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Abstract 
Drug resistance in tumors is the primary contributor to clinical treatment failures, and aberrant expression of small RNA molecules, 
specifically microRNAs (miRNAs), in tumor tissues is intricately associated with drug resistance. The aim of this study is to investigate 
the targets and mechanisms through which exosomal miRNAs from triple-negative breast cancer (TNBC) regulate chemotherapy 
resistance in tumor cells. Utilizing high-throughput sequencing technology, we conducted exosomal miRNA sequencing on serum 
samples obtained from TNBC patients who were either sensitive or resistant to AC-sequential T chemotherapy. Subsequently, we 
identified and screened differentially expressed miRNAs. The observed differences in miRNA expression were further validated 
through quantitative reverse transcription-polymerase chain reaction. In comparison to TNBC patients who exhibited sensitivity 
to the AC-sequential T regimen chemotherapy, we identified significant differences in the expression of 85 miRNAs within serum 
exosomes of patients displaying chemotherapy resistance. Furthermore, we observed a substantial difference in the expression 
of hsa-miR-6831-5p between TNBC patients who were responsive to chemotherapy and those who were drug-resistant and 
underwent treatment with the AC-sequential T regimen. hsa-miR-6831-5p holds the potential to serve as a diagnostic marker for 
assessing the chemosensitivity of the AC-sequential T regimen in TNBC.

Abbreviations: ER = estrogen receptor, HER-2 = human epidermal growth factor receptor 2, MDR = multidrug-resistant, 
miRNAs = microRNAs, OS = overall survival, PR = progesterone receptor, qRT-PCR = quantitative reverse transcription-polymerase 
chain reaction, TNBC = triple-negative breast cancer.
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1. Introduction
Triple-negative breast cancer (TNBC) is a subtype of breast 
cancer characterized by the absence of estrogen receptor (ER), 
progesterone receptor (PR), and human epidermal growth fac-
tor receptor 2 (HER-2) expression. TNBC, a subtype of breast 
cancer, falls under the category of advanced multidrug-resistant 
(MDR) types and stands as one of the most prevalent causes 
of mortality among women worldwide. TNBC exhibits a nota-
bly high recurrence rate and shorter overall survival (OS) fol-
lowing initial diagnosis.[1–3] The factors contributing to these 
variations in survival outcomes are multifaceted, encompassing 
genetic predisposition,[4] lifestyle choices,[5] and environmental 
factors.[6]

Currently, in terms of diagnosis, TNBC is primarily reliant 
on imaging and tissue biopsy, which may not effectively lead 
to early detection. In terms of treatment, the main therapeutic 

approaches for TNBC include surgery, neoadjuvant therapy, 
chemotherapy, targeted therapy for signaling pathways, and 
radiotherapy. AC sequential T chemotherapy is commonly 
used for TNBC. However, there are no established effective 
chemotherapy targets for TNBC, leading to generally poor 
prognosis. Therefore, TNBC lacks specific diagnostic or 
chemotherapy markers to address the high heterogeneity of 
tumors.[7,8] New potential diagnostic and treatment targets 
need to be explored.

MicroRNAs (miRNAs) are endogenous RNA molecules 
approximately 15 to 23 nucleotides in length. They exert their 
effects by negatively regulating the expression of target genes 
through base-pairing interactions.[9,10] Previous research has 
indicated that miRNAs play pivotal roles in promoting various 
aspects of tumor development, including growth, migration, 
invasion, angiogenesis, cell survival, and immune evasion.[11,12] 
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MiRNAs have demonstrated potential as biomarkers for vari-
ous diseases, including cancer, and have been shown to be sensi-
tive to various antitumor drugs.[13,14]

Exosomes are small vesicles with diameters ranging from 40 
to 100 nanometers, released by various cell types. They con-
tain specific proteins, lipids, cytokines, and genetic material. 
Exosomes derived from different tissues carry distinct protein 
signatures and contain molecules critical to their functions.[15–17] 
In recent years, research on exosomes has expanded into diverse 
fields, including tumor therapy, foundational medical research, 
and immunology. Clinical investigations have explored their 
roles in cardiovascular, endocrine, metabolic systems, and more.

