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ABSTRACT

Background: Aspirin (ASA) has been reported to have an antitumor effect but the role of ASA in the prevention
and treatment of breast cancer (BC) is still controversial. This study aimed to identify clinical effectiveness of ASA
in the treatment of BC and explore the antitumor target proteins of ASA that may be involved in overcoming
tamoxifen resistance in estrogen receptor (ER)-positive BC cells. Materials and Methods: Randomized controlled
trials (RCTs) of ASA in the treatment of BC were queried from the databases, including PubMed, Web of Science,
Cochrane Library, WanFang, and Chinese National Knowledge Infrastructure. According to the quality standard
recommended in the Newcastle-Ottawa Scale (NOS), the outcome indexes were analyzed by RevMan 5.3 and Sta-
ta 12.0 software. Cell culture experiments were performed to explore the effect of tamoxifen combined with ASA
on the proliferation of ER-positive BC cell lines MCF-7 and MCF-7/TAM. Cell cytotoxicity was determined by the
3-(4, 5-di-2-yl)-2, 5-ditetrazolium bromide (MTT) assay. A quantitative proteomic analysis was conducted
between the control and experimental groups to identify differentially expressed proteins (DEPs). Subsequently,
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses
were used for bioinformatic analysis of DEPs. The protein expression in patients of ER-positive BC was analyzed
by immunochemistry (IHC). Results: Nine RCTs including 162,381 patients were selected for this study. The
meta-analysis revealed that daily ASA use, as compared with its non-use, was associated with a decreased risk
of BC death: relative risk (RR) = 0.83%, 95% CI [0.73, 0.94], Z=2.89, P=0.004 (P <0.05). Cell culture experi-
ments showed that tamoxifen combined with ASA can drastically inhibit the cell growth of MCF-7 and MCF-
7/TAM cells more than the administration of tamoxifen alone (P < 0.05). Fifty-seven DEPs were up-regulated,
while eighty-five DEPs were down-regulated in MCF-7/TAM cells after the ASA combination treatment. Several
GO terms were significantly enriched, such as neutrophil degranulation, retinal metabolic process, sterol biosyn-
thetic process, and prostaglandin metabolic process. KEGG pathway enrichment analysis also verified three asso-
ciated pathways including metabolic pathways, chemical carcinogenesis-reactive oxygen species, and biosynthesis
of amino acids. In ER-positive BC patients with Ki67 > 20%, the positive expression of one significantly DEP MYC
was much higher than in BC patients with Ki67 <20% (40.91% vs. 12.50%, P < 0.05). There was no significant
difference in MYC protein expression among the other subgroups (P > 0.05). Conclusions: Our results show that
ASA has a clinical value in the treatment of BC. ASA could overcome tamoxifen resistance in ER-positive BC cells
through some key proteins, which may be potential therapeutic targets for patients with tamoxifen resistance.
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1 Introduction

Around 12% of all cancer-related deaths worldwide occur due to breast cancer (BC), which is the
leading cause of cancer-related death among women [1]. Depending on the clinical tumor subtypes of
BC, therapeutic backbones include surgery, radiation therapy, endocrine therapy (ET), chemotherapy, and
anti-HER2 targeting [2]. The most common type of BC is estrogen receptor (ER) positive, which
accounts for about 60% of all BC cases [3]. These tumors are initially dependent on the steroid hormone
estrogen acting through the ER. ET is a common treatment for ER-positive BC, which decreases the risk
of recurrence and improves progression-free survival in a subset of patients with ER-positive BC. Most
commonly, tamoxifen is used to treat BC for a 5-year treatment period at least because of its inhibitory
effects on the transcriptional activity of ER [4]. Despite its initial therapeutic efficacy, resistance to
tamoxifen limits its long-term benefit for patients with BC, which remains an important and challenging
clinical problem [5,6]. Nearly 30% of patients with BC receiving tamoxifen eventually experience disease
relapse, and secondary resistance to tamoxifen during treatment can lead tumor metastasis and death [7].
Molecular mechanisms of resistance to tamoxifen have not yet been determined. Some mechanisms of
tamoxifen resistance are complex and include ER mutations [8], the metabolic pathway of tamoxifen [9],
activation of alternative oncogenic signaling, and deregulation of oncogenic proteins [10]. As a result,
there is a great need for more comprehensive research on novel treatment options to overcome the
resistance of tamoxifen in ER-positive BC.

In recent years, several studies have demonstrated that aspirin (ASA) has anticancer effects in solid
tumors, such as colorectal cancer, prostate cancer, and endometrial cancer [11-13]. However, previous
studies of ASA in patients have produced controversial results. Some studies have shown that ASA can
reduce the incidence of BC, while other studies were of the opposite opinion. The mechanism of the
association between the anticancer effects and ASA is complex [14]. Multiple observational studies have
reported an improved BC survival with regular ASA use [15,16]. As ASA has anti-tumor effects, we
found it to play a novel role in tamoxifen resistance in ER-positive BC cells and proposed possible
mechanisms in our previous study. Additionally, ASA combined with tamoxifen can inhibit cell cycle
progression by downregulating cyclin D1, thus overcoming tamoxifen resistance [17]. In tamoxifen-
resistant ER-positive BC cell lines, ASA might also inhibit the upstream regulators of MYC and cyclin
D1 proteins, such as mTOR and NF-«kB signaling pathways. These proteins and factors could upregulate
MYC and cyclin D1 protein levels excessively, which is necessary for the survival of cancer cells.
However, information regarding changes in proteins associated with tamoxifen resistance in ER-positive
BC cells treated with the ASA and tamoxifen combination remains sparse.

