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MiR-7-5p suppresses invasion via downregulation of the autophagy-related
gene ATG7 and increases chemoresistance to cisplatin in BCa
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ABSTRACT ARTICLE HISTORY
Bladder cancer (BCa) is one of the most common cancers in men and is a major threat to the lives Received 30 November 2021
and health of older men. Many studies have shown that miR-7, as an important tumor suppressor ~Revised 24 January 2022
gene, could directly inhibit some pathways involved in the development of cancer. MiR-7-5p, ~ Accepted 26 January 2022
which was assessed in this study, consists of one arm of miR-7 and acts as a cancer suppressor KEYWORDS

gene in multiple cancer types. Autophagy, as a common biological process, plays dual roles in the MIRNA-7-5p; autophagy;
process of cancer. Chemotherapy resistance is a problem in the treatment of BCa. In this study, the ATG7; BCa; chemoresistance
data showed that miR-7-5p was obviously down-regulated in BCa tissues and cells compared to

their respective controls. In addition, miR-7-5p mimic effectively inhibited migration, invasion and

autophagy both in vitro and in vivo. In the mechanistic study, miR-7-5p targeted autophagy-

related gene ATG7 to inhibit its expression, which in turn inhibited autophagy. Finally, the

migration of BCa cells was inhibited, and chemosensitivity was improved. Overall, our results

provide evidence of the role of miR-7-5p as a cancer suppressor gene in BCa and provide new

opportunities for the treatment of BCa.
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Introduction . o
due to its strong invasiveness and tendency to

BCa is one of the most common urologic cancer = metastasize, and the five-year survival rate is less
types [1]. It is divided into two pathological types: ~ than 50%[2]. Moreover, metastasis is the major
the non-muscle-invasive type and the muscle- cause of death in BCa patients. The first-line che-
invasive type. The latter has a worse prognosis = motherapy for BCa is based on cisplatin and can
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improve the five-year overall survival rate [3].
However, cisplatin resistance remains a main bar-
rier to treatment success in these patients. Further
research may reveal complex molecular mechan-
isms regulation the invasion of BCa cells.
Therefore, further research on the molecular reg-
ulatory mechanism of BCa occurrence and devel-
opment is helpful to find targeted treatment sites
and improve the prognosis of BCa.

MicroRNAs (miRNAs) are single-stranded
RNA fragments of 19-25 nucleotides that is highly
conserved among species [4]. MiRNA’s primary
action site is the 3’- untranslated region (UTR) of
the target gene, which relies on the role of the
RNA-induced silencing complex (RISC) to inhibit
protein translation [5]. It is generally believed that
the combination of miRNA with the 3’-UTR of
mRNA hinders the translation process but does
not affect the stability of mRNA and therefore
acts in posttranscriptional regulation [6].
Previous studies have demonstrated that miRNAs
play a major role in cell growth, development, and
aging. MiRNAs can also act as promoters or inhi-
bitors of many tumors and play a key role in the
metastasis of cancers such as BCa, non-small-cell
lung cancer (NSCLC) and gastric cancer (78]
however, the regulatory mechanisms have yet to
be studied in depth.

MiR-7 is a widely studied miRNA and is closely
related to the various diseases. In humans, miR-7
is transcribed from miR-7-1, miR-7-2, and miR-
7-3, all of which have the same mature miRNA
sequence. According to our research, the most
famous miRNA in the miR-7 family is miR-7-5p.

Many researchers have found miR-7-5p regu-
lates the expression of various cancer genes in
NSCLC, glioblastoma, stomach cancer and other
cancers, and revealing the mechanisms regulating
miR-7-5p activity may increase our understanding
of the causes of various cancers [*'!]. However,
few studies of this type have been performed on
BCa, so the role of miR-7-5p in the metastasis of
BCa and its potential mechanism deserve further
exploration.

