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Background. MicroRNA-202 (miR-202) has been reported to be aberrantly regulated in several cancers. The aim of this study is to
explore the functional role of miR-202 in EAC tumor growth. Material and Methods. miR-202 expression was detected by qRT-
PCR. TargetScan and luciferase reporter assay were used to elucidate the candidate target gene of miR-202. The FOXR2 protein
level was assessed by Western blot and immunohistochemistry. Survival analysis was explored for FOXR2 expression in EAC
patients. Results. miR-202 expression was significantly decreased in EAC tissues (P <0.01) compared with that in control
tissues. And the downregulate miR-202 was significantly associated with poor prognosis (P < 0.01). Re-expression of miR-202
dramatically suppressed cell proliferation in vitro and tumor growth in vivo. FOXR2 was identified as a direct target of miR-202.
In EAC tissues, FOXR2 was upregulated and the increased FOXR2 was significantly associated with poor prognosis. In miR-
202-transfected cells, the FOXR2 expression was inversely changed. The analysis of FOXR2 protein expression and miR-202
transcription in EAC tissues showed negative correlation (R =-0.429). Conclusion. miR-202 may function as a tumor
suppressor in EAC tumor growth by targeting FOXR2 oncogene, which may provide new insights into the molecular

mechanism and new targets for treatment of EAC.

1. Background

Endometrial cancer (EC) is the most common malignancy of
the female genital tract [1]. Generally, EC is classified as type
I endometrioid EC (accounts for 70 ~ 80% of new diagnosed
cases) and type II nonendometrioid EC based on etiology and
clinical variables. Endometrial adenocarcinoma (EAC) is
identified as type I endometrioid EC, which are associated
with good prognosis. However, cell proliferation and migra-
tion decrease the survival rates of patients after surgical
treatment. Thus, to further improve patient’s survival rate,
it is clinically urgent to understand the molecular mechanism
of EAC development.

MicroRNAs (miRNAs) are endogenous noncoding small
RNAs of 19-22 nucleotides that function as gene regulators
at posttranscriptional level by directly binding to the 3'
untranslated regions (3-UTR) of messenger RNA (mRNA),
resulting in the degradation of mRNA or inhibition of

transcription. To date, increasing evidences indicated that
miRNAs perform important roles in the development of can-
cers, such as tumor cell proliferation, invasion, or apoptosis,
functioning as tumor suppressors or oncogenes [2]. Many
studies have proposed that miR-202 is a tumor suppressor
as its expression has been found downregulated in many
kinds of cancers. In esophageal squamous cell carcinoma,
miR-202 inhibits tumor progression by targeting LAMAL1
[3]. In colon cancer, miR-202 was downregulated and
was associated with colon cancer pathways and correlated
with cyto- or chemokine expression [4]. In the serum of
multiple myeloma patients, the relative expression of
miR-202 was significantly higher than that in healthy con-
trols [5]. Except for the role as a tumor suppressor in
tumor, it has been identified that in multiple myeloma,
miR-202 may correlate with drug sensitivity [6]. In gastric
cancer, miR-202 was demonstrated inhibiting cell prolifer-
ation and apoptosis [7]. In human colorectal carcinoma,
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microRNA-202-3p inhibits cell proliferation by targeting
ADP-ribosylation factor-like 5A [8]. In osteosarcoma,
miR-202 acts as a novel tumor suppressor to regulate cell
proliferation and apoptosis by downregulating Gli2 expres-
sion [9]. Besides, miR-202 was found suppressing cell
proliferation in human hepatocellular carcinoma [10], non-
small cell lung cancer [11], and cervical cancer [12]. But
the miR-202 is rarely understood in the development and
progression of EAC.

