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Introduction: Triple-negative breast cancer (TNBC) is the most aggressive malignancy of 
breast cancer, which represents about 20% of all cases. The prognosis of TNBC remains 
unfavorable due to the lack of targeted therapy and chemoresistance. The aim of this study is 
to investigate the role of miR-613 in TNBC.
Material and Methods: Quantitative RT-PCT was used to explore the expression of miR- 
613 in breast cancer clinical samples and cell lines. MTT, colony formation assay, spheroid 
formation assay and xenograft tumor growth assay were used to investigate the role of miR- 
613 in vitro and in vivo. Cell apoptosis and surface marker expression were measured by 
flow cytometry. Dual-luciferase reporter assay was used to explore the function of miR-613 
in regulating FAM83A 3ʹUTR. Immunohistochemical staining was used to investigate the 
expression of FAM83A in TNBC tissues.
Results: We found that miR-613 expression was significantly downregulated in breast cancer 
tissues and was even lower in TNBC compared with that in other types of breast cancer. 
A similar result was found in breast cancer cell lines. Further analysis indicated that miR-613 
could suppress TNBC cell growth, chemoresistance and stem-cell-like phenotype. Moreover, 
we also demonstrated that miR-613 suppressed tumorigenesis in vivo. Mechanically, we 
explored the downstream target of miR-613 and identified that miR-613 could directly bind 
to the 3ʹUTR of FAM83A, which contributed to the miR-613 mediated tumor suppression. The 
expression of miR-613 and FAM83A was negatively correlated. Restoring the expression of 
FAM83A attributed to the chemoresistance and stemness of TNBC cells.
Conclusion: We demonstrated that loss of miR-613 was critical for TNBC malignancy and 
restoring its expression could be served as a potential approach for TNBC treatment.
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Introduction
Triple-negative breast cancer (TNBC) is the most malignant tumor of breast cancer, 
and one of the major causes of cancer-related death accounts for 12–18% of all 
cases of breast cancer.1,2 Compared with the endocrine and targeted therapy for 
hormone receptor- and HER2-positive cancer, there are no effective drugs yet and 
cytotoxic chemotherapy is still the main approach for TNBC.3 The standard 
procedure for many TNBC patients is neoadjuvant chemotherapy (NAC). 
However, about 50% of the patients will have resistance and worse outcomes.1,4 

Hence, understanding the mechanism of chemoresistance will be critical for clinical 
treatment.
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Stemness plays pivotal roles in tumor invasion, metas-
tasis, and chemo-and immuno-resistance.5,6 It has been 
demonstrated that the percentage of CD44 cancer stem- 
like cells is higher in TNBC than that in other types 
of BC.7 Furthermore, elevated expression of ALDH1, 
another stem-like marker, was found in TNBC cells and 
could be an independent prognostic factor in patients.8,9 

Hence, targeting the cancer cell stemness might greatly 
reduce cancer malignancy and improve the overall 
survival.

miRNAs are short non-coding RNAs that contains 
about 22 nucleotides. Emerging evidence has been demon-
strated that miRNAs are involved in cancer initiation and 
progression. So, miRNAs could be oncogenes or tumor 
suppressor genes mainly by regulating targeting genes that 
contribute to cellular processes such as cell cycle, mobility 
and survival.10 miR-613 has been demonstrated to be 
downregulated in several types of cancers including renal 
cell carcinoma, glioma, lung cancer, and cervical cancer, 
implying that miR-613 may act as a tumor suppressor 
gene.11–14 For instance, miR-613 targeted CDK9 to inhibit 
proliferation and invasion.15 It was also reported that 
downregulation of miR-613 facilitated liver cancer stem 
cells, indicating that miR-613 was involved in tumor 
stemness.16 Moreover, miR-613 suppressed migration 
and invasion in TNBC via targeting Daam1/RhoA 
signaling.17 However, its function and mechanism in 
TNBC remain unclear.

