
Abstract. Background/Aim: The post-transcriptional
regulation of matrix metalloproteinases (MMPs) via microRNAs
(miRNAs) has been recently described in numerous human
malignancies. However, the exact mechanisms of miRNA-
mediated MMPs deregulation in endometrial cancer (EC)
remain unclear. Herein, we aimed to analyze the expression of
MMP2, MMP16 and TIMP2 and identify miRNAs that
modulate their expression. Materials and Methods: Protein
expression was assessed by immunohistochemistry in formalin-
fixed paraffin-embedded EC samples. Target prediction
algorithms were applied to select miRNAs binding the 3’UTRs
of MMP16 (miR-377, miR-382, miR-410, miR-200b) or TIMP2
(miR-200b), and their levels were measured by qPCR in laser
capture-microdissected tissue fragments. Luciferase assays and
western blotting were used to indicate individual miRNA-
mRNA interactions. Results: Overexpression of MMP2 and
MMP16 in cancerous tissues corresponded to down-regulation
of miR-377, miR-382 and miR-410, while decreased expression
of TIMP2 was associated with miR-200b up-regulation. In vitro
experiments confirmed direct regulation of MMP16 by miR-382

and miR-410, and TIMP2 by miR-200b in EC Ishikawa cells.
Conclusion: We demonstrated novel mechanisms of miRNA-
mediated regulation of MMPs activity in EC.

Endometrial cancer (EC) is the most common invasive neoplasm
of the female genital tract and the fourth most frequent
malignancy affecting women in developed countries. Its global
incidence has been increasing over the past decades, reaching
approximately 60,000 new cases and 10,500 deaths in the United
States in 2016 (1, 2). Based on a classification system proposed
by Bokhman (3), EC is divided into two main types with
different histological features, clinical outcomes and prognoses.
Type I tumors, accounting for 70-80% of cases, are influenced
by excess or unopposed estrogen stimulation. They are typically
of endometrioid morphology, often diagnosed at early stage, and
associated with a favorable prognosis (3, 4). On the contrary,
type II cancers are usually hormone-independent and
characterized by a serous or clear-cell histology or very poorly
differentiated phenotypes of carcinosarcoma, or undifferentiated
carcinoma. These tumors are generally associated with a more
aggressive clinical course and a poorer prognosis (5). So far,
numerous genetic and epigenetic aberrations involved in EC’s
pathogenesis have been described (6, 7). However, the
knowledge about the molecular mechanisms underlying tumor
invasion and metastasis, which are the primary causes of
treatment failure in EC patients, remains limited. 

Matrix metalloproteinases (MMPs) represent a group of
structurally-related extracellular zinc endopeptidases, known
for their ability to degrade components of the extracellular
matrix (ECM) in both normal physiological and
pathophysiological processes (8). In the past few years,
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MMPs have been intensively investigated as potential
biomarkers and unfavorable factors in various types of human
cancers (9). Of the several MMPs analyzed in endometrial
tumors, matrix metalloproteinase 2 (MMP2) has been
considered as the main metalloproteinase involved in the
malignant behavior of EC cells (10). MMP2 is synthesized
and secreted as a proenzyme (pro-MMP2) (11), and its
activation depends on the proteolytic cleavage of pro-MMP2
by membrane type-1 MMP (MT1-MMP, MMP14) and
membrane type-3 MMP (MT3-MMP, MMP16) (12, 13).
Apart from their role in soluble MMPs activation, both
MMP14 and MMP16 have been demonstrated to promote
cancer progression through various mechanisms including:
degradation of ECM, shedding of transmembrane precursors
of growth factors and growth factor-binding proteins, and
activation of receptors and cell surface molecules (14).
Activated MMPs are inhibited by four mammalian tissue
inhibitors of metalloproteinases (TIMPs 1-4) (15). In addition
to inhibiting most MMPs, TIMP2 has a crucial function in
MMP2 activation, acting at low concentrations as the
bridging molecule between MT-MMPs and pro-MMP2 (16).

