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Abstract

Background/Aims: Endometrial carcinoma (EC) is the most common gynecological malignancy
among women worldwide. Despite its prevalence, the molecular mechanisms underlying
endometrial carcinogenesis are poorly understood. The purpose of this study was to examine
the role of microRNA-182 and its target gene transcription elongation factor A-like 7 (TCEAL7)
in EC. Methods: The expression of miR-182 in human normal endometrial epithelial cells
(NEEC) and in three human endometrial carcinoma cell lines (HEC-1B, RL95-2 and AN3CA)
was measured by gRT-PCR, and the mRNA and protein expression of TCEAL7 were assessed in
the same three endometrial carcinoma cell lines and NEEC by qRT-PCR and western blotting,
respectively. Subsequently, the target of miR-182 was predicted by bioinformatics and
confirmed using a luciferase assay. Cell proliferation and colony formation of RL95-2 cells were
examined by MTT assay and crystal violet staining, respectively. The expression of NFkB-p65,
c-Myc and cyclin D1 proteins was determined by Western blot analysis. Results: MiR-182
was significantly upregulated and TCEAL7 was downregulated in EC cell lines compared to
NEEC. We showed that MiR-182 binds directly to a conserved 8 bp sequence in the 3'-UTR
of TCEAL7, and inhibition of miR-182 upregulated TCEAL7 mRNA and protein expression to
levels comparable to those induced by lentiviral-mediated overexpression of TCEAL7. MiR-
182 inhibition decreased cell proliferation and colony formation ability, downregulated the
expression of the pro-proliferative genes c-Myc and cyclin D1, and inhibited NFkB activation,
and these effects were mimicked by TCEAL7 overexpression. Conclusions: miR-182 acts as an
oncogenic miRNA in EC, promoting cell proliferation by targeting the tumor suppressor gene
TCEAL7 and modulating the activity of its downstream effectors c-Myc, cyclin D1 and NFkB.
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Introduction

Endometrial carcinoma (EC) is the fourth most common cancer among women in
the United States [1] and the seventh most common cancer among women worldwide [2].
Although several prognostic factors have been identified and different treatment strategies
have been developed for this disease, to date, no effective therapy has been established
and the pathogenesis of endometrial cancer is not yet fully understood [3]. Therefore, the
identification of EC-specific biomarkers for the early detection of this disease and a better
understanding of the molecular mechanisms underlying EC is essential for the development
of effective treatment strategies.

The identification of microRNAs (miRNAs) and their role in the posttranscriptional
regulation of gene expression has led to new hypotheses on the pathogenesis of endometrial
cancer [4-6]. MiRNAs are small endogenous non-coding RNAs (19-25 nucleotides in
length) that negatively regulate gene expression through incomplete base-pairing to the
3’ untranslated region (3'-UTR) of target mRNAs [7]. Deregulation of miRNAs is associated
with the pathogenesis of several diseases including cancer, and tumor-associated miRNAs
can function as tumor suppressors or oncogenes depending on whether they target
oncogenes or tumor suppressor genes [8, 9]. Studies have identified miRNAs upregulated
or downregulated in EC, among which miR-182 was shown to be significantly upregulated
in endometrial carcinoma tissues compared with complex atypical hyperplasia, simple
hyperplasia and normal endometrial tissues [10-12].

The dysregulation of miR-182 in endometrioid endometrial carcinoma tissues was
confirmed by global expression profiling in a study in which TCEAL7 was identified as the
predicted target gene of miR-182 and shown to be downregulated in EC [13]. TCEAL7 was
first cloned as a proapoptotic nuclear protein and shown to function as a tumor suppressor
gene downregulated in ovarian cancer [14]. TCEAL7 is also downregulated in gastric cancer,
and low TCEAL7 expression is associated with large tumors, high histological grade, poor
nodal status and poor prognosis of gastric adenocarcinoma patients [15]. Furthermore, the
downregulation of TCEAL7 in breast, brain and prostate cancers indicates that it may play
an important role in carcinogenesis, possibly through its effect on the NFkB pathway and the
pro-proliferative genes cyclin D1 and c-Myc [16-18].