Family with sequence similarity 83 member 
A (FAM83A) is also known as BJ-TSA-9. Previous stu-
dies indicated that FAM83A expression was elevated and 
served as an oncogene in several types of cancers such as 
breast cancer, pancreatic cancer, and hepatocellular 
cancer.18,19 FAM83A is amplified and promotes cancer 
stem cell-like traits in pancreatic cancer.20 Meanwhile, 
long non-coding RNA FAM83A-AS1 could help to stabi-
lize FAM83A mRNA, suggesting the post-transcriptional 
regulation.21 FAM83A was also reported to confer tyrosine 
kinase inhibitor (TKI) resistance in breast cancer cells.22 

Hence, targeting FAM83A might be a therapeutic 
approach for breast cancer.

In the present study, we identified miR-613 was sig-
nificantly downregulated in TNBC tissues and cell lines. 
Gain- and loss-function analysis indicated that miR-613 
suppressed cell proliferation, stemness, and tumor forma-
tion. Mechanically, FAM83A was found to be a direct 
target of miR-613 and was responsible for miR-613 
mediated tumor suppression.

Materials and Methods
Ethics and Clinical Samples
The study was approved by the Ethics Committees of Xin 
Hua Hospital Affiliated to Shanghai Jiao Tong University 
School of Medicine. A total of 132 cases of breast cancer 
tissues and corresponding adjacent non-cancer tissues 
were surgically removed and restored in the Department 
of Surgery, Xin Hua Hospital Affiliated to Shanghai Jiao 
Tong University School of Medicine. Written informed 
consent was obtained from all patients involved in this 
study, and none of the patients had received chemotherapy, 
radiotherapy or related therapies before surgery. The sub-
type of each patient was confirmed by two independent 
pathologists.

Cell Lines and Reagents
The immortal epithelial cell MCF10A and other breast 
cancer cell lines (MCF7, T47D, BT474, SKBR3, BT20, 
HCC1937, Hs578T, MDAMB231, MDAMB435) were 
purchased from American Type Culture Collection 
(ATCC, USA) and Cell Bank of Type Culture Collection 
of Chinese Academy of Sciences (Shanghai, China). Cells 
were cultured in RPMI1640 medium supplemented with 
10% FBS and 100mg/mL streptomycin and 100U/mL 
penicillin. Cells were confirmed with no mycoplasma con-
tamination and maintained at 37°C with a humid incubator 
of 5% CO2. Paclitaxel (Taxol) was purchased from 
MedChemExpress (HY-B0015, NJ, USA).

Cell Transfection
For stable overexpression of miR-613, miR-613 precursor 
and some of its flanking sequences were cloned into the 
pEGFP-N1 vector to construct pEGFP-miR-613 vector. 
The vector was transfected into cells using Lipofectamine 
2000 (Invitrogen, CA, USA) according to the manufacture’s 
protocol. After 48hours of transfection, cells were selected 
with 500mg/mL G418 for 2 weeks. For knocking down of 
miR-613, miR-613 antagonism was purchased from 
Genecopoeia (Guangzhou, China) and transfected into cells 
using Lipofectamine 2000. For FAM83A overexpression and 
knockdown, FAM83A cDNA or small interfering RNAs 
(siRNAs) were purchased from Genecopoeia and transfected 
into cells using Lipofectamine 2000. The primer used to 
amplify miR-613 precursor was 5ʹ-GGGCTTTATTGGT 
TGATTTC-3ʹ and 5ʹ-GGAAGAACACCATGTGAGA-3ʹ. 
The siRNAs targeting FAM83A were 5ʹ-GGAGAGAU 
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AUACUGUGCCA-3ʹ and 5ʹ-GGAAAUUCGCUGGCC 
AAAU-3ʹ.

