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MiR-140-5p and miR-92a-3p suppress the
cell proliferation, migration and invasion
and promoted apoptosis in Wilms’ tumor

by targeting FRS2
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Abstract. — OBJECTIVE: Wilms’ tumor (WT)
is the most common malignant renal tumor in
children. MicroRNAs (MiRNAs) function in the
progression of various cancers. Recent reports
have reported that miR-140-5p and miR-92a-3p
are dysregulated in WT tissues, but the poten-
tial mechanisms of the two miRNAs in modulat-
ing WT progression are still poorly understood.

MATERIALS AND METHODS: Quantitative
Real Time-Polymerase Chain Reaction (qRT-
PCR) was conducted to detect the expression
levels of miR-140-5p, miR-92a-3p, and fibroblast
growth factor receptor substrate 2 (FRS2) in WT
tissues and cells, as well as matched controls.
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-
zolium bromide (MTT) assay and flow cytom-
etry assay were employed to check cell prolif-
eration and apoptosis, respectively. The abili-
ties of cell migration and invasion were evaluat-
ed by transwell assay. The protein level of FRS2
in samples was measured by Western blot. The
starBase was used to predict the binding sites
between FRS2 and miR-140-5p or miR-92a-3p
and the Dual-Luciferase reporter assay was per-
formed to verify the interaction. Xenograft tumor
model was established to investigate the biolog-
ical roles of the two miRNAs in WT in vivo.

RESULTS: The levels of miR-140-5p and miR-
92a-3p were significantly downregulated in WT
tissues and cells, while the expression of FRS2
was significantly upregulated. The two miRNAs
both inhibited proliferation, migration, invasion,
and induced apoptosis of WT cells. Besides,
FRS2 was a target of the two miRNAs and its
overexpression reversed the effects of the two
miRNAs-mediated suppression on WT progres-
sion. Moreover, the upregulation of the two miR-
NAs repressed tumor growth in vivo.

CONCLUSIONS: MiR-140-5p and miR-92a-3p
attenuated the aggressive progression of WT
via targeting FRS2.
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Introduction

Wilms’ tumor (WT), also called nephroblas-
toma, mainly occurs in children and its peak
age is 3 to 4 years. However, most cases occurr
before the age of 10 years'2. Although the overall
five-year survival rate is high®, some children die
due to recurrence, and the relapse rate is close
to 15%*. Hence, it is still essential to find novel
therapeutic methods and molecular targets for
WT treatment.

MicroRNAs (MiRNAs) are short (about 22
nucleotides) and highly conserved noncoding
RNAs, which modulate gene expression by
guiding Argonaute proteins to target sites in
the 3’-untranslated region (3°’UTR) of messen-
ger RNA (mRNA)°. MiRNAs are involved in
diverse human cancers®’ and can act as onco-
genes or tumor suppressors according to their
target genes®. MiR-140-5p was reported to be
associated with gastric cancer’ and hepato-
cellular carcinoma'’. MiR-92a-3p participated
in the progression of liposarcoma'' and col-
orectal cancer'?. Recent research'*-'* showed
that both miR-140-5p and miR-92a-3p were
downregulated in WT tissues. However, the
underlying regulatory mechanisms of the two
miRNAs in WT progression have not been
fully uncovered.

Fibroblast growth factor receptor substrate 2
(FRS2), belonging to adaptors/scaffold protein
family, is correlated with the disappointing out-
come of numerous human cancers. Wu et al'
found that FRS2 duplication was an adverse
prognostic factor for the survival of bladder can-
cer patients. Luo et al'’ showed that FRS2 played
an oncogenic role in ovarian cancer. Also, Wang
et al'® reported that FRS2 was overexpressed in
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WT tissues. Therefore, FRS2 may be an appeal-
ing WT drug target and it deserves to be further
studied.