human forkhead box (FOX) proteins are a family of
transcription factors, containing at least 43 members, which
are implicated in a wide range of biological processes, includ-
ing migration, apoptosis, differentiation, proliferation, and
metabolism [13, 14]. The FOX proteins are related through
the presence of an evolutionary conserved “forkhead” or
“winged-helix” DNA-binding domain (DBD) [13]. FOXR2,
also known as FOXNG6, was firstly identified at RP11-
167p23, containing a highly conserved forkhead domain
at its C-terminus [15]. Recent studies proposed that
FOXR2 was aberrantly expressed in several cancers. In
breast cancer, Katoh et al. showed that FOXR2 was upreg-
ulated and high expression of FOXR2 was significantly
correlated with poor prognosis [15]. In prostate cancer,
FOXR2 was overexpressed in prostate cancer cell lines
and the knockdown of FOXR2 significantly repressed the
proliferation, migration, and invasiveness of prostate cancer
cells [16]. Wang et al. showed that FOXR2 promoted cell
growth and colony formation, whereas knockdown of
FOXR2 by RNA inference inhibited cell growth and
decreased the growth ability of HCC cells [17]. However,
the expression and function of FOXR2 in endometrial cancer
are rarely understood.

In this study, we provide evidences that miR-202 was
aberrantly downregulated in EAC tissues compared with
that in nontumor tissues. Re-expression of miR-202 sig-
nificantly suppressed cell proliferation both in vitro and
vivo. FOXR2 was identified as a direct and functional
target of miR-202. These findings may provide potential
insights into the molecular mechanism and new targets
for EAC treatment.

2. Material and Methods

2.1. Tissue Samples. A total of 90 endometrioid adenocarci-
noma tissues and 40 corresponding nontumor tissues were
collected at the Department of Obstetrics and Gynecology,
The 2nd Hospital of Shandong University, from January
2008 to June 2012. The nontumor tissues were normal
endometrium from patients who underwent hysterectomy
because of benign diseases, such as leiomyoma. Tissues
obtained from patients at the time of surgical resection were
immediately stored at —80°C. None of the patients have
received the radiotherapy or chemotherapy before surgery.
The experiment was approved by the Ethics Committee of
The 2nd Hospital of Shandong University.

2.2. Cell Lines. Two human endometrioid adenocarcinoma
cell lines (KLE and AN3CA) were cultured in Dulbecco’s
Modified Eagle’s Medium (HyClone, South Logan, UT,

Disease Markers

USA) supplemented with 10% fetal bovine serum (HyClone)
and 100 U/mL penicillin/streptomycin. All cells were main-
tained in a humidified chamber with 5% CO, at 37°C.

2.3. Quantitative Real-Time PCR. Total RNA was extracted
using TRIzol Reagents (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instruction. Quantitative
real-time PCR (qRT-PCR) was performed to detect the rela-
tive expression of miR-202 in cells and tissues using the
NCode miRNA qRT-PCR Analysis (Invitrogen, CA) accord-
ing to the manufacturer’s protocols. The snRNA U6 was used
as internal control.

2.4. Western Blot Assay. Total protein was extracted from
cells or tissues using M-PER mammalian protein extraction
reagent (Pierce Biotechnology, MA). Protein concentration
was measured using BCA Protein Assay kit (Beyotime).
The proteins were separated by 10% SDS-PAGE and
transformed to nitrocellulose filter membranes (Hybond,
Escondido, CA, USA). After blocked with 5% skimmed milk
for 1h at room temperature, the membrane was incubated
with the first antibody at 4°C overnight, followed by the incu-
bation with the second antibody for 1 h at room temperature.
The protein bonds were visualized using EZ-ECL chemilu-
minescence detection kit for HRP (Biological Industries,
Beit-Haemek, Israel). All the antibodies were purchased
from Abcam.

2.5. Cell Transfection. miR-202 inhibitor and the negative
control were transfected into cells using the lipofectamine
RNAi MAX (Invitrogen, Carlsbad, CA, USA) following
the manufacturer’s protocols at a final concentration of
50 nM. Cells were harvested after 48h of transfection for
further analysis. Vectors expressing GIPZ-miR-202 or con-
trol vectors were packaged to produce lentivirus. Virus
infection and puromycin selection was conducted to get
stable cell lines.