In summary, exosomal miRNA may offer new avenues of 
research and diagnostic and therapeutic targets for triple- 
negative breast cancer (TNBC). Furthermore, there have been no 
comprehensive analyses of serum exosomal miRNA in patients 
with TNBC to date. This project aims to employ high-throughput  
sequencing technology for miRNA sequencing on serum exo-
some samples from TNBC patients who are either sensitive 
or resistant to AC-sequential T chemotherapy. The goal is to 
identify differentially expressed miRNAs and investigate their 
roles in breast cancer chemosensitivity. The study seeks to eluci-
date the clinical relevance of these miRNAs and provide novel 
insights into breast cancer prognosis.

2. Materials and methods

2.1. Collection of clinical specimens

This study was approved by the Ethics Committee of the 
Affiliated Tumor Hospital of Xinjiang Medical University (2022 
No. 57). Serum samples were collected from TNBC patients who 
received sequential AC (Adriamycin and Cyclophosphamide) 
followed by T (Taxane) chemotherapy at the Affiliated Tumor 
Hospital of Xinjiang Medical University from 2017 to 2021.

Inclusion criteria: histologically confirmed as TNBC; agree-
ment to neoadjuvant chemotherapy; tolerable physical condi-
tion for chemotherapy.

Exclusion criteria: concurrent other malignancies; non- 
consent for follow-up; lack of pathological results in the  
hospital; concurrent other diseases that prevent standard che-
motherapy; patients with incomplete clinical data; patients with 
psychiatric disorders.

Our drug resistance diagnosis is based on the guidelines for 
breast cancer diagnosis and treatment from the Chinese Society 
of Clinical Oncology (CSCO) as well as the RECIST criteria. 
Drug resistance criteria: Assessed by ultrasound and magnetic 
resonance imaging, tumor regression or progression was evalu-
ated post-chemotherapy. Patients with no significant regression 
or progression were considered drug-resistant.

A total of 36 patient samples were collected, including 6 sam-
ples for miRNA sequencing (3 chemotherapy-sensitive patients 
in the “F” group and 3 drug-resistant patients in the “NF” 
group). The remaining 30 samples were used for an expanded 
sample cohort in RT-qPCR validation experiments, consisting of 
15 drug-sensitive and 15 drug-resistant cases. Informed consent 
was obtained from all patients for sample collection.

2.2. High-throughput RNA sequencing

Patient serum was initially subjected to exosome rapid extraction 
reagent kit (YEASEN) for exosome isolation. Subsequently, total 
RNA was extracted using TRIzol reagent following the stan-
dard protocol. In brief, an appropriate volume of TRIzol was 
mixed with the isolated exosomes based on the sample quantity. 
Then, an equal volume of chloroform was added, thoroughly 
mixed, and centrifuged at 12,000 × g for 15 minutes. The upper 
aqueous phase was carefully collected, and 1.5 times the vol-
ume of isopropanol was added. After centrifugation under the 

same conditions, RNA was washed with 75% ethanol and then 
centrifuged to air-dry the ethanol. RNA was resuspended in 
RNase-free water. The concentration and purity of RNA were 
determined using a Nanodrop 2000 spectrophotometer. RNA 
integrity was assessed by agarose gel electrophoresis and RNA 
gel electrophoresis.

For RNA sequencing, TruSeqTM stranded mRNA libraries 
were constructed, and RNA sequencing was performed on the 
Hiseq4000 platform (Illumina, USA).

2.3. Bioinformatics analysis

Cutadapt software (National) was utilized for filtering sequenc-
ing adapters, while BLASTN software was employed to elim-
inate rRNA, tRNA, miscRNA, snRNA, and snoRNA. The 
miRBase 21.0 database was systematically queried for filtered 
sequences (http://mirbase.org/) to discover novel miRNAs. 
miRNA expression levels were calculated using DEGseq. The 
threshold for identifying differentially expressed miRNAs as 
statistically significant is set at a corrected P value < .05 and a 
fold change (FC) > 2.

For predicting the target genes of differentially expressed 
miRNAs, miRNA–target prediction software, miRDB (http://
www.mirdb.org/), and miRWALK (http://mirwalk.umm.
uni-heidelberg.de/), were employed. The target genes regulated 
by differentially expressed miRNAs were functionally catego-
rized using Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) through the Blast2GO software. 
Furthermore, a miRNA–target gene coexpression network 
was constructed using Cytoscape 3.6.1 (https://cytoscape.
org/).

