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miR-145-5p attenuates paclitaxel resistance and suppresses the progression in 
drug-resistant breast cancer cell lines 
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miR-145-5p has been identified as a tumor suppressor involved in a wide variety of human cancers. Herein, we aimed to 
further explore the functional role and molecular mechanism of miR-145-5p on breast cancer (BC) progression and chemo-
resistance. The expressions of miR-145-5p and sex determining region Y-box2 (SOX-2) mRNA were assessed by qRT-PCR 
assay. SOX2 protein expression was measured using western blot. CCK-8 assays were used to determine the IC50 values of 
paclitaxel (PTX) and cell proliferation. Transwell assays were performed to detect cell migration and invasion. The target 
of miR-145-5p was verified by dual-luciferase reporter assays. Xenograft model was used to observe the role of miR-145-5p 
in vivo. The results showed that miR-145-5p was downregulated in BC tissues and cells and associated with PTX resis-
tance of BC cells. Overexpression of miR-145-5p or SOX2 knockdown repressed the proliferation, migration, invasion, and 
attenuated PTX resistance in PTX-resistant BC cells. Mechanistically, miR-145-5p negatively regulated SOX2 expression by 
targeting SOX2. The inhibitory effects of miR-145-5p on the proliferation, migration, invasion, and PTX resistance were 
antagonized by SOX2 level restoration in PTX-resistant BC cells. Additionally, miR-145-5p repressed tumor growth in vivo. 
In conclusion, our study suggested that miR-145-5p reduced PTX resistance and repressed the progression at least partly by 
targeting SOX2 in PTX-resistant BC cells, highlighting miR-145-5p as a promising biomarker for BC treatment. 
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Breast cancer (BC) is the most diagnosed malignancy and 
the leading cause of cancer-related death among women, 
with an estimated 2.1 million newly diagnosed cases in 2018 
worldwide [1]. In recent decades, an increasing trend of BC 
morbidity has been observed in China, accounting for 15% 
of all new cancers in women [2]. Although the developments 
of systemic therapeutic strategies have improved the treat-
ment effect of BC, metastasis, and chemoresistance still are 
the main obstacles in BC management [3, 4]. Therefore, it 
is of interest to identify novel biomarkers for BC treatment.

MicroRNAs (miRNAs), a class of small non-coding 
transcripts of 19–25 nucleotides, function as a transla-
tional repressors by binding to complementary sites in the 
3’-untranslated regions (3’-UTR) of their target mRNAs [5]. 
Accumulating evidence has suggested that miRNAs control a 
broad array of pathological behaviors of cancer cells, such as 
cell proliferation, invasion, metastasis, and chemoresistance 
[6–8]. miR-145-5p has been identified as a tumor suppressor 
in a wide variety of human cancers, including lung squamous 
cell carcinoma [9], bladder cancer [10], and prostate cancer 

[11]. miR-145-5p overexpression was reported to be able 
to sensitize cancer cells to drugs [12, 13]. Moreover, low 
miR-145-5p expression was found in BC tissues and cells [14, 
15]. miR-145-5p inhibited cell migration in the presence of 
Ago2, and its overexpression repressed BC development [16, 
17]. Herein, we aimed to further explore the functional role 
and molecular mechanism of miR-145-5p on BC progression 
and chemoresistance.

In this study, our data validated that miR-145-5p was 
downregulated in BC and associated with PTX resistance 
of BC cells. Furthermore, miR-145-5p repressed the prolif-
eration, migration, invasion, and attenuated paclitaxel (PTX) 
resistance at least partly by the regulation of sex determining 
region Y-box2 (SOX-2) in PTX-resistant BC cells.