2.6. Luciferase Reporter Assay. For luciferase reporter assay,
FOXR2-3-UTR sequences were amplified and cloned into
the downstream of the luciferase reporter gene in pMIR-
REPORT luciferase vectors. Mutant 3-UTR of FOXR2
[18] was generated using QuikChange site-directed muta-
genesis kit (Stratagene, Cedar Creek, TX, USA). Cells were
collected after 48h of transfection with miR-202 mimics
or control plus pMIR-FOXR2-3“UTR (WT) or pMIR-
FOXR2-3"UTR [18]. Luciferase activity was measured by
a dual-luciferase reporter assay system (Promega, Gene-
Pharma, Shanghai). Firefly luciferase activity was normal-
ized to Renilla luciferase activity. All experiments were
performed in triplicate.

2.7. Immunohistochemistry Assay. The 90 EAC tissues and
40 control tissues underwent fixation in 4% paraformalde-
hyde, paraffin embedded, and cut into 5um sections.
Tissue slides were deparaffinized in xylene and rehydrated
in graded series of ethanol. After antigen retrieval was per-
formed to the sections, they were blocked by 3% hydrogen
peroxidase in methanol. The slides were then blocked with
goat serum and incubated with FOXR2 primary antibody.
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FIGURE 1: miR-202 is downregulated in EAC tissues and decreased miR-202 is significantly associated with poor prognosis. (a) Compared
with that in control tissues (n =40), miR-202 was frequently downregulated in EAC tissues (n = 90). (b) Low expression of miR-202 was

significantly associated with poor prognosis. **P < 0.01.

Secondary antibody was added and incubated at room
temperature. After Streptavidin HRP was added, sections
were stained with DAB substrate and counterstained with
hematoxylin. Staining intensity was graded and each section
was scored as 0 to 3. The tissues with a score of 0 and 1 were
defined as FOXR2 negative while tissues with a score of 2
and 3 were defined as negative.

2.8. Cell Proliferation Assay. Cell proliferation was measured
using 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (AMRESCO, Solon, OH, USA) assay. Cells trans-
fected with GIPZ-miR-202, miR-202 inhibitor, or control
were cultured in 96-well plates for 1-7 days. On the indicated
days, cells were added with 3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide and incubated for 4h at
37°C. Then, the supernatants were removed and DMSO
(150 uL/well) was added into wells to dissolve formazan
crystals. Absorbance was detected at 490 nm for each sample
using a Multilabel Plate Reader (PerkinElmer, Waltham,
MA, USA).

2.9. Tumor Growth Assay In Vivo. Four-week-old female
BALB/C athymic nude mice were used in the study for tumor
growth assay in vivo. A total of 5x 10° KLE cells transfected
with GIPZ-miR-202 or negative control were injected into
flanks of mice (n=5 in each group). Tumor size was
measured once a week after 14 days injection. Mice were
sacrificed 49 days after injection. Tumors were excised and
measured. The tumor size was calculated according to
the standard formula: tumor volumes (cm?) = (the longest
diameter) x (the shortest diameter)” x 0.5. All the experi-
ments were approved by the Ethics Committee of The 2nd
Hospital of Shandong University.

2.10. Statistical Analysis. Statistical analyses were performed
using SPSS 13.0 software package. All data were presented
as mean+SD. The groups were compared using Student
t-test unless otherwise noted. Patient’s survival rate was
measured using Kaplan-Meier analyses. Chi-square (v2)

and Fisher’s exact test were used to measure the relationship
between the miR-202 and FOXR?2 expression. Difference was
considered significant at P < 0.05.

3. Results

3.1. miR-202 Is Frequently Downregulated in EAC Tissues
and Is Associated with Overall Survival Rate. To investigate
the relative expression of miR-202 in EAC tissue, we
performed gRT-PCR in 90 EAC tissues and 40 control
tissues. The results showed that compared with control tis-
sues, miR-202 was significantly downregulated in EAC
tissues (P < 0.01) (Figure 1(a)), indicating that miR-202 may
be a putative tumor suppressor.