In this research, the levels of miR-140-5p,
miR-92a-3p, and FRS2 in WT tissues and cells
were measured. The functions and potential reg-
ulatory mechanisms of the two miRNAs in WT
were investigated by bioinformatics analysis and
subsequent experiments.

Material and Methods

Samples and Cell Culture

WT tissues and nearby non-cancerous tissues
were collected from Cangzhou Central Hospital.
The informed consent was acquired from every
patient and this research was approved by the
Ethics Committee of the Cangzhou Central Hos-
pital. Human normal renal tubular epithelial cell
line (HK-2) was purchased from China Center for
Type Culture Collection (Wuhan, China); human
WT cell lines (WiT49 and 17-94) were obtained
from Thermo Fisher Scientific (Waltham, MA,
USA) and DSMZ (Lower Saxony, Braunschweig,
Germany), respectively. McCoy’s 5A medium
(Sigma-Aldrich, St. Louis, MO, USA), containing
5% CO, and 10% fetal bovine serum (FBS) (Sig-
ma-Aldrich, St. Louis, MO, USA) was utilized to
culture cells.

Cell Transfection

MiR-140-5p mimic (named as miR-140-5p),
miR-92a-3p mimic (named as miR-92a-3p), and
small interfering RNA against FRS2 (named as
si-FRS2), as well as their corresponding controls,
were obtained from GenePharma (Shanghai, Chi-
na). FRS2 expression plasmid (named as FRS2)
and its matched control (named as pcDNA) were
acquired from RiboBio (Guangzhou, China). Cell
transfection was performed using Lipofectamine
2000 reagent (Invitrogen, Carlsbad, CA, USA)
following the given procedures.

RNA Isolation and Quantitative
Real Time-Polymerase Chain Reaction
(GRT-PCR)

WT tissues and cells were collected, and the
total RNA was extracted using the TRIzol re-
agent (Vazyme, Nanjing, China). Then, RNA was
reversely transcribed to complementary DNA
(cDNA) by PrimeScript™ RT Master Mix kit
(TaKaRa, Dalian, China). The gqRT-PCR was
conducted by SYBR Green PCR Master Mix

(Vazyme, Nanjing, China) and data were ana-
lyzed using 224" method. Beta-actin (B-actin)
and U6 were introduced as the inner references.
The primers used in this study:

miR-140-5p  (forward  5-TGCGGCAGTG-
GTTTTACCCTATG-3’, reverse 5’-CCAGTGCAG-
GGTCCGAGGT-3’); miR-92a-3p (forward, 5’-GGG-
GCAGTTATTGCACTTGTC-3’, reverse 5°-CCAGT-
GCAGGGTCCGAGGTA-3’); FRS2  (forward,
5-GTGCCGCATCTTTACCCTCA-3’, reverse5’-TC-
GCCATTAAATTCTGGCTGC-3’); B-actin (for-
ward 5-GCACCACACCTTCTACAATG-3’ reverse,
5 TGCTTGCTGATCCACATCTG-3"); U6 (for-
ward, 5-TCCGGGTGATGCTTTTCCTAG-3’, re-
verse, 5’-CGCTTCACGAATTTGCGTGTCAT-3’).

3-(4, 5-Dimethylthiazol-2-yl)-
2,5-Diphenyltetrazolium Bromide
(MTT) Assay

In brief, the transfected cells were sowed into
96-well plates and were incubated for the differ-
ent time. Next, 20 uL MTT solution (5 mg/mL)
(Sigma-Aldrich, St. Louis, MO, USA) was added
to each well to incubate for 4 h, and then, each
well was filled with 200 uL. dimethyl sulfoxide
(DMSO; Sigma-Aldrich, St. Louis, MO, USA)
after discarding medium. Optical density values
were examined at 490 nm wavelength under the
microplate reader (Bio-Rad, Hercules, CA, USA).