Proteomics can help to identify and analyze a whole set of proteins in biological systems systematically
and quantitatively. Proteomic studies can interpret not only changes in protein expression levels, but also
posttranslational modifications that are essential for the regulation of protein functions [18,19]. In this
study, based on evidence showing that ASA may contribute to the breakthrough of tamoxifen resistance,
we further analysed tamoxifen-resistant MCF-7/TAM cells and identified altered protein expressions
concerning ASA treatment using proteomic analysis techniques. We leveraged the data to better
understand the effects of ASA treatment in overcoming tamoxifen resistance in BC.
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2 Materials and Methods

2.1 Study Design and Research Sample

This study was designed according to the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines for literature search, study design, and data analysis. We identified eligible
researches published up to 2021 on the treatment of BC with ASA from databases, including PubMed, Web
of Science, Cochrane Library, Wanfang, and Chinese National Knowledge Infrastructure. Two experienced
librarians helped develop a comprehensive search strategy including free text and MeSH terms. A number
of search terms were used such as “breast cancer”, “breast neoplasms”, “ASA”, and “non-steroidal anti-
inflammatory drugs (NSAIDs)”. Inclusion criteria included: (1) Published literature on aspirin in the
treatment of BC; (2) The number of cases in each group exceeded 60 cases; (3) Follow-up data are
available; (4) The data are detailed and reliable, and the results are clearly expressed. The relative risk (RR)
and 95% confidence interval can be extracted from the relevant data. Exclusion criteria included: (1)
Review, conference abstract and non-original literature; (2) Cannot provide data for statistical analysis; (3)
Repeatability test; (4) Cell culture methods or animal studies; (5) Lack of follow-up data.

2.2 Study Quality Assessment

The design and quality of all studies were assessed using the Newcastle-Ottawa Scale (NOS). Two
researchers independently read and evaluated the literature according to NOS scoring criteria, including
patient selection, comparability, and study results. Studies with scores >5 were included in the follow-up studies.

2.3 Chemicals and Reagents

4-hydroxy-tamoxifen (4-OHT) and ASA (Sigma-Aldrich, St. Louis, MO, USA) were dissolved
in dimethyl sulphoxide (DMSO) (Sigma-Aldrich, St. Louis, MO, USA). Sodium deoxycholate,
dithiothreitol, ammonium bicarbonate, and iodoacetamide were procured from Sigma (Sigma-Aldrich, St.
Louis, MO, USA). Tris-(2-carboxyethyl) phosphine was procured from Thermo Scientific (Thermo Fisher
Scientific, Waltham, MA, USA). Modified sequencing grade trypsin was procured from Promega
(Promega Corporation, Wisconsin, USA). High-performance liquid chromatography-mass spectrometry
(HPLC/MS) grade solvents were used to prepare all mobile phases and solutions, including water,
acetonitrile, methanol, and formic acid (Thermo Fisher Scientific, Waltham, MA, USA). Anti-ER
antibody (clone SP1), anti-PR antibody (clone 1E2), anti-HER2 antibody (clone 4B5), and anti-MYC
antibody (clone Y69) (Roche, Switzerland) were used in accordance with the manufacturer’s instructions.

2.4 Cell Culture and Cell Viability Analysis

The human BC cell lines MCF-7 and MCF-7/TAM (tamoxifen-resistant) were cultured in Dulbecco’s
Modified Eagle’s Medium (DMEM) (Gibco, USA) supplemented with 10% fetal bovine serum (FBS),
100 U/ml penicillin and 100 pg/ml streptomycin (Gibco, USA) in a 5% CO, humidified incubator at 37°C.
Cells were grown in 96 well culture plates and treated with both compounds and 4-OHT alone. The
cytotoxicity of ASA and 4-OHT was evaluated by MTT assay according to the manufacturer’s instructions
(Sigma-Aldrich, St. Louis, MO, USA). Each experiment was carried out three times. Optical density (OD)
values at 450 nm wavelength were determined by enzyme-labeled instruments (Bio-Rad, USA).

2.5 Methods of Proteomics Experiments

2.5.1 Sample Preparation

Seeding of MCF-7 and MCF-7/TAM cells in 10 cm? flasks was performed, and the cells were placed in a
humidified incubator at 37°C and 5% CO,. At 70% confluency, treatments with 2 mM ASA and 3 uM
4-OHT (experimental group) or 4-OHT alone (control group) were carried out. Following six days of
incubation, the cells in two groups were washed thrice with pre-cooled phosphate buffer saline (PBS)
(Gibco, USA) and centrifuged to obtain cell pellets.
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2.5.2 Protein Extraction

A total of 1 x 107 cells were lysed with 200 pL radioimmunoprecipitation assay (RIPA) lysis buffer
(Thermo Fisher Scientific, Waltham, MA, USA) for 30 min at 4°C, and the debris was removed by
centrifugation at 12,000 g for 30 min. Subsequently, the supernatant was collected and the protein
concentration was determined by bicinchoninic acid protein assay (Thermo Fisher Scientific, Waltham,
MA, USA).

2.5.3 Trypsin Digestion

Protein samples were reduced with a final concentration of 10 mM dithiothreitol at 25°C for 30 min on a
shaking plate at 1,200 rpm. Afterward, samples were alkylated with 20 mM iodoacetamide (IAA) and
incubated at 25°C for 30 min in the dark. Trichloroacetic acid (100%, 1/10 vol) was added to the
samples, followed by incubation at 4°C for 30 min. The samples were washed with pre-chilled acetone
and centrifuged at 16,000 g for 15 min at 4°C. This step was performed twice and the pellet was allowed
to dry for 10 min. Finally, trypsin in 100 pL of 100 mM Tris/HCL (pH = 8.5) was added to each sample.
The protein-to-enzyme ratio was 50:1. Samples were incubated overnight at 37°C to release peptides.
Two microliters of 100% formic acid was added to the samples, followed by vortexing and centrifugation
at 10,000 g for 30 s. Samples were desalted using an Oasis HLB extraction cartridge (Waters Corporation,
Milford, MA, USA) according to the manufacturer’s instructions. After drying with a SpeedVac vacuum
concentrator (Thermo Fisher Scientific, Waltham, MA, USA), peptides were dissolved in 0.1% formic
acid for liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis.

