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Dexmetomidine promotes the activity of breast cancer cells

through miR-199a/HIF-10 axis
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Background: Breast cancer, as one of the most common malignant tumors in women, is still a great threat
to women all over the world. Dexmetomidine (DMED) is a highly selective o2-adrenergic receptor agonist,
which has attracted much attention in recent years. This study aimed to clarify the potential mechanism of
DMED in regulating the activity of breast cancer cells.

Methods: Breast cancer cell lines MCF-7 and MDA-MB-231 were treated with DMED. The levels of
miR-199a and HIF-1a mRINA were detected using quantitative real-time polymerase chain reaction (QRT-
PCR); the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) and transwell assays
were applied to monitor the activity of breast cancer cells; the apoptosis of breast cancer cells was detected
using the caspase-3 activity assay and flow cytometry; binding of miR-199a and HIF-1a was assessed using
double luciferase reporter gene assay, and western blot was employed to monitor the level of HIF-1a in cells.
Results: The cytotoxicity and apoptosis of MCF-7 and MDA-MB-231 cells was inhibited by DMED.
It also downregulated the expression of miR-199a in breast cancer cells and enhanced the downregulation
of miR-199a to promote the activity of breast cancer cells and inhibit apoptosis. Also, miR-199a targeted
HIF-1oa. Further functional experiments confirmed that DMED promoted the progression of breast cancer
through the miR-199a/HIF-1a axis.

Conclusions: DMED promotes the activity of breast cancer cells through miR-199a/HIF-1aaxis. This can

provide some reference for DMED in the clinical treatment of breast cancer.
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Introduction

The incidence of breast cancer is second only to cervical
cancer in women, and with the gradual increase in
incidence in recent years, breast cancer has become one
of the foremost malignant tumors threatening the life and
health of urban women (1,2). At present, clinicians mainly
determine whether breast cancer is present according to the
patient’s clinical signs, imaging manifestations, and related

tumor markers. Early diagnosis is the key to improve the
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cure rate of breast cancer, but there is a lack of obvious
clinical features during the early stages of breast cancer. In
recent years, although important progress has been made
in the treatment of breast cancer in the areas of surgery,
radiotherapy, chemotherapy, and endocrine and targeted
therapies, the prognosis of patients has not significantly
improved. The molecular mechanisms of the occurrence
and development of breast cancer need to be assessed
further (3,4). Studies have confirmed that drugs play an
important role in the progression of breast cancer. For
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example, flavonoids such as quercetin, as dietary substances
of great concern to ordinary people, have potential as
alternative or supplementary drugs for breast cancer (5). On
the other hand, hyperin plays a role as an anticancer drug
by activating the Bax-caspase-3 axis and inhibiting the NF-
kB signal pathway through reactive oxygen species (ROS)-
related apoptosis (6). Therefore, in-depth elucidation of the
mechanisms of drugs in the treatment of breast cancer has
important clinical significance.

Dexmetomidine (DMED) is a highly selective a2-
adrenergic receptor agonist, which is mainly used as a
sedative and analgesic in clinical practice. There is evidence
that DMED can exert anti-apoptosis and protective functions
on cells and organs (7,8). Studies have proven that DMED
promotes metastasis in rodent models of breast, lung, and
colon cancer (9). Also, Zhang ez al. have shown that DMED
inhibits the progression of esophageal cancer through the
miR-143-3p/EPS8 axis (10). On the other hand, DMED
promotes the migration of breast cancer cells through
exocrine TMPRSS2 secretion mediated by Rab11 (11).
Similarly, DMED could promote the proliferation, migration
and invasion of breast cancer cells through the activation of
a2B-adrenoceptor/ERK signaling (12). Whereas, the role
of DMED in regulating the miRNA-mRNA axis in the
malignant phenotype of breast cancer is not clear.

