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Introduction. To investigate the mRNA and protein expression of MMP-2, MMP-9, MMP-7 and their tissue inhibitor TIMP-2
in tissue specimens with oral squamous cell cancer (OSCC) and in healthy tissues.

Material and methods. The expression genes of MMP-2, MMP-9, MMP-7 and TIMP-2 on mRNA levels were detected
by the RT-PCR method in 31 samples with oral squamous cell carcinoma and in 31 healthy, control tissues. Secondly, the
concentration of the analysed metalloproteinases and their inhibitor was assessed in tumor and non-tumor tissues using
the enzyme-linked immunosorbent assay (ELISA) method.

Results. The mean values of gene expression of MMP-2, MMP-7, MMP-9 and TIMP in tissues with oral squamous cell cancer
were significantly higher in comparison to normal ones (p < 0.0001). Similar observations were found for concentration
levels of analysed MMPs and TIMP in tissues with and without oral cancer (p < 0.0001).

Conclusions. The present study demonstrated that MMP-2, MMP-7, MMP-9 and TIMP-2 gene expression on protein and
mRNA levels is higher in oral squamous cell carcinoma tissues than in healthy control tissues. This may suggest that MMPs
and TIMP play an important role in tumorogenesis. We did not observe any correlation between the clinicopathological

characteristics of patients with OSCC and expression levels of MMPs and TIMP.
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Introduction

According to the WHO, the incidence of only oral cancers worl-
dwide ranges from one to ten cases per 100000, and the number
of new cases grows every year [1]. A similar situation can be
observed in Poland. According to the National Cancer Registry,
oral cancers account for 4% of all cancer cases in men and 1%
in women. In 2010, in Poland, the frequency of oral cavity and
pharynx cancerin men was 1.4 times higherthan the average for

men in other EU countries (data from 2009), while in women this
difference was smaller (about 1.2 times) [2]. In 2012, 1725 new
cases of oral mucosal cancer were recorded [3]. In 2015, there
was an increase by over 4000 new cases of malignant tumoursin
total. It should be mentioned thatin the same year the Malignant
Cancer Notification Card (KZNZ) was introduced for the first
time, which would help with rapid diagnosis and oncological
treatment, as well as improve the quality of statistical data [4].
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Despite the fact that the knowledge on prevention and
treatment of oral cancer isincreasing, the number of new cases
increases every year, and treatment outcomes remains poor.
New prognostic factors are being searched for, which could
enable more precise determination of prognosis and selection
of the optimal treatment methods required. Phases of head
and neck carcinogenesis are now being widely investigated.

[t was observed that the initiation of metastatic process
depends on the ability of the primary oral squamous cell
cancer (OSCC) to destroy/digest the extracellular matrix (ECM).
This enables the penetration of tumor cells to the basement
membrane (BM) and the initiation of angiogenesis [5-8]. De-
gradation of BM, which is the first barrier inhibiting growth of
the tumor, allows the invasion of the adjacent tissues and blood
vessels. This process takes places in the pericellular environ-
ment and is a highly controlled cascade of events. Proteolytic
enzymes are mainly responsible for these processes, among
which metalloproteinases (MMPs) play a special role. MMPs
calcium-dependent zinc-containing endopeptidases have va-
rious functions in the human organism. Twenty-five members
of the MMP family have been identified [9, 10]. Most of them
are involved in common physiological processes like tissue
regeneration and angiogenesis, morphogenesis, proliferation,
differentiation and cells apoptosis [9-14].

It was discovered that stromal cells take part in the up-
-regulation of MMPs [15, 16]. It has been assumed that the
tumorogenesis of OSCC is possible due to the ability to utili-
se metalloproteinases produced by stromal cells of the host
[16-18]. There is also a theory that cancer cells can stimulate
their liberation [19].

The MMP family includes 25 different enzymes which
have different functions. It appeared that MMP-2 and MMP-9
degrade collagen type IV which builds the BM, and MMP-7
degrades fibronectin, tenascin and 34 integrin [12, 17, 20-25].

A group of enzymes that are tissue inhibitors of metallo-
proteinases (TIMPs) have also been distinguished. Their role
is to inhibit the activity of MMPs. The aim of this study was to
investigate the mRNAs and protein expression of MMP-2, MMP-
9, MMP-7 and their tissue inhibitor TIMP-2 in tissue specimens
with oral squamous cell cancer and in healthy tissues.