2.5.4 LC-MS/MS Analysis

For proteomics analysis, the samples were allowed to dissolve in 0.1% formic acid and then analyzed on
a commercial C18 column (Acclaim PepMap RSLC, 75 pm x 50 cm, Thermo Scientific, Waltham, MA,
USA) using an Ultra3000 UHPLC connected to Exploris 480 mass spectrometer (Thermo Scientific,
Waltham, MA, USA). Peptides were separated at 300 nl/min for 105 min using a linear gradient of
acetonitrile (ACN) 5% to 45% with 0.1% formic acid. The MS acquisition was set to the data-dependent
acquisition (DDA) mode, including a full MS survey scan from m/z 350 to m/z 1,200 at a resolution of
60,000 full width at half maximum (FWHM) (at m/z 200) with accudenz gradient centrifugation (AGC)
set to SE6 (maximum injection time of 50 ms), followed by 20 MS/MS scans at a resolution of
15,000 FWHM with AGC set to 2E5 (maximum injection time of 100 ms). A total of twenty of the most
intense precursors with an isolation width of m/z 1.6 were selected for fragmentation via high energy
collision dissociation (HCD) with 30 normalized collision energy (NCE). An exclusion time of 60 s was
set for dynamic exclusion.

2.5.5 Protein Identification and Quantification

In the UniProt human database, the SEQUEST searching engine was used to search MS/MS spectra in
proteome discoverer (PD) 2.4 software. The search criteria were as follows: complete trypsin specificity was
required; cleavages of up to two deletions were allowed; oxidation (M) and acetylation (N terms of protein)
were set as the variable modification and carbamidomethyl (C) was set as fixed modification; precursor ion
quality of tolerance was set to 10 ppm and used in orbitrap quality analyzer all MS; MS2 spectra of quality of
fragment ions tolerance was set to 20 mmu. The percolator provided of PD was used to calculate peptide false
discovery rate. A search in the reverse decoy database was performed to identify false findings based on
peptide profile match. Peptides belonging only to a particular group of proteins were considered unique.
The false discovery rate for protein identification was also set to 0.01. Label-free quantification was
performed only for proteins with two or more unique peptide matches. Protein ratio was calculated as all
belong to a protein peptide hit the median. Quantitative accuracy expressed protein ratio variability.

2.5.6 Study Population, Samples and Immunohistochemistry (IHC)
Patients with luminal-like invasive BC were included in the study who also had complete data on
specimens analysis-based scores for ER, progesterone receptor (PR), human epidermal growth factor
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receptor 2 (HER2), Ki67, and MYC were included in the study. Formalin-fixed and paraffin-embedded (FFPE)
tumor specimens were examined by IHC, anti-ER antibody, anti-PR antibody, anti-HER2 antibody, and anti-
MYC antibody were used for the IHC analysis according to the manufacturer’s instructions. ER/PR-positivity
was assessed as >1% of tumor cells in the tissue sample. HER2 was evaluated 0 or +1 as negative and +3 as
positive. When the THC test score was 2+, the gene amplification status was determined using fluorescence in
situ hybridization (FISH), and MYC positivity was defined as >10% cells showing brown color. Ki67 index of
<20% was considered low risk while >20% was considered high risk.

2.5.7 Bioinformatics and Statistical Analyses

Data were extracted from each observation in both the experimental and control groups. Review
Manager 5.3 was utilized to assess the RR and 95% confidence interval (CI). Stata 12.0 software was
used to conduct Begg’s test. A funnel plot and Begg’s test were used to visually evaluate the publication
bias. A Principal component analysis (PCA) score plot and hierarchical clustering (Pearson correlation)
based heat map were generated using PD 2.4 software. GO enrichment analysis and KEGG pathway
enrichment analysis were performed using the DAVID web service (https://david.ncifcrf.gov/home.jsp)
with the DEPs revealed by using the provided proteome data. SPSS 23.0 was utilized to detect the data,
and P <0.05 was considered statistically significant.

3 Results

3.1 Study Features

All studies were queried from domestic and foreign databases and nine studies were selected based on
established standards [20-28] (Fig. 1). A total of 59,934 patients were enrolled in the ASA experimental
group, while 102,447 patients were enrolled in the control group. ASA was administered at a low dose
(75-150 mg/d), and and the follow-up time was in the range of 41.3—134 months. The NOS scores of
nine screened studies were from 7 to 9. This suggests that the studies included in this research are of
good quality and can be used for meta-analysis (Table 1).

Researches for potentially
relevant trials
(n=424)

Researches excluded
EEE— No relevant
(n=19)

Trials retrieved for further
evaluation
(n=405)

Researches excluded

Review only(n=59)
No human(n=93)
No follow-up data(n=89)
No randomized(n=61)

No control group(n=47)

Trials retrieved for further
evaluation

(n=56)
Read the full article and delete
studies that are still in progress or
fewer than 60 cases
Trials retrieved for further (n=47)
evaluation
(n=9)

Figure 1: Flowchart of the selection of the clinical trials
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Table 1: Summary of studies NOS score

Source Published  Study population = Comparability — Study NOS score
year selection score rating outcome rating

Bardia et al. [20] 2017

Barron et al. [21] 2015

Frisk et al. [22] 2018

Bens et al. [23] 2018

Holmes et al. [24] 2014
Bradley et al. [25] 2016
Shiao et al. [26] 2016
Williams et al. [27] 2018
Zhang et al. [28] 2008
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3.2 Association between ASA use and Prognosis in Patients with BC

The combined analysis of the data of nine included studies showed that there was large heterogeneity
among the studies (P<0.0001, I*=75%). Therefore, the random effects model was adopted, with the
combined effect size of RR being 0.83%, 95% CI [0.73, 0.94], Z=2.89, P=0.004 (P<0.05). The
difference was statistically significant. According to the forest plot (Fig. 2a), the survival rate of patients
with BC was higher within the ASA group and the risk of death was less than that in the non-ASA
group, thus suggesting that ASA helps improve the prognosis of patients with BC. For publication bias
assessment, a funnel plot was constructed for all included studies (Fig. 2b). The results showed that the
funnel plot was obviously symmetrical. The result of Begg’s test for publication bias was not statistically
significant (P> 0.05), indicating that the results were less affected by publication bias and the conclusion
was reliable.