MicroRNA (miRNA) is an evolutionarily conserved non-
coding RNA containing 19-22 nucleotides. It not only plays
an important role in regulating the normal development
of organisms but also participates in the regulation of
the pathological processes of many types of malignant
tumors (13). The role of miRNAs in the occurrence and
development of breast cancer has been reported (14). For
example, previous studies have shown that dual targeting of
miR-124-3p and ABCC4 promotes the sensitivity of breast
cancer cells to doxorubicin (15). Also, MiR-199a has been
shown to inhibit the activity of breast cancer cells (16). Wu
et al. have confirmed that DMED prevents oxidative damage
to PC12 cells by regulating miR-199a/HIF-1a (17). At
the same time, DMED attenuates neuronal injury induced
by cerebral ischemia-reperfusion (IR) by regulating miR-
199a (18). However, the role of DMED in regulating miR-
199a in breast cancer is unknown. Moreover, Cao et al. have
confirmed that HIF-1a can promote the activity of breast
cancer cells (19). This shows that HIF-1a plays a cancer-
promoting role in breast cancer. In view of the current state
of research, in this study, MCF-7 and MDA-MB-231 breast
cancer cell lines were treated with different concentrations
of DMED to explore the role of DMED in promoting the
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activity of breast cancer cells through the miR-199a/HIF-
la axis. The results showed that DMED could inhibit the
downregulation of miR-199a and promote the activity of
breast cancer cells. Further experiments confirmed that
DMED promoted the progression of breast cancer by
regulating the miR-199a/HIF-1a axis.

We present the following article in accordance with
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/tcr-21-1937).

Methods
Cell culture

Human breast cancer cell lines (MCF-7 and MDA-
MB-231) were purchased from ATCC (Rockville, IN,
USA). The cells were cultured in RPMI-1640 complete
medium (GIBCO, Carlsbad, CA, USA) containing
10% fetal bovine serum (FBS, HyClone, Logan, UT,
USA) and 1% penicillin/streptomycin, cultured in an
incubator at 37 °C and 5% CO, saturated humidity; the
medium was changed every 2-3 days. When the cells
were close to fusion, they were digested and passaged
with 0.25% trypsin (20). DMED purchased from Chen
Xin Pharmaceutical Co., Ltd. DMED at different
concentrations (0, 1, 10 and 100 nm) were added to
the medium of breast cancer cells. After 24 hours of
incubation, the medium was renewed.

Cell transfection

MCEF-7 and MDA-MB-231 cells in logarithmic growth
phase were inoculated on 6-well plates with a cell density
of 5x10°/well. When the cells had grown to 50% to 60%,
the miR-199a mimics or miR-199a inhibitors of 100 nmol/
L and the control group were transfected into MCF-
7 and MDA-MB-231 cells according to the instructions
of lipid Lipofectamine 2000 transfection reagents
(ThermoFisherScience, Waltham, MA, USA). The cells
were collected after incubation for 48 hours, and the
transfection efficiency was detected by quantitative real-
time polymerase chain reaction (QRT-PCR).

QRT-PCR

After the total RNA of cells in each group was extracted
with Trizol reagent and the concentration was detected,
it was reverse transcribed into ¢cDNA according to the
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operation instructions of Takara kit, and amplified and
detected. Reaction conditions: pre denaturation at 95 °C
for 30s, denaturation at 95 °C for 5s, annealing/extension at
60 °C for 30s, a total of 40 cycles. The relative expression
of target gene was calculated by 27**“", ACT = target gene
- B-actin, AA = ACT experiment - ACT control. As the
internal references for miR-199a and HIF-1o mRNA, U6
and B-actin were employed, respectively. The primers were
synthesized by Shanghai Shenggong Biology Co., Ltd.
(Shanghai, China).

Detection of cell activity using 3-(4,5-dimethylthiazol-2-
yh-2,5-dipbenyl-2H-tetrazolium bromide (MTT) assay

Cells in logarithmic growth phase were taken to prepare
a 1x10°/mL single cell suspension, 100 L per well,
inoculated on a 96 well plate, 37 °C, 5% CO,, incubated
in incubator, and after 24 hours of conventional culture,
serum-free medium was used under aseptic conditions.
Different reagents were added to the negative control
group and interference group for cell transfection. The
culture medium of each well was discarded and 20 pL
MTT solution (5 mg/mL, MedChem Express, Monmouth
Junction, NJ, USA) was added to each well, and the cells
were cultured for 4 hours. The culture medium in the
hole was removed, 150 pL. dimethyl sulfoxide was added
to each well, and it was put on the shaker and vibrated at
low speed for 10 minutes to dissolve the crystal completely.
Absorbance value was measured at 490 nm of each well
with the microplate meter. The average value of six wells
was taken as the result, and the absorbance value was used
to express the cell proliferation. All experiments were
performed 3 times in each group (21).