Quantitative Real-Time PCR
Total RNA was extracted from tissue samples and cell 
lines with Trizol reagent following the protocol as 
described previously.23 The primers used for detecting 
gene expression were used as follows: FAM83A, 5ʹ- 
GGAGATGTGTGACAAAGTCCAG-3ʹ, 5ʹ-CCAGCG 
AATTTCCTGCCTG-3ʹ; ALDH1A1, 5ʹ-GCACGCCAGA 
CTTACCTGTC-3ʹ, 5ʹ-CCTCCTCAGTTGCAGGAT 
TAAAG-3ʹ; CD44, 5ʹ-CTGCCGCTTTGCAGGTGTA-3ʹ, 
5ʹ-CATTGTGGGCAAGGTGCTATT-3ʹ; MUC1, 5ʹ-TGCC 
GCCGAAAGAACTACG-3ʹ, 5ʹ-TGGGGTACTCGCT 
CATAGGAT-3ʹ; SOX2, 5ʹ-GCCGAGTGGAAACT 
TTTGTCG-3ʹ, 5ʹ-GGCAGCGTGTACTTATCCTTCT-3ʹ; 
BMI1, 5ʹ-CCACCTGATGTGTGTGCTTTG-3ʹ, 5ʹ- 
TTCAGTAGTGGTCTGGTCTTGT-3ʹ; ABCG2, 5ʹ- 
ACGAACGGATTAACAGGGTCA-3ʹ, 5ʹ-CTCCAGACA 
CACCACGGAT-3ʹ, β-actin, 5ʹ-CATGTACGTTGCTAT 
CCAGGC-3ʹ, 5ʹ-CTCCTTAATGTCACGCACGAT-3ʹ. 
The β-actin or U6 was used as an internal control for 
normalization.

Western Blot
Western blot was performed according to the protocol. 
Briefly, cells were lysed by RIPA buffer containing proteinase 
and phosphatase inhibitor cocktail and PSMF. Total protein 
was quantified by the BCA method. An equal amount of 
protein (30µg) was loaded into SDS-PAGE and transferred 
into PVDF membranes. The membrane was incubated with 
primary antibody overnight at 4°C. After washing with 
PBST, the membrane was incubated with the secondary anti-
body for 1hour at room temperature, and visualized by 
a chemiluminescent detection system (Bio-Rad). The primary 
antibodies used were as follows: anti-FAM83A (PA5-46441, 
ThermoFisher Scientific), anti-cleaved PARP (ab32064, 
Abcam Inc.), anti-β-actin (ab179467, Abcam Inc.).

Cell Proliferation, Colony Formation and 
Viability Assay
For cell proliferation, 1500 cells were seeded into 96-well 
plates. Twenty microliters of MTT (5mg/mL) was added 
into the well at each time point and incubated for 3hours at 
37°C. Then, the medium was removed and MTT formazan 
was resolved in 150µL DMSO. Absorbance at 570nm was 
detected by a microplate reader. For colony formation, 

2000 cells were seeded into 6-well plates and cultured 
for about 10 days. The colonies were stained with 0.1% 
crystal violet for 20 min, and washed with PBS, and 
counted and calculated under a microscope. For IC50 
detection, 2000 cells were seeded into 96-well plate and 
treated with indicated Taxol in the gradient concentration 
(1, 4, 16, 64, 256nM) for 48 hours. The cell viability was 
detected using MTT methods.

Spheroid Formation Assay
Tumor spheroid was performed as described previously.24 

2000 Cells were cultured in the ultra-low adhesive plate and 
suspended in DMEM/F12 medium supplemented with B27 
(Gibco, USA), 20ng/mL EGF, and 10ng/mL FGF. After 21 
days, the spheroid was analyzed and photographed.

Flow Cytometry
For cell apoptosis, indicated cells were seeded into 6-well 
plates and treated with chemodrugs and cultured in 1% 
FBS medium for 48 hours. Cells were harvested and 
stained with Annexin-V/7-AAD according to the manu-
facture’s instruction. The cells were detected using BD 
Calibur. For stemness marker EpCAM detection, indicated 
cells were stained with FITC-EpCAM, and positively 
stained cells were analyzed by flow cytometry.

