
Summary. Endometrial cancer (EC) is the most
common gynecological malignancy in Europe and North
America. It is classified into two types exhibiting
different characteristics and prognosis. Type I is an
estrogen-dependent tumor, histologically classified as
low grade and low stage, usually with an excellent
prognosis. Type II EC is unrelated to estrogen
stimulation and is characterized by a poor prognosis.
MicroRNAs (miRNAs, miRs) are small non-coding
RNA polynucleotides that regulate gene expression post-
transcriptionally. Various dysregulations in microRNA
expression are often considered to have an impact on the
diagnosis, prognosis and overall survival in patients
diagnosed with different types of cancers. Recent data
suggest that microRNAs play an important role in the
pathogenesis of EC. 

The aim of the study was to evaluate the
involvement of matrix metaloprotease 14 (MMP-14) and
microRNA-410 in formation of the EC tumor. To this
end expression of MMP-14 and microRNA-410 was
assessed within the cancer, transient and healthy zones in
the histological sections of tumours using immunohisto-
chemical staining and laser capture microdissection
(LCM) followed by a quantitative real-time PCR. The
results revealed significantly higher expression of MMP-
14 in the cancer tissue zone in comparison to the healthy

tissue zone, as well as a lower expression of microRNA-
410 in the cancer zone compared with the healthy zone.
This reverse correlation may suggest a regulatory role of
miRNA-410 in modulating levels of MMP-14 in EC.
This is the first report on such regulation in human
endometrial cancer.
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Introduction

Endometrial cancer (EC) is the most common
gynecological malignancy in both Europe and North
America. It is also the fourth most frequently occuring
cancer in women in the general classification of cancers
in Western Europe. EC is divided into two main types
with different histological characteristics and clinical
prognosis (Ferlay et al., 2013). Type I EC (estrogen-
dependent), accounting for the majority of EC cases, is
also known as endometrioid cancer. It contains glands
formed by neoplastic cells similar to normal
endometrium and sometimes may contain squamous
cells. It is histologically classified as low grade (G1, G2)
and is usually not aggressive due to a slow spread to
other tissues. On the other hand, type II EC (estrogen-
independent) is characterized as high grade (G3), is
more likely to grow and spread outside the uterus and is
associated with poorer prognosis. Type II EC may
consist of G3 endometrioid carcinoma, papillary, serous
or clear cell components (Plataniotis and Castiglione,
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2010).
MicroRNAs (miRNAs, miRs) are small non-coding

polynucleotides which regulate genes post-
transcriptionally. The exact biological functions of
miRNAs are not fully understood as they influence
various biological processes, including cell metabolism,
proliferation, apoptosis and differentiation (Ambros,
2004; Friedman et al., 2009) An aberrant microRNA
expression is often considered to have an impact on the
diagnosis, prognosis and overall survival in patients
diagnosed with most types of cancers (Schetter et al.,
2008; Pan et al., 2014).

There are only a few reports suggesting a
dysregulation of microRNA-410 in human endometrial
cancer. One study by Lee et al. (2013) utilized global
miRNA microarrays recognizing 57 differentially
expressed microRNAs. MiRNA isolated from four fresh-
frozen EC tissues was compared with four normal
endometrial specimens. However, there was no further
analysis of miRNA-410 since the authors focused on
five other miRNA genes (namely: miR-200a, miR-205,
miR-141, miR-200b, miR182). Another study (Torres et
al., 2013) described two microRNA signatures: miR-
92a/miR-410 and miR-92a/miR-205/miR-410, which
classified tumor tissue with a higher accuracy in
comparison to single miRNAs. Moreover, the study
suggests that miR-301b/miR-410 can distinguish poorly
differentiated tumors. In both works a microRNA-410
expression was found to be lowered in the cancer
samples. Similar results were also reported by Snowdon
et al. (2011).

In our approach, in order to minimize the effects of
individual differences in microRNA expression in EC
samples among women, we compared microRNA-410
expression in tissue samples of the same patient at
different proximity to the histologically distinguishable
tumor (zones of cancer, transient and healthy tissues
within the tumor sample). We analyzed 20 FFPE
(Formalin-Fixed Paraffin-Embedded) tissue blocks from
12 different patients diagnosed with endometrial
adenocarcinoma type I. Precise excision of the 3
mentioned zones was performed using laser capture
microdissection (LCM) followed by miRNA isolation

and quantitative real-time polymerase chain reaction
(qRT PCR).