Caspase-3 activity detection

Steps were as follows: collection of cells, washing with
phosphates buffered saline (PBS), extraction of cell
lysate, protein quantification, sodium dodecyl (lauryl)
sulfate-polyacrylamide gel (SDS)-PAGE electrophoresis,
nitrocellulose membrane or polyvinylidene difluoride (PVDEF)
membrane transfer, 5% skimmed milk powder blocking for
2 hours, 4 °C overnight, caspase-3 poly-antibody or
monoclonal antibody reaction at room temperature
for 2 hours, and tris-buffered saline (TBS) (containing
0.05% Tween 20 TBS) washed 3 times, 5-10 min/times.
Horseradish peroxidase (HRP)-labeled sheep anti-mouse
immunoglobulin (IgG) or alkaline phosphatase (AP)-labeled
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sheep anti-mouse IgG reacted at room temperature, followed
by washing 3 times with TBS and polysorbate 20, 5-10 min
each time, ECL development or nitro blue tetrazolium/5-
bromo-4-chloro-indolyl-phosphate (NBT/BCIP) staining.

Detection of cell migration ability by transwell

The transwell cell movement test was used to detect
cell migration and invasion. In all, 2x10* cells/well
were added to the upper transwell chamber, and 600 pL
culture medium containing 20% FBS was added to the
lower chamber and cultured at 37 °C. After 12 hours,
the upper chamber cells were removed, fixed using 4%
paraformaldehyde, stained with 0.1% crystal violet,
dried, photographed and counted. All experiments were
performed 3 times.

Detection of apoptosis by flow cytometry

Apoptosis was detected using annexin V-fluorescein
isothiocyanate (FI'T'C) double staining. Twenty-four hours
after transfection, the cells were digested using trypsin,
collected and inoculated in a 6-well plate. The cell density
was adjusted to 2x10° cells per well. The cells were cultured
for 24 hours, and the supernatant was discarded. After
precooling the PBS washing twice, binding buffer was used
to suspend cells. Human 5 pL annexin V-FITC and 5 pL
propidium iodide (PI) were added to the cell suspension,
and then incubated at room temperature for 15 minutes.
Flow cytometry was used to detect the apoptosis rate within
1 hour, and the operation was performed according to the
instructions of the kit. All experiments were performed
3 times.

Double luciferase reporter gene experiment

293T cells were digested with trypsin and re-suspended
in a cell medium containing 10% FBS after centrifugation
and inoculated on a 48-well plate at a density of 4x10* cells
per well. After 24 hours of culture (when the cell density
was 40% to 50%), the corresponding miR-199a expression
vector (20 nmol/L), HIF-1a 3'UTR reporter vector (80 ng)
and pRL-TK (expressing sea kidney luciferase protein as
internal reference, 40 ng) were co-transfected into 293T
cells using calcium phosphate transfection. Forty-eight
hours after transfection, the cells were lysed with Dual-
Luciferase Reporter Assay (Promega, Madison, WI, USA),
and the luciferase activity was determined using a multi-
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function enzyme labeling instrument.

Western blot

After the cells were treated, the culture medium was
abandoned, protein lysate (Roche, Basel, Switzerland) was
added, and all proteins were separated. A total of 50 g of
protein was added to 12% polyacrylamide gel and subjected
to 100 V electrophoresis for 2 hours. It was then electrically
transferred to a PVDF membrane. After sealing with 5%
skimmed milk powder at room temperature for 1 hour, the
membrane was washed 3 times with TBST, each time for
10 min and incubated with an antibody (concentration
1:1,000) overnight at 4 °C. After washing the membrane with
TBST, the membrane was incubated at room temperature
with HRP labeled anti-rabbit second antibody (concentration
1/2,000) for 1 h. Then, the membrane was washed 3 times
with TBST, 10 min each time. Finally, western blot special
reagent (Invitrogen, Waltham, MA, USA) was used for color
imaging, and Image] was used to analyze the gray value of
each protein. All experiments were performed 3 times.

Statistical analysis

The data were analyzed using SPSS 17.0 statistical software
(SPSS Inc., Chicago, IL, USA). Measurement data were
expressed using mean = standard deviation (¥xs). Multiple
factors were compared using one-way analysis of variance,
and independent sample 7-tests were used to compare two
groups. If P<0.05, the difference between the two groups
was considered significant.