(A) Aspirin Non aspirin Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Bardia 2017 1002 19105 489 7475 158% 0.871[0.79,0.97] ¥
Barron 2015 64 764 380 3776 10.3% 0.81[0.63,1.04) Il
Bens 2018 176 9538 1268 52723 139% 0.77 [0.66, 0.90] -
Bradley 2016 65 1274 88 1651  8.4% 0.961(0.70,1.31] T
Frisk 2018 241 6781 834 14663 145% 063[0.55,0.72) -
Holmes 2014 32 2334 182 116 136% 0.95(0.81,1.12) i
Shiao 2016 13 5 59 157 43% 0.453[0.31,0.80] -
Williams 2018 13 169 &7 944 38% 1.08[0.61,1.92) -
Zhang 2008 608 19934 622 19942 155% 0.98(0.88,1.09) b
Total (95% Cl) 59934 102447 100.0% 0.83[0.73,0.94] +
Total events 2634 3999 .

Heterogeneity. Tau*= 0.02; Chi*= 32.39, df= 8 (P < 0.0001); F=75%

Test for overall effect: 2= 2.89 (P =0.004) 001 01 ! 10 100

Favours [experimental] Favours [control]

Figure 2: (Continued)
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Figure 2: Meta-analyses of the included studies examining aspirin and overall survival in BC. (A) forest

plot. (B) funnel plot

3.3 Effects of ASA Combined with 4-OHT on the Proliferation of MCF-7 and MCF-7/TAM Cells

MCF-7 and MCF-7/TAM cells were exposed to 4-OHT (3 uM) alone and 4-OHT (3 uM) combined with
ASA (2 mM) for six days. After treatment, cell viability was determined by an MTT assay after treatment.
The inhibitory effects of 4-OHT alone on MCF-7 and MCF-7/TAM cells were significantly different. Cell
viability exhibited no significant decrease in MCF-7/TAM cells treated with 4-OHT alone. In contrast,
cell viability of MCF-7/TAM cells in the 4-OHT combined with ASA groups (63.93 £5.98)% was
significantly lower than in the 4-OHT alone groups (104.30 +5.67)% (P <0.05) ( Fig. 3).
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Figure 3: (Continued)
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Figure 3: 4-OHT (3 uM) can inhibit cell growth in MCF-7 cells only and 4-OHT (3 pM) in combination
with ASA (2 mM) can dramatically inhibit cell growth both in MCF-7 and MCF-7/TAM cells. (A) MCF-
7 cells were treated with 4-OHT (3 uM) only and 4-OHT (3 uM) in combination with ASA (2 mM) for
0,1, 2,3, 4,5, and 6 days. (B) MCF-7/TAM cells were treated with 4-OHT (3 uM) only and 4-OHT
(3 uM) in combination with ASA (2 mM) for 0, 1, 2, 3, 4, 5, and 6 days

3.4 Overview of the Proteomic Results

To investigate the cell biological changes and mechanisms of ASA combined with 4-OHT, proteomic
analysis was performed to find the difference in protein expression of MCF-7 and MCF-7/TAM cells
before and after the ASA and 4-OHT combination treatment. 6,431 intracellular proteins were recognized
with high reliability in all eight cell samples from LC-MS/MS (Fig. 4a). After filtration (the criteria were:
found in all samples, FDR <0.01 and unique peptides > 2), 3,847 proteins were used to search for
searching dysregulated proteins. PCA and hierarchical clustering of protein expression changes (Fig. 4b)
showed a clear separation among each group.
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Figure 4: (Continued)
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©

Figure 4: Overview of the proteomic results. (A) Proteins identified with high confidence in each cell
sample. (B) Score plot of the PCA representing the distribution of samples in terms of protein expression
profiles. (C) Hierarchical clustering heatmap representing the expression profiles of each sample. Sample
groups are marked by colors. Blue represent MCF-7 cell samples; orange represent MCF-7/TAM cell
samples; green represent MCF-7 cell samples in treatment of ASA and 4-OHT combination; red represent
MCF-7/TAM cell samples in treatment of ASA and 4-OHT combination

3.5 Differentially Expressed Proteins (DEPs) of MCF-7/TAM Cells after Treatment with ASA and 4-OHT

Combination

To identify the biological impact of ASA combined with 4-OHT on tamoxifen-resistant cells, we
compared the proteomes of MCF-7/TAM cells before and after the ASA and 4-OHT combination
treatment. A total of 57 DEPs were up-regulated after the combination treatment, while 85 DEPs were
down-regulated (Fold change >2 or <0.5 and adjusted P <0.05) (Fig. 5 and Table 2). GO analyses were
then performed on these DEPs and the top-ranked GO terms were demonstrated in terms of biological
process (Fig. 6a), cellular subtype (Fig. 6b), and molecular function (Fig. 6¢). Several GO terms were
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significantly enriched, such as neutrophil degranulation, retinal metabolic process, sterol biosynthetic
process, and prostaglandin metabolic process. KEGG pathway enrichment analysis also verified three
associated pathways including metabolic pathways, chemical carcinogenesis-reactive oxygen species, and

biosynthesis of amino acids (Fig. 6d).
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Figure 5: Volcano plot exhibit significantly DEPs
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Figure 6: (Continued)
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Figure 6: GO enrichment result of the DEPs of MCF-7/TAM Cells after Treatment with ASA and 4-OHT
combination in terms of (A) biological process, (B) cellular component, and (C) molecular function
(P<0.01). (D) KEGG enrichment pathway result (P<0.01)

Table 2: DEPs of MCF-7/TAM cells after and before treatment with ASA and 4-OHT combination

Protein annotation Gene name Fold  Adjusted Class
change P

Calmodulin-like protein 5 CALMLS 0.033  <0.00001 Down regulated
Galectin-3 LGALS3 0.046 <0.00001 Down regulated
Cytosolic purine 5’-nucleotidase NT5C2 0.063 <0.00001 Down regulated
Myristoylated alanine-rich C-kinase substrate = MARCKS 0.069 <0.00001 Down regulated
Beta-arrestin-1 ARRBI1 0.079  <0.00001 Down regulated
Aldo-keto reductase family 1 member C3 AKRI1C3 0.083  <0.00001 Down regulated
Hermansky-Pudlak syndrome 6 protein HPS6 0.089  <0.00001 Down regulated
OCIA domain-containing protein 2 OCIAD2 0.093 <0.00001 Down regulated
Thymosin beta-4 TMSB4X 0.097 <0.00001 Down regulated
Death-associated protein 1 DAP 0.102  <0.00001 Down regulated
Lysophospholipase D GDPD3 GDPD3 0.104 <0.00001 Down regulated
Cystatin-B CSTB 0.109  <0.00001 Down regulated