Autophagy is an evolutionarily conserved process
of self-catabolic organelle reuse [12], which is acti-
vated in response to starvation, cellular stress and
reactive oxygen species and plays a protective role in
different conditions while exacerbating the
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condition [13]. For example, autophagy can main-
tain a steady state of the heart, and excessive autop-
hagy activity may promote the development of heart
failure [14]. Many reports have also confirmed that
drug-resistant tumors can keep themselves alive by
inducing autophagy [15]. Therefore, autophagy is
also considered to be one of the factors inducing
chemical resistance. Autophagy is highly regulated
in the process of autophagy, and these genes that
regulate autophagy are also called autophagy-related
genes (ATGs) [16]. The proteins encoded by these
autophagy-related genes play an important role in
the occurrence and development of autophagy.
Autophagy-related gene 7 (ATG7) is one of ATG
family which plays a synergistic role in the migra-
tion and invasion of BCa. ATG?7 is a key protein in
the intracellular autophagy response, and previous
studies have shown that ATG7 promotes BCa
attacks through autophagy by increasing the stability
of ARHGDIB mRNA [17]; Zhu et al. revealed that
miR-145/FOX03a/ATG7/autophagy feedback loop
could regulate BCa [18]. However, the regulatory
role of ATG7 as a miR-7-5p target gene in BCa
autophagy and invasion and whether it participates
in drug resistance have not been discussed.

In this study, qQPCR data showed a significant
decrease in the expression level of miR-7-5p in BCa
tissues and cell lines. Immunohistochemistry (IHC)
and Western blotting demonstrated that ATG7
expression is significantly higher in BCa tissues and
cell lines than in respective control. The results further
reveal that the in vitro miR-7-5p inhibits the protein
translation of ATG7, does not affect the mRNA tran-
scription of ATG7, and inhibits the occurrence of
autophagy, thus inhibiting the migration and invasion
of BCa. In addition, forced expression of ATG7 was
found to attenuate the increase in cisplatin sensitivity
induce by up regulated of miR-7-5p. We also found
that miR-7-5p in a T24T xenograft transplantation
model could inhibit tumor progression.

Materials and methods
Tissues samples

A total of 47 BCa tissues from patients undergoing
total cystectomy at the First Affiliated Hospital of
Wannan Medical College. All tissues were identi-
fied as tumor or normal tissues by the pathology
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department, stored in a liquid nitrogen tank. This
study was approved by the Research Ethics
Committee of the First Affiliated Hospital of
Wannan Medical College, and all patients signed
a written informed consent form.

Cell culture

The human metastatic BCa cell line T24T was
kindly provided by Dr. Li (Union Hospital,
Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, China). Human
bladder epithelial cells (SV-HUC-1) and BCa cells
(EJ) were obtained from FuHeng BioLogy (China).
T24T and EJ cells were cultured with RPMI 1640
(Gibco), and SV-HUC-1 cells were cultured with
F-12 K (Gibco) medium at a temperature of 37°C
with 5% CO,

Chemical reagents

Bafilomycin A1 (Baf A1) (HY-100558) and cispla-
tin (HY-17394) were purchased from MCE
(China). BBN was purchased from Merck
(Darmstadt, Germany).

MiRNA transfection

The kits and transfection reagents used to knock-
down and overexpress miR-7-5p were obtained
from RiboBio. The cell density reached 30-50%
before transfection. The transfection process
included dilution of mimic and inhibitor, prepara-
tion of mixed solution, addition of transfection
reagent, and finally culture in a 5% CO2 incubator
at 37°C. RNA and protein were extracted 24 h or
48 h later to verify the transfection effect.

Quantitative reverse-transcription PCR (qRT-PCR)

To detect the expression level of miR-7-5p, total
RNA was extracted, and the First-Strand cDNA
Synthesis Kit (TTANGEN) and RT Reagent Kit
were used for stem loop detection. cDNA was
generated from miRNA according to the instruc-
tions, and the U6 level was used as an internal
control.

Cell migration and invasion assay

For the migration experiment, 1 x 10* cells were
suspended in serum-free RPMI 1640 in the upper
chamber without matrix glue, and 500 ul fresh
normal RPMI 1640 was added to the lower cham-
ber. In the invasion experiment, the upper cham-
ber was precoated with matrix glue, and 3 x 10*
cells suspended in serum-free RPMI 1640 were
added. After 24 h of incubation, the invasive cells
were fixed with 4% methanol for 30 minutes and
stained with 0.1% crystal violet for 30 minutes.
After that, a cotton swab was used to remove
cells from the upper chamber. Images were
acquired with a light microscope (100X).