Xenograft Tumor Model
Mice study was approved by the Ethics Committee of Xin 
Hua Hospital Affiliated to Shanghai Jiao Tong University 
School of Medicine (Approval No. XHEC-C-2018-037) 
and performed according to the Guideline of the Care 
and Use of Laboratory Animals in Shanghai Jiao Tong 
University School of Medicine.106 miR-613 overexpres-
sing BT20 cells and control cells were suspended in HBSS 
buffer and mixed with Matrigel (BD Bioscience, 1:1), 
then, subcutaneously injected into the flank of 6-week 
old nude mice. Tumor volume was measured at the 
indicated day. After 4 weeks, the mice were sacrificed 
and xenograft tumors were dissected for further analysis.

Immunohistochemical Staining (IHC)
IHC was performed on the mouse xenograft tumor tissue 
slides and patients’ samples. Briefly, tumor tissue was forma-
lin-fixed, paraffin-embedded, and then cut into 4µm slides. 
The slides were deparaffinized and rehydrated with xylene and 
gradient ethanol. Endogenous peroxidase was inactivated with 
3% H2O2. Then, the slides were washed with PBS and incu-
bated with primary antibody overnight at 4°C. Slides were 
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washed with PBS and incubated with HRP-conjugated sec-
ondary antibody for 45min and developed by DAB. At last, 
the slides were counterstained with hematoxylin.

Luciferase Reporter Assay
Wild-type 3ʹ UTR of FAM83A was amplified by PCR 
from genomic DNA. The mutant form was synthesized 
by the point mutation kit (Takara, Dalian, China). Both 
sequences were cloned into pGL-3 basic vector. Then, the 
vectors and miR-613 mimics or antagonist were co- 
transfected into cells with the Renilla vector, respectively. 
After 48hours of culturing, cells were trypsinized and the 
luciferase activity was examined by the dual-luciferase 
assay system (Promega, USA) on a Luminometer. The 
luciferase activity of each sample was normalized to 
Renilla activity according to the previous study.25

Statistical Analysis
The statistical analysis was performed using SPSS21.0 
(IBM, Chicago, USA). In vitro experiments were performed 
at least three times. Data were presented as mean ± S.D. The 
expression of miR-613 in tissue samples was measure by the 
Mann–Whitney test. Student’s t-test and two-way ANOVA 
were used to test the significance of each group. A p value 
less than 0.05 was considered statistically significant.

Results
miR-613 is Significantly Downregulated in 
TNBC Tissues and Cell Lines
To investigate the expression of miR-613 in breast cancer 
clinical samples, we performed qRT-PCR in 132 cases of 

breast cancer tissues and paired adjacent non-cancer tis-
sues. We noticed that miR-613 was significantly down-
regulated in cancer tissues compared with that in normal 
tissues (Figure 1A). We further examined the expression of 
miR-613 in different subtypes of breast cancer, including 
Luminal A/B (99 cases), HER2 (9 cases), and TNBC (24 
cases). Intriguingly, we found that miR-613 was notably 
decreased in TNBC tissues rather than the other three 
subtypes (Figure 1B). Meanwhile, we detected miR-613 
expression in breast cancer cell lines and found similar 
results that miR-613 was more decreased in TNBC cell 
lines compared to that in other types (Figure 1C). 
Collectively, these data suggested miR-613 played pivotal 
roles in breast cancer, especially TNBC.

miR-613 Suppresses Cell Proliferation 
and Induces Sensitivity to Chemotherapy
Given the results that miR-613 was more likely to be 
a tumor suppressor gene in TNBC, we stably overex-
pressed miR-613 in BT20 cells and inhibited miR-613 in 
Hs578T by transfecting miRNA antagonist. The cell pro-
liferation assay indicated that overexpression of miR-613 
significantly inhibited cell growth while knocking down of 
miR-613 promoted cell growth (Figure 2A). Also, the 
colony formation assay showed similar results 
(Figure 2B).