Results
DMED induced cytotoxicity and apoptosis in breast cancer

The inhibitory effect of DMED on the growth of breast
cancer cells and normal breast epithelial cells was detected
using MTT assay. DMED promoted the growth of MCEF-
7 and MDA-MB-231 cells in a dose-dependent manner
(Figure 1A4). Flow cytometry analysis showed that the number
of apoptotic MCF-7 and MDA-MB-231 cells decreased
significantly after treatment with DMED (Figure 1B).
The effect of DMED on apoptosis of MCF-7 and MDA-
MB-231 cells was dose-dependent. The activation of caspase
is important in the process of apoptosis (22). To determine
whether DMED can change the activity of caspase in breast
cancer cells, the activity of caspase-3 was determined. As
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shown in Figure 1C, DMED significantly increased the
activity of caspase-3 in MCF-7 and MDA-MB-231 cells
but had no effect on the activity of caspase-3 in mammary

epithelial cells.

DMED down-regulated miR-199a expression

Then, we explored the effect of DMED on the level of
miR-199a in breast cancer cells. QRT-PCR results showed
that DMED downregulated the level of miR-199a in MCF-
7 and MDA-MB-231 cells in a dose-dependent manner
(P<0.05, Figure 24,2B). Futhermore, DMED upregulated
the level of HIF-1a in MCF-7 and MDA-MB-231 cells in a
dose-dependent manner (P<0.05, Figure 2C,2D).

DMED increased the expression of miR-199a,
downregulated the activity of breast cancer cells, and
inbibited apoptosis

To investigate the effect of DMED on the activity and
apoptosis of breast cancer cells, MiR-199a inhibitor was
used to transfect MCF-7 and MDA-MB-231 cells. Results
showed that miR-199a inhibitor was successfully transfected
(P<0.05, Figure 3A4). The results of MTT and transwell
assays showed that the transfection of miR-199a inhibitor
promoted the proliferation of breast cancer cells compared
with the control group, and DMED promoted the
proliferation of breast cancer cells compared with the miR-
199a inhibitor group (P<0.05, Figure 3B,3C). On the other
hand, the results of flow cytometry and caspase-3 activity
assay showed that, compared with the control group, the
transfection of miR-199a inhibitor reduced the apoptosis
rate and the activity of caspase-3 in MCF-7 and MDA-
MB-231 cells. Compared with the miR-199a inhibitor
group, DMED decreased the apoptosis of breast cancer cells
(P<0.05, Figure 3D,3E). This suggests that DMED further
enhanced the downregulation of miR-199a to promote the
activity of breast cancer cells and inhibit apoptosis.

MiR-199a targeted HIF-1a

Subsequently, we explored the mechanism of miR-199a in
breast cancer, screened the downstream targets of miR-
199a through bioinformation database and showed that
HIF-1a contained a conservative binding site of miR-199a
(Figure 44). For HIF-1a wild type reporter gene plasmid,
the luciferase activity of miR-199a mimic transfection
group was significantly lower than that of the negative
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Figure 1 DMED induces cytotoxicity and apoptosis of breast cancer cells. MCF-7 and MDA-MB-231 cells were treated with different

concentrations of DMED. (A) The activity of breast cancer cells was detected using the MTT assay. (B) Flow cytometry was used to detect

apoptosis. (C) The level of apoptosis was detected using caspase-3 activity. *, P<0.05; **, P<0.01; ***, P<0.001. DMED, Dexmetomidine;
MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide.

control group (P<0.05). For HIF-1o mutant reporter gene
plasmid, there was no significant difference in luciferase
activity between the two groups (P>0.05, Figure 4B). Then,
we explored the effect of DMED on the level of HIF-1a in
breast cancer cells. Results from QRT-PCR showed that
DMED upregulated the level of HIF-1o. mRNA in MCF-
7 and MDA-MB-231 cells in a dose-dependent manner
(P<0.05, Figure 4C). On the other hand, the transfection
of miR-199a mimics and inhibitors downregulated and
upregulated the expression of HIF-1o in MCF-7 and MDA-
MB-231 cells, respectively (P<0.05, Figure 4D). These
results indicate that HIF-1a is the target of miR-199a and is
negatively regulated by miR-199a.