Wound healing assay

T24T and EJ cells transfected with mimic NC,
miR-7-5p, anti-NC and anti-miR-7-5p were pla-
ted one day before the experiment, and the
fusion rate was close to 100% after overnight
incubation. On the second day, the cell layer
was scratched along a vertical line with a 200-pl
pipette tip perpendicular to the cell plane. After
wounding was completed, the cells were washed
2-3 times with PBS, the no adherent cells were
washed away, and the medium was replaced with
fresh serum-free medium. The cells were then
placed in a 37°C 5% CO2 incubator for culture.
The cells were observed under a microscope at
0 h and 24 h, the width of the scratches was
measured, and the cells were photographed.
Image] was used to calculate the wound healing
rate.

Western blot analysis

Cells were collected and lysed with RIPA bulffer,
and protein quantification was performed using
the BCA method. Antibodies against human
LC3B (Proteintech Group, Rosemont, IL, USA
1:2500), SQSTM1/p62  (Proteintech  Group,
Rosemont, IL, USA1:8000), Beclinl (Proteintech
Group, Rosemont, IL, USA1:8000), [-actin
(Proteintech Group Rosemont IL USA1:5000),
and ATG7 (Proteintech Group, Rosemont, IL,
USA1:2000) were added to antibody dilution buf-
fer and incubated with samples at 4°C overnight.



B-Actin was used as a control for the examined
proteins.

Luciferase reporter assay

Transfection was performed when the cell density
reached 60% to 80% in a six-well plate. After
transfection for the corresponding time, we dis-
carded the culture medium, washed the cells with
PBS once, completely covered the cells with cell
lysis solution, fully mixed the sample, and added
cell lysis solution for approximately 30 min. Cell
lysate was taken and added to the plate. Each
condition was set up in triplicate wells. The luci-
ferase kit was purchased from GenePharma
(Shanghai, China).

IHC

IHC is used to make enzyme-labeled antibodies by
connecting enzymes to antibodies through cova-
lent bonds. Based on the specific catalytic effect of
enzymes on substrates, colored insoluble products
or particles with certain electron densities are gen-
erated, and various antigen components on the cell
surface and inside cells can be visualized under an
ordinary microscope or an electron microscope.
First, the tissue was dewaxed and rehydrated; anti-
gen repair, antibody incubation, dehydration and
sealing were performed, and then the results were
observed.

Transmission electron microscopy (TEM)

TEM is an important means to study the fine
structure of organisms. In the ultrastructure, the
autophagosome is a bilayer membrane enclosing
cytoplasmic components such as mitochondria
and  segmented  endoplasmic  reticulum.
Autophagosomes can be observed well by electron
microscopy.

CCK-8 assay

CCK-8 assays were used to detect the growth
vitality of T24T and EJ cells (Cellorlab
Laboratories, ~ Shanghai). Cell  suspensions

(100 pL/well) were inoculated into 96-well plates.
The plates were placed in an incubator for
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preculture for 24 h (at 37°C and 5% CO2). After
adding 10 uL CCK-8 solution to each well (to
avoid the formation of bubbles in wells, this
might affect the OD reading), the plates were
placed in the incubator for 1 ~ 4 h. The absor-
bance at 450 nm was measured with an enzyme
plate instrument.

In vivo model

T24T cells were stably transfected with lentiviruses
to overexpress miR-7-5p or miR-NC. Then,
approximately 5.0 x 106 cells in PBS were injected
into the right subcutaneous area of mice (BALB/C,
4 weeks old, n = 3 per group). The location and
size of the tumors in the mice were observed
weekly. Four weeks after injection, the mice were
sacrificed to obtain the tumors, and then samples
were removed for continuous sectioning and
immunohistochemical detection. The study was
approved by the local Ethics Committee of The
Wannan Medical College.

Statistical analysis

All our data were analyzed using GraphPad Prism
Software Version 7.0a (GraphPad, San Diego, CA)
and SigmaPlot v10.0 (Systat Software Inc). The
results were evaluated by Student’s t-test, with
P < 0.05 considered to indicate significance.