(Continued)
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Table 2 (continued)

Protein annotation Gene name Fold  Adjusted Class

change P
Isoform 2 of Gelsolin GSN 0.118 <0.00001 Down regulated
Integrator complex subunit 6 INTS6 0.128  0.00081 Down regulated
MICOS complex subunit MIC13 MICOS13 0.131 0.00199 Down regulated
SH3 domain-binding glutamic acid-rich-like =~ SH3BGRL 0.134  <0.00001 Down regulated
protein
Latexin LXN 0.135 0.00014 Down regulated
Retinoic acid-induced protein 3 GPRCS5A 0.140  0.00063 Down regulated
Probable tRNA N6-adenosine OSGEP 0.155 0.00042 Down regulated
threonylcarbamoyltransferase
Prostaglandin E synthase PTGES 0.157 0.00184 Down regulated
Isoform 6 of Myosin-14 MYH14 0.158 0.00057 Down regulated
major vault protein MVP 0.159 0.00062 Down regulated
Aldo-keto reductase family 1 member C2 AKR1C2 0.160  0.00066 Down regulated
Septin-8 SEPTINS 0.162  0.00100 Down regulated
Phospholipid phosphatase 1 PLPP1 0.167 0.00300 Down regulated
ETS domain-containing transcription factor ERF 0.167 0.00612 Down regulated
ERF
Aldehyde dehydrogenase family 1 member A3 ALDHI1A3 0.171  0.00115 Down regulated
Pterin-4-alpha-carbinolamine dehydratase 2 PCBD2 0.174 0.00871 Down regulated
kynureninase KYNU 0.177 0.00151 Down regulated
HLA class I histocompatibility antigen, alpha HLA-E 0.179  0.01857 Down regulated
chain E
Isocitrate dehydrogenase [NADP] cytoplasmic IDHI 0.181 0.00183 Down regulated
Collagen alpha-1(XII) chain COL12A1 0.187  0.00297 Down regulated
Utrophin UTRN 0.187 0.02154 Down regulated
dehydrogenase/reductase sdr family member 4 DHRS4 0.188 0.00346 Down regulated
Frataxin, mitochondrial FXN 0.192 0.01470 Down regulated
Pyridoxal kinase HEL-S-1a; PDXK 0.194 0.00192 Down regulated
Canalicular multispecific organic anion ABCC3 0.196  0.00487 Down regulated
transporter 2
Protein S100-A10 S100A10 0.201  0.00411 Down regulated
Phosphatidylinositol 4-phosphate 3-kinase PIK3C2B 0.201  0.03222 Down regulated
C2 domain-containing subunit beta
3-ketoacyl-CoA thiolase, peroxisomal ACAAL 0.211  0.00395 Down regulated
Protein MYC MYC 0.213  0.00670 Down regulated
PDZ and LIM domain protein 1 PDLIM1 0.216  0.00745 Down regulated
Pre-B-cell leukemia transcription factor- PBXIP1 0.217  0.00745 Down regulated

interacting protein 1

(Continued)
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Table 2 (continued)

Protein annotation Gene name Fold  Adjusted Class
change P

Myosin-9 MYH9 0.220 0.00841 Down regulated
centrin-2 CETN2 0.221  0.04955 Down regulated
UDP-glucose 6-dehydrogenase UGDH 0.222  0.00904 Down regulated
PDZ and LIM domain protein 5 PDLIMS5 0.224 0.01298 Down regulated
annexin A3 ANXA3 0.226  0.01035 Down regulated
dedicator of cytokinesis protein 5 DOCKS 0.227 0.01937 Down regulated
Mothers against decapentaplegic homolog 2 LOC101348656; 0.227  0.02069 Down regulated

LOC111142395; Smad2;

SMAD?2
Rab GTPase-activating protein 1 RABGAPI 0.232  0.04096 Down regulated
Coronin-1A COROI1A 0.238 0.02766 Down regulated
Ras-related protein Rab-32 RAB32 0.239 0.01147 Down regulated
DnalJ homolog subfamily C member 5 DNAIJCS 0.239 0.01264 Down regulated
Cytochrome P450 1B1 CYPIBI 0.241 0.01096 Down regulated
RADS0-interacting protein 1 RINT1 0.241 0.03940 Down regulated
15-hydroxyprostaglandin dehydrogenase [NAD HPGD 0.243  0.01669 Down regulated
()]
Isoform 11 of Synaptotagmin-like protein 2 SYTL2 0.245 0.01947 Down regulated
2’-deoxynucleoside 5’-phosphate N-hydrolase C6orf108; DNPH1 0.245 0.02142 Down regulated
1
Myosin light polypeptide 6 MYL6 0.248 0.01906 Down regulated
Band 4.1-like protein 1 EPB41L1 0.251 0.01735 Down regulated
saccharopine dehydrogenase-like SCCPDH 0.251 0.01783  Down regulated
oxidoreductase
Endophilin-B2 SH3GLB2 0.252  0.02069 Down regulated
Succinate—CoA ligase [ADP-forming] subunit SUCLA2 0.256  0.02524 Down regulated
beta, mitochondrial
Myosin regulatory light chain 12B MYL12B 0.261 0.02654 Down regulated
Protein SGT1 homolog SUGT1 0.262  0.02059 Down regulated
Annexin A2 ANXA2 0.265 0.02895 Down regulated
Short-chain specific acyl-CoA dehydrogenase, ACADS 0.265 0.03173 Down regulated
mitochondrial
Tropomyosin alpha-4 chain TPM4 0.266  0.02950 Down regulated
CD63 antigen CD63 0.267 0.02450 Down regulated
Calpastatin CAST 0.267 0.03053 Down regulated
cytochrome P450 1A1 CYP1A1 0.271  0.02582 Down regulated
Calcium-binding protein 39 CAB39 0.271  0.02837 Down regulated
PDZ domain-containing protein GIPC1 GIPC1 0.274 0.03251 Down regulated

(Continued)
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Table 2 (continued)