Besides, to understand the prognostic significance of
downregulated miR-202 in EAC patients, we assessed the
overall survival rate in these 90 patients. 90 patients were
divided into two groups according to the expression level of
miR-202. The mean value of miR-202 expression in the
EAC group was defined as the cutoff (38 EAC cases were
positive and 52 EAC cases were negative). Significant differ-
ence was found in patient overall survival rate between the
miR-202 positive group and negative group (P <0.05)
(Figure 1(b)), indicating that downregulated miR-202 corre-
lated with poor prognosis.

3.2. Re-Expression of miR-202 Dramatically Decreases EAC
Growth In Vitro and In Vivo. To further understand the
biological function of miR-202 in the proliferation of EAC,
KLE cells transfected with GIPZ-miR-202 and AN3CA cells
transfected with miR-202 inhibitor were used to assay the
effect of miR-202 on the cell proliferation. The successful
re-expression or knockdown of miR-202 was determined by
qRT-PCR. The MTT assay showed that re-expression of
miR-202 significantly suppressed cell proliferation in KLE
cells (Figure 2(a)) and knockdown of miR-202 significantly
promoted cell proliferation in AN3CA cells (Figure 2(b)).
Then, the potential tumor-inhibitory effect of miR-202
was assessed in vivo. KLE cells stably expressed with
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FIGURE 2: Re-expression of miR-202 significantly inhibited tumor growth. (a) Re-expression of miR-202 in KLE cells significantly suppressed
cell proliferation. (b) miR-202 inhibitor significantly promoted AN3CA cell proliferation. (c, d) Re-expression of miR-202 greatly suppressed

tumor growth in vivo. *P < 0.05, **P < 0.01.

GIPZ-miR-202 were injected into the flanks of mice. And
tumor size was measured weekly. Compared with the NC
group, re-expression of miR-202 significantly decreased
tumor growth (Figure 2(d)). After 49days inoculation,
tumors were obtained for comparison between the NC
group and miR-202 group (Figure 2(c)). The tumors were
much smaller in the miR-202 group.

These findings indicated that miR-202 significantly
suppressed EAC tumor growth both in vitro and vivo.

3.3. miR-202 Downregulates FOXR2 by Directly Targeting
Its 3-UTR. To investigate the downstream of miR-202,
we searched for the TargetScan website. FOXR2 was
found as a putative target of miR-202 and the potential
binding sites were found at 1392-1399nt of FOXR2. To
verify the target, luciferase reporter was performed in
both KLE and AN3CA cells. The mutant [18] putative
binding site was generated using QuikChange site-directed
mutagenesis kit (Figure 3(a)). Luciferase activity reporter
assay (Figure 3(b)) showed that relative luciferase activity
was significantly decreased the when cells were cotransfected
with miR-202 and pMir-FOXR2-3'UTR (WT) compared
with cells cotransfected with miR-control and pMir-

FOXR2-3'UTR (WT). The relative luciferase activity was
rescued when cells were cotransfected with miR-202 and
pMir-FOXRZ-?:'UTR [18]. We further detected the inhibi-
tion effect of miR-202 on FOXR2 expression at protein
level. Western blot assay showed that re-expression of
miR-202 decreased FOXR2 expression and miR-202 inhib-
itor increased FOXR2 expression (Figure 4(a)). Meanwhile,
P-AKT expression was detected in these transfected cells,
and we found that the P-AKT expression level was correlated
with FOXR2 expression, implying the proliferation ability
change of these cells. These findings indicate that FOXR?2 is
a direct target of miR-202.