Results

1. MiR-7-5p is expressed at relatively low levels
in BCa tissues and cells

To explore the role of miR-7-5p in BCa, a database
(http://gepia2.cancer-pku.cn/#index) was used to
predict the expression of miR-7 in human BCa
tissues, and it was found that it was significantly
lower in cancerous tissues than in adjacent tissue.
In the 47 patients’ BCa tissues we collected, the
expression level of miR-7-5p in cancerous tissues
was consistent with that predicted for miR-7
(Figure 1(a, b)). Second, we selected three cell
lines: human ureteral epithelial cells (SV-HUC-1),
human metastatic BCa cells (T24T) and human
BCa cells (EJ]). The RT-PCR results showed
a significant decrease in the expression of miR-
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7-5p in T24T and EJ cells compared to SV-HUC-1
cells (Figure 1(c)). These data suggested that miR-
7-5p may play a role as a cancer suppressor gene
in BCa. Then, T24T and EJ cells were transfected
with mimic NC, miR-7-5p mimic (miR-7-5p),
anti-miR-7-5p or anti NC, and qPCR was applied
to determine mimic transfection efficiency. Since
the inhibitor binds with miRNA to inhibit the
function of miRNA, it does not alter the genera-
tion of miRNA, so the expression level of miRNA-
7-5p was not detected by PCR (Figure 1(d)).

2. MiR-7-5p inhibits the migration and invasion
of T24T and EJ cells

To verify whether miR-7-5p could inhibit the
migration and invasion of BCa cells, the effect of
miR-7-5p on BCa cells was observed experimen-
tally. Transwell experiments showed that overex-
pression of miR-7-5p inhibited the ability of T24T
and EJ cells to migrate and invade compared to
that in the NC group, while inhibition of miR-7-5p
increased the number of T24T and EJ cells passing

through the chamber (Figure 2(a, b)). The histo-
gram showed the suppression rate and would heal-
ing rate (Figure 2(c, f)). Subsequent wound healing
experiments in miR-7-5p-overexpressing or miR-
7-5p inhibitor-treated T24T and EJ cells showed
the same results. Compared with the mimic NC
group, the miR-7-5p group had a reduced would
healing rate, while the anti-miR-7-5p group had an
accelerated would healing rate compared with that
in the anti-NC group (Figure 2(d, e)).

3. MiR-7-5p regulates autophagy in T24T and EJ
cells

Previous studies have demonstrated that high
levels of migration and invasion in BCa cells are
caused by high levels of autophagy. Therefore, we
further explored whether miR-7-5p regulates
autophagy levels in BCa cells. Western blot assays
showed that miR-7-5p inhibited the accumulation
of LC3BI to LC3BII compared to that in the NC
group (mimic NC), reducing the protein levels of
Beclin 1 but increasing the protein expression of
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Figure 1. Baseline assessment of miR-7-5p levels in tissues and cells and construction of overexpression and inhibition models. (a)
The database predicted the expression of miR-7 in BCa tissues. (b) The expression of miR-7-5p in 47 BCa tissues and adjacent tissues.
(c) The expression of miR-7-5p in the SV-HUC-1, T24T, and EJ cells. (d) MiR-7-5p mimic was applied to T24T and EJ cell lines.

(*p < 0.05, ** p < 0.01).
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Figure 2. MiR-7-5p suppresses the migration and invasion of BCa cells. (a) Compared with the mimic NC group, the miR-7-5p group
showed inhibition of the migration and invasion of BCa cells. (b) Compared with the anti-NC group. The anti-miR-7-5p group showed
increased migration and invasion compared with the anti-NC group. (c) The histograms represent the migration and invasion rates of
the indicated cells. (d, e) Wound healing assays also verified that miR-7-5p could inhibit the migration of BCa cells. (f) The statistical
results of the scratch wound cell migration assay. Red lines represent the scratch area 24 h after the scratch. (*p < 0.05, ** p < 0.01).
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Figure 3. MiR-7-5p inhibits the level of autophagy, and autophagy marker expression changes correspondingly. (a, b) Western blot
data reveled that after miR-7-5p mimic treatment of T24T and EJ cell lines, the expression level of the autophagy-related marker
Beclin 1 decreased, the expression level of P62 increased, and the ratio of LC3BI to LC3BII decreased. The opposite result was
obtained after anti-miR-7-5p treatment. (¢, d) The TEM results revealed that the formation of autophagosomes in EJ cells was
inhibited by miR-7-5p. The histogram shows a statistical diagram of APLs. The red arrows represent ASS.
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P62 (Figure 3(a)). Inhibiting miR-7-5p (with anti-
miR-7-5p) expression promoted the conversion of
LC3BI to LC3BII, which increased the protein
level of Beclin 1 and reduced the protein level of
P62 compared to that in the NC group (anti-NC)
(Figure 3(b)). The TEM results showed that in EJ
cells, the number of autophagolysosomes (ASS)
was significantly inhibited after the mimic miR-
7-5p, while the anti-miR-7-5p promoted the pro-
duction of ASS (Figure 3(c)). Figure 3(d) showed
a histogram of ASS number in the treatment group
versus the control group. These results demon-
strated that miR-7-5p could reduce autophagy
levels in BCa cells.