DMED promoted the progression of breast cancer through

miR-199a/HIF-1a
Finally, the mechanism of DMED regulating miR-199a/
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HIF-1a axis to inhibit the progression of breast cancer
was explored. The results of QRT-PCR showed that,
compared with the control group, the expression of HIF-1a
in DMED group was upregulated, the expression of HIF-
lo in the HIF-1a overexpression group was upregulated,
and compared with the HIF-1o overexpression group,
the expression of HIF-1a in the HIF-1lo + miR-199a
mimics group was downregulated (P<0.05, Figure 5A). At
the same time, the results of MTT and a transwell assay
showed that, compared with the control group, DMED
promoted the proliferation of breast cancer cells. Similarly,
the overexpression of HIF-1a promoted the proliferation
of breast cancer cells. Compared with the HIF-1a
overexpression group, the cell activity of HIF-1o + miR-199a
mimics group was downregulated (P<0.05, Figure 5B,5C).
Subsequently, the results of an apoptosis assay showed that
DMED inhibited the apoptosis of breast cancer cells, and
HIF-1a also inhibited the apoptosis of breast cancer cells.
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Figure 2 DMED downregulated the expression of miR-199a. MCF-7 and MDA-MB-231 cells were treated with different concentrations
of DMED. (A,B) QRT-PCR was used to detect the level of miR-199a in cells. (C,D) QRT-PCR was used to detect the level of HIF-1a
in breast cancer cells. *, P<0.05; **, P<0.01; ***, P<0.001. DMED, Dexmetomidine; QRT-PCR, quantitative real-time polymerase chain

reaction.

Compared with the vector group, on the other hand, and
compared with the HIF-1a overexpression group, apoptosis
increased in the HIF-1a + miR-199a mimics group (P<0.05,
Figure 5D,SE). These results suggest that DMED regulates
the miR-199a/HIF-1a axis to promote the proliferation of
breast cancer cells and inhibit apoptosis, thus promoting the
progression of breast cancer.

Discussion

In recent years, great progress has been made in the clinical
treatment of breast cancer, but the incidence of, and mortality
from, breast cancer are still on the rise (23). Therefore, it is of
great significance to find effective and safe anticancer drugs.

© Translational Cancer Research. All rights reserved.

In addition, the study of the molecular mechanisms of breast
cancer activity and apoptosis can provide a new basis for the
treatment of breast cancer (24). It is of great significance to
explore the molecular mechanism of drugs in the treatment
of breast cancer.

In recent years studies have shown that DMED plays
an important role in cell apoptosis and activity. Li et al
confirmed that DMED can significantly inhibit the loss
of pulmonary microvascular endothelial cell (PMVEC)
activity and apoptosis induced by IR serum (25). In
addition, Sun et /. have confirmed that DMED can
protect glial cells by reducing cell death (26). On the
other hand, DMED is involved in the progression of
cancer. Studies have shown that DEX can reduce the
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Figure 3 DMED can increase the downregulation of miR-199a expression, promote the activity of breast cancer cells and inhibit apoptosis.
MCF-7 and MDA-MB-231 cells were transfected with miR-199a inhibitor. (A) QRT-PCR was used to detect the level of miR-199a in breast
cancer cells. (B,C) MTT and transwell assays were used to detect cell proliferation (the transwell assay was stained with crystal violet with a
magnification of 100x), and (D,E) flow cytometry and caspase-3 activity assay were used to detect cell apoptosis. *, P<0.05; **, P<0.01, ***,
P<0.001. DMED, Dexmetomidine; QRT-PCR, quantitative real-time polymerase chain reaction; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-2H-tetrazolium bromide.
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Figure 5 DMED promotes the progression of breast cancer through the miR-199a/HIF-1a axis. HIF-1a overexpression plasmid and miR-
1992 mimics were used to co-transfect MCF-7 and MDA-MB-231 cells. (A) The level of HIF-1a. mRNA in breast cancer cells was detected
using QRT-PCR. (B,C) MT'T and transwell assays were used to detect cell proliferation. (D,E) Flow cytometry and caspase-3 activity assay

were used to detect cell apoptosis. **, P<0.01; ***, P<0.001. DMED, Dexmetomidine; QRT-PCR, quantitative real-time polymerase chain
reaction; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide.