Additionally, we determined the in situ expression of
MMP-14 in 11 samples from different patients using
IHC staining, as this MMP is known to be an activator of
MMP-2, often correlated with tumor invasion,
progression and metastasis in numerous cancers (Wang
et al., 2014b; Fu et al., 2015). Interestingly, microRNA-
410 has a conserved 7mer-m8 binding site within MMP-
14’s 3’UTR according to the TargetScan database, thus
being a probable factor influencing its expression.
Materials and methods

The evaluation of microRNA-410 and MMP-14
expression was carried out in the Center for Preclinical
Research and Technology (CePT) laboratories of the
Department of Histology and Embryology, Medical
University of Warsaw. FFPE tissues were obtained from
the Department of Pathology, Medical University of
Warsaw. EC samples from 12 patients (20 FFPE samples
in total) who underwent planned hysterectomy in 2013-
2014 were used (Table 1). Histopathological assessment
of the samples was performed by a board-certified
pathologist. We focused on endometrial adeno-
carcinomas type I at early stages predominantly (10 out
of 12 cases), without lymph nodes involvement
classified as 1st and 2nd stage according to the FIGO
2014 classification (The International Federation of
Gynecology and Obstetrics) with well marked healthy
zones. FFPE tissue blocks were sectioned at 10 µm
which was followed by a standard deparaffinization in
xylene and graduated alcohols.
Immunohistochemistry

The immunohistochemical staining (IHC) with a
polyclonal anti-MMP-14 antibody (cat no ab3644,
Abcam, Cambridge, UK) was performed according to
the manufacturer’s protocol using heat-mediated antigen
retrieval in a citrate buffer (95°C for 20 minutes).
Endogenous peroxidase activity was quashed with 3%
H2O2 in methanol for 30 minutes. Incubation with the
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Table 1. Patient characteristics diagnosed with endometrioid adenocarcinoma used for analysis.

FFPE no Type of EC Age at the time of diagnosis Depth of tumor invasion Metastases to ovary Stage Grade

11 I 50 over 50% yes pT3c/FIGO IIIC/ N1 G2
8A, 8B I 42 over 50% yes pT3a/FIGO IIIA/ N0 G2
10 I 65 under 50% no pT1a/FIGO IA/N0 G2
9 I 67 over 50% no pT1b/FIGO IB/Nx G2
3A, 3B I 74 under 50% no pT1a/FIGO IA/ N0 G2
1A, 1B I 61 over 50% no pT1b/FIGO IB/N0 G2
7A, 7B, 7C I 82 under 50% no pT1a/FIGO IA/ N0 G1
2 I 69 over 50% no pT2/ FIGO II/ Nx G2
4A, 4B, 4C I 53 under 50% no pT1a/ FIGO IA/ N0 G2
5A, 5B I 46 under 50% yes pT1b/FIGO IB/N0 G2
6 I 54 under 50% no pT2/FIGO II/N0 G2
12 I 75 over 50% no pT1c/FIGO IC/N0 G2



primary antibody at the recommended concentration of 5
µg/ml was carried out overnight at 4°C in a humid
chamber. The blocking solution and the secondary
antibody were purchased from ImmPRESS™ (catalog
no MP-7401, Vector Laboratories, CA). The final color
was developed with DAB chromogen (Dako Liquid
DAB + Substrate Chromogen System, Dako, Denmark).
To exclude background or nonspecific staining, a
negative control of the staining was conducted: sections
of the analyzed tissues were incubated in the blocking
solution instead of the primary antibody and further
stained according to the standard protocol. The
quantitative analysis of deconvoluted DAB pixel
intensity in each of the three predefined zones was
performed using the free open source IHC Profiler
plugin for ImageJ (Varghese et al., 2014).
Laser capture microdissection