Materials and methods

Clinical samples. A total of 32 pairs of BC tissues and 
corresponding noncancerous tissues were obtained from BC 
patients who had undergone surgical resection between 2015 
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to 2017 at the Department of Breast and Thyroid Surgery, 
Zaozhuang Municipal Hospital. All tissues were collected by 
a core biopsy prior to treatment and immediately stored at 
–80 °C until RNA extraction. The clinicopathologic features 
of these patients are presented in Table 1. Written informed 
consent was obtained from all patients before surgery, and 
the permission for the study was obtained from the Institu-
tional Review Board of Department of Breast and Thyroid 
Surgery, Zaozhuang Municipal Hospital.

Cell culture and treatment. Human normal breast 
epithelial cell line MCF-10A and two BC cells (MCF-7 and 
MDA-MB-231) were purchased from ATCC (Manassas, 
VA, USA). MCF-10A cells were maintained in DMEM/F-12 
medium (Gibco, Carlsbad, CA, USA), and MCF-7 and 
MDA-MB-231 cells were maintained in DMEM medium 
(Gibco), supplemented with 10% fetal bovine serum (FBS, 
Gibco), 1% penicillin/streptomycin (Gibco) at 37 °C in a 
humidified atmosphere with 5% CO2.

To establish PTX-resistant BC cells (MCF-7/PTX and 
MDA-MB-231/PTX), MCF-7 and MDA-MB-231 cells were 
treated with a stepwise increasing concentration of PTX 
(Sigma-Aldrich, Rehovot, Israel) for more than 6 months as 
described previously [18]. To maintain their PTX-resistant 
phenotype, an additional 0.5 µM of PTX was added into the 
growth medium.

Cell transfection. Mature miR-145-5p mimics and 
negative control miRNA mimics (miR-NC mimics), 
miR-145-5p inhibitor (anti-miR-145-5p) and inhibitor 
control (anti-miR-NC), siRNA targeting SOX2 (si-SOX2) 
and negative control siRNA (si-NC), SOX2 overexpression 
plasmid (pcDNA-SOX2) and negative plasmid (pcDNA-
NC) were purchased from GenePharma (Shanghai, China). 
Cells were transfected with the indicated oligonucleotide (at 
a final concentration of 50 nM) or 40 ng of plasmid using 
X-treme Gene HP DNA Transfection Kit (Roche, Penzberg, 
Germany) according to the instruction of the manufacturers.

RNA extraction, reverse transcription, and quantita-
tive real-time PCR (qRT-PCR). Total RNA was extracted 
from tissues and cells using a miRVana miRNA extraction 

kit (Ambion, Austin, TX, USA) following the manufacturers’ 
guidance, and then quantified by a NanoDrop spectropho-
tometer (NanoDrop Technologies, Wilmington, DE, USA). 
For SOX2 mRNA detection, RNA was reverse-transcribed 
into cDNA with the High-Capacity cDNA Reverse Transcrip-
tion kit (Applied Biosystems, Foster City, CA, USA), and 
qRT-PCR was performed using a SYBR Green Master Mix 
(Applied Biosystems) on a PRISM 7700 Sequence Detector 
System (Applied Biosystems). For miR-145-5p detection, 
reverse transcription was performed using TaqMan Reverse 
Transcription kit (Applied Biosystems), and qRT-PCR was 
performed using TaqMan MicroRNA Assay kit (Applied 
Biosystems). For normalization of the target, GAPDH or U6 
was used as an internal control. Gene expression data were 
calculated by the 2–ΔΔCt method.

IC50 detection and cell proliferation assay. The IC50 
values and cell proliferation were assessed using a Cell 
Counting kit-8 (CCK-8, Dojindo Laboratories, Kumamoto, 
Japan) referring to the protocol of manufacturers. Briefly, cells 
were seeded into 96-well plates. At the indicated time, 10 µl 
of CCK-8 solution was added into each well and incubated 
for 2 h at 37 °C. The absorbance at 450 nm was determined 
by a microplate reader (Spectrostar Omega, BMG Labtech, 
Offenburg, Germany).

For IC50 values measurement, cells were seeded into 
96-well plates, and increasing concentration of PTX (0, 0.5, 
1.0, 2.0, 4.0, 8.0, 16.0 µM) was added into each well. After 
24 h incubation, CCK-8 solution was added, and the absor-
bance was detected.