3.4. FOXR2 Is Upregulated in EAC and Is Associated with
Poor Prognosis. Generally, FOXR2 functions as an oncogene.
We first detected the relative expression of FOXR2 in EAC
tissues (1 =90) and nontumor tissues (n =40) by IHC and
found that FOXR2 expression was frequently higher in
EAC tissues (Figure 4(b)). The FOXR2 expression between
the two group was significantly different; it was frequently
upregulated in the EAC group (48.9% positive) compared
with that in the control group (10% positive) (Figure 4(c)).
The overall survival rate was compared between FOXR2-
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Ficure 3: FOXR2 is a direct target of miR-202. (a) The putative binding site of miR-202 in the 3-“UTR of FOXR2. The mutation was generated
using QuikChange site-directed mutagenesis kit. (b, ¢) Analysis of luciferase activity. The relative luciferase activity was reduced when cells
were cotransfected with miR-202 mimic and pMIR-FOXRZ-S’-UTR (WT), and it was rescued when cells were cotransfected with miR-202
mimic and pMIR-FOXR2-3-UTR [18]. Firefly luciferase activity was normalized to Renilla luciferase activity. *P < 0.05.

positive and FOXR2-negative groups divided according to
IHC result. The Kaplan-Meier analyses showed that
upregulated FOXR2 was significantly associated with poor
prognosis (Figure 4(d)). In Figures 4(e) and 4(f), the IHC
expression of FOXR2 was assayed in both miR-202-
positive and miR-202-negative EAC tissues. The data
showed that the FOXR2-positive rate was much lower in
the miR-202-positive group (21%) when compared with
that in the miR-202-negative group (69%) (P <0.05). The
FOXR2 protein expression and miR-202 transcription in
EAC tissues showed negative correlation (R=-0.429,
P <0.01). These findings indicate that FOXR?2 is upregulated
in EAC and is associated with poor prognosis. In addition,
the expression of FOXR2 and miR-202 in EAC tissues was
inversely correlated, implying that FOXR2 is negatively
regulated by miR-202 as target.

4. Discussion

Emerging evidences showed that miRNAs participated in
the development and progression of cancers. In EAC,
many kinds of miRNAs have been found dysregulated.
Dysregulation of microRNA-204 mediates migration and
invasion of endometrial cancer by regulating FOXC1 [19].
The microRNA-200 family is identified as being upregulated
in endometrial carcinoma [20]. Wu et al. demonstrated that
upregulation of miR-145 promotes differentiation by repres-
sing OCT4 in human endometrial adenocarcinoma cells
[21]. But the function of miR-202 in EC is rarely understood.
In this study, we provide evidence that miR-202 was signifi-
cantly downregulated in EAC tissues compared with that in
control samples (P <0.01). And the reduced miR-202 was

associated with patient’s overall survival rate (P <0.05).
In vitro assay showed that re-expression of miR-202
significantly decreased cell proliferation, and knockdown of
miR-202 significantly promoted cell proliferation. Besides,
re-expression of miR-202 inhibited tumor growth compared
with that of the control group. These findings suggest that
miR-202 functions as a tumor suppressor in EAC.

FOXR?2 is a member of the FOX protein family and plays
important roles in the development and progression of
cancers. A study of Xu et al. showed that knockdown of
FOXR2 suppresses the tumorigenesis, growth, and metastasis
of prostate cancer through inhibiting the Wnt/b-catenin
signaling pathway [16]. In breast cancer tissues, FOXR2
was detected upregulated and high expression of FOXR2
significantly correlated to poor prognosis as demonstrated
by Song et al. [22]. In human medulloblastoma tissues,
FOXR?2 was overexpressed, and the overexpression of FOXR2
greatly promoted the proliferation of medulloblastoma cells
[23]. In line with these studies, we revealed that FOXR2
was upregulated in EAC tissues compared with that in
nontumorous samples and was significantly associated with
poor prognosis. Besides, we identified FOXR2 as a direct
target of miR-202 in EAC cell lines. Re-expression of
miR-202-inhibited FOXR2 expression and knockdown of
miR-202 increased FOXR2 expression.