Protein annotation Gene name Fold  Adjusted Class

change P
Pyridoxine-5’-phosphate oxidase PNPO 0.277 0.02874 Down regulated
Transmembrane 9 superfamily member 2 TMOSF2 0.278 0.02867 Down regulated
Leukocyte elastase inhibitor SERPINBI 0.280 0.03702 Down regulated
radixin RDX 0.281 0.02384 Down regulated
Annexin A9 ANXA9 0.282 0.02532 Down regulated
Protein TFG TFG 0.286 0.03499 Down regulated
6-phosphogluconate dehydrogenase, PGD 0.287 0.04689 Down regulated
decarboxylating
Isoform 2 of Apoptosis-associated speck-like ~ PYCARD 0.289  0.03765 Down regulated
protein containing a CARD
Kunitz-type protease inhibitor 2 SPINT2 0.303 0.04310 Down regulated
bifunctional 3’-phosphoadenosine 5’- PAPSS2 0.305 0.04529 Down regulated
phosphosulfate synthase 2
xaa-Pro dipeptidase PEPD 0.305 0.04867 Down regulated
Cytochrome c oxidase subunit 5A, COX5A 3.288 0.04780 Up regulated
mitochondrial
Plastin-3 PLS3 3.575 0.04114  Up regulated
Acetyl-CoA acetyltransferase, mitochondrial ~ ACAT1 3.587 0.03298 Up regulated
60S ribosomal protein L18a RPL18A 3.621 0.04336 Up regulated
4F2 cell-surface antigen heavy chain SLC3A2 3.720  0.03228 Up regulated
Asparagine synthetase [glutamine-hydrolyzing] ASNS 3.845 0.01246 Up regulated
AFG3-like protein 2 AFG3L2 3.886 0.01646 Up regulated
Sorbitol dehydrogenase SORD 3.924 0.03284 Up regulated
Pyrroline-5-carboxylate reductase 1, PYCRI1 3.940 0.02282  Up regulated
mitochondrial
Keratin, type II cytoskeletal 80 KRTS80 4.009 0.00858 Up regulated
Serine/threonine-protein kinase VRK1 VRK1 4.052  0.04063 Up regulated
Deoxyuridine 5’-triphosphate DUT 4.067 0.03752  Up regulated
nucleotidohydrolase, mitochondrial
Procollagen-lysine, 2-oxoglutarate 5- PLOD3 4.068 0.01878 Up regulated
dioxygenase 3
annexin A6 ANXAG6 4.175 0.01572  Up regulated
NADH dehydrogenase [ubiquinone] iron-sulfur NDUFSS8 4.178 0.04021 Up regulated
protein 8, mitochondrial
large neutral amino acids transporter small SLC7A5 4.243  0.01413  Up regulated
subunit 1
dehydrogenase/reductase SDR family member DHRS2 4270  0.03765 Up regulated
2, mitochondrial
Adenylate kinase 4, mitochondrial AK4 4.430 0.02456 Up regulated

(Continued)
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Table 2 (continued)

Protein annotation Gene name Fold  Adjusted Class
change P
methionine synthase MTR 4.487 0.02572  Up regulated
Nucleoporin p58/p45 NUPS58 4.494  0.02573  Up regulated
Fatty acyl-CoA reductase 1 FARI1 4.620 0.01814 Up regulated
Ethanolaminephosphotransferase 1 SELENOI 4786 0.02142  Up regulated
protein S100-A14 S100A14 5169 0.01092 Up regulated
Serine/threonine-protein kinase MRCK gamma CDC42BPG 5.185 0.02472  Up regulated
apolipoprotein L2 APOL2 5274 0.03524  Up regulated
60S ribosomal protein L35a RPL35A 5.445 0.00557 Up regulated
Nucleobindin-2 NUCB2 5497 0.00201 Up regulated
lysosomal Pro-X carboxypeptidase PRCP 5.693 0.00791 Up regulated
Zinc transporter SLC39A7 SLC39A7 5.703  0.01961 Up regulated
Argininosuccinate synthase ASS1 5.778 0.00133  Up regulated
Oxysterol-binding protein-related protein 3 OSBPL3 5.811 0.02508 Up regulated
NADH dehydrogenase [ubiquinone] 1 subunit NDUFC2 5.834 0.01271 Up regulated
C2
60S ribosomal protein L22-like 1 RPL22L1 5.865 0.02533  Up regulated
neutral amino acid transporter A SLC1A4 6.168 0.01528 Up regulated
ADP/ATP translocase 1 SLC25A4 6.234  0.00071  Up regulated
Astrocytic phosphoprotein PEA-15 PEAIS 6.348 0.00333  Up regulated
Solute carrier family 2, facilitated glucose SLC2A1 6.359 0.00047 Up regulated
transporter member 1
Isoform 2B of GTPase KRas KRAS 6.393  0.03693  Up regulated
Galectin-3-binding protein LGALS3BP 6.512  0.00047  Up regulated
Clusterin CLU 6.610 0.00061 Up regulated
Sodium-and chloride-dependent taurine SLC6A6 6.721  0.02539  Up regulated
transporter
Inactive glutathione hydrolase 2 GGT2 6.917 0.00404 Up regulated
THO complex subunit 6 homolog THOC6 6.982 0.00478  Up regulated
Titin TTN 6.999 0.01441 Up regulated
Syntaxin-18 STX18 7.128  0.00838  Up regulated
Microsomal glutathione S-transferase 3 MGST3 7.687 0.00057 Up regulated
Cytochrome c¢ oxidase assembly factor COA3 7.892  0.00160 Up regulated
3 homolog, mitochondrial
ER lumen protein-retaining receptor 1 KDELRI 8.023 0.00163  Up regulated
Polyhomeotic-like protein 3 PHC3 8.241 0.01251 Up regulated
2’-5’-oligoadenylate synthase 2 OAS2 8.248  <0.00001 Up regulated
peroxisomal multifunctional enzyme type 2 HSD17B4 8.617 0.00650 Up regulated
OXCT1 9.063 0.00015 Up regulated

(Continued)
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Table 2 (continued)