Transwell assay of cell migration and invasion. For 
migration assay, cells were seeded into the upper chamber 
of a 24-Transwell plate with 8 µm pores membrane inserts 
without Matrigel (Corning Incorporated, Tewksbury, MA, 
USA) precoating. For invasion assay, cells were added into 
the upper chamber of a 24-Transwell plate with a Matrigel-
precoated membrane (Corning Incorporated). In both assays, 
500 µl of DMEM medium supplemented with 10% FBS was 
added into the lower chamber as a chemotactic agent. After 
24 h incubation, migrated or invaded cells were fixed in 3.7% 
formaldehyde and stained with 0.1% crystal violet. Images 
were photographed under a Nikon microscope (Nikon, 
Shinagawa, Tokyo, Japan) and the number of migrated or 
invaded cells was counted in five random fields.

Dual-luciferase reporter assay. Bioinformatics analysis 
for the targets of miR-145-5p was performed using miRTar-
Base software (http://mirtarbase.mbc.nctu.edu.tw/php/
search.php). SOX2 3’-UTR-luciferase reporters harboring 
the target sequence for miR-145-5p (SOX2 3’-UTR-WT) and 
site-directed mutation of the target sequence (SOX2 3’-UTR-
MUT) were obtained from GenePharma. Cells were co-trans-
fected with SOX2 3’-UTR-WT or SOX2 3’-UTR-MUT and 
miR-NC mimics, miR-145-5p mimics, anti-miR-NC, or 
anti-miR-145-5p. After 24 h transfection, luciferase activities 
were measured by using the Dual-Luciferase Reporter Assay 
System (Dual-Light System, Applied Biosystems).

Table 1. The clinicopathological parameters of BC patients.
Variable Patients, n
Age, years 32

<45 17
≥45 15

Tumor size
<2 20
≥2 12

TNM stage
<III stage 15
≥III stage 17

Lymph node status
Yes 21
No 11
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Western blot for SOX2. Cells were lysed in lysis buffer 
comprised of 50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 1% 
Triton X-100, 0.1% SDS, 1 mM EDTA, 0.5% sodium deoxy-
cholate and 1% protease inhibitor cocktails (Sigma-Aldrich). 
The concentration of protein samples was determined by a 
BCA Protein Assay kit (Sigma-Aldrich). Equal amounts of 
protein samples were separated by gel electrophoresis on 
10% gels, transferred onto Hybond-P PVDF membranes 
(Amersham Biosciences, Buckinghamshire, UK) and then 
probed with primary antibodies including anti-SOX2 (Cell 
Signaling Technology, Danvers, MA, USA; dilution 1:1000) 
and anti-β-actin (Cell Signaling Technology; dilution 1:1000). 
Following the incubation with HRP-conjugated secondary 
antibodies (Cell Signaling Technology; dilution 1:5000), the 
protein bands were visualized with a chemiluminescence 
system (Amersham Biosciences) and quantified using ImageJ 
software (National Institutes of Health, Bethesda, MD, USA).

In vivo assay. All animal experimental processes were 
conducted in accordance with a protocol approved by the 
Institution Animal Care and Use Committee at the Depart-
ment of Breast and Thyroid Surgery, Zaozhuang Municipal 
Hospital. MCF-7/PTX cells (5×106) were subcutaneously 
injected into BALB/c nude mice (4 weeks, Laboratory Animal 
Center of Henan Province, Zhengzhou, Henan, China). After 
implantation for 2 days, intratumor injection of miR-145-5p 

mimics or miR-NC mimics was performed every 3 days 
(n=10). 28 days after implantation, all mice were euthanized, 
and xenograft tissues were excised for weight, qRT-PCR and 
western blot.