AKT has been demonstrated to be associated with cell
proliferation, survival, and tumor growth [24]. The activation
of Akt is also one of the most frequent alterations observed in
multiple human cancer types, including colorectal cancer
[25], breast cancer [26], lung cancer [27], and endometrial
cancer [28]. Once activated, Akt could influence many factor
expression, which are involved in cell cycle progression, by
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transcription regulation or direct phosphorylation [29], such
as FoxO4, which are directly phosphorylated by Akt, thus
affecting the cell cycle [30]. Akt also promotes cyclin D1
translation via indirect activation of mTOR, which increases
translation of cyclin D1 by activating ribosomal protein S6K
and inhibiting eukaryotic translation initiation factor 4E-

binding protein (4E-BP), thus increasing elF4e activity [31].
And in endometrial cancer, the PI3K/Akt pathway is the
most frequently altered biochemical pathway as proposed
by Pavlidou and Vlahos [32]. Besides, the Ras/PI3K/PTEN/
Akt/mTOR cascades were found involved in chemo and
hormonal resistance in breast cancer as the constitutively
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activated Akt-1 gene was more resistant to doxorubicin,
etoposide, and 4-OH-tamoxifen [33]. Also, the p53 and
Raf/MEK/ERK pathways play key roles in drug sensitivity
[34]. In the present study, we provided evidences that re-
expression of miR-202 dramatically inhibited p-AKT
expression, indicating that miR-202 inhibited tumor growth
partially by targeting AKT pathway.

5. Conclusions

In conclusion, we demonstrated that miR-202 functions as a
tumor suppressor by inhibiting cell growth in EAC via down-
regulating oncogene-FOXR2 by directly targeting its 3-UTR.
It is suggested that miR-202 may provide new insights into
the molecular mechanism of EAC and the new target for
the treatment.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

Acknowledgments

This work was supported by The Second Hospital of
Shandong University Youth Fund (no. 26010275618056),
the Development of Medical Science and Technology Project
of Shandong Province (no. 2016WSB21006), and the
Foundation of Science and Technology Commission of
Shandong Province (no. ZR2013HL024).

References

[1] R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics,
2015,” CA: A Cancer Journal for Clinicians, vol. 65, no. 1,
pp- 5-29, 2015.

[2] Y. S. Lee and A. Dutta, “MicroRNAs in cancer,” Annual
Review of Pathology, vol. 4, pp. 199-227, 2009.

[3] X.Meng, X. Chen, P. Lu et al., “MicroRNA-202 inhibits tumor
progression by targeting LAMAL in esophageal squamous cell
carcinoma,” Biochemical and Biophysical Research Communi-
cations, vol. 473, no. 4, pp- 821-827, 2016.

[4] S.Pathak, W.]. Meng, S. K. Nandy et al., “Radiation and SN38
treatments modulate the expression of microRNAs, cytokines
and chemokines in colon cancer cells in a p53-directed
manner,” Oncotarget, vol. 6, no. 42, pp. 44758-44780, 2015.

[5] J. Yu, X. Qiu, X. Shen et al., “miR-202 expression concentra-
tion and its clinical significance in the serum of multiple
myeloma patients,” Annals of Clinical Biochemistry, vol. 51,
Part 5, pp. 543-549, 2014

[6] X.Shen, Y. Guo, J. Qi et al., “Study on the association between
miRNA-202 expression and drug sensitivity in multiple
myeloma cells,” Pathology Oncology Research, vol. 22, no. 3,
pp. 531-539, 2016.

[7]1 Y. Zhao, C. Li, M. Wang et al., “Decrease of miR-202-3p
expression, a novel tumor suppressor, in gastric cancer,” PLoS
One, vol. 8, no. 7, article 69756, 2013.

[8] Q. Wang, Z. Huang, W. Guo et al, “MicroRNA-202-3p
inhibits cell proliferation by targeting ADP-ribosylation
factor-like 5A in human colorectal carcinoma,” Clinical
Cancer Research, vol. 20, no. 5, pp. 1146-1157, 2014.