Flow Cytometry

Annexin Apoptosis Detection Kit (Sigma-Al-
drich, St. Louis, MO, USA) was utilized to check
cell apoptosis following the given procedures.
Briefly, the cells were resuspended using the
binding buffer, and then, 5 pL. Annexin V-flu-
orescein isothiocyanate (Annexin V-FITC) and
5 uL propidium iodide (PI) were added to the
buffer and incubated for 5 min in the dark. The
stained cells were analyzed by flow cytometry
(Countstar®, Shanghai, China).

Transwell Assay

Transwell chamber precoated with Matrigel
(Corning Life Sciences, Corning, NY, USA) or
not was employed to check the capacity of cell
invasion or migration, respectively. Transfected
cells were seeded into the upper chamber and
the medium containing fetal bovine serum (FBS)
was placed in the lower chamber. After being
treated with crystal violet (Solarbio, Beijing, Chi-
na), migrated or invaded cells were analyzed un-
der an inverted microscope (MTX Lab Systems,
Bradenton, FL, USA).
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Western Blot

Proteins from samples were isolated using
RIPA buffer (Vazyme, Nanjing, China) and the
protein concentration was checked by Detergent
Compatible Bradford Protein Quantification Kit
(Vazyme, Nanjing, China). The proteins were
segregated by sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE), and then,
transferred onto the polyvinylidene difluoride
(PVDF) membranes (Vazyme, Nanjing, China).
The membranes were blocked with 5% skimmed
milk (Vazyme, Nanjing, China) and washed by
phosphate-buffered saline (PBS). Afterwards, the
membranes were incubated with the primary an-
tibodies: anti-FRS2 (1:2000, ab137458, Abcam,
Cambridge, UK) or glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (1:2500, ab9485, Ab-
cam, Cambridge, UK) overnight. After being re-
washed, the membranes were incubated with the
secondary antibody (1:3000, ab205718, Abcam,
Cambridge, UK) for 3 h. The membranes were
analyzed by the ChemiDoc™ MP Imaging System
(Bio-Rad, Hercules, CA, USA) after being treated
with ECL kit (Vazyme, Nanjing, China).

Dual-Luciferase Reporter Assay

The potential complementary sequences be-
tween FRS2 and miR-140-5p or miR-92a-3p were
forecasted by starBase". The wild type sequence
of FRS2 3°UTR harboring the binding sites of the
two miRNAs was inserted into the pGL3 vec-
tor (Promega, Madison, WI, USA) to construct
the Luciferase reporter vector FRS2 3’UTR-WT.
Similarly, FRS2 3’ UTR-MUT reporter vector was
established by mutating the potential target sites
of the two miRNAs. Then, the vectors with miR-
140-5p or miR-92a-3p, as well as corresponding
controls, were cotransfected into WiT49 and 17-
94 cells using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA). The Dual-Glo® Luciferase
Assay System kit (Promega, Madison, WI, USA)
was utilized to measure Luciferase activity.

Xenograft Mice Models

Six-week-old BALB/c nude mice were acquired
from Vital River Laboratory Animal Technology
(Beijing, China). WiT49 cells stably infected with
miR-140-5p, miR-92a-3p or miR-NC were in-
jected subcutaneously into the flank of the nude
mice. The tumor volume was calculated every 4
d according to the formula: 0.5 x length x width?.
The tumor weight was measured after the mice
were euthanized and the mRNA and protein lev-
els of FRS2 in tumors were checked by qRT-PCR.

The animal experiment was approved by the
Animal Care and Use Committee of Cangzhou
Central Hospital and performed following the in-
structions of the National Animal Protection and
Ethics Institute.

Statistical Analysis

Experimental data were calculated by Graph-
Pad Prism (GraphPad, La Jolla, CA, USA) and
presented by mean + standard deviation (SD).
Two independent groups were compared by using
Student’s t-test. For more than two groups, the
One-way analysis of variance (ANOVA) followed
by Tukey’s test was utilized to assess the dif-
ference. Every experiment was repeated at least
three times independently. p< 0.05 represented
statistical significance.