2.4. qRT-PCR experiment

Total RNA was extracted from cells using the Trizol reagent 
(ET111, Transgene) following the recommended protocol. 
Subsequently, the RNA was reverse transcribed into cDNA 
using a reverse transcription kit.[18] The primers used in this 
study were synthesized by Xinjiang Ouyi Biotechnology Co., 
Ltd. The PCR was carried out with the following conditions: 
initial denaturation at 95 °C for 5 seconds, annealing at 60 °C 
for 30 seconds, extension at 72 °C for 2 minutes, and a total of 
40 cycles. The relative miRNA levels were calculated using the 
2-ΔΔCt method. The qRT-PCR primer sequences are provided 
in Table 1.

2.5. Statistical analysis

Statistical analysis was performed using R software version 
4.0.1, and a significance level of 0.05 was set for all analyses. All 
tests were 2-sided. Descriptive statistics were presented as the 
mean ± standard deviation for measurement data that followed 
a normal distribution. Student t test was applied to compare 
data that met the normal distribution assumption. The char-
acteristics of the 2 data groups were described and compared 
using either chi-square or t tests, as appropriate.

Table 1

qRT-PCR primers.

Primer name Sequence (5ʹ to 3ʹ)

hsa-miR-3646-F GCGCAGAAAATGAAATGAGC
hsa-miR-4741-F CTGTCCGGAGGGGTC
hsa-miR-937-5p-F GCAGGTGAGTCAGGGT
hsa-miR-6730-3p-F CTGACACCCCATCTGC
hsa-miR-6831-5p-F CAGTAGGTAGAGTGTGAGGAG
hsa-miR-8485-F AGCACACACACACACAC

http://mirbase.org/
http://www.mirdb.org/
http://www.mirdb.org/
http://mirwalk.umm.uni-heidelberg.de/
http://mirwalk.umm.uni-heidelberg.de/
https://cytoscape.org/
https://cytoscape.org/
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3. Experimental results

3.1. miRNA sequencing analysis

Selection of differentially expressed miRNAs through miRNA 
sequencing. As shown in Figure 1, the F group represents 
the chemotherapy-sensitive group, while the NF group rep-
resents the chemotherapy-resistant group. Compared to 
breast cancer patients in the chemotherapy-sensitive group, 
there were 85 differentially expressed genes in the serum 
of chemotherapy-resistant breast cancer patients, including 
37 upregulated miRNAs and 48 downregulated miRNAs 
(Fig. 1).

3.2. Target prediction of miRNA–target genes miRNA

Exosomal miRNAs have the ability to cross cellular bound-
aries and regulate intercellular processes. Understanding 
the targets of exosomal miRNAs can further elucidate the 
downstream targets and major signaling pathways in drug- 
resistant TNBC. To further investigate the regulatory  
network of miRNAs, we analyzed the target genes of differen-
tially expressed miRNAs using miRWALK and MiRDB. The 
F group represents the chemotherapy-sensitive group, while 
the NF group represents the chemotherapy-resistant group. A 
total of 85 differentially expressed miRNAs predicted 19,197 
target genes (Table 2).

3.3. miRNA–target gene enrichment analysis

To further investigate the functional role of miRNAs, we con-
ducted an analysis of target gene enrichment using GO and 
KEGG pathways. The results revealed significant differences in 
a total of 11,092 GO lists and 10,491 KEGG pathways.

GO enrichment analysis indicated that target genes were pri-
marily associated with biological regulation, immune response, 
and cellular metabolism processes (Fig. 2A).

Furthermore, KEGG analysis demonstrated that the tar-
get genes were predominantly involved in axon guidance, 
MAPK signaling pathways, and the Hippo signaling pathway 
(Fig. 2B).

Figure 1.  Differential miRNA analysis. (A, Left) The differential miRNA volcano plot depicts each data point as a representation of a miRNA. Upregulated miRNAs 
are depicted in red, downregulated ones in blue, and those with no significant difference in expression are shown in gray. It is important to note that the P value 
mentioned here refers to the corrected P value. (B, Right) The differential miRNA clustering heatmap displays the sample names on the x axis and miRNA names 
on the y axis. Upregulated expressions are indicated in red, while downregulated expressions are shown in green.

Table 2

Statistics of miRNA–target gene prediction results in different 
samples.