[9] Z. Sun, T. Zhang, H. Hong, Q. Liu, and H. Zhang, “miR-202
suppresses proliferation and induces apoptosis of osteosar-
coma cells by downregulating Gli2,” Molecular and Cellular
Biochemistry, vol. 397, no. 1-2, pp. 277-283, 2014.

[10] Y. Zhang, D. Zheng, Y. Xiong et al., “miR-202 suppresses cell
proliferation in human hepatocellular carcinoma by downreg-
ulating LRP6 post-transcriptionally,” FEBS Letters, vol. 588,
no. 10, pp. 1913-1920, 2014.

[11] R. Wang, X. F. Chen, and Y. Q. Shu, “Prediction of non-small
cell lung cancer metastasis-associated microRNAs using
bioinformatics,” American Journal of Cancer Research, vol. 5,
no. 1, pp. 32-51, 2015.

[12] Y. Yi, H. Li, Q. Lv et al., “miR-202 inhibits the progression of
human cervical cancer through inhibition of cyclin D1,”
Oncotarget, vol. 7, no. 44, pp. 72067-72075, 2016.

[13] S.S. Myatt and E. W. Lam, “The emerging roles of forkhead
box (Fox) proteins in cancer,” Nature Reviews Cancer, vol. 7,
no. 11, pp. 847-859, 2007.

[14] B. A. Benayoun, S. Caburet, and R. A. Veitia, “Forkhead
transcription factors: key players in health and disease,”
Trends in Genetics, vol. 27, no. 6, pp. 224-232, 2011.

[15] M. Katoh and M. Katoh, “Identification and characterization
of human FOXN6, mouse Foxn6, and rat Foxn6 genes in
silico,” International Journal of Oncology, vol. 25, no. 1,
pp- 219-223, 2004.

[16] W. Xu, J. Chang, G. Liu, X. Du, and X. Li, “Knockdown of
FOXR2 suppresses the tumorigenesis, growth and metastasis
of prostate cancer,” Biomedicine & Pharmacotherapy, vol. 87,
pp. 471-475, 2017.

[17] X. Wang, B. He, Y. Gao, and Y. Li, “FOXR2 contributes to cell
proliferation and malignancy in human hepatocellular carci-
noma,” Tumour Biology, vol. 37, no. 8, pp. 10459-10467, 2016.

[18] M. A. Mohamed, W.N. W. Salleh, J. Jaafar et al., “Physicochem-
ical characterization of cellulose nanocrystal and nanoporous
self-assembled CNC membrane derived from Ceiba pentan-
dra,” Carbohydrate Polymers, vol. 157, pp. 1892-1902, 2017.

[19] T. K. Chung, T.S. Lau, T. H. Cheung et al., “Dysregulation of
microRNA-204 mediates migration and invasion of endome-
trial cancer by regulating FOXC1,” International Journal of
Cancer, vol. 130, no. 5, pp. 1036-1045, 2012.

[20] J. Snowdon, X. Zhang, T. Childs, V. A. Tron, and H. Feilotter,
“The microRNA-200 family is upregulated in endometrial
carcinoma,” PLoS One, vol. 6, no. 8, article €22828, 2011.

[21] Y. Wu, S. Liu, H. Xin et al., “Up-regulation of microRNA-145
promotes differentiation by repressing OCT4 in human
endometrial adenocarcinoma cells,” Cancer, vol. 117, no. 11,
pp. 3989-3998, 2011.

[22] H. Song, W. He, X. Huang, H. Zhang, and T. Huang, “High
expression of FOXR2 in breast cancer correlates with poor
prognosis,” Tumour Biology, vol. 37, no. 5, pp. 5991-5997,
2016.

[23] H. Koso, A. Tsuhako, E. Lyons et al., “Identification of FoxR2
as an oncogene in medulloblastoma,” Cancer Research, vol. 74,
no. 8, pp. 2351-2361, 2014.