Results

MiR-140-5p and MiR-92a-3p Were
Strikingly Downregulated in
WT Tissues and Cells

To investigate the roles of miR-140-5p and
miR-92a-3p, we measured their expression levels
in WT tissues and cells. The data showed that
miR-140-5p was conspicuously downregulated in
WT tissues and cells compared with correspond-
ing normal tissues and cells (Figure 1A and 1B).
Similarly, the expression level of miR-92a-3p was
also significantly elevated in WT tissues and cells
compared with matched controls (Figure 1C and
1D). Together, these results supported the idea
that miR-140-5p and miR-92a-3p might serve as
tumor suppressors in the progression of WT.

MiR-140-5p and MiR-92a-3p Inhibited
Proliferation, Migration, Invasion and
Boosted Apoptosis of WT Cells

To study the possible roles of miR-140-5p and
miR-92a-3p in WT cell proliferation, apoptosis,
migration, and invasion, WT cells were trans-
fected with miR-140-5p, miR-92a-3p or miR-
NC, and the knockdown efficiency was tested
by qRT-PCR (Figure 2A and 2B). MTT assay
showed that the proliferation of WiT49 and 17-94
cells was apparently suppressed in miR-140-5p
and miR-92a-3p groups compared with the miR-
NC group (Figure 2C and 2D). Flow cytometry
assay revealed that the apoptosis rates of WT
cells transfected with miR-140-5p or miR-92a-3p
were notably increased (Figure 2E). In addition,
transwell assay illustrated that the upregulation
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Figure 1. MiR-140-5p and miR-92a-3p were downregulated in WT tissues and cells. A, and B, The expression of miR-140-5p
in WT tissues and cells was detected by qRT-PCR. C, and D, The level of miR-92a-3p in WT tissues and cells was checked by

qRT-PCR. *p<0.05.

of miR-140-5p or miR-92a-3p inhibited migration
and invasion of WT cells (Figure 2F and 2G).
Collectively, these results demonstrated that miR-
140-5p and miR-92a-3p exerted inhibitory effects
on the progression of WT in vitro.

FRS2 Was Upregulated in WT
Tissues and Cells and Its Knockdown
Suppressed WT Progression

To study the possible function of FRS2 in WT
progression, the mRNA and protein levels of
FRS2 in WT tissues and cells were assessed by
gRT-PCR and Western blot, respectively. The re-
sults showed that the mRNA and protein levels of
FRS2 were both markedly elevated in WT tissues
and cells compared with normal tissues and cells
(Figure 3A-3D). Subsequently, the expression of
FRS2 in WT cells transfected with si-FRS2 or
si-NC was checked, and the results indicated that
the mRNA and protein levels of FRS2 were both
dramatically declined in si-FRS2 group (Figure
3E and 3F). MTT assay manifested that reducing
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the expression of FRS2 repressed proliferation of
WiT49 and 17-94 cells (Figure 3G and 3H). More-
over, the apoptosis rates of WT cells were strik-
ingly elevated in the si-FRS2 group (Figure 3I).
Further analysis elucidated that the knockdown of
FRS2 weakened the capacities of migration and
invasion of WT cells (Figure 3J and 3K). These
results suggested that FRS2 silencing repressed
proliferation, migration, invasion and promoted
apoptosis of WT cells.