Statistical analysis. Data were analyzed using SPSS 18.0 
software (SPSS Inc. Chicago, IL, USA) with the Mann-
Whitney U-test, a student’s t-test, and ANOVA. All data 
were presented as mean ± SD, and statistical significance was 
defined as p<0.05.

Results

miR-145-5p was downregulated in BC and associ-
ated with PTX resistance of BC cells. Firstly, miR-145-5p 
expression was determined in BC tissues and corresponding 
noncancerous tissues by qRT-PCR assay. These data 
revealed that miR-145-5p was significantly downregulated 
in BC tissues compared with normal tissues (Figure  1A). 
To investigate the role of miR-145-5p on PTX resistance 
of BC, two PTX-resistant BC cell lines (MCF-7/PTX and 
MDA-MB-231/PTX) were established. Then, the expression 
of miR-145-5p was assessed in MCF-7/PTX, MDA-MB-
231/PTX, and their parental cells. These results showed 
that compared with MCF-10A cells, miR-145-5p expres-
sion levels were significantly decreased in MCF-7 and 

Figure 1. miR-145-5p was downregulated in BC tissues and associated with PTX resistance of BC cells. The expression levels of miR-145-5p were deter-
mined by qRT-PCR in 32 pairs of BC tissues and corresponding noncancerous tissues (A), MCF-10A, MCF-7, MDA-MB-231, MCF-7/PTX, and MDA-
MB-231/PTX cells (B). The IC50 values of PTX were detected by CCK-8 assay in MCF7 and MCF7/PTX cells (C), MDA-MB-231, and MDA-MB-231/
PTX cells (D). *p<0.05 or #p<0.05
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Base software (http://mirtarbase.mbc.nctu.edu.tw/php/
search.php). The predicted data revealed that the 3’-UTR of 
SOX2 contained a putative target sequence for miR-145-5p 
(Figure  3A). To confirm this, SOX2 3’-UTR-luciferase 
reporter (SOX2 3’-UTR-WT) harboring the target sequence 
for miR-145-5p and site-directed mutation of target sequence 
(SOX2 3’-UTR-MUT) were used in luciferase assays. In 
comparison to respective control, the luciferase activity of 
SOX2 3’-UTR-WT was significantly decreased by transfec-
tion of miR-145-5p mimics, while it was highly increased in 
the presence of anti-miR-145-5p (Figures 3B–3E). However, 
the site-directed mutation of the target sequence abolished 
the effect of miR-145-5p on luciferase activity under the 
same conditions (Figures 3B–3E).

Then, we determined whether, and if so, how miR-145-5p 
modulated SOX2 expression in BC cells. In contrast to 
their counterparts, SOX2 protein expression was signifi-
cantly repressed by miR-145-5p overexpression, while it was 
strongly enhanced following the miR-145-5p knockdown, 
thus indicating that miR-145-5p was able to negatively 
modulate SOX2 expression in BC cells (Figure 3F). Addition-
ally, qRT-PCR results revealed that compared with the 
negative group, little change was observed in miR-145-5p 
expression in the case of si-SOX2 transfection in the two BC 
cells (Figure 3G). Subsequently, SOX2 protein expression 
was assessed in MCF-7/PTX, MDA-MB-231/PTX, and their 

MDA-MB-231 cells (Figure  1B). Moreover, PTX treatment 
resulted in a more distinct reduction of miR-145-5p expres-
sion (Figure 1B). Meanwhile, we detected the IC50 values of 
PTX in MCF-7/PTX, MDA-MB-231/PTX, and their parental 
cells. As expected, the IC50 values of PTX in MCF-7/PTX 
and MDA-MB-231/PTX cells were higher than those in their 
parental cells (Figures 1C, 1D).

miR-145-5p overexpression repressed the proliferation, 
migration, invasion, and attenuated PTX resistance in 
PTX-resistant BC cells. To explore the role of miR-145-5p 
on BC, gain-of-function experiments were performed 
by transfection of miR-145-5p mimics. In contrast to the 
negative control, transient transfection of miR-145-5p 
mimics resulted in a significant upregulation of miR-145-5p 
expression in MCF-7/PTX and MDA-MB-231/PTX cells 
(Figure 2A). Subsequently, CCK-8 assays revealed that in 
comparison to the negative control, miR-145-5p overexpres-
sion markedly reduced the IC50 values of PTX and repressed 
the proliferation in MCF-7/PTX and MDA-MB-231/PTX 
cells (Figures 2B–2D). Moreover, transwell assays showed 
that miR-145-5p overexpression significantly repressed cell 
migration and invasion compared to the negative control 
(Figures 2E, 2F).