Meanwhile, we treated cells in low nutrient supply (1% 
FBS) and Taxol and then, measured the inducted apoptosis 
by flow cytometry. We demonstrated that cells treated with 
Taxol in the presence of miR-613 overexpression had 
a significantly high apoptosis rate. However, knocking 

Figure 1 Expression of miR-613 in breast cancer tissues and cell lines. (A) qRT-PCR analysis of miR-613 in 132 cases of breast cancer samples and adjacent non-cancer 
tissues. (B) The expression of miR-613 in each subtype of breast cancer, including Luminal A (75 cases), Luminal B (24 cases), HER2 (9 cases) and TNBC (24 cases). (C) The 
expression of miR-613 in cell lines. ***p<0.001.
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down of miR-613 could impair Taxol-induced cell apop-
tosis (Figure 2C). We also treated miR-613 overexpression 
and knocking down cells, and control cells respectively 
with gradient Taxol and found that miR-613 sensitized 

cells to Taxol, evidenced by decreased IC50 values 
(Figure 2D). Furthermore, we performed Western blot 
and found that cleaved PARP, an apoptosis marker, was 
also notably upregulated in cells treated with Taxol and 

Figure 2 miR-613 suppresses proliferation and enhances cellular sensitivity to chemotherapy. (A) Proliferation assay of miR-613 overexpression or miR-613 inhibition cells 
with control, respectively. (B) Colony formation assay of miR-613 overexpression or miR-613 inhibition cells with control, respectively. (C) Taxol (20nM) were used to treat 
miR-613 overexpression BT20 cells and inhibition Hs578T cells with control cells, respectively, for 2 days and Annexin V/PI were double stained and measured by flow 
cytometry. (D) Gradient concentrations (1, 4, 16, 64, 256nM) of Taxol were used to treat cells with miR-613 overexpression or inhibition with control cells, respectively for 
2 days and cell viability was measured. Significance between control and miR-613 overexpression or inhibition groups was measured by two-way ANOVA method. (E) Cells 
with miR-613 overexpression or inhibition with control cells, respectively, were treated with Taxol and indicated protein was measured by western bolt. *p<0.05; #p<0.05, 
compared to Taxol group.
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Figure 3 miR-613 suppresses tumor stemness. Spheroid formation assay of miR-613 overexpression (A) and inhibition cells (B) with control cells, respective. Flow 
cytometry detection of EpCAM expression on miR-613 overexpression (C) and inhibition cells (D) with control cells, respective. The expression of stem-associated genes 
in cells with miR-613 overexpression (E) and inhibition (F) compared with control cells, respectively. *p<0.05, **p<0.01, ***p<0.001.
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miR-613 overexpression, while decreased after miR-613 
knockdown (Figure 2E).

miR-613 Suppresses TNBC Cells 
Stemness
TNBC was characterized by the stemness phenotype. So, 
we further examined the self-renewal ability of cells over-
expressing miR-613 or knocking down of miR-613. 
Sphere formation assay indicated that miR-613 suppressed 
tumor spheroid formation (Figure 3A and B). Moreover, 
we determined cell surface stem marker EpCAM by FACS 
in miR-613 overexpression cells or knocking down cells, 
with control cells, respectively. The results indicated that 
overexpression of miR-613 significantly decreased 
EpCAM expression (Figure 3C). However, inhibition of 
miR-613 increased EpCAM expression about 10 folds 
compared to NC cells (Figure 3D). We also assessed the 
expression of stemness-associated genes and found that 
miR-613 suppressed these genes’ expression while knock-
ing down of miR-613 increased gene expression (Figure 
3E and F).

miR-613 Suppresses Tumor Growth 
in vivo
To further explore the role of miR-613 in vivo, we performed 
the xenograft mouse model using miR-613 stably expressing 
cells and control cells, respectively. And 1×106 cells were 
subcutaneously injected into the female nude mice, and after 
7 days, we started to monitor the tumor growth every 4 days. 
We noticed that the ectopic expression of miR-613 signifi-
cantly suppressed tumor growth in vivo, as showed in tumor 
volume and tumor weight (Figure 4A–C). Moreover, we per-
formed IHC analysis of Ki67 to confirm the inhibition of 
tumor growth effect of miR-613 overexpression (Figure 4D).