LCM was utilized to compare healthy and cancerous
endometrium of the same individual. Such an approach
minimalizes individual differences in microRNA
expression among women, since LCM allows to obtain
both neoplastic and healthy cells from one tissue block.
All FFPE endometrial cancer samples were cut into
10µm sections and mounted on glass slides (SuperFrost®
Ultra Plus, Menzel, Germany). Subsequently, standard
HE staining was performed. Upon histological analysis
we divided each slide into 3 zones: a cancer cell zone, a
transient zone (adjacent to the neoplasm, including the
infiltration areas), a morphologically healthy 
zone (clearly distinguishable from the cancer). Using
LCM (Zeiss PALM MicroBeam, Germany) we
catapulted ~10 mm² of each zone’s tissue into three
separate tubes. Thus, we precisely obtained the desired
tissue type for further analysis of miRNA expression
(Fig. 1).
MicroRNA isolation

The excised tissues were lysed in 20 µl of digestion
buffer containing protease (Ambion™, RecoverALL
Total Nucleic Acid Isolation Kit, Life Technologies,
USA) and processed according to the standard protocol.
The RNA concentration in samples was determined
using a NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, USA). The resulting volume of total
RNA eluted in this procedure was 60 µl and
concentration 1-5 ng/µl.
PCR

Complementary DNA was synthesized from 1 µl of
isolated total RNA using TaqMan miRNA primers and
TaqMan microRNA Reverse Transcription Kit (Applied
Biosystems, Life Technologies Corporation, USA). The
final volume of the reaction was 5 μl. During the
optimization of the method, we initially used snRNAU6
as a reference gene, although its expression in the
endometrial tissue was very low. Thus, we decided to

use RNU43 as a reference gene in our analysis.
The expression of miR-410 (AAU AUA ACA CAG

AUG GCC UGU) and RNU43 (GAA CTT ATT GAC
GGG CGG ACA GAA ACT GTG TGC TGA TTG TCA
CGT TCT GAT T) was determined by quantitative real-
time polymerase chain reaction. All PCR reactions were
performed in duplicate. The total reaction volume was
15 μl and consisted of: 0.5 µl of TaqMan miRNA assay,
7.5 µl of sensiFAST Probe Lo-ROX Mix (Bioline,
USA), 2 μl of cDNA and 5 µl of nuclease-free water.
The thermocycling was initiated with a 5 min
polymerase activation step at 95°C followed by 45
cycles of 10s denaturation at 95°C and 40s annealing/
extension at 60°C. The threshold cycles (Ct) were
calculated automatically. All PCRs were performed in
MicroAmp Fast Optical 96 Well Reaction Plates with
barcode (0.1 ml) (Applied Biosystems, Life Technologies
Corporation, USA) using Applied Biosystems 7500 Fast
Real-Time PCR System with 7500 Software V2.0.6
(Life Technologies Corporation 2011).
Statistics

All statistical calculations were performed using
SAS 9.4 (SAS Institute Inc., USA). A two-tailed
Wilcoxon signed-rank test was used for comparing
matched groups of samples. Spearman’s rank correlation
coefficient was calculated to measure the statistical
dependence between the expression of MMP-14 or
microRNA-410 and nonparametric data. The proximity
to the tumor measured on an ordinal scale was assigned
according to the analyzed zone of the specimen (1-
healthy, 2-transient, 3-cancer). The correlation between
MMP-14 and microRNA-410 expression was assessed
using Pearson correlation coefficient. P<0.05 was
considered significant. The heatmap was generated using
gplots 2.17.0 package in R 3.1.2 using the -∆Cт values.
Results

IHC

The immunohistochemical staining was performed
on 11 FFPE tissues. All samples showed visibly higher
expression of MMP-14 in cancer cells, slightly lower
staining of the transient zones and the weakest staining
in the adjacent healthy tissues (Figs. 2, 3). The
quantitative results of the staining intensity in each FFPE
tissue are shown in Fig. 4. A statistically significant
difference in staining strength between cancer and
healthy zones was observed (p=0.0016) (Fig. 5).
Spearman’s rank test showed a strong, significant direct
correlation between the proximity to the tumor and
MMP-14 staining intensity (r=0.64702, p=0.0337).
Quantitative real-time PCR