In the present study, we show that miR-182 is upregulated and its target gene TCEAL7 is
downregulated in EC cell lines. We identified the miR-182 target site in the 3’-UTR of TCEAL7
and showed that miR-182 interacts directly with and regulates the expression of TCEAL7,
modulating cell proliferation and colony formation ability through the TCEAL7 mediated
control of c-Myc and cyclin D1 expression and NFkB signaling.

Materials and Methods

Ethics statement

Human endometrial samples were collected after obtaining written informed consent from all
patients. The study was approved by the Institutional Review Board of Shanghai Traditional Chinese
Medicine Hospital.

Cell lines and culture

The human endometrial carcinoma cell lines used were HEC-1B, derived from moderately differentiated
endometrial adenocarcinoma; RL95-2, derived from moderately differentiated adenosquamous carcinoma
of the endometrium; and AN3CA, derived from undifferentiated endometrial adenocarcinoma. All the three
cell lines were purchased from the American Tissue Culture Collection and cultured in Eagle’s Minimum
Essential Medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (HyClone,
Logan, UT, USA) at 37°C with 5% CO, and 95% humidified air. Normal human endometrial epithelial cells
(NEEC) were generated from human endometrium samples obtained from biopsies of women (22-23 years
of age) who underwent surgery for minor gynecological issues and had no underlying endometrial pathology.
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None of them had received hormonal therapy in the 3 months preceding sample collection. Endometrial
samples were minced into fragments <1 mm and subjected to mild collagenase digestion. Endometrial
epithelial cells were isolated as described previously [19] and cultured to confluency in a steroid-depleted
medium composed of 75% Dulbecco’s Modified Eagle Medium and 25% MCDB-105 (Sigma, St. Louis, MO)
supplemented with antibiotics, 10% human albumin and 5 mg/mL insulin (Sigma).

Quantitative real-time PCR

Total RNA was extracted from EC cells using the Trizol reagent (Invitrogen) according to the
manufacturer’s instructions. For microRNA analysis, quantitative real-time PCR (qQRT-PCR) was performed
using the TagMan MicroRNA Reverse Transcription Kit, TagMan Universal PCR Master Mix (Applied
Biosystems, Foster City, CA, USA), and the corresponding primers. U6 small nuclear (sn) was used as an
internal control to normalize miR-182 levels. For mRNA analysis, qRT-PCR was performed using the TagMan
High-Capacity cDNA Reverse Transcription Kit, TagMan Fast PCR Master Mix (Applied Biosystems) and the
corresponding primers. GAPDH was used as an internal control to normalize TCEAL7. qRT-PCR reactions
were performed in triplicate on a RealPlex4 real-time PCR detection system from Eppendorf Co. LTD
(Germany). The following primers for qRT-PCR were used: miR-182: forward, 5’-GAG AAC AGC AGG TCC AGC
AT-3’; reverse: 5-CTT CCT CAG CAC AGA CCG AG-3'. U6: forward, 5’-CTC GCT TCG GCA GCA CA-3’; reverse,
5’-AAC GCT TCA CGA ATT TGC GT-3". TCEAL7: forward, 5’-ACA TCA TGC AAA AAC CCT GCA A-3’; reverse, 5'-
ACG GTC CCG AGA ATG CCT AT-3". GAPDH: forward, 5’-CCC ATG TTC GTC ATG GGT GT-3’; reverse, 5’-CCG TTC
AGC TCA GGG ATG AC-3'. PCR parameters were as follows: 10 min at 95°C, and then 40 amplification cycles
of 15 s at 95°C, 1 min at 60°C. The threshold cycle (Ct) was defined as the fractional cycle number at which
the fluorescence passes the fixed threshold and the relative miRNA or mRNA expression was calculated
using the 24 method [20].