FRSZ2 Was a Target of MiR-140-5p and
MiR-92a-3p, and Was Negatively
Modulated by the Two MiRNAs

To deeply explore the regulatory mechanisms
of the two miRNAs in WT progression, starBase
was utilized to find their potential target genes.
The result showed that miR-140-5p could bind
to the 3’UTR of FRS2 (Figure 4A). Then, the
Dual-Luciferase reporter assay was introduced
to confirm the prediction and the data indicated
that miR-140-5p significantly diminished the Lu-
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Figure 3. FRS2 silencing inhibited WT progression. A, and B, The mRNA and protein levels of FRS2 in WT tissues
were measured by qRT-PCR and Western blot, respectively. C, and D, The mRNA and protein levels of FRS2 in WT cells
were determined by qRT-PCR and Western blot, respectively. E, and F, The mRNA and protein levels of FRS2 in WT cells
transfected with si-FRS2 or si-NC were checked by qRT-PCR and Western blot, respectively. G, and H, MTT assay was
employed to evaluate cell proliferation. I, Flow cytometry was hired to analyze cell apoptosis. J, and K, Transwell assay was
employed to measure the abilities of cell migration and invasion, and the corresponding cell numbers were calculated. *»<0.05.

ciferase activity of FRS2 3’UTR-WT in WiT49
and 17-94 cells, rather than FRS2 3’UTR-MUT
(Figure 4B and 4C). Besides, the expression of
miR-140-5p was negatively associated with FRS2
in WT tissues (Figure 4D), and the mRNA and
protein levels of FRS2 were both downregulated
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in WT cells infected with miR-140-5p (Figure 4E
and 4F). Interestingly, FRS2 was also predicted
to be a target of miR-92a-3p (Figure 4G), and the
interaction was verified by the Dual-Luciferase
reporter assay (Figure 4H and 4I). Similarly,
miR-92a-3p was negatively correlated with FRS2
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Figure 4. MiR-140-5p and miR-92a-3p targeted the 3’UTR of FRS2 in WT cells in vitro. A, The interaction between miR-140-5p and FRS2 was forecasted by starBase. B, and
C, The Dual-Luciferase reporter assay was used to check the Luciferase activity of WT cells cotransfected with miR-140-5p or miR-NC and FRS2 3’'UTR-WT or FRS2 3°UTR-
MUT. D, The correlation between miR-140-5p and FRS2 in WT tissues was analyzed using Pearson’s correlation coefficient. E, and F, The mRNA and protein levels of FRS2 in
WT cells transfected with miR-140-5p or miR-NC were measured by qRT-PCR and Western blot, respectively. G, The interaction between miR-92a-3p and FRS2 was predicted
by starBase. H, and I, The dual-luciferase reporter assay was performed to confirm the interaction between miR-92a-3p and FRS2. J, The correlation between miR-92a-3p and
FRS2 in WT tissues was analyzed using Pearson’s correlation coefficient. K, and L, The mRNA and protein levels of FRS2 in WT cells transfected with miR-92a-3p or miR-NC
were checked by qRT-PCR and Western blot, respectively. *p<0.05.
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in WT tissues (Figure 4J), and upregulation of
miR-92a-3p decreased the mRNA and protein
levels of FRS2 in WT cells (Figure 4K and 4L).
To sum up, these results disclosed that both miR-
140-5p and miR-92a-3p could target the 3’UTR of
FRS2 and negatively regulated the expression of
FRS2 in vitro.

Overexpression of FRSZ Reversed the
Effects of MiR-140-5p- and
MiR-92a-3p-Mediated Inhibition on
WT Progression