MicroRNAs (miRNAs, miRs) are small, non-coding RNA
polynucleotides, involved in post-transcriptional regulation of
gene expression. By binding to regulatory sites located
primarily within 3’ untranslated region (UTR) of mRNA
molecules, miRNAs influence the stability and translation of
their target transcripts (17, 18). Over the past decade, the
fundamental role of miRNAs in endometrial tumorigenesis has
been established (19). Furthermore, several miRNAs have been
demonstrated to directly or indirectly regulate the expression
of MMPs in EC cells (20-23). In our previous study we found
that a reduced level of miR-410 corresponded to an increased
expression of MMP14 in EC samples (24). This observation
prompted us to search for other miRNAs involved in the
regulation of the MMP2 activation system components. 

The aim of this study was to analyze the expression of
MMP2, MMP16 and TIMP2 in type-I endometrial tumors
and identify miRNAs involved in their post-transcriptional
regulation. Since only limited data on MMP16 and TIMP2-
targeting miRNAs is available, we applied target prediction
algorithms to select miRNAs potentially binding the 3’UTR
of MMP16 (miR-377, miR-382, miR-410, miR-200b) or
TIMP2 mRNA (miR-200b). The expression patterns of these
candidate miRNAs were assessed in laser capture-
microdissected tissue fragments from cancerous, transient
and adjacent normal endometrium. The predicted interactions
between miRNAs and their targets were further confirmed in
vitro in EC Ishikawa cells.

Materials and Methods
Patient samples. In this study we analyzed 20 formalin-fixed
paraffin-embedded tissue samples obtained from 12 patients
diagnosed with type-I endometrial cancer. All specimens were

retrieved from the Department of Pathology, Medical University of
Warsaw. The histopathological evaluation of samples was performed
by a board-certified pathologist. Tumor staging and histological
grading were assessed using the FIGO criteria (2009) (25). The
detailed clinicopathological data of all patients has been published
previously (24). A local ethics committee approved all aspects of
this study in accordance with the Helsinki Declaration.

Immunohistochemistry (IHC). IHC was performed on 10 specimens.
The samples were sectioned at 10 μm and treated with a standard de-
paraffinization protocol with xylene and graduated alcohols. Primary
antibodies: rabbit monoclonal MMP2 (ab192082), rabbit polyclonal
MMP16 (ab73877), mouse monoclonal TIMP2 (ab1828) were
purchased from Abcam (Cambridge, UK). Each staining was performed
according to the manufacturer’s protocol using heat-mediated antigen
retrieval in a citrate buffer (95˚C for 20 min). Incubations with the
primary antibodies were performed overnight in a humid chamber at
4˚C. The appropriate mouse (MP-7401) or rabbit (MP-7402) secondary
antibodies and the blocking solution were purchased from Vector
Laboratories (Peterborough, UK). For the final color development,
DAB chromogen was used (Dako, Glostrup, Denmark). 

IHC scoring. After histopathological evaluation, each slide was
divided into 3 areas: a cancer cell zone, a transient zone (adjacent
to the neoplasm, including the infiltration areas), and a normal
endometrium zone (clearly distinguishable from the cancer cells).
The quantitative analysis of deconvoluted DAB pixel intensity was
performed separately in each of the three zones using the IHC
Profiler plugin for ImageJ (26).

Laser capture microdissection (LCM) and RNA isolation. Laser
capture microdissection and RNA isolation procedures were
performed as described previously (24). Briefly, FFPE samples were
cut into 10 μm sections and mounted on glass slides (SuperFrost
Ultra Plus, Menzel-Glazer, Braunschweig, Germany). Subsequently,
standard HE staining was performed, and approximately 10 mm2 of
each predefined zone’s tissue was catapulted into separate tubes
(Figure 1). Total RNA was isolated using RecoverALL Total
Nucleic Acid Isolation Kit (Thermo Fisher Scientific Inc., Waltham,
MA, USA), according to the manufacturer’s protocol. The quantity
and purity of isolated RNA were assessed by the absorbance
measurements at wavelengths of 260 nm and 280 nm on NanoDrop
2000 spectrophotometer (Thermo Fisher Scientific Inc.). We
assumed that samples with OD 260/280 ratios between 1.8 and 2.1
were appropriate for further analysis.