Western blot analysis

Total protein lysates were resolved by 10% SDS-PAGE and transferred to polyvinyl difluoride
membranes (Millipore, Bedford, MA). After blocking in Tris buffered saline containing 0.1% Tween-20
(TBS-T) with 5% nonfat dry milk for 30 min, membranes were washed 4 times in TBS-T and incubated
with primary antibodies overnight at 4°C. Primary antibodies were all obtained from Abcam (Cambridge,
MA) and used at the following dilutions: anti-TCEAL7 (1/300), anti-NFxB-p65 (1/500), anti-c-Myc (1/500),
anti-cyclin D1 (1/500), anti-$ actin (1/1000). After extensive washing, membranes were incubated with
horseradish peroxidase-linked goat polyclonal anti rabbit IgG secondary antibodies at a dilution of 1:2000
for 1 h at room temperature. Immunoreactivity was detected by enhanced chemiluminescence (ECL Kkit,
Pierce Biotechnology) and exposure to radiography film. 3-actin served as the loading control.

Luciferase reporter assay

The 3’-UTR of TCEAL7 was amplified with the following primers: forward, 5’-CCA TAG GCA TTC TCG
GGA CC-3’; reverse, 5’-TCT GGC TAA GAG ATC CAG AGG T-3'. DNA fragments were cloned into the unique
Xbal site downstream of the luciferase gene in the pRL-TK vector to generate the plasmid pRL-TK-TCEAL7-3’
UTR. To generate the mutant reporter vector, the nucleotides TTGCCAAA located at residues 410-417 of the
TCEAL7-3’-UTR corresponding to the hsa-mir-182 seed sequence were mutated to ATCCGATA. Reporter
constructs were co-transfected into HEC-1B (or RL95-2 or AN3CA) cells in 24-well plates together with
the Firefly plasmid pGL3 (Promega, Madison, WI) and miR-182 mimics (purchased from Ambion; double
strand RNA, sense: 5’-UUU GGC AAU GGU AGA ACU CAC ACU-3’, antisense: 5’-AGU GUG AGU UCU ACC AUU
GCC AAA-3’) or negative control mimics miRNA (Ambion, Austin, TX; double strand RNA, sense: 5’-UUC UCC
GAA CGU GUC ACG UUU-3’, antisense: 5’-AAA CGU GAC ACG UUC GGA GAA-3’). Cells were harvested at 48 h
post-transfection by treatment with trypsin, lysed in 1xPassive Lysis Buffer (Promega), and centrifuged at
12,000 rpm for 5 min. The supernatant was assayed for Firefly and Renilla luciferase activities following the
Dual Luciferase Reporter Assay System (Promega) protocol.

Inhibition of miR-182 or overexpression of TCEAL7 in RL95-2 cells

A miR-182 inhibitor (Ambion, double strand RNA, sense: 5-UAA GCC GCG AGC ACU CUG CCU
GCA C-3’ antisense: 5-GUG CAG GCA GAG UGC UCG CGG CUU A-3’) or a negative control inhibitor
miRNA (Ambion, double strand RNA, sense: 5’-UCA GAU GCA CAG ACU CCC GUG GU-3’, antisense: 5'-
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ACC ACG GGA GUC UGU GCA UCU GA-3’) were transfected into RL95-2 cells using Lipofectamine 2000
(Invitrogen) following the manufacturer’s instructions. For overexpression of TCEAL7, the full length
TCEAL7 cDNA (gi|299758466|ref|[NM_152278.3] Homo sapiens transcription elongation factor A (SII)-
like 7 (TCEAL7) was amplified using the following primers (restriction enzyme cutting sites, EcoRI
and Notl: forward, TCEAL7- EcoRI: AGGAATTCAGCTGACGTGAACCGAAGTC; reverse, TCEAL7-Notl:
TGCGGCCGCTCCAAAGGCGATTGACAAGT). The full-length TCEAL7 cDNA fragment was cloned into the
pCDH-CMV vector (System Biosciences, SBI, Mountain View, CA). Recombinant lentivirus was produced by
transient transfection in 293T cells using Lipofectamine 2000 (Invitrogen). Medium containing infectious
lentiviruses was harvested at 48 h post-transfection and filtered through 0.45-pm-pore cellulose acetate
filters. RL95-2 cells were incubated with infectious lentivirus medium. Empty lentiviral vector was used as
the negative control.