To figure out the role of the interaction be-
tween the two miRNAs and FRS2 in WT pro-
gression, we first checked the mRNA and protein
expression levels of FRS2 in WT cells infect-
ed with miR-140-5p or miR-140-5p + FRS2, as
well as matched controls. The data showed that
FRS2 was evidently downregulated in the miR-
140-5p group, while its expression level was
clearly overturned after the transfection with
FRS2 (Figure 5A-5B). In addition, upregulation
of FRS2 reversed the impact of miR-140-5p-me-
diated inhibition on proliferation of WT cells
(Figure 5C and 5D). Apoptosis assay elucidated
that FRS2 overexpression abolished the promot-
ed effect of miR-140-5p on apoptosis of WT
cells (Figure SE). Besides, enforced expression
of FRS2 revoked the effects of miR-140-5p-me-
diated repression on migration and invasion of
WT cells (Figure 5F and 5G). Simultaneously,
similar phenomena were observed from miR-92a-
3p. The expression of FRS2 in miR-92a-3p group
was inverted after the transfection with FRS2
(Figure 5H and 5I). Overexpression of FRS2 res-
cued miR-92a-3p-mediated and repressed effect
on proliferation of WT cells (Figure 5J and 5K),
and transposed miR-92a-3p-induced apoptosis of
WT cells (Figure 5L). Moreover, the effects of
miR-92a-3p-mediated suppression on migration
and invasion were overset by upregulating FRS2
(Figure 5SM and 5N). Taken together, these results
elucidated that FRS2 and the two miRNAs played
opposite roles in WT, and overexpression of FRS2
impaired miR-140-5p- and miR-92a-3p-mediated
inhibitory effects on the progression of WT.

Upregulation of MiR-140-5p and
MiR-92a-3p Retarded Tumor Growth
In Vivo

To confirm the functions of miR-140-5p and
miR-92a-3p in WT progression in vivo, we es-
tablished the xenograft mouse models using WT
cells transfected with miR-140-5p, miR-92a-3p,
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or miR-NC. The data showed that miR-140-5p
mimic led to clear shrink in tumor volume (Fig-
ure 6A) and decline in tumor weight (Figure 6B).
Then, the expression levels of miR-140-5p and
FRS2 in tumors were measured, and the results
indicated that the expression of miR-140-5p was
apparently increased in miR-140-5p group com-
pared with miR-NC group (Figure 6C), which
was contrary to the expression of FRS2 (Figure
6D and 6E). Similarly, the upregulation of miR-
92a-3p reduced the volume and weight of tumors
(Figure 6F and 6G) and miR-92a-3p was upreg-
ulated in WT cells transfected with miR-92a-3p
(Figure 6H). The mRNA and protein levels of
FRS2 were clearly declined in miR-92a-3p group
(Figure 61 and 6J). In summary, miR-140-5p and
miR-92a-3p could hinder tumor growth in vivo.

Discussion

WT generally occurs in early childhood and
has a peak incidence at 3 to 4 years old*°. Even
though the survival rate is elevated, a few chil-
dren die of recurrence and the relapse rate is up
to 15%?*. Therefore, it is still essential to find more
molecular targets and dissect underlying mecha-
nisms, which may contribute to the development
of more effective and safer drugs for WT.