Reverse transcription and qPCR. Reverse transcription reactions in
a total volume of 15μl were performed with miRNA-specific stem-
loop RT primers using TaqMan MicroRNA Reverse Transcription
Kit (Thermo Fisher Scientific Inc.), followed by qPCR reactions in
a total volume of 10μl. Expression levels of miR-200b (Assay ID:
002251), miR-377 (Assay ID: 000566), miR-382 (Assay ID: 000572)
and RNU43 (Assay ID: 001095) were determined using TaqMan
MicroRNA Assay (Thermo Fisher Scientific Inc.). All qPCR
reactions were performed in MicroAmp Fast Optical 96 Well
Reaction Plates (Thermo Fisher Scientific Inc.) using Applied
Biosystems 7500 Fast Real-Time PCR System with 7500 Software
V2.0.6 (Thermo Fisher Scientific Inc.). Samples were assayed in
duplicates, and the obtained CT values for the target genes and the
housekeeping control (RNU43) were used to calculate a relative gene
expression using the 2–ΔΔCT method, as described previously (27).
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Cell culture, chemicals and transfection. HEK293T and human
endometrial carcinoma cell line Ishikawa were maintained at 37˚C
in a humidified atmosphere containing 5% CO2 in Dulbecco’s
Modified Eagle’s Medium (Thermo Fisher Scientific Inc.)
supplemented with fetal bovine serum at concentrations 10% and
5%, respectively, and 100 IU/ml penicillin/streptomycin. MirVana
miRNA Mimics: hsa-miR-200b-3p, hsa-miR-377-3p, hsa-miR-382-
5p, hsa-miR-410-3p and mirVana miRNA Mimic Negative Control
were purchased from Thermo Fisher Scientific Inc. The transfections
were performed using Lipofectamine 2000 (Thermo Fisher Scientific
Inc.) according to the manufacturer’s instructions. The miRNA
mimics and miRNA Mimic Negative Control were used at a final
concentration of 50 nM.

Construction of 3’-UTR reporter plasmids. RNA was isolated from
human peripheral blood mononuclear cells using AxyPrep Blood

Total RNA Miniprep Kit (Axygen, Scientific, Union City, CA, USA)
and reverse-transcribed with GoScript Reverse Transcriptase
(Promega, Madison, WI, USA). The cDNA was subjected to PCR
with primer pairs amplifying the 3’UTR regions of MMP16 mRNA
at positions +353 to +2370 and TIMP2 mRNA at positions +2181 to
+2681. The purified PCR products were cloned utilizing SacI and
HindIII sites of the pMIR-REPORT Vector, downstream of a Firefly
luciferase-coding sequence, in either sense or antisense orientation.
The palindromic binding site of miR-410 within MMP16 3’UTR
construct in antisense orientation was further mutated using Q5 Site
Directed Mutagenesis Kit (New England Biolabs, Beverly, MA,
USA). The sequences of all constructs were verified by Sanger DNA
sequencing. All primers used in the experiments are listed in Table I.

Dual luciferase assays. HEK293T cells were cultured in 24-well
plates and co-transfected with miRNA mimics or miRNA mimic
negative control, together with 100 ng of an indicated reporter
plasmid and 50 ng of a pRL-TK Renilla luciferase plasmid per well.
The cells were lysed 24 h after transfection, and subsequently
Firefly and Renilla luciferase activities were measured with the
Dual Luciferase Reporter Assay System (Promega) according to the
manufacturer’s protocol. The Firefly luciferase activity was
normalized using the Renilla luciferase readings. The assays were
performed in triplicates in two independent experiments.