Cell proliferation (MTT assay)

RL95-2 cells transfected with miR-182 inhibitor or a negative control inhibitor miRNA or expressing
TCEAL?7 lentivirus or pCDH-CMV vector lentivirus were seeded at a density of 5000 cells per 200 pL. medium
in each well of a 96 well plate. At 0, 1, 2, 3, 4, and 5 days after transfection, the medium was removed
by suction and replaced by serum free medium containing 1 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) and incubated at 37°C for 4 h. After removing the MTT solution, the
formazan precipitate was dissolved with 100 uL. DMSO and absorbance was read at 570 and 600 nm in
a microplate reader (BioTek, Bad Friedrichshall, Germany). Untransfected cells were used as the normal
controls.

Colony formation assay

RL95-2 cells transfected with miR-182 inhibitor or a negative control inhibitor miRNA or expressing
TCEAL?7 lentivirus or pCDH-CMV vector lentivirus were seeded in 6-well culture plates at a density of 500
cells per well to form colonies. After 7 days, colonies were fixed in 4% paraformaldehyde and stained in a
0.1% crystal violet solution. Untransfected cells were used as the normal controls.

Statistical analysis
Data were expressed as the mean * SE from at least three independent experiments. Differences were
analyzed using the Student’s t-test. P<0.05 or P<0.01 was considered statistically significant.
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Fig. 2. TCEALY is a target gene of miR-182. (A) Sequence alignment of miR-182 and the 3'-UTR of TCEAL7
containing the conserved 8-bp “seed” sequence predicted as the miR-182 binding site. The paired miR-182
seed sequence and the seed-recognizing site in the wild-type (wt) and mutant (mut) 3'-UTR of TCEAL7 are
indicated. (B) Luciferase assay of HEC-1B, RL95-2 and AN3CA cells co-transfected with fluorescent reporter
vectors containing either wt or mut binding sites and miR-182 mimics (MiR-182) or negative miRNA control
mimics (MiR-control). Luciferase activities were measured and normalized to the controls, and expressed as
relative luciferase activity. All values are the means # SD of three replicates. *p<0.05, **p<0.01.

Results

miR-182 is upregulated and TCEAL7 is downregulated in endometrial carcinoma

The expression of miR-182 and its target TCEAL7 was examined in three human
endometrial carcinoma cell lines (HEC-1B, RL95-2 and AN3CA) and in normal endometrial
epithelial cells (NEEC) by qRT-PCR and western blotting. The results showed that miR-
182 mRNA expression was significantly upregulated whereas TCEAL7 mRNA and protein
expressions were significantly downregulated in carcinoma cells compared to normal
epithelial cells (P<0.01 all) (Fig. 1A, B and C). Quantification of bands by densitometry
showed that TCEAL7 protein levels were reduced by approximately 5-fold in HEC-1B and
AN3CA and 10-fold in RL95-2 cells compared to NEEC levels (Fig. 1D).