4. MiR-7-5p and miR-7-5p-mediated autophagy is
essential for human BCa invasion

To explore the relationship between BCa invasion
and autophagy, T24T and EJ cell lines were treated
with n-butyl-n-(4-hydroxybutyl-nitrosamine)
(BBN), a genotoxic bladder carcinogen, and
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Bafilomycin A1(Baf Al), a late-stage inhibitor of
autophagy. Cell migration and invasion were
observed 24 h later. The results showed that BBN
significantly promoted the ability of T24T and EJ
cells to migrate and invade compared to that in the
normal group, while Baf A1 inhibited the ability of
T24T and EJ cells to migrate and invade (Figure 4
(a, b)). Similarly, our results showed that miR-7-5p
significantly reduced the number of migrating and
invading T24T and EJ cells, while the addition of
BBN treatment with miR-7-5p reduced the low
migration and invasive force caused by the miR-
7-5p (Figure 4(d, e)). The histogram showed
migrating and invading cells relative to the control
group (Figure 4(c, f)). These results indicated that
miR-7-5p-mediated autophagy was important for
BCa migration and invasion.

5. ATG7 is a target gene of miR-7-5p

To explore how miR-7-5p regulated the level of
autophagy in BCa, the TargetScan tool was used to
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Figure 4. MiR-7-5p mediates autophagy inhibition, migration and invasion. (a, b) Transwell assay results demonstrated that after
24 h of treatment with BBN and Baf A1 in T24T and EJ cell lines, respectively, there were significantly fewer cells passing through the
chamber in the Baf A1 treatment group compared to the control group, and the number of cells passing through the chamber
increased significantly after BBN treatment. (d, e) In both cell lines, there was an obvious decrease in the number of cells passing
through the chamber after miR-7-5p compared to mimic NC treatment, indicating a decrease in cell migration and invasion.
However, when BBN was added after miR-7-5p treatment, the number of cells passing through the chamber was increased
compared to that with miR-7-5p alone. (c, f) Cell count results from the Transwell invasion assay. The bar chart represents the

average of three independent experiments.



explore potential targets of miR-7-5p. ATG7 was
predicted as a potential target for miR-7-5p.
Subsequently, we proved whether the predicted
results were correct. The experiment found that
after miR-7-5p treatment, the expression level of
ATG7 protein in T24T and EJ cells was down-
regulated (Figure 5(a)), and the expression level
of mRNA was not significantly changed (Figure 5
(b)), indicating that ATG7 may be targeted by
miR-7-5p. To further confirm whether ATG7 is
a direct target for miR-7-5p, we constructed
a mutant 3-UTR for the full-length wild-type
(WT) ATG7 and ATG7 vector (Figure 5(c)), and
a double luciferase reporter gene was used. The
data showed that the luciferase activity in ATG7-
WT 293 T cells decreased significantly. After
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miR-7-5p significantly reduced the WT but not
the MUT luciferase signal, confirming its binding
activity.

Then, we further detected the expression of
ATG7 in BCa tissues and cell lines. First, the
expression of ATG7 in BCa tissue was predicted
in the database (http://ualcan.path.uab.edu/analy
sis.html), and it was found that the expression of
ATG?7 in cancerous tissues was obviously higher
than that in adjacent tissues. Moreover, the expres-
sion of ATG7 increased persistently from stage 1
to stage 4 (Figure 5(e)). Second, IHC results also
revealed that the expression level of ATG7 in
tumor tissue was higher than that in adjacent
tissue (Figure 5(f)). Western blot data showed
that the protein level of ATG7 in BCa cells was

transfecting ATG7-MUT vectors (containing  obviously higher than that in SV-HUC-1 cells
mutations in the seed region), the inhibition of  (Figure 5(g)). The relationship between ATG7
miR-7-5p was attenuated. It was shown that and miR-7-5p was further verified.
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Figure 5. MiR-7-5p targets ATG7 to inhibit autophagy. (a) Western blot experiments showed a significant decrease in ATG7 protein
expression after miR-7-5p transfection compared to mimic NC transfection. (b) The PCR results showed no change in mRNA levels at
ATG7 after miR-7-5p treatment of T24T and EJ cells for 48 h. (c) MiR-7-5p could bind to the 3'-UTR of ATG7. The red areas are
mutated nucleotides. (d) In 293 T cells, the WT or MUT ATG7 3’-UTR luciferase reporter gene was transfected along with miR-7-5p
mimic or mimic NC, and the cells were lysed 24 h later to assess the relative luciferase activity. (e) The database predicted that ATG7