Western blot. Ishikawa cells were harvested 48 h after transfection
with miRNA mimics or miRNA mimic negative control. The
proteins were extracted using ice-cold RIPA lysis buffer, resolved
on 12% polyacrylamide gels, and transferred to polyvinyl difluoride
membranes (Millipore, Temecula, CA, USA). Membranes were
blocked in 5% fat-free milk in TBST buffer and incubated overnight
at 4˚C with indicated primary antibodies against MMP16 and
TIMP2, and subsequently incubated with appropriate horseradish
peroxidase–labeled secondary antibodies for 1 h at room
temperature. The primary antibodies used in these experiments were
also used for IHC (see Immunohistochemistry section in Methods).
The blots were visualized with Western Lighting Ultra ECL
(PerkinElmer, Surrey, UK) and ChemiDoc Imaging System (Biorad,
Hercules, CA, USA). Densitometric analyses were performed using
ImageJ. The band intensities were expressed relative to the loading
control β-actin. All experiments were performed in triplicates.

Statistical analyses. A two-tailed Wilcoxon signed-rank test was
used for comparing matched groups of samples. Pearson correlation
coefficient was calculated to measure the statistical dependence
between the expression of examined IHC markers and miRNAs.
Student’s t-test was used to analyze the results of Dual Luciferase
Assays. All statistical tests were performed using GraphPad Prism
6 (GraphPad Software Inc., San Diego, CA, USA). The values are
presented as mean±SEM unless indicated otherwise. A p-value of
<0.05 was considered statistically significant.

Results

Endometrial cancer cells exhibit high MMP2 and MMP16,
along with low TIMP2 expression. We assessed the
percentage of MMP2, MMP16 and TIMP2-immunopositive
cells in cancerous tissue, transient zone (including the
infiltration area), and normal adjacent endometrium (Figure
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Figure 1. An exemplary division of the tissue section before (A) and after
(B) laser capture microdissection procedure. Area of cancer, red lines;
transient zone, blue lines; normal adjacent endometrium, green lines.



2A-C). Both MMP2 and MMP16 were more abundantly
expressed in histologically distinguishable cancer area and
transient zone, comparing to normal endometrium (p<0.01)
(Figure 3A-B). Conversely, TIMP2 showed a higher
expression in normal endometrium than in transient and
cancer zones (p<0.05 and p<0.01, respectively) (Figure 3C).
Although the percentage of cells positively stained for
MMP2, MMP16 and TIMP2 varied between different
tumors, a general trend toward increased MMP2 and
MMP16, together with decreased TIMP2 expression in
cancer area was observed across all examined samples
(Figure 3D-F). Notably, MMP2 and MMP16 showed a
strong positive reciprocal correlation in analyzed tumors
(r=0.6380; p=0.0001), and the expression of both MMPs
negatively correlated with TIMP2 levels. (r=–0.525; p=0.005
and r=–0.484; p=0.0110 respectively) (Figure 3G-I). 

MMP16 is a putative target of miR-377, miR-382, miR-410,
and miR-200b. We used target prediction algorithms
(miRWalk, Microt4, Targetscan) to identify miRNAs
functionally implicated in the modulation of MMP16 and
TIMP2 expression. The performed analysis revealed two
conserved binding sites for miR-377 and one conserved
binding site for miR-382 and miR-410 within the 3’ UTR
sequence of MMP16 mRNA. Furthermore, we found that
miR-200b, previously identified as a regulator of TIMP2
expression, was also predicted to have a binding site within
the 3’UTR of MMP16 mRNA. Based on these findings, we
selected miR-377, miR-382 and miR-200b for further
analysis in EC samples. Since the expression pattern of miR-
410 was examined in the same set of samples previously (24),
we included this data in the following correlation analyses.