Protein annotation Gene name Fold  Adjusted Class
change P

Succinyl-CoA: 3-ketoacid coenzyme A
transferase 1, mitochondrial

Ubiquitin/ISG15-conjugating enzyme E2 L6  UBE2L6 12.466 <0.00001 Up regulated
NADH-ubiquinone oxidoreductase chain 2 MT-ND2 13.926 <0.00001 Up regulated
Protein S100-A16 S100A16 14.091 <0.00001 Up regulated
Creatine kinase U-type, mitochondrial CKMT1A; CKMT1B 14.299 <0.00001 Up regulated
Reticulocalbin-1 RCNI1 17.306 <0.00001 Up regulated

3.6 Clinicopathological Characteristics of Patients

The proteomic analyses of MCF-7/TAM cells showed that MYC protein might be one of the most
significantly therapeutic target protein for ASA combined with tamoxifen. Our previous work had
demonstrated that MYC protein could enhance tamoxifen resistance in vitro experiment, we further
analyzed the expression of MYC in tumor specimens of patients beginning or continuing long-term
tamoxifen treatment. Between October 2019 to March 2022, sixty-eight patients were enrolled in Peking
University Shenzhen Hospital. Data from patients within the an age range of 25-86 years (median age:
50.02 £13.58 years) were enrolled for this analysis. The pathological types were all invasive BC with ER
positive. HER2 was positive in 14 (20.59%) of the 68 cases. There were 23 cases in clinical stage I
(71.43%), 41 cases in clinical stage II (60.29%), three cases in clinical stage III (4.41%), and one case in
clinical stage IV (1.48%). Also, 18 patients were luminal A (26.47%), 15 patients were luminal B HER2-
positive (22.06%), and 35 patients were luminal B HER2-negative (51.47%). Of the 68 luminal-like
invasive BC cases, 21 (30.88%) were positive for MYC protein expression, while 47 (69.12%) were
negative for MYC protein (Table 3 and Fig. 7).

Table 3: Clinicopathological data and MYC protein expression in patients

Characteristics N  Percentage (%)
Age

<35 year 8 11.76
>35 year 60 88.24
Menopausal status

Premenopausal 40 58.82
postmenopause 28  41.18
Tumor category

T1 34 50.0
T2 32 47.06
T3 2 2.94
Lymph node status

NO 48 70.59
N1 17  25.0

(Continued)
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Table 3 (continued)

Characteristics N  Percentage (%)
N2 1 1.47
N3 2 2.94
HER2

positive 14 20.59
negative 54 7941
Ki67

<20% 24 35.29
>20% 44  64.71
Histologic grading

I 8 11.76
I 38 55.88
111 22 32.36
Vessel carcinoma embolus

positive 14 20.59
negative 54 79.41
Nerve invasion

positive 9 13.24
negative 59 86.76
Clinical stages

I 23 3382
I 41  60.29
I 3 4.41
v 1 1.48
Molecular subtyping

luminal A 18  26.47
luminal B HER2 positive 15 22.06
luminal B HER2 negative 35 51.47
MYC

positive 21 30.88
negative 47  69.12
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Figure 7: MYC and ER expression in BC tissues. (A) MYC positive (X200 magnification). (B) MYC
positive (x400 magnification). (C) MYC negative (%200 magnification). (D) MYC negative (%400
magnification). (E) ER positive (x200 magnification). (F) ER positive (X400 magnification)

3.7 Associations between MYC and Clinical Markers

The MYC protein was expressed in different types of ER-positive BC tissues, with the highest
expression in luminal B HER2-negative (57.14%), followed by luminal B HER2-positive BC (33.33%);
whereas the lowest expression was in luminal A BC (9.53%). In patients with BC having Ki67 > 20%
(40.91%), the proportion of MYC-positive cases was significantly higher (P <0.05) than that of those
having Ki67<20% (12.50%). However, among the other subgroups, there was no significant difference
in MYC protein expression (P> 0.05), as shown in Table 4.
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Table 4: MYC expression in different clinicopathological types of ER-positive BC patients

Characteristics MYC positive (N) MYC negative (N) y2 P
Age

<35 year 3 5 0.17 0.67
>35year 18 42

Menopausal status

Premenopausal 12 27 0.01 0.98
postmenopause 9 20

Tumor category

T1 8 26 1.86 0.39
T2 12 20

T3 1 1

Lymph node status

NO 12 36 4.20 0.24
N1 7 10

N2 1 0

N3 1

HER2

positive 7 8 2.25 0.13
negative 14 39

Ki67

<20% 3 21 5.87 0.015
>20% 18 26

Histologic grading

I 2 7 3.86 0.15
I 12 15

I 7 25

Vessel carcinoma

embolus

positive 7 9 1.62 0.20
negative 14 38

Nerve invasion

positive 5 6 1.31 0.25
negative 16 41

Clinical stages

I 7 16 7.48 0.06
II 11 30

(Continued)
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Table 4 (continued)

