mRNA of SIRTS (all percentiles are
computed and the best performing threshold is automatically
chosen as the cut-off). We observed that high mRNA expres-
sion of SIRTS was an indicator of increased risk for distant
metastasis (P=0.033; Fig. 6D). Although it was suggested
that SIRTS may not be a predictor of OS (Fig. 6E), there was
predictive value of SIRTS for early death in breast cancer
patients, therefore further study is needed.

Discussion

NAC is one of the well-established treatments for breast cancer
and is particularly relevant in the treatment of TNBCs, as it has
been demonstrated that TNBCs have a better response to NAC
than other molecular subtypes of breast cancer (19). However,
it should be noted that only a minority of patients with TNBC
have been reported to achieve a pCR, which has recently
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been proposed as a surrogate for relapse-free survival (RFS)
in TNBC patients after NAC and is well-accepted as the
strongest predictive factor of good prognosis in patients
with TNBC (20,21). Therefore, it is necessary to identify
reliable predictors of pCR to NAC in TNBC patients. In the
present study, we used high-throughput sequencing data and
reported the role of SIRTS in predicting pCR to anthracy-
cline-taxane-based NAC in TNBC patients for the first time.
Using the gene expression and treatment response data of
64 TNBC patients (GSE41998 dataset of the GEO database)
who underwent neoadjuvant doxorubicin/cyclophosphamide
therapy followed by paclitaxel treatment, SIRTS was screened
as one of the five core genes associated with the pCR of TNBC
patients by generating GA-SVM-based pCR classifiers. A
positive association was also observed between SIRTS expres-
sion and the pCR to NAC. Additionally, in the Oncomine
database analysis, epirubicin/cyclophosphamide-docetaxel
responders were found to express elevated levels of SIRTS
when compared with epirubicin/cyclophosphamide-docetaxel
non-responders. Collectively, these findings indicated the
promising value of SIRTS in predicting the pCR of TNBC
patients to anthracycline-taxane-based NAC.

SIRTS is one of three mitochondrial SIRTs and has recently
been demonstrated to affect cellular metabolism by regulating
the post-translational modifications (PTMs) of multiple mito-
chondrial proteins (22). Previous studies have indicated that
SIRTS can affect ammonia detoxification through the PTMs
of carbamoyl phosphate synthetase 1 (23). Results of in vitro
experiments in the MDA-MB-231 human breast carcinoma cell
line indicated that silenced SIRTS5 resulted in the accumulation
of ammonia; ammonia-induced autophagy was subsequently

activated and enabled tumor cells to survive in stressful
conditions, including those induced by chemotherapy (24).
Additionally, it was found that autophagy inhibition by protea-
some inhibitors increased anthracycline-induced apoptosis
in breast cancer cells (25). Thus, it is plausible that elevated
SIRTS expression may increase the sensitivity of cancer cells
to anthracycline treatment by promoting ammonia metabolism
and inhibiting autophagy.

In addition to cellular metabolism regulation, multiple
potential mechanisms through which SIRT5 may affect
the response of TNBC patients to NAC were identified by
searching genes that were positively correlated with SIRTS
expression in the DAVID database to obtain the GO annota-
tions. First, in the cellular component ontology, the genes were
primarily enriched in cell membrane-related structures. The
most significant item was extracellular exosomes. Secretion
of exosomes containing breast cancer resistance proteins
has been suggested to heighten the response of breast cancer
cells to doxorubicin (26). In the GO category of molecular
function, the enriched items were Rho guanyl-nucleotide
exchange factor activity and vinculin binding. Subsequently,
it was found that these genes were enriched in a variety of
biological processes involved in the endocrine, urinary and
nervous systems. Furthermore, it should be noted that the
regulation of Rho proteins was also enriched. It has been
reported that the Rho signaling pathway exerts its effects on
cellular activities primarily through its central role in actin
cytoskeleton dynamics (27). A reciprocal relationship has also
been explored between Rho proteins and microtubules (28,29)
and it has been demonstrated that the activation of the Rho
pathway altered the activity of microtubule associated protein
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Tau (MAPT) via phosphorylation to regulate microtubule
stabilization (30). MAPT was indicated as a potential predictor
of pCR to taxane-containing NAC in advanced breast cancer
patients (31). Therefore, these results collectively indicate that
SIRTS5 may increase the pCR to anthracycline-taxane-based
NAC by inhibiting ammonia-induced autophagy and regu-
lating the Rho signaling pathway.

With regard to SIRTS and tumorigenesis, findings from
previous studies have demonstrated that SIRTS may have
different effects on different cancer types by acting as a
tumor-suppressor or tumor-promoter. In comparison with
normal tissues, SIRTS was significantly under expressed in
head and neck squamous cell carcinoma samples, indicating
the role of SIRTS as a tumor-suppressor (13). Similarly, the
expression levels of SIRTS were substantially downregulated in
endometrial carcinoma tissues compared with non-neoplastic
endometrium (11). However, no significant change in SIRTS
expression was observed in basal cell carcinoma tissues rela-
tive to non-cancerous tissues (12). For breast cancer, a previous
study reported significantly elevated expression levels of SIRTS
in breast cancer tissues (14). Nevertheless, in the Oncomine
database analysis conducted in the present study, the findings
were inconsistent, with either higher or lower expression levels
of SIRTS observed in the breast tumor tissues of different
datasets when compared with normal breast tissues. Thus, we
speculated that the effects of SIRTS may even vary in a specific
cancer with different clinicopathological characteristics.

To some extent, the results of the present study indeed
revealed an association of SIRTS expression with the clinico-
pathological characteristics of breast cancer. It was observed
that lobular and mucinous breast carcinoma expressed higher
levels of SIRTS in comparison with ductal breast carci-
noma. SIRTS was also overexpressed in breast carcinoma
in situ relative to invasive ductal breast carcinoma. These
results indicated that SIRTS upregulation may be specific to
certain histopathological type and early-stage breast cancers.
However, the reason for this remains unclear at present.
Furthermore, compared with other molecular subtypes, the
TNBC and BRCA1 mutation subtypes expressed substan-
tially elevated levels of SIRTS. In addition it was observed
that elevated expression levels of SIRTS were significantly
associated with 1- and 5-year distant metastasis and with
patient death at 1 year. These correlations are consistent with
BRCAI mutations generally being associated with metastatic
and aggressive disease, and with TNBC patients having the
worst overall and disease-free survival and poor distant
metastasis-free survival. Furthermore, the results of online
KM plotter analysis also indicated that SIRTS was a reliable
biomarker for DMFS and short OS in breast cancer patients.
Collectively, these findings indicated that elevated SIRTS
expression may be involved in the formation of specific
histological subtypes of breast cancer and confer a stronger
invasive ability on breast cancer cells.

In conclusion, the findings of the present study implicated
SIRTS as a predictor of pCR to anthracycline-taxane-based
NAC in TNBC patients. GO analysis indicated that the
Rho pathway may be the mechanism through which SIRTS
impacted the response of TNBC to NAC. Additionally, it was
found that the expression of SIRTS was positively correlated
with the subtypes of TNBC and BRCA1 mutation, as well
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as closely associated with poor clinical outcomes and poor
prognostic clinicopathological parameters. The results of
the present study may provide valuable indications for the
basic research and clinical treatment of SIRTS5-expressing
responders with TNBC to NAC. However, further investiga-
tions are required to confirm our hypothesis.
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