TCEAL?7 is a target gene of miR-182

To explore the association between miR-182 and its target gene TCEAL7, the TargetScan
algorithm was used to predict the target sites for miR-182 in the 3'-UTR of TCEAL7 (Fig. 2A).
To confirm that TCEAL7 is a direct target of miR-182, TCEAL7 wild-type (WT) or a mutant
(Mut) TCEAL7 3'-UTR generated by mutation of residues 401-417 of the seed sequence
was subcloned into a luciferase reporter vector and co-transfected with miR-182 mimics
or negative control mimics (miR-control) into HEC-1B, RL95-2 and AN3CA cells. Luciferase
reporter assays showed that miR-182 significantly decreased the luciferase activity of the
WT 3’-UTR but not that of the mutant 3’-UTR of TCEAL7 in HEC-1B, RL95-2 (P<0.01) and
AN3CA (P<0.05) cells (Fig. 2B), confirming that TCEAL7 is a target gene of miR-182 in EC.
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Fig. 3. MiR-182 negatively regulates
the expression of TCEAL7. (A) RL95-2
cells were transfected with a specific
miRNA inhibitor (miR-182 inhibitor)
or a negative control inhibitor miRNA
(Negative control) for 48 h and the
levels of miR-182 were measured by
gRT-PCR with snRNA U6 level as an
internal control. (B) RL95-2 cells were '
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miR-182 negatively regulates TCEAL7 expression

To further examine whether miR-182 exerts its function by modulating the expresssion
of TCEAL7 in EC, RL95-2 cells were transfected with a miR-182 inhibitor, which effectively
decreased miR-182 levels (Fig. 3A). Inhibition of miR-182 significantly upregulated
TCEAL7 expression to a level comparable to that induced by lentiviral vector-mediated
overexpression of TCEAL7 (Fig. 3B). Western blot analysis showed that inhibition of miR-
182 resulted in an approximately two-fold increase in TCEAL7 protein levels compared to
untreated or negative control transfected cells, which was similar to the effect of lentiviral-
mediated TCEAL7 overexpression and confirmed the results of qRT-PCR (Fig. 3C and D).

miR-182 promotes cell proliferation and colony formation via TCEAL7 regulation of NFxB

activity and c-Myc and cyclin D1 expression

The function of miR-182 in EC was further examined by assessing the effect of miR-182
inhibition and TCEAL7 overexpression on cell proliferation and colony formation in RL95-2
cells. Inhibition of miR-182 significantly suppressed cell proliferation (Fig. 4A) and colony
formation ability (Fig. 4B) (P<0.01, all) to levels comparable to those induced by TCEAL7
overexpression. To examine the mechanism of inhibition of cell proliferation by miR-182
modulation of TCEAL7 activity, we assessed NFkB activation, and c-Myc and cyclin D1 levels
in cells transfected with a miR-182 inhibitor or subjected to lentiviral-mediated TCEAL7
overexpression. The results showed that miR-182 inhibition significantly downregulated
the expression of the NFkB p65 subunit, c-Myc and cyclin D1 compared to untreated and
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Fig. 4. MiR-182 regulates tumor cell proliferation, c-Myc and cyclin D1 expression and NFkB activity by
targeting TCEAL7 in endometrial cancer. (A) RL95-2 cells were co-transfected with miR-182 inhibitor or ne-
gative control and lentivirus expressing TCEAL7 (lenti-TCEAL7) or the pCDH-CMV vector control lentivirus
(lenti-vector), and cell proliferation was assessed by MTT assay. Untransfected cells were used as control.
(B) colony formation assay. (C) Western blot analysis of NFkB-p65, c-Myc and cyclin D1 levels with 3-actin
as the loading control. (D) Quantitative analysis of NFkB-p65, c-Myc and cyclin D1 protein levels normalized
to the levels of B-actin. All values represent the means #* SD of three replicates. **p<0.01 vs. untreated (not
transfected) RL95-2 cells.

negative-control transfected cells, and this effect was mimicked by TCEAL7 overexpression
(Fig.4Cand D). Taken together, these results indicate that the effect of miR-182 is mediated by
the transcriptional modulation of genes involved in proliferation and cell cycle progression
by its target gene TCEAL?7.