MiRNAs have been confirmed to participate
in the progression of various cancers®’ and are
usually abnormal expressed?**. MiR-140-5p and
miR-92a-3p played pivotal roles in cancer pro-
gression. Fang et al’ reported that miR-140-5p
suppressed viability and metastasis of gastric can-
cer cells. Yang et al'® confirmed that miR-140-5p
obstructed the growth of hepatocellular carcino-
ma. Casadei et al"! reported that exosome-derived
miR-92a-3p stimulated liposarcoma progression.
Another study indicated that miR-92a-3p was an
early biomarker for detecting hepatocellular car-
cinoma®. To study the functions of the two miR-
NAs, we first checked their expression in WT tis-
sues and cells, as well as corresponding controls.
The results showed that the two miRNAs were
both apparently downregulated in WT tissues and
cells, which was in line with previous reports'*-'>,
Further studies suggested that miR-140-5p and
miR-92a-3p suppressed proliferation, migration,
invasion, and accelerated apoptosis of WT cells.
In addition, the two miRNAs handicapped tu-
mor growth in vivo. These results illustrated that
miR-140-5p and miR-92a-3p functioned as tumor
suppressors in WT progression.
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Figure 5. Overexpression of
FRS2 inverted the inhibitory
effects of miR-140-5p and miR-
92a-3p on WT progression. A,
and B, The mRNA and protein
levels of FRS2 in WT cells
transfected with miR-140-
5p or miR-140-5p + FRS2,
as well as matched controls,
were measured by qRT-PCR
and Western blot, respectively.
C, and D, Proliferation of
transfected WT cells was
evaluated by MTT assay. E,
Apoptosis of transfected WT
cells was analyzed by flow
cytometry. F, and G, Transwell
assay was utilized to measure
the abilities of cell migration
and invasion. H, and I, The
mRNA and protein levels of
FRS2 in WT cells transfected
with miR-92a-3p or miR-
92a-3p + FRS2, as well as
corresponding controls, were
checked by qRT-PCR and
Western  blot, respectively.
J, and K, Cells proliferation
was evaluated by MTT assay.
L, Flow cytometry was
conducted to check apoptosis
of transfected WT cells.
M, and N, Transwell assay
was carried out to assess the
abilities of cell migration and
invasion. *p<0.05.
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Figure 6. Mir-140-5p and miR-92a-3p blocked tumor growth in vivo. A, Tumor volume was measured every 4 d after
subcutaneous injection with miR-140-5p or miR-NC. B, Weight of the resected tumor was examined after the mice were killed.
C, The level of miR-140-5p in WT cells transfected with miR-140-5p or miR-NC was measured by qRT-PCR. D, and E, The
mRNA and protein levels of FRS2 in transfected WT cells were determined by qRT-PCR and Western blot, respectively. F,
Tumor volume was measured every 4 d after subcutaneous injection with miR-92a-3p or miR-NC. G, Weight of the resected
tumor was measured after the mice were killed. H, The expression of miR-92a-3p in WT cells transfected with miR-92a-3p or
miR-NC was checked by qRT-PCR. I, and J, The mRNA and protein levels of FRS2 in transfected WT cells were measured

by qRT-PCR and Western blot, respectively. *p<0.05.

FRS2 is an adaptor protein and functions in
epidermal growth factor signaling®*. Recent stud-
ies indicated that FRS2 was closely related to
human cancers. Wu et al' disclosed that FRS2
duplication led to poor prognosis of bladder can-
cer. Zhang et al® reported that FRS2 was ampli-
fied in high-grade liposarcoma cells. Luo et al”
confirmed that FRS2 was upregulated and served
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as an oncogene in advanced ovarian cancers. In
this research, the expression of FRS2 was notably
increased in WT tissues and cells, which was
supported by Wang et al'®. Moreover, the knock-
down of FRS2 hampered proliferation, migration,
invasion, and boosted apoptosis of WT cells.
From these results, it could be concluded that
FRS2 acted as an oncogene in WT progression.
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Bioinformatic analysis showed that FRS2 was
a target of miR-140-5p and miR-92a-3p, and the
interaction was corroborated by the Dual-Lucif-
erase reporter assay. Correlation analysis indi-
cated that the expression of FRS2 was negatively
correlated with the two miRNAs in WT tissues.
Intensive studies illustrated that miR-140-5p and
miR-92a-3p markedly decreased the expression
of FRS2 in WT cells, while the overexpression
of FRS2 inverted this effect. Also, the upregu-
lation of FRS2 reversed the impacts of the two
miRNAs-mediated suppression on proliferation,
migration, invasion, and promotion on apop-
tosis of WT cells. Moreover, enhancement of
miR-140-5p and miR-92a-3p downregulated the
expression of FRS2 and repressed cancer growth
in vivo. Taken together, these results suggested
that miR-140-5p and miR-92a-3p could interact
with and downregulate FRS2, which played an
oncogenic role, thus damaging the progression
of WT.

Conclusions

Our research showed that miR-140-5p and
miR-92a-3p were significantly decreased in WT
tissues and cells, and the two miRNAs could
inhibit WT progression by targeting the 3’UTR
of FRS2. This novel regulatory mechanism may
provide effective therapeutic methods for WT.
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