incidence and intensity of delirium after pneumonectomy
in elderly patients with lung cancer. At the same time,
DMED can provide effective cardio-brain protection
in colorectal cancer surgery (27). Recent animal data
suggest that DMED has a potential role in promoting
cancer recurrence and metastasis during the perioperative
period, especially after breast surgery (28). Other studies
have shown that DMED has a protective effect on disease
by regulating miRNA. Studies by Bao et /. showed
that DMED may play an anti-inflammatory effect in
LPS-stimulated BV2 cells by upregulating miR-340,
and DMED may be a potential drug for the treatment
of neuroinflammation (29). Similarly, miRNA-151-3p
enhanced the neuroprotective effect of DMED on AB by
targeting DAPK-1 and TP53 (30). In esophageal cancer,
DMED inhibits the progression of esophageal cancer
through the miR-143-3p/EPS8 axis (10). In addition,
DMED upregulates miRNA-185 by inhibiting the SOX9/
Wnt/B-catenin signaling pathway to inhibit ovarian cancer
growth (31). In this study, we found that DMED can

downregulate the expression of miR-199a in breast cancer
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MCF-7 and MDA-MB-231 cells. Further experiments
showed that DMED promoted the activity of breast cancer
cells and inhibited apoptosis through the miR-199a/HIF-
la axis.

MiR-199a plays an important role in regulating cell
survival, apoptosis, and tumor cell metastasis. For example,
miR-199a can inhibit the activity of thyroid cancer cells
and promote apoptosis (32). MiRNA is associated with
breast cancer cell activity and apoptosis. For example,
miRNA-106a promotes breast cancer cell proliferation,
clone formation, migration, and invasion by inhibiting
apoptosis (33). In addition, studies by Xu et a/. showed that
miR-199a can inhibit the activity of breast cancer (34).
MiR-199a is regulated by drugs. Guo er a/. confirmed that
quercetin downregulates the viability of miR-199a Sertoli
cells and inhibits cardiomyocyte apoptosis (35). Similarly,
propofol induces apoptosis in hepatocellular carcinoma
cells by upregulating the expression of miRNA-199a (36).
On the other hand, miR-199a can play a role in cancer
or breast cancer by targeting mRNA, and studies by Ma
et al. confirmed that miR-199a inhibits the progression
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of papillary thyroid cancer by targeting SNAII (37). In
breast cancer, miR-199a regulates MRP1 to inhibit drug
resistance in breast cancer cells (16). In breast cancer, miR-
29b-3p promotes the activity of breast cancer cells by
downregulating TRAF3 (38). HIF-1a is a transcriptional
regulatory factor that exists widely in mammalian and
human cells. Studies have confirmed that HIF-1a is highly
expressed in many human tumors, which is closely related
to tumor growth, reproduction, invasion and metastasis,
neovascularization, apoptosis (39). On the other hand, Cao
et al. have confirmed that HIF-1a can promote the activity
of breast cancer cells (19). Some studies have also confirmed
that HIF-1a is regulated by miRNA in cancer. Wu et al.
confirmed that miR-49 inhibits angiogenesis in breast
cancer by targeting HIF-1a (40). Previous studies confirmed
that miR-199a protects PC12 cells from oxidative damage
by regulating HIF-1a (17). In this study, it was found that
downregulation of miR-199a expression could upregulate
the expression of HIF-1a, and DMED could upregulate
the expression of HIF-1a. Further experiments confirmed
that HIF-1a was the direct target of miR-199a and could
partially reverse the inhibitory effect of miR-199a on
apoptosis of breast cancer cells. Therefore, we speculate
that in breast cancer, miR-199a can target HIF-1a and
inhibit the progression of breast cancer.

Conclusions

This study found that DMED could inhibit the progression
of MCF-7 and MDA-MB-231 cells by regulating the miR-
199a/HIF-1a axis. However, this study has shortcomings.
Animal experiments need to further explore the role of
DMED regulating miR-199a in the activity of breast cancer
cells. In addition, it needs to be assessed whether DMED
can regulate other miRNAs to play a role in the activity
of breast cancer cells. In short, the findings of this study
can provide guidance for the treatment of DMED and
molecular targeted therapy in breast cancer.
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