The microRNA-410 expression pattern in three
zones of the tumor specimens are presented in Fig. 7.
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Fig. 1. The zone division in example tissue slided from patients number 3 (A, B) and number 8 (C, D) diagnosed with endometrial adenocarcinoma. On
the left side - before, on the right - after the LCM procedure.
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Fig. 2. Different areas of MMP-14 staining from the same slide from patient number 7. A. A cancer cells' zone with highly positive MMP-14 staining. B.
A negative control staining for MMP-14 followed by a secondary antibody and DAB chromogen incubation. C. A magnification of cancer cells' zone with
highly positive MMP-14 staining. D. A transition zone with cancer cells' infiltration. Visible cancer glandular cells, tubular in shape with stronger MMP-14
staining than the adjacent tissue. E. A magnification of a transition zone with cancer cells forming a gland. F. A healthy zone with low MMP-14
expression.
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Fig. 3. A positive staining of MMP-14 performed on FFPE tissues from different patients. A, D, F. Cancer cells' zones. B, C, E. Transient zones.



MicroRNA-410 levels were significantly (p=0.0452)
lower in tumor tissue than in healthy tissue (Fig. 8).
Interestingly, in two samples (included in the statistical
analysis) the concentration of miR-410 was elevated in
cancer zone, although these results were not confirmed
in two other tumor specimens of the same patients.
Spearman’s rank test showed a weak, significant inverse
correlation between the proximity to the tumor and
microRNA-410 expression (r=-0.27463, p=0.0337). The
result of a normalization of microRNA-410 expression
in the cancer and transient zone with respect to the
healthy zone confirms this general tendency towards
lower microRNA-410 levels in those two zones (Fig. 6).
On average, microRNA-410 expression was 2.54 times
lower in the cancer zone and 1.48 times lower in the
transient zone than in the healthy zone.
Statistical analysis and clinical data correlation

Although microRNA-410 could potentially influence
the expression of MMP-14, the results of our study did
not yield a significant correlation (r=-0.18150,
p=0.3121). We have found that the levels of MMP-14 in
the healthy zone directly correlated with the TNM
staging (r=0.66150, p=0.0266) (Fig. 9), although the
limited amount of cancer samples representing each
stage makes it necessary to confirm this result on a
larger group of EC patients. Interestingly, upon analysis
of the results we have also found that expression of
MMP-14 in morphologically healthy zone of tumor was
higher in patients with confirmed ovarian metastases
(55.11) than in patients without them (37.89) (p=0.0408)
shown in Fig. 10.
Discussion

Matrix metalloproteinases (MMPs) are a family of

zinc-dependent endopeptidases that degrade the
components of extracellular matrix (ECM). Their role
has been highlighted in numerous cancers, as they are
important factors of tumor invasion, progression and
metastasis. MMPs’ activity depends on tissue inhibitors
of metalloproteinases (TIMPs). MMP-14, also known as
membrane-type 1 matrix metalloproteinase (MT1-
MMP), plays a role in cellular migration through the
matrix during embryogenesis, wound healing and
invasion of host tissues by cancer cells (Uekita et al.,
2001). Transmembrane MMP-14 interacts with tissue
inhibitor of metalloproteinases-2 (TIMP-2). The
collective action of both of these proteins regulates the
activation of MMP-2 (Poincloux et al., 2009).

Wang et al. (2014c) reported that the overexpression
of MMP-14 in non-small cell lung cancer correlates with
a poor prognosis. Dong and collaborators (2015)
performed a similar analysis in patients affected by
gastric cancer, while Wang (2014a) and colleagues
showed MMP-14 expression as an independent adverse
prognostic factor in women diagnosed with cervical
carcinoma.

To address the involvement of MMPs in endometrial
cancer, Schröpfer and collaborators (2010) analyzed the
expression of a panel of 23 MMPs in 3 available EC cell
lines (Ishikawa, HEC-1-A, AN3 CA), confirming the
expression of both MMP-14 and MMP-2 in Ishikawa
cells. In the same study, the authors reported low levels
of MMP-2 mRNA in HEC-1-A and AN3 CA cell lines,
in spite of the fact that AN3 CA cell line showed the
highest expression of an active form of MMP-2.