Down-regulation of miR-377, miR-382, and miR-410
corresponds to increased MMP16 levels, and up-regulation of
miR-200b is associated with reduced TIMP2 expression in
cancer tissue. The miRNA expression analysis performed

separately for each predefined zone showed that both miR-377
and miR-382 were down-regulated in cancerous tissues
comparing to matched transient (p<0.01 and p<0.05), and
normal endometrium areas (p<0.001 and p<0.05, respectively)
(Figure 4A-D). Oppositely, a significantly higher expression of
miR-200b was observed in cancer cells comparing to adjacent
normal tissues and transient zones (p<0.0001 and p<0.001,
respectively) (Figure 4E-F). To further explore the association
between miRNAs and their predicted targets we utilized
Pearson correlation analysis, incorporating IHC data calculated
separately for each histological zone. We observed a significant
negative relationship between the percentage of MMP16-
positively stained cells and the expression of miR-377
(r=–0.581; p=0.001), miR-382 (r=–0.494; p=0.009) and miR-
410 (r=–0.403; p=0.037) in analyzed tumors (Figure 5A-C).
On the contrary, miR-200b expression level did not show any
significant correlation with MMP2 or MMP16 immunostaining
(data not shown). However, an inverse correlation between
miR-200b and TIMP2 expression was observed. (r=–0.35;
p=0.046) (Figure 5D). 

miR-382 and miR-410 directly target MMP16, while miR-
200b inhibits TIMP2 in endometrial cancer cells. To
investigate the interaction between indicated miRNAs and
their presumed binding sites within the 3’UTR of MMP16 or
TIMP2 mRNA, we performed a series of luciferase reporter
assays (Figure 6). A significant decrease in luciferase activity
was observed in cells co-transfected with vectors containing
matching sequences from 3’UTR of MMP16 and miR-382,
miR-410 or miR-200b, but not miR-377 (Figure 6B-E).
Luciferase activities from reporter vectors carrying 3’UTRs
in reverse orientation were not diminished, indicating the
specificity of examined interactions. Furthermore, luciferase
activity was reduced by approximately 40% in cells co-
transfected with miR-200b and TIMP2 3’UTR construct
compared to the control groups (Figure 6F). As demonstrated
by western blotting experiments, the overexpression of miR-
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Table I. The list of primers used in this study.

           Sequence                                                                                              Description

1.        Forward: TTATGAGCTCTCTGAAGTCTGAGCCCATTTC          Amplification of MMP16 3’ UTR subcloned in sense orientation
2.        Reverse: TTAAAAGCTTAAGGCAGCCAAACTATCCAT
3.        Forward: TATGAGCTCTACCTATTGCATGTCCACCA                 Amplification of MMP16 3’ UTR subcloned in antisense orientation
4.        Reverse: TTAAAAGCTTAAGGCAGCCAAACTATCCAT
5.        Forward: TGAACTCGAGACACGTTGGTCTTTTAACC              Amplification of TIMP2 3’ UTR subcloned in sense orientation
6.        Reverse: TCATGAGCTCTAATACTGTTTATTGTCC
7.        Forward: TGAAGAGCTCACACGTTGGTCTTTTAACC              Amplification of TIMP2 3’ UTR subcloned in antisense orientation
8.        Reverse: GACCAAGCTTTAATACTGTTTATTGTCCACG
9.        Forward: TAAAGCAGGAATTTTATACTAGTAAAAATTTC        Site directed mutagenesis of miR-410 binding site within MMP16 3’UTR
10.      Reverse: AAAAGCCACACTGGCCAT



382 and miR-410 in Ishikawa cells resulted in a significant
reduction of MMP16 protein level, while only a minor effect
was observed upon transfection with miR-200b (Figure 7A).
On the other hand, miR-200b overexpression markedly
reduced TIMP2 level (Figure 7B). These results suggest that,
although miR-200b has a functional binding site within both
TIMP2 and MMP16 3’UTR, its overexpression does not
translate into significantly reduced MMP16 levels, but
results in TIMP2 down-regulation in EC cells.

Discussion

In this study we demonstrated the expression pattern of
MMP16, along with MMP2 and TIMP2 in type-I
endometrial cancer, and presented a potential post-
transcriptional regulation mechanism of MMP16 and TIMP2
by miRNA. Our results indicated a significant up-regulation
of MMP16 and MMP2 together with a down-regulation of
TIMP2 in cancerous tissues in comparison to normal

endometrium. We showed that an increased MMP16
expression corresponds to a down-regulation of miR-382 and
miR-410, and validated both molecules as novel MMP16-
targeting miRNAs in EC cells. Furthermore, we confirmed
that TIMP2 expression in tumor tissue is restricted by miR-
200b. To our knowledge, this is the first report describing the
expression pattern of MMP16 in EC and its regulation via
miR-382 and miR-410 in cancer cells.