FAM83A is a Direct Target of miR-613
We further explored the potential underlying mechanism of 
miR-613 in tumorigenesis suppression. FAM83A was 
reported to be an oncogene involved in tumor stemness and 
chemoresistance. We explored the miRBase and Targetscan 
databases and found that miR-613 could bind to the 3ʹ UTR 
of FAM83A (Figure 5A). Then, we constructed the wild type 
(wt) and mutant type (mut) of the 3ʹ UTR of FAM83 and 

Figure 4 miR-613 suppresses tumor growth in vivo. (A) Xenograft tumor derived from miR-613 overexpressing cells and control cells. The growth rate (B) and weight (C) 
of xenograft tumors were measured. (D) The IHC staining of Ki67 was performed in tumor slides (bar: 100µm). Statistical analysis of Ki67 staining. *p<0.05, **p<0.01.
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performed luciferase reporter assay with miR-613 transfec-
tion. We found that overexpression of miR-613 significantly 
suppressed the luciferase activity of the vector containing 
wild-type sequence while had no effect on the vector contain-
ing the mutant sequence (Figure 5B). In parallel, we also 
performed luciferase assay after miR-613 knocking down and 
found similar results, that knocking down of miR-613 ele-
vated luciferase activity, but no effect was found in mutant 

type (Figure 5C). Then, we examined the mRNA and protein 
levels of FAM83A and demonstrated that FAM83A was 
downregulated after miR-613 overexpression, while 
decreased after miR-613 knocking down (Figure 5D and E). 
More importantly, we performed IHC in 24 cases of TNBC 
tissues with miR-613 high or low expression and found the 
expression of FAM83A was negatively correlated with miR- 
613 expression in clinical samples (Figure 5F and G).

Figure 5 miR-613 targets FAM83A in breast cancer. (A) The sequences of wild type (wt) or mutant (mut) 3ʹUTR of FAM83A were indicated. (B) BT20 cells were co- 
transfected with miR-613 and pGL3-basic containing wild type or mutant type of 3ʹUTR, respectively. Dual-luciferase reporter assay was performed to measure the 
luciferase activity. (C) Hs578T cells were co-transfected with miR-613 inhibitor and pGL3-basic containing wild type or mutant type of 3ʹUTR, respectively. Dual-luciferase 
reporter assay was performed to measure the luciferase activity. (D) The mRNA and protein levels of FAM83A were examined after miR-613 overexpression. (E) The 
mRNA and protein levels of FAM83A were examined after miR-613 inhibition. (F) Representative images of IHC staining of FAM83A in breast cancer samples with miR-613 
high or low expression. (G) The correlation between miR-613 and FAM83A expression in 24 cases of TNBC samples. *p<0.05, **p<0.01.
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FAM83A is Involved in miR-613-Mediated 
Tumor Suppression
To further determine whether suppression of FAM83A was 
responsible for miR-613 mediated tumor inhibition, we 
overexpressed FAM83A in miR-613 expressing cells and 
found that restored FAM83A expression could significantly 
increase the cell proliferation rate, and on the contrary, 
knocking down of FAM83A decreased cell proliferation 
which was increased by the miR-613 antagonist (Figure 
6A). The colony formation assay indicated similar results 
(Figure 6B). Meanwhile, we detected the apoptosis rate of 
cells after treating with Taxol and found that FAM83A could 
reduce Taxol induced apoptosis (Figure 6C and D).