Discussion

In the present study, we showed that miR-182 is upregulated and its target gene TCEAL7
is downregulated in EC cell lines, and inhibition of miR-182 increases TCEAL7 expression
levels and suppresses cell proliferation and colony formation, suggesting that miR-182 acts
as an oncogene in EC by targeting the tumor-suppressor TCEAL7. Several miRNAs have been
identified that are up- or down-regulated in EC. Among miRNAs upregulated in EC, miRNAs
(182, 183, 2004, 34a and 95) are strongly associated with tumor progression and lymph
node metastases [13, 21]. MiR-182 upregulation was also reported in ovarian cancer [22, 23]
and cervical cancer [24, 25], suggesting the possibility of a common underlying mechanism
of carcinogenesis in these gynecological malignancies. Considering that endometrial cancer
is an estrogen-dependent malignancy and that miRNAs were shown to be regulated by
estradiol [26], the association between miRNAs and the estrogen response in EC merits
further investigation.
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MiR-182 functions as oncogene or tumor-suppressor in different human malignancies.
The tumor suppressor function of miR-182 was shown in uveal melanoma, where it regulates
cell proliferation, migration and invasion in a p53 dependent manner by targeting MITF,
BCL2 and cyclin D2 [27]. In lung cancer, miR-182 suppresses lung tumorigenesis by targeting
RGS17 [28], and in gastric cancer, miR-182 binds directly to the oncogene cAMP-responsive
element-binding protein 1, suppressing tumor cell growth [29]. MiR-182 is overexpressed
and functions as an oncogene in several human cancers such as breast cancer, where it
targets FOXO1 together with miR-27a and miR-96 [30]; in melanoma, it promotes anchorage
independent growth, invasion and metastasis [31]; and in ovarian carcinoma, miR-182
promotes cell proliferation, invasion and chemoresistance by targeting programmed cell
death 4 [32]. MiR-182 overexpression in colorectal cancer is associated with adverse clinical
characteristics and poor prognosis [33], and in hepatocellular carcinoma, it is correlated
with metastatic behavior [34]. MiR-182 is also overexpressed in high grade serous
ovarian carcinoma [35], and prostate carcinoma [36]. In the present study, miR-182 was
overexpressed in three different EC cell lines and it negatively regulated the expression of its
target TCEAL7, a tumor suppressor gene.

We showed that miR-182 binds directly to the 3'- UTR of TCEAL7, modulating its
expression and the TCEAL7-mediated regulation of essential downstream molecules involved
in cell proliferation and cell cycle progression. TCEAL7 interacts with E-box sequences of
the Myc target gene cyclin D1, regulating Myc activity and cyclin D1 expression and thus
cell proliferation and malignant transformation [16]. We showed that overexpression of
TCEAL7 decreased cell proliferation and colony formation ability, and downregulated
the expression of c-Myc and cyclin D1, suggesting that the loss of TCEAL7 in EC may
specifically favor the survival of cancer cells. Furthermore, exogenous expression of TCEAL7
significantly decreased the levels of the NFkB p65 subunit, which is in agreement with prior
results showing that TCEAL7 negatively regulates NFkB transcriptional activity in ovarian
cancer [18]. These effects of TCEAL7 were mimicked by miR-182 inhibition, and miR-182
is significantly upregulated in EC. Taken together, these results suggest that the oncogenic
effects of miR-182 may be mediated at least in part by the downregulation of TCEAL7 in EC,
leading to the activation of c-Myc and NFkB and the upregulation of cyclin D1 expression.

In conclusion, the present study showed that miR-182 is upregulated and its target
gene TCEAL7 is downregulated in EC cell lines. Inhibition of miR-182 upregulated TCEAL7
expression, resulting in the inhibition of cell proliferation and colony formation, the
downregulation of c-Myc and cyclin D1 expression, and the suppression of NFkB signaling.
Our results indicate that miR-182 functions as an oncogenic miRNA in EC by targeting the
tumor suppressor gene TCEAL7, and suggest miR-182 as a potential therapeutic target in EC.
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