The results presented in our study are in concordance with
previously published reports. MMP2 expression in endometrial
tumors has been analyzed in different patient populations, and
several studies described its increased expression in EC cells,
as well as a link between MMP2 immunostaining and tumor
histological grade, depth of myometrial invasion, vascular or
lymphatic invasion, and shorter overall survival (28-32).
Despite the ambiguous role of TIMP2 in the regulation of
MMP2 activity, its down-regulation in EC cells has been
associated with MMP2 hyperactivation and malignant tumor
behavior. These observations suggested a suppressive role of
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Figure 2. Representative photographs of IHC staining for MMP2 (A), MMP16 (B) and TIMP2 (C) within cancer tissue, transient zone and normal
adjacent endometrium.



TIMP2 in endometrial tumorigenesis (33, 34). Similarly, a
strong MMP2 and weak TIMP2 immunostaining has been
reported as significant prognostic marker of poor survival in
EC patients (10, 34). MMP2 has been demonstrated to play a
crucial role in the remodeling of the collagenous ECM by
degrading a broad spectrum of ECM molecules, including:
collagen types I, IV, V, VII, X, and IX, elastin, fibronectin,
aggrecan, vitronectin, and laminin (23). Furthermore, it has
been shown to modulate tumor growth factor-beta (TGF-β)

activity by cleaving latent form of TGF-β and releasing
inactive TGF-β precursor that is sequestered by ECM (35).
Therefore, MMP2 could promote tumor invasion and
metastasis by diverse mechanisms, including TGF-β-dependent
induction of epithelial to mesenchymal transition and
stimulation of angiogenesis.

Notably, our analysis revealed a significant correlation
between the expression of MMP2 and MMP16 in cancerous
tissues. These results might suggest a substantial
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Figure 3. Immunohistochemical analysis of MMP16, MMP2 and TIMP2 expression in type-I endometrial cancer samples. (A-C) The percentage of
MMP16, MMP2 and TIMP2 immunopositive cells in three pre-defined areas of histological sections: cancer tissue, transient zone and normal
adjacent endometrium. The p-values were calculated using Wilcoxon signed-rank test: *p<0.05, **p<0.01, ***p<0.001. (D-F) The solid lines
connect points representing IHC score of each zone from individual histological sections. (G-H) Scatter plots showing the correlation between
analyzed proteins in examined samples. The correlation was calculated using Pearson’s coefficient.



involvement of MMP16 in MMP2 activation in EC cells.
MMP16 not only activates pro-MMP2 by proteolytic
cleavage, but is also known to degrade ECM proteins,
especially basement membrane components, which facilitates

cancer cell migration and tumor spreading (36). Although
MMP16 protein has not been previously analyzed in
endometrial tumors, its overexpression has been associated
with malignant behavior and poor prognosis in numerous
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Figure 4. miR-377 and miR-382 are down-regulated in tumor tissues, while miR-200b is up-regulated in tumor tissues and transient zone. (A, C, E) The
mean expression of miR-377, miR-382 and miR-200b in three analyzed zones of the histological sections. The p-values were calculated using Wilcoxon
signed-rank test: *p<0.05, **p<0.01, ***p<0.001. (B, D, F) The miRNAs expression fold change over normal endometrium in all studied specimens.



human malignancies, including colorectal cancer, gastric
cancer, hepatocellular carcinoma, melanoma and renal cell
carcinoma (36-41). For instance, MMP16 has been reported
as a β-catenin target gene in human gastric cancer, which
induction is relevant for the Wnt-mediated invasion and
metastasis in gastric cancer cells (38). Similarly, increased
MMP16 expression has been demonstrated to promote the
invasion and metastasis of melanoma cells by decreasing cell
adhesion, inhibiting collagen alignment and inducing
lymphatic invasion (36). Interestingly, silencing of MMP16
by miRNAs significantly diminished invasion and migration
of glioma, as well as pancreatic cancer, and osteosarcoma
cells (42-46). These observations, together with the data
presented herein, suggest a possible proto-oncogenic role of
MMP16 in endometrial tumorigenesis and indicate that its
overexpression might depend on a down-regulation of tumor
suppressive miRNAs.