[24] I Vivanco and C. L. Sawyers, “The phosphatidylinositol 3-
kinase AKT pathway in human cancer,” Nature Reviews
Cancer, vol. 2, no. 7, pp. 489-501, 2002.

[25] Q.Ye, W. Cai, Y. Zheng, B. M. Evers, and Q. B. She, “ERK and
AKT signaling cooperate to translationally regulate survivin
expression for metastatic progression of colorectal cancer,”
Oncogene, vol. 33, no. 14, pp- 1828-1839, 2014.



(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

N. M. Davis, M. Sokolosky, K. Stadelman et al., “Deregulation
of the EGFR/PI3K/PTEN/Akt/mTORCI pathway in breast
cancer: possibilities for therapeutic intervention,” Oncotarget,
vol. 5, no. 13, pp. 4603-4650, 2014.

C. Fumarola, M. A. Bonelli, P. G. Petronini, and R. R. Alfieri,
“Targeting PI3K/AKT/mTOR pathway in non small cell lung
cancer,” Biochemical Pharmacology, vol. 90, no. 30, pp. 197-
207, 2014.

L. I. Lee, K. Maniar, J. P. Lydon, and J. J. Kim, “Akt regulates
progesterone receptor B-dependent transcription and angio-
genesis in endometrial cancer cells,” Oncogene, vol. 35,
no. 39, pp. 5191-5201, 2016.

K. M. Nicholson and N. G. Anderson, “The protein kinase
B/Akt signalling pathway in human malignancy,” Cellular
Signalling, vol. 14, no. 5, pp. 381-395, 2002.

G. Song, G. Ouyang, and S. Bao, “The activation of Akt/PKB
signaling pathway and cell survival,” Journal of Cellular and
Molecular Medicine, vol. 9, no. 1, pp. 59-71, 2005.

N. Hay and N. Sonenberg, “Upstream and downstream of
mTOR,” Genes & Development, vol. 18, no. 16, pp. 1926-
1945, 2004.

A. Pavlidou and N. F. Vlahos, “Molecular alterations of
PI3K/Akt/mTOR pathway: a therapeutic target in endome-
trial cancer,” The Scientific World Journal, vol. 2014, Article
ID 709736, 9 pages, 2014.

M. L. Sokolosky, K. M. Stadelman, W. H. Chappell et al,
“Involvement of Akt-1 and mTOR in sensitivity of breast can-
cer to targeted therapy,” Oncotarget, vol. 2, no. 7, pp. 538-550,
2011.

J. A. McCubrey, S. L. Abrams, G. Ligresti et al., “Involvement
of p53 and Raf/MEK/ERK pathways in hematopoietic drug
resistance,” Leukemia, vol. 22, no. 11, pp. 2080-2090, 2008.

Disease Markers



	miR-202 Suppresses Cell Proliferation by Targeting FOXR2 in Endometrial Adenocarcinoma
	1. Background
	2. Material and Methods
	2.1. Tissue Samples
	2.2. Cell Lines
	2.3. Quantitative Real-Time PCR
	2.4. Western Blot Assay
	2.5. Cell Transfection
	2.6. Luciferase Reporter Assay
	2.7. Immunohistochemistry Assay
	2.8. Cell Proliferation Assay
	2.9. Tumor Growth Assay In Vivo
	2.10. Statistical Analysis

	3. Results
	3.1. miR-202 Is Frequently Downregulated in EAC Tissues and Is Associated with Overall Survival Rate
	3.2. Re-Expression of miR-202 Dramatically Decreases EAC Growth In Vitro and In Vivo
	3.3. miR-202 Downregulates FOXR2 by Directly Targeting Its 3′-UTR
	3.4. FOXR2 Is Upregulated in EAC and Is Associated with Poor Prognosis

	4. Discussion
	5. Conclusions
	Conflicts of Interest
	Acknowledgments