Discussion
The finding of the present study provides new insight into 
a potential tumor suppressor role for miR-613 in TNBC, 
and highlight that deregulated miR-613/FAM83A axis 
contributes to the tumor stemness-like traits, and chemore-
sistance. We demonstrated miR-613 was significantly 
downregulated in TNBC and overexpression of miR-613 
inhibited tumor growth, stemness and chemoresistance by 
targeting FAM83A. Hence, our results uncover 
a mechanism leading to TNBC malignancy and imply 
a therapeutic target for TNBC.

The stemness-like traits of tumor cells contribute to poor 
prognosis, metastasis and chemoresistance, suggesting that 

Figure 6 FAM83A partially reverse miR-613 mediated tumor suppression function. (A) BT20 cells with miR-613 overexpression were transfected with FAM83A plasmid 
and Hs578T cells with miR-613 inhibition were transfected with FAM83A siRNAs. The cell proliferation assay was performed in the aforementioned cells. Western blot is 
used to validate the expression of FAM83A. The colony formation assay (B), Apoptosis assay (C) and spheroid formation assay (D) were performed in the aforementioned 
cells. *p<0.05 compared to control group; #p<0.05, ##p<0.01 compared to miR-613 or anti-miR group.
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targeting this subtype of tumor cells could have great benefit 
for TNBC treatment.26,27 Recently Single-cell RNA sequen-
cing data revealed that gene signatures including AKT sig-
naling, CDH1 targets, hypoxia, EMT, and angiogenesis were 
upregulated in the chemoresistant tumor cells in which miR- 
613 might be most involved.2,28 For instance, miR-613 
could target VEGFA to inhibit angiogenesis.12 More impor-
tantly, we employed EpCAM as the stemness marker and 
found miR-613 significantly decreased the proportion of 
EpCAM-positive cells, and a group of stem-associated 
genes was downregulated, indicating that miR-613 had 
a pivotal role in regulating tumor stemness. Meanwhile, it 
is reported that EpCAM inhibition could sensitize chemore-
sistant leukemia to immune therapy.29–31 So, the further 
direction would be to investigate the potential of miR-613 
with immunotherapy.

FAM83A is well studied in a variety of types of 
cancers.32 Emerging evidence has shown that FAM83A 
played critical roles in tyrosine kinase inhibitors (TKIs) 
resistance in breast cancer.33 Mechanically, FAM83A 
could interact and cause phosphorylation of c-RAF and 
PI3K p85 to bypass the TKI caused suppression of 
EGFR.22 Also, Chen et al demonstrated that FAM83A 
promoted pancreatic progression via the activation of 
TGF-β and Wnt/β-catenin pathways, which conferred self- 
renewal and metastatic abilities of primary epithelial 
cells.20 Therefore, in our study, miR-613 significantly sup-
pressed tumor growth both in vitro and in vivo, and 
rescuing the expression of FAM83A could partially 
enhance the cell proliferation rate and stemness traits.

In summary, this study demonstrated that in TNBC, miR- 
613 negatively regulated FAM83A expression by directly 
targeting its 3ʹ UTR. MiR-613-mediated disruption of 
FAM83A impaired cancer stemness and tumorigenesis 
in vitro and in vivo. Since the NAC might induce chemore-
sistance, potential targeting FAM83A by miR-613 might 
increase the sensitivity of TNBC cells and improve the out-
comes of TNBC.

Abbreviations
BC, breast cancer; TNBC, triple-negative breast cancer; 
NAC, neoadjuvant chemotherapy; CD, cell cluster; TKI, 
tyrosine kinase inhibitor; CDK, cyclin-dependent kinase; 
EGF, epidermal growth factor; FGF, fibroblast growth 
factors; DMSO, dimethyl sulfoxide; PVDF, polyvinyli-
dene fluoride; IC50, half maximal inhibitory concentra-
tion; NC, negative control; UTR, untranslated region; 
TGF, transforming growth factor.
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