Because of the established role of MMPs in cancer
invasion and metastasis, these proteins have been considered
as attractive therapeutic targets. However, pharmacological
MMPs inhibitors have failed in multiple clinical trials (23,
47). Although there are many factors possibly contributing
to the failure of MMP inhibitors in the clinic, among the
most frequently discussed reasons are the high structural
homology at the active site shared by proteases of this family
and their overlapping specificity (48). Moreover, MMPs are
involved in a variety of biological processes other than tumor
development, and therefore the design of MMP inhibitors
that are highly selective and have low side effect profiles
seems to be particularly challenging. In comparison to small
inhibitor molecules, miRNAs can target MMPs more
selectively without the interference of the structural
similarities of MMP catalytic domains (23). Furthermore, a
single miRNA may simultaneously target multiple genes and
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Figure 5. The expression of miR-377, miR-382 and miR-410 is inversely correlated with MMP16, while the expression of miR-200b negatively
correlates with TIMP2. Scatter plots showing the relationship between the expression of miR-377 (A), miR-382 (B), miR-410 (C) and the quantified
expression of MMP16. (D) The correlation between miR-200b and the quantified TIMP2 expression. The correlation was calculated using Pearson’s
coefficient.
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Figure 6. miR-382 and miR-410 directly target MMP16 3’UTR, while miR-200b targets both MMP16 and TIMP2 3’UTR. A schematic representation
of the predicted seed regions in the MMP16 and TIMP2 3’UTRs (A). Dual luciferase assays of Hek293T cells co-transfected with miR-377, miR-
382, miR-410 and miR-200b mimics and luciferase reporters containing matching sequence of MMP16 3’UTR subcloned in sense or anti-sense
orientation (B-E), and dual luciferase assay of cells co-transfected with miR-200b mimic and vectors containing matching sense or anti-sense 3’UTR
of TIMP2 (F). A normalized firefly luciferase activity (firefly luciferase activity/Renilla luciferase activity) was calculated. The values were
normalized to a relative luciferase activity from cells transfected with non-targeting control mimic. Error bars represent SD of three independent
replicates in a representative experiment. *p<0.05, **p<0.01, ***p<0.001 by Student’s t-test.



signaling pathways critical for a malignant tumor behavior
(49). Accordingly, the comprehensive characterization of
miRNAs involved in a regulation of MMPs and their
suppressors in cancer cells might greatly inform new drug
trials and constitutes a first step toward the development of
new anticancer therapeutic approaches (50). 

Previous reports have shown that miR-377, miR-382 and
miR-410 could exert tumor-suppressive effects in different
types of cancer cells (51-53). However, little is known
regarding their functional implication in endometrial
tumorigenesis. The involvement of miR-382 and miR-410 in
the regulation of MMP16 expression has not been studied in
cancer yet, but a single report indicated that low levels of
miR-382, along with MMP16 up-regulation, contributed to
human intervertebral disc degeneration (54). In accordance
with our findings, global miRNA expression profiling by Lee
et al., performed on four endometrioid adenocarcinoma
samples and four normal endometrial tissues, revealed that
miR-377, miR-382 and miR-410 were significantly down-
regulated in tumor samples (55). Similarly, Torres et al.
found a down-regulation of miR-410 in EC compared to
normal endometrium, and reported that microRNA signatures
consisting of miR-410/miR-92 or miR-410/miR-200b/miR-
92 accurately differentiated between cancerous and healthy
tissues (56). Interestingly, miR-377, miR-382 and miR-410
belong to one of the largest miRNA clusters located within
the imprinted Dlk1-Dio3 locus on chromosome 14q32 (57).
The aberrant expression of this cluster has been implicated
in numerous human malignancies and several studies
revealed a tumor suppressive function for a subset of