SOX2 was a direct target of miR-145-5p. To further 
understand the effect of miR-145-5p on BC, we carried 
out a detailed analysis of its molecular targets by miRTar-

Figure 2. miR-145-5p repressed the proliferation, migration, invasion, and PTX resistance in BC cells. MCF-7/PTX and MDA-MB-231/PTX cells were 
transfected with miR-145-5p mimics or miR-NC mimics, followed by the measurement of miR-145-5p expression by qRT-PCR assay (A), the IC50 val-
ues of PTX by CCK-8 assay (B), cell proliferation ability by CCK-8 assay (C) and (D), cell migration ability (E), and invasion capacity (F) by transwell 
assay. *p<0.05
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parental cells. Western blot results revealed that SOX2 levels 
were highly upregulated in MCF-7 and MDA-MB-231 cells 
compared with MCF-10A cells (Figure 3H). Moreover, PTX 
treatment led to a more obvious upregulation of the SOX2 
level in BC cells (Figure 3H).

SOX2 knockdown inhibited the proliferation, migra-
tion, and invasion, and reduced PTX resistance in 
PTX-resistant BC cells. Further, we observed the role of 
SOX2 on BC by transfection of si-SOX2. In comparison to 
the negative control, the transient introduction of si-SOX2 
led to a strong reduction of SOX mRNA and protein levels 
in MCF-7/PTX and MDA-MB-231/PTX cells (Figures 4A, 
4B). CCK-8 assays showed that SOX2 knockdown substan-
tially attenuated the IC50 values of PTX and highly inhibited 
the proliferation in MCF-7/PTX and MDA-MB-231/PTX 
cells (Figures 4C–4E). Transwell assays revealed that cell 
migration and invasion abilities were significantly repressed 
by SOX2 knockdown compared with the negative control 
(Figures 4F, 4G).

SOX2 level restoration antagonized the inhibitory 
effects of miR-145-5p on the proliferation, migration, 
invasion, and PTX resistance in PTX-resistant BC cells. 
To provide further mechanistic insight into the link between 
miR-145-5p and SOX2 on BC, BC cells were co-transfected 
with miR-145-5p mimics and pcDNA-SOX2. Western blot 
data revealed that compared with the negative control, the 
co-transfection of pcDNA-SOX2 significantly abrogated 
the inhibitory effect of miR-145-5p on SOX2 expression 
(Figure 5A). CCK-8 assays revealed that the reduced effect of 
miR-145-5p on PTX resistance was also strikingly reversed 
by the SOX2 level restoration (Figure 5B). Further functional 
experiments demonstrated that miR-145-5p-mediated anti-
proliferation, anti-migration, and anti-invasion effects were 
markedly abrogated by the SOX2 level restoration in MCF-7/
PTX and MDA-MB-231/PTX cells (Figures 5C–5F).

miR-145-5p overexpression suppressed tumor growth 
in vivo. Next, to investigate the role of miR-145-5p on BC in 
vivo, mice xenograft models were prepared by subcutaneous 