was expressed at obviously higher levels in 404 BCa tissues than

in 28 adjacent tissues. The expression of ATG7 in bladder urothelial

carcinoma (BLCA) based on individual cancer stages. (f) ATG7 immunohistochemical staining of BCa and paracancer tissues. (g) The
Western blot experiment data reveled that ATG7 expression was obviously higher in T24T and EJ cells than in SV-HUC-1 cells. (h, i)
The expression of ATG7 was increased by instant transfection of plasmids, and the Western blot experiment showed that the
expression of miR-7-5p inhibited the occurrence of autophagy, but the miR-7-5p co-expression responded to the occurrence of

autophagy.
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We further verified that miR-7-5p regulated the
level of autophagy in BCa cells by targeting ATG?7.
T24T and EJ cells were transfected with ATG7 and
vector (Figure 5(h)). T24T and EJ cells overexpres-
sing ATG7 were cultured with or without miR-
7-5p, and the expression level of autophagy-related
proteins was measured by Western blot assay.
After overexpression of ATG7, the inhibitory
effect of miR-7-5p on autophagy levels of T24T
and EJ cells was partially weakened (Figure 5(i)).

6. MiR-7-5p elevates cisplatin chemosensitivity
by targeting ATG7 in T24T and EJ cells

Cisplatin, as one of the basic chemotherapy drugs,
has a very high curative effect in BCa, but cisplatin
resistance can occur. To understand whether miR-
7-5p and ATG?7 are related to the sensitivity to
cisplatin, T24T and EJ cells transfected with mimic
NC and miR-7-5pwere treated with different con-
centrations of cisplatin. CCK-8 assays data showed
that miR-7-5p increased the chemosensitivity of
the two cell lines to cisplatin (Figure 6(a)). When
these cells were also treated with BBN, We found
that the addition of BBN could reverse the increase
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of miR-7-5p dependent cisplatin sensitivity
(Figure 6(b)). Finally, miR-7-5p-transfected cells
were also forced to overexpress ATG7, and the
results were similar to those after BBN treatment
(Figure 6(c)). Taken together, these findings
demonstrate that miR-7-5p increases the sensitiv-
ity of BCa cells to cisplatin-induced cell death by
reducing autophagy levels.

7. MiR-7-5p inhibits the growth and metastasis of
T24T xenografts

MiR-7-5p inhibits the progress of BCa in vivo

To further explore the effects of miR-7-5p in vivo,
we injected T24T cells transfected with miR-7-5p
and miR-NC into the right skin of two groups of
nude mice (four-week-old females, n = 3 per
group). The results showed a significant decrease
in tumor volume and weight in mice in the miR-
7-5p group compared to those in the miR-NC
group (Figure 7(a, b)). In addition, the IHC results
showed that the expression of ATG7, Ki-67, and
N-cadherin was inhibited by miR-7-5p, but the
expression of P62 was promoted (Figure 7(c)).
Opverall, our results indicate that miR-7-5p inhibits
tumor growth, migration, and invasion in vivo.
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Figure 6. MiR-7-5p increases BCa cell cisplatin sensitivity via ATG7 inhibition. (a) T24T and EJ cells were transfected with mimic NC
and miR-7-5p and then cultured with cisplatin at different concentrations for 48 h to detect the cell viability with the CCK-8 assay. (b)
T24T and EJ cells were transfected with NC or miR-7-5p mimic and cultured with cisplatin[T24T (4 uM), EJ (5 uM)]; then the cells were
treated with or without BBN. The indicated cisplatin concentration before CCK-8 evaluation [T24T (4 uM), EJ (5 uM)]. (c) Other
conditions remained unchanged, but BBN was applied to cells with simultaneous expression of miR-7-5p and forced expression of

ATG7.