miRNAs located within 14q32 region (58-61). Moreover,
Guo et al. demonstrated that the tumor suppressor lncRNA
MEG3 (maternally expressed 3), derived from the same
genomic locus, is underexpressed in EC samples compared
to normal endometrium (62). The simultaneous down-
regulation of three miRNAs from Dlk1-Dio3 imprinted locus
in EC cells observed in our study suggested that decreased
expression of the genes located within this cluster might
promote endometrial tumors formation. Therefore, further
studies on the role of miRNAs located within Dlk1-Dio3
locus in endometrial tumors are warranted.

The miRNA family of miR-200 consists of five members
(miRNAs: 200b, 200a, 429, 200c and 141) organized as two
genomic clusters located on chromosome 1 and 12 (63).
Although the expression pattern and function of these
miRNAs have been widely studied in different types of human
cancers, their influence on migration and invasion of tumor
cells remains controversial. All miR-200 family members have
been demonstrated to act as tumor suppressors inhibiting
epithelial to mesenchymal transition (EMT) in both normal
and malignant cells through double-negative feedback
regulation with the ZEB transcription factors and regulation
of cadherin and vimentin expression (64). Moreover, miR-
200b has been reported as a tumor suppressor negatively
regulating MMP16 expression in bladder cancer cells (65).
Nevertheless, several reports demonstrated that miR-200
family members were up-regulated in endometrial tumors, and
their overexpression was associated with malignant cells
growth and invasion (66). In a study presented by Dai et al.
(22), miR-200b enhanced MMP2 activity in EC cells via
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Figure 7. MMP16 expression is reduced mostly by miR-382 and miR-410, while overexpression of miR-200b inhibits TIMP2 expression. Western
blot analysis of MMP16 (A) and TIMP2 (B) in EC Ishikawa cells after transfection with miRNAs predicted to regulate their expression.



TIMP2 down-regulation. In agreement with the these findings,
our analysis revealed a prominent up-regulation of miR-200b
in tumor tissues compared to normal adjacent endometrium
and a significant inverse correlation between miR-200b
expression and TIMP2 protein levels in analyzed samples.
Although our luciferase reporter assays indicated that miR-
200b could interact with both MMP16 and TIMP2 3’UTRs,
its overexpression in Ishikawa cells resulted in a considerable
reduction of only TIMP2 protein. These results may suggest
that miR-200b promotes EC cells invasion through TIMP2
down-regulation. However, its possible role in fine-tuning
MMP16 levels could not be excluded. Interestingly, in recent
studies miR-200b together with miR-200a and miR-429 have
been identified as oncogenic miRNAs negatively regulating
tumor suppressor - phosphatase and tensin homolog (PTEN)
in EC cells (67, 68). Functional loss of PTEN expression leads
to the constitutive activation of PI3K/Akt/mTOR pathway in
EC cells, which is one of the main mechanism driving
endometrial tumorigenesis (5), therefore overexpression of
miRNAs belonging to miR-200 family can be associated with
numerous aspects of endometrial cancer pathogenesis,
including proliferation, invasion, metastasis and drug
resistance.

In conclusion, our study showed an increased expression
of MMP16 in endometrial tumors and identified novel
miRNAs, aberrantly expressed in neoplastic cells, and
involved in the regulation of MMPs activity. However, due
to the limited number of patients included in this study and
its retrospective character, further investigations on a larger
cohort of patients are required to validate our results and
verify the diagnostic and prognostic potential of MMP16 in
EC. Moreover, additional cell line-based in vitro studies are
necessary to explore the mechanisms of miRNA-mediated
regulation of MMPs expression in tumor cells and
characterize the possible suppressive role of miR-382 and
miR-410 in endometrial tumorigenesis. Identification of the
novel epigenetic mechanisms underlying tumor invasion and
metastases could provide further insights into the diagnosis
and treatment of EC (69).
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