Figure 3. SOX2 was a direct target of miR-145-5p in BC cells. (A) Predicted target sequence between miR-145-5p and SOX2 3’-UTR, and site-directed 
mutation of the target sequence. MCF-7/PTX cells (B and C) and MDA-MB-231/PTX cells (D and E) were co-transfected with SOX2 3’-UTR-WT or 
SOX2 3’-UTR-MUT and miR-NC mimics, miR-145-5p mimics, anti-miR-NC, or anti-miR-145-5p, followed by the detection of the luciferase activities. 
(F) MCF-7/PTX and MDA-MB-231/PTX cells were transfected with miR-NC mimics, miR-145-5p mimics, anti-miR-NC, or anti-miR-145-5p, fol-
lowed by the measurement of SOX2 protein expression by western blot. (G) MCF-7/PTX and MDA-MB-231/PTX cells were transfected with si-NC or 
si-SOX2, followed by the detection of miR-145-5p expression by qRT-PCR. (H) The expression of SOX2 protein was determined in MCF-10A, MCF-7, 
MDA-MB-231, MCF-7/PTX, and MDA-MB-231/PTX cells. *p<0.05 or #p<0.05



MIR-145-5P SUPPRESSES THE BREAST CANCER PROGRESSION 977

injection of MCF-7/PTX cells. These results revealed that the 
introduction of miR-145-5p mimics highly suppressed tumor 
growth compared with the negative control (Figures 6A, 6B). 
Moreover, miR-145-5p expression was increased (Figure 6C), 
while SOX2 mRNA and protein levels were decreased 
(Figures 6D, 6E) in xenograft tissues derived from miR-145-
5p-administered MCF-7/PTX cells.

Discussion

Up to now, many miRNAs have been identified as 
oncogenes or tumor suppressors in BC. For example, miR-21 
enhanced the proliferation and invasion of triple-negative 

BC cells via targeting PTEN [19]. miR-181a promoted 
aggressive behavior of BC cells and chemotherapy resis-
tance [20]. Conversely, miR-134 was downregulated in BC, 
and miR-134 overexpression inhibited the proliferation and 
enhanced apoptosis on BC cells [21]. Ectopic overexpres-
sion of miR-621 enhanced cell apoptosis and sensitized cell 
to PTX and carboplatin through inhibition of FBXO11 and 
enhancement of p53 activity in BC cells [22]. These miRNAs 
might serve as potential predictive biomarkers and thera-
peutic targets for BC treatment.

Downregulation of miR-145-5p has been found in a series 
of human cancers, and previous studies have highlighted its 
role as a tumor suppressor by modulating several types of 

Figure 4. SOX2 knockdown inhibited the proliferation, migration, and invasion, and reduced PTX resistance of PTX-resistant BC cells. MCF-7/PTX 
and MDA-MB-231/PTX cells were transfected with si-NC or si-SOX2, followed by the determination of SOX2 mRNA expression by qRT-PCR assay 
(A), SOX2 protein level by western blot (B), the IC50 values of PTX (C) and cell proliferation (D and E) by CCK-8 assay, cell migration ability (F), and 
invasion capacity (G) by transwell assay. *p<0.05
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oncogenes in cancer cells [23–25]. The loss of the miR-143/
miR-145 cluster promoted the proliferation and invasion of 
renal cell carcinoma cells via targeting hexokinase-2 [26]. 
The transfer of miR-145-5p from microvascular endothelial 
cells to cancer cells repressed angiogenesis through regula-
tion of composed of connexin-43 in colon cancer cells [27]. 
Moreover, miR-145-5p enhanced the PTX resistance of 
ovarian cancer cells through targeting Sp1 and Cdk6 [28]. In 
the present study, our data supported that miR-145-5p was 
downregulated in BC tissues and cells, in accordance with 
past studies [16, 29]. Moreover, we firstly demonstrated that 
downregulation of miR-145-5p might be associated with PTX 

resistance of BC cells. Further, we verified that miR-145-5p 
overexpression repressed the proliferation, migration, 
invasion, and attenuated PTX resistance in PTX-resistant BC 
cells. These results strongly pointed to the role of miR-145-5p 
as a tumor suppressor in BC.