Characteristics MYC positive (N) MYC negative(N) 2 P
I 3 0

v 0 1

Molecular subtyping

luminal A 2 16 5.99 0.05
luminal B HER2 positive 7 8

luminal B HER2 negative 12 23

4 Discussion

In recent years, the continuous emergence of anti-cancer studies on ASA has enabled the traditional drug
ASA to have important new functions. As a result, the potential application of ASA in colorectal cancer, BC,
and other solid tumors has been developed [29,30]. Inflammation in the tumor microenvironment is one of
the factors that promote tumor growth. A large number of epidemiological evidence suggests that ASA,
which suppresses inflammation, reduces the risk of cancer [31]. ASA exerts its anti-inflammatory effects
mainly by inhibiting cyclooxygenase (COX), which is a key enzyme in prostaglandin (PG) biosynthesis
from arachidonic acid (AA). The two major isoforms of COX (COX-1 and COX-2) catalyze the
conversion of AA to prostaglandins, which are metabolized into different prostaglandins by tissue-specific
synthetase. ASA inhibits COX-1 and COX-2 activity, the latter of which is thought to be an important
factor in the transition of inflammation to tumorigenesis. Another important effect of ASA is antiplatelet
agglutination, which improves blood circulation by antagonizing platelet agglutination. A recent study
found that ASA inhibits platelet aggregation, preventing cancer cells from taking advantage of platelet
adhesion properties to combine with other cells, thus reducing the ability of tumors to metastasize. The
clinical results of ASA in BC remain controversial. In some studies, low dose of ASA was associated
with a reduced risk of BC, especially for ER-positive and HER2-negative subtypes, without an
association with ER-negative BC [32,33]. This study included nine high-quality clinical trials. Due to the
high heterogeneity of the studies, the conclusions are controversial. For instance, Zhang et al. [28] and
Holmes et al. [24] thought ASA does not affect BC, whereas other researchers, such as Shiao et al. [26]
made the opposite conclusion. The meta-analysis found that ASA could reduce the death rate of patients
and improve the prognosis of patients compared with the non-ASA group. These results indicated that
ASA had certain clinical effect on improving the prognosis of BC patients. Further experiments in vitro
showed that ASA with 4-OHT could significantly inhibit the proliferation of tamoxifen resistance cells.
Studies on the reversal of drug resistance of other tumors by ASA showed that cisplatin plus ASA
significantly reduced the survival rate of cisplatin-resistant tumor cells, and ASA could inhibit the
expression of tumor cell-related proteins, such as ALDH1, CD44, CD133, and P53 [34,35]. ASA reduced
the growth and invasion of pancreatic ductal adenocarcinoma and significantly enhanced the therapeutic
effect of gemcitabine. These findings were confirmed in tissue samples from patients who had taken
ASA or not before surgery [36]. Therefore, combined with the previous experimental results, this study
further explored the changes in cellular proteins related to the tumor-sensitizing effect of ASA to
tamoxifen treatment.

Proteomic analysis is important in the comprehensive study of human biology, and the biological
processes involved in complex diseases, including tumors, can be identified by combining proteomic and
bioinformatics tools [37,38]. Systems biology tools for data analysis are often used to interpret results to
define the biological significance of differentially abundant proteins. Quantitative proteomics technology
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combined with bioinformatics was used to identify tamoxifen resistance-associated proteins. According to
the proteomic profiling of the BC cell lines understudied, 60 proteins were up-regulated and 34 proteins
were down-regulated in MCF-7/TAM cells. To further analyze the effect and related mechanism of ASA
on tamoxifen resistance in BC, the proteins differentially expressed after ASA and 4-OHT combined
treatment were further identified from the dysregulated proteins described above. It was found that the
expression of proteins, including CALMLS, ARRBI1, ACAA1, OCIAD2, DNAJCS, PLPP1, and MYC,
were upregulated in MCF-7/TAM cells and depressed after the ASA and 4-OHT combined treatment. In
our previous research, the MYC gene and protein levels in tamoxifen resistant cells were knocked down
using shRNA gene interference technology, which also increased the sensitivity of resistant BC cells to
tamoxifen again [17]. The high expression of the MYC protein also brings a high risk to patients with
BC, and the MYC protein has been reported as a tumor marker of BC [39]. Based on the Kaplan-Meier
Plotter database, researchers conducted survival correlation analysis on 3,951 patients with BC and the
results showed that the MYC protein was positively correlated with the survival risk of BC. MYC is also
involved in the process of endocrine resistance in BC. Compared with non-endocrine drug-resistant cells,
it was found that the MYC protein was overexpressed in all drug-resistant cell lines and that inhibition of
the MYC protein resulted in differential blocking of the non-estrogen-dependent proliferation of drug-
resistant cells [40]. Among the patients enrolled in this study, the MYC protein was expressed in the
highest expression ratio in luminal B HER2 negative patients, while patients with luminal B
HER2 negative were the largest proportion of patients receiving endocrine therapy. Therefore, the
occurrence of drug resistance should be monitored in long-term endocrine therapy. MYC protein is
significantly associated with tumor histological type. MYC protein expression level was higher in
medullary carcinoma and lower in lobular carcinoma [41]. We have further analyzed the difference in
MYC protein expression among BC tissues with different clinicopathological indicators and found that
the positive proportion of the MYC protein was higher in BC tissues with high Ki67 expression. Among
the BC tissues with positive MYC protein expression, the proportion of Ki67>20% was as high as
85.71%, which was much higher than that of the MYC protein negative group, thus indicating that the
MYC protein expression was closely related to tumor cell proliferation. Salicylic acid is the main
metabolite of ASA, and it could reduce the MYC protein levels in human colon cancer cells [42]. Human
platelets enhance colon cancer cell proliferation by upregulating and activating the MYC protein, and the
upregulation of the MYC protein and proliferation of cancer cells are both reversed by ASA against the
platelet concentration, thus suggesting that ASA inhibition of platelets may affect cancer cell proliferation
by regulating the MYC protein [43].

In this study, here we also found that some proteins as ASS1, OXCT1, RCN1, DUT, and GGT2 were
downregulated in MCF-7/TAM cells and recovered after ASA and 4-OHT combined treatment. ASS1 is a
key enzyme in arginine biosynthesis, and its abundance is reduced in many tumors. In a random sample
of 149 BCs, ASS1 was low or undetected in more than 60% of the patients independent molecular
subtype [44]. In former researches, ASS1 had been reported as a tumor suppressor, and a lack of ASS1 in
cancer was found to induce arginine auxotrophy [45—47]. In this study, the combination of ASA and 4-
OHT increased the expression level of ASS1. Genetic manipulation studies of ASS1 had confirmed that
ASS1 expression inhibited fibroblast proliferation, migration, and invasion. OXCT1 was also recovered
after ASA and 4-OHT combined treatment in MCF-7/TAM cells. Epigenetic silencing of OXCT]I in
ovarian cancer was confirmed to be associated with cisplatin resistance. Overexpression of
OXCT1 restored sensitivity to cisplatin chemotherapy, suggesting that OXCT1 is a resistant repressor in
cancer [48].

In conclusion, our data provide the necessary evidence that ASA may have a certain effect on improving
the prognosis of BC patients, and tamoxifen resistant of ER-positive BC cells can be reversed through ASA
and 4-OHT combined treatment. Several proteins were downregulated or activated involved in ASA and 4-
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OHT combined treatment, which might be identified as potential targets for the treatment of ER-positive BC
with tamoxifen resistance. However, the limitations of this study may be the limited data from animal
intervention studies and the long-term follow-up of participants, and further research is needed in the future.
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