Sample ID All miRNA miRNA with target Target gene

F1 464 413 18,330
F2 428 365 17,951
F3 468 417 18,284
NF1 387 341 17,833
NF2 364 320 17,714
NF3 348 302 17,843
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3.4. miRNA expression verification

In order to screen for miRNAs associated with the chemotherapy 
sensitivity of TNBC as potential diagnostic markers, we selected 
6 differentially expressed miRNAs that are documented in the 
literature to potentially affect breast cancer chemotherapy sen-
sitivity, including hsa-miR-182, hsa-miR-1246, hsa-miR-378-e, 

hsa-miR-6730-3p, hsa-miR-6831-5p, and hsa-miR-373.[19–22] We 
collected 30 serum samples, including 15 cases in the sensitive 
group and 15 cases in the Drug resistance group, and conducted 
clinical qRT-PCR experiments in an expanded cohort to obtain 
the relative expression values of miRNAs. hsa-miR-6831-5p 
showed differential expression between chemotherapy-sensitive 
and resistant breast cancer patients (P < .05, Table 3).

Figure 2.  Target gene functional enrichment analysis. (A) Target gene GO enrichment analysis; (B) KEGG enrichment analysis of target gene. GO = Gene 
Ontology, KEGG = Kyoto Encyclopedia of Genes and Genomes.
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4. Discussion
Breast cancer stands as one of the most prevalent malignancies 
among women worldwide.[23,24] At present, checkpoint inhibi-
tors have been preliminarily applied to TNBC, and some studies 
have explored the feasibility of using PD-1 and PD-L1 inhibitors 
to treat TNBC. While significant progress has been made in the 
treatment of breast cancer, drug resistance remains a major obsta-
cle in clinical chemotherapy, often resulting in poor prognosis. 
TNBC, a subtype known for its worse clinical prognosis and sus-
ceptibility to multidrug resistance, poses particular challenges.[25]

Exosomes, emerging as key intercellular communication medi-
ators, have garnered increasing attention due to their crucial role 
in regulating tumor pathophysiology. They are widely implicated 
in tumor neovascularization, malignant invasion, distant metasta-
sis, and immune evasion. Exosomes contain proteins, messenger 
RNA, and microRNAs (miRNAs), making them effective carri-
ers for delivering these molecules to recipient cells and inducing 
significant changes. Notably, miRNAs have been found to main-
tain high stability in the body fluids of cancer patients, partly 
attributed to their encapsulation and transport by exosomes, 
positioning them as novel clinical diagnostic and prognostic indi-
cators.[26,27] Prior research has also suggested that drug-resistant 
tumor cells can secrete a large quantity of exosomes, facilitating 
horizontal transfer of genetic material between cells.

In this study, high-throughput sequencing was employed to 
identify differentially expressed miRNAs by sequencing exoso-
mal miRNAs in serum samples from patients treated with the 
AC-sensitive and drug-resistant breast cancer regimens. The 
findings revealed significant differences in 85 miRNAs within 
the serum exosomes of chemotherapy-resistant patients when 
compared to AC-sequential T regimen-sensitive TNBC patients. 
Furthermore, an exploration of the regulatory network of 
miRNAs predicted 19,197 target genes for these 85 differen-
tially expressed miRNAs, utilizing miRWALK and MiRDB. 
Subsequent target gene analysis unveiled substantial differences 
in 11,092 GO categories and 10,491 KEGG pathways. GO 
enrichment analysis highlighted the involvement of target genes 
in biological regulation, immune response, and cellular metab-
olism processes. Target genes were predominantly associated 
with axon guidance, MAPK signaling, and the Hippo signaling 
pathway.[28,29]

Moreover, qRT-PCR validation confirmed significant differ-
ences in hsa-miR-6831-5p expression between TNBC patients 
sensitive and resistant to AC-sequential T chemotherapy. This 
suggests that hsa-miR-6831-5p holds promise as a diagnostic 
marker for chemotherapy sensitivity in AC-sequential T regimen- 
treated TNBC.

However, it is important to acknowledge certain limitations 
of this study, including its relatively small sample size and  
single-hospital source, which may introduce bias into the results. 
Future research endeavors should prioritize larger sample sizes 
and multicenter studies to address these limitations.

5. Conclusion
hsa-miR-6831-5p is expected to be a diagnostic marker for the 
chemosensitivity of AC sequential T regimen in TNBC.
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