Then, miRTarBase software was performed to predict the 
molecular targets of miR-145-5p. Among these candidates, 
SOX2 was selected for further experiments, considering 
its crucial roles of oncogenesis in many varieties of human 
cancers, such as prostate cancer [30], gastric carcinoma [31], 
and melanoma [32]. Additionally, SOX2 was demonstrated 
to control tumor initiation and progression by modulating 

Figure 5. SOX2 level restoration antagonized the inhibitory effects of miR-145-5p on the proliferation, migration, invasion, and PTX resistance 
in PTX-resistant BC cells. MCF-7/PTX and MDA-MB-231/PTX cells were transfected with miR-NC mimics, miR-145-5p mimics, miR-145-5p 
mimics+pcDNA-NC or miR-145-5p mimics+pcDNA-SOX2, followed by the measurement of SOX2 expression by western blot (A), the IC50 values of 
PTX (B), and cell proliferation (C and D) by CCK-8 assay, cell migration (E), and invasion (F) abilities by transwell assay. *p<0.05
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the functions of skin tumor initiating cells and cancer stem 
cells in skin squamous cell carcinoma [33]. High SOX2 
expression was frequently observed in small-cell lung cancer 
tissues, and SOX2 depletion repressed cancer cell prolifera-
tion [34]. Subsequently, we confirmed that SOX2 was a direct 
target of miR-145-5p, and miR-145-5p negatively regulated 
SOX2 expression in BC cells. Similar findings indicated that 
upregulated miR-145-5p inhibited the expression of SOX2 
in prostate cancer cells [11]. Moreover, SOX2 accelerated 
the proliferation and tumorigenesis via regulating CCND1 
expression in BC cells [35]. SOX2 knockdown hampered 

mammosphere formation and retarded tumor formation in 
vivo models, providing the evidence for SOX2 reactivation as 
an early step in BC initiation [36]. In the present study, our 
results validated that SOX2 expression was strongly elevated 
in PTX-resistant BC cells. Furthermore, we manifested that 
SOX2 knockdown inhibited the proliferation, migration, 
and invasion and reduced PTX resistance in PTX-resistant 
BC cells. In a word, SOX2 functioned as an oncogene in BC, 
consistent with previous works [35, 36]. miRNAs have been 
postulated to play crucial roles by modulating targets expres-
sion [5]. Therefore, we further explored whether miR-145-5p 
exerted its anti-tumor function by targeting SOX2 in BC. 
Our results demonstrated that SOX2 level restoration antag-
onized the inhibitory effects of miR-145-5p on the prolifera-
tion, migration, invasion, and PTX resistance in PTX-resis-
tant BC cells.

Lastly, in vivo assays revealed that miR-145-5p inhib-
ited tumor growth in mice xenograft models. Moreover, 
miR-145-5p overexpression repressed SOX2 expression, 
indicating that miR-145-5p repressed tumor growth through 
targeting SOX2 in vivo.

In conclusion, our study suggested that miR-145-5p 
reduced PTX resistance and repressed the progression at 
least partly by targeting SOX2 in PTX-resistant BC cells. 
Targeting miR-145-5p may be a promising biomarker for BC 
treatment.

Figure 6. miR-145-5p suppressed tumor growth in vivo. Nude mice were subcutaneously injected with about 5×106 MCF-7/PTX cells. After implan-
tation for 2 days, miR-145-5p mimics or miR-NC mimics were administered by intratumoral injection every 3 days. 28 days after implantation, all 
mice were euthanized. (A) After implantation for 7 days, tumor volume was measured every 7 days. (B) Representative images and tumor tissues were 
weighed. qRT-PCR assay for miR-145-5p expression (C) and SOX2 mRNA level (D), and western blot for SOX2 protein level (E) in excised tumor tis-
sues. *p<0.05

Figure 7. The mechanism schematic model by the miR-145-5p/SOX2 axis 
in BC. The expression of miR-145-5p was downregulated in BC. Then, 
the SOX2 level was upregulated. Upregulated SOX2 promoted BC cell 
resistance to PTX.
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