Until now, there has been no report on the
expression of MMP-14 in patients diagnosed with
endometrial cancer, although Nakamura et al. (2014)
observed an upregulation of MMP-14 in the Ishikawa
cell line and correlated this finding with a higher
aggressiveness of cancer cells using matrigel detection
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Fig. 4. Quantified immunohistochemical
staining for MMP-14 in the three analyzed
areas (cancer, transient, healthy) in patients
diagnosed with endometrial cancer type I.
The error bars show standard error.



assay, to determine the invasive character of the cells.
Researchers concluded that higher expression of MMP-
14 in the cells with presence of CD133+ phenotype
resulted in higher malignancy of the cells, which was
alleviated after siRNA knockdown of MMP-14. In our
study on a relatively large number of EC samples,
uniform in histological type, we have shown that these
tumors express MMP-14 at a higher level than normal
endometrial tissue.

We have also determined the expression of miRNA-
410 in the samples. This report is the first one that
correlates the expression of microRNA-410 with the
proximity to histological tumor (healthy, transient and
cancer zones) in human endometrial cancer. Since there
is no reliable method of an in situ hybridization of
miRNA, the zones were excised using laser micro-
dissection. We found that miRNA-410 is downregulated
in cancer cells of the EC tumors. Two exceptions from
this general rule indicate the necessity for caution in
interpretation of laboratory data. Upon analysis of these
two samples we found that in one of these patients
myoma was present in proximity to the EC tumor. Since
miR-410 is upregulated in this disorder (our own data;
not shown) we speculate that coexistence of other
diseases may have had altered the result.

An analysis performed in silico using Targetscan
showed a potential binding site for the examined miRNA
on MMP-14’s 3’UTR, which is located on chromosome
14q11.2. Predicted pairing position is 1540-1546 of
MMP-14 3' UTR with described seed match 7mer-
1A.This finding supports our hypothesis, that MMP-14
together with micoRNA-410 may play an important role
in endometrial cancer development. Although our study
did not find any significant correlation between MMP-
14 and miRNA-410 levels, our observation of an
underexpression of this miRNA in EC is consistent with
similar studies concerning EC as well as other types of
cancer. One of them found lower levels of miRNA-410
in oral squamous cell carcinoma leading to the activation
of Wnt-β-catenin pathway through Wnt-7b (Shiah et al.,
2014). Another group of researchers found a VEGF-
dependent suppression of proliferation caused by
miRNA-410 (Zhao et al., 2015). These diverse
mechanisms of regulatory modes of miRNA call for
further studies on the exact role of miR-410 in the
pathogenesis of endometrial cancer.
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Fig. 6. Fold change of microRNA-410
expression over healthy zones.

Fig. 5. The mean expression of MMP-14 determined by immunohisto-
chemical staining in samples shown in Fig 4. The error bars show
standard deviation. The p values were calculated using Wilcoxon
signed-rank test.



To conclude, we have here presented data that
microRNA-410 is downregulated in EC type I tumors.
The expression of miR-410 in dissected tumors with the
healthy margin increases with the distance to the cancer
cells, suggesting a paracrine action of miR-410. In
concert with this observation, in all analyzed samples the
expression of MMP-14 is the highest in cancer cells,
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Fig. 7. Unsupervised hierarchical clustering of 20 cancer samples from
12 patients. Samples were clustered according to the expression of
microRNA-410. The level of miRNA expression is color-coded. Brighter -
higher miRNA expression. Darker - lower miRNA expression.

Fig. 8. The mean microRNA-410 expression compared between the
three studied zones. Bigger –ΔCT values mean higher expression. The
error bars show standard deviation. The p values were calculated using
Wilcoxon signed-rank test.

Fig. 9. Mean intensity of MMP-14 staining in the healthy zones
according to the TNM staging. T1- stage I, T2- stage II, T3- stage III.

Fig. 10. A comparison of MMP14 staining intensity in cancer samples
from patients with and without ovarian metastases. The error bars show
standard deviation. The p values were calculated using Wilcoxon
signed-rank test. For cancer and transient zones the differences were
insignificant.



slightly lower in the transient zones and weakest in the
adjacent healthy tissues. What’s more, the level of
MMP-14 expression in the seemingly healthy tissue
correlated directly with the level of tumor invasion
assessed according to the TNM classification and was
significantly higher in patients with confirmed ovarian
metastases. Nevertheless, further studies involving more
patients and cell culture experiments are needed to
explain the role of microRNA-410 and its impact on
MMP-14’s activity in human endometrial cancer.
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