Discussion

MiR-7-5p is expressed at lower levels in BCa tis-
sues than in adjacent tissues, suggesting that miR-
7-5p may act as an anticancer gene. Here, we
found that an increase in miR-7-5p expression
inhibited the migration, invasion, as well as autop-
hagy of BCa cells, suggesting that this molecule
could be a new therapeutic target for BCa. In
addition, our experimental data also showed that
miR-7-5p reduced autophagy levels inhibited the
invasion of BCa migration and promoted cisplatin
sensitivity by reducing ATG7 expression.

The role of autophagy in cancer is currently
controversial. On the one hand, a study found
that autophagy promotes the development of dis-
eases [19] and that autophagy inhibits the malig-
nant biological behavior of diseases [20]. Previous
studies have found that LncRNA MEG3/ miR-
7-5p /EGFR axis mediated cardiac autophagy
[21] and that miR-7-5p targeted RAF1 and
inhanced crizotinib-induced cytotoxicity and
autophagic flux in lymphoma cells [22]. These
studies may suggest that miR-7-5p has different
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effects on autophagy in different diseases.
However, it is not clear whether miR-7-5p affects
the autophagy level of BCa.

ATG?7 is an autophagy-related gene and is also
involved in the progress of many cancers. Previous
studies have reported that CD44s and ATG7 were
involved in BCa cells invasion and lung metastasis
[23]. ATG7andmiR-138-5pregulated the self-renewal
and invasion of lung cancer stem-like cells [24].
ATG7 targeted the ETS2/miRNA196b/FOXO1/p27
axis in BCa cells [25]. These results indicated that
ATG7 affects the level of autophagy and is also
related to the migration and invasion ability of
BCa. In addition, in previous studies, miR-7-5p tar-
geted NOVA2 DNA methylation suppressed the
metastasis of NSCLC [9]; miR-7-5p regulated gastric
cancer stem cell invasion [11]; and IncRNA
LINC00240 suppressed invasion and migration in
NSCLC by sponging miR-7-5p [26]. These data
show that miR-7-5p also has different effects on the
migration and invasion in different cancers, but the
effects in BCa are unclear. Then, we used a database
to predict that miR-7-5p could target ATG?7,
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Figure 7. MiR-7-5p inhibits the development of tumors in vivo. (a, b) T24T cells (5 x 10°) stably transduced and expressing miR-7-5p
or miR-NC were implanted subcutaneously into nude BALB/c mice (four weeks old, female), and tumor size and volume were
evaluated weekly. After 28 days, tumors were collected; the tumors were lower in weight and volume in miR-7-5p mimic mice than
in mimic NC mice. (c) IHC staining showed that miR-7-5p mimic transfection resulted in decreased expression of ATG7, Ki-67 and
N-cadherin and increased expression of P62 in tumors. The data are shown as the mean + SEM, **P < 0.01 (Student’s t-test).
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suggesting that miR-7-5p might inhibit the autop-
hagy of BCa cells by downregulating ATG7, thus
inhibiting migration and invasion. Our experimental
results proved that miR-7-5p could inhibit the
migration and invasion of BCa. However, inhibition
of miR-7-5p expression showed the opposite result,
and a luciferase assay proved that miR-7-5p could
target ATG?7, further verifying our hypothesis.

Finally, the current treatments for BCa mainly
include surgery, radiotherapy, chemotherapy and
biotherapy [27]. However, the survival rate of
patients with metastatic BCa is poor, and che-
motherapy resistance is a common cause of BCa
recurrence and treatment failure. In previous stu-
dies, we found that miRNAs may act as regulators
of increased chemical sensitivity in cancer therapy.
For example, miR-27b-3p and ATG10 regulated
chemoresistance in colorectal cancer [28]. The
miR-146a-5p/TRAF6/NF-kB p65 axis regulated
pancreatic cancer chemoresistance [29].
Therefore, miRNA is worthy of further research
in the context of drug resistance mechanisms. Our
study found that miR-7-5p can increase the sensi-
tivity of BCa cells to cisplatin, and this effect is
caused by a reduction in the level of autophagy.
We confirmed this result by adding BBN to cells
with and without ATG7 overexpression.
Therefore, intervention with miR-7-5p expression
in BCa may play a role in BCa treatment.

Conclusion

Overall, our results provide new insights into the
role of miR-7-5p in BCa migration, invasion,
autophagy, and chemoresistance by regulating
ATG?7, thereby affecting tumor progression, and
may provide new ideas for the treatment of BCa.
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