Material and methods

Study group

31 patients (3 women and 28 men) aged 60.6 + 7.3 years were
included in the study. Out of the 26 examined patients, 12
declared their rural origins and this group constitutes almost
half of the total assessed patients. All of them were diagnosed
with oral squamous cell carcinoma and underwent surgery at
the Cranio-Maxillo-Facial and Oncological Department in the
years 2015-2017. Patients enrolled in this research did not
obtain any induction therapy. Tumor size and cancer staging
were assessed according to the guidelines of the Union for

International Cancer Control (UICC) and the American Joint
Committee on Cancer (AJCC) [26, 27]. We also gathered infor-
mation concerning lymph node metastates (negative — NO
versus positive — N1, N2, N3, N4) and smoking and alcohol
habits. None of the patients had distant metastases at the
date of inclusion in the study. The study group characteristics
were presented in table I. This study was approved by the
Ethics Committee (RNN/203/13/KE). The participant’s informed
consent was obtained verbally.

Sample collection and preparation

We gathered tissue fragments from cancerous lesions and from
normal tumor adjacent tissue from all the patients enrolled in
the study. Samples were preserved and stored at -80°C. Normal
tissue was taken to be a control group. Control tissues were
excised from a site distant by at least 2 cm from the macrosco-
pic tumor border and confirmed as not having precancerous or
cancerous lesions in the histopathological assessment. Tumor
tissues were also histopathologically examined — oral squamo-
us cell carcinoma was confirmed in all cases.

RNA extraction and analysis

From the frozen samples, RNA was extracted with the use of
TRIZOL (Invitrogen Life Technologies) liquid — a liquid extrac-
tion technique with acid guanidinium thiocyanate-phenol-
-chloroform. The obtained RNA fragments were separated
by an agarose gel electrophoresis. Only samples with well

Table I. Characterisation of patients with oral cancer (n = 31)

Variables No. of patients (%)

sex female 3(10)
male 28 (90)
age <65 23 (74)
>65 8(26)
primary tumor size (T) T 2(7)
T2 1(3)
T3 0(0)
T4 28(90)5
nodal melostosen NO 19(61)
N1 4(13)
N2 7(23)
N3 10)
clinical stage | 2(7)
I 10)
i 000
IVa 27 (87)
Vb 0(0)
Ve 103)
histopathological grading Gl 103)
G2 25(81)
G3 5(16)



preserved ribosomal 28S, 185 and 5S RNA were used in the
study. Secondly, the RNA was digested with the DNAse | en-
zyme (GIBCO) for 15 min. at room temperature. Five RNA of
prepared ribonucleic acid were used for a reverse transcription
reaction at 42°C. for 60 min, according to manufacturer proto-
col (ImProm-IITM Reverse Transcription System kit, Promega,
USA). Obtained cDNA was then used in a real-time polymerase
chain reaction (PCR) (Tag Mantm, Fast Start Universal Probe
Master, ROX, Roche). In the real-time PCR, we used primers
that were designed with the use of the Universal Probe Library.

Substrates for real-time PCR were performed in 50 pl final
volume with 0.05 pg of cDNA 25 pl of Fast Start Universal
Probe Master (ROX), 250 nM probe and 1 uM of each primer.
PCR was carried out in a typical manner. Initialization consi-
sted of heating the reaction chamber to a temperature of for
10 minutes to activate the Fast Start Tag DNA polymerase. Elon-
gation included 40 rounds of 15 sec each at 95°C. Detection
of amplification was performed with the use of an ABI Prism
7000 Sequence Detection System (Applied Biosystem). Each
sample was tested in triplicate in independent reactions. The
obtained real-time PCR data was automatically calculated with
a special module using the 222 method. Validation of PCR
efficiency was performed. Serial dilution was done to prepare
standard curves for each assessed gene.

Determination of MMP-2, -7, -9, TIMP-2 levels
using Enzyme-Linked Inmunosorbent Assay
(ELISA)

The expression of the MMP-2, MMP-7, MMP-9 metalloprote-
inase proteins and their TIMP-2 inhibitor were assessed using
a sandwich ELISA (enzyme-linked immunosorbent assay) from
RayBiotech. The ELISA test was performed three times for each
slice. Laboratory procedures were carried out in accordance
with the manufacturer’s instructions. The first step was to
perform the coat stage, which was carried out by adding solid
phase to the wells (where there were specific antibodies to
human proteins MMP-2, MMP-7, MMP-9 and TIMP-2), tested
samples (tissue homogonates) and control samples. After the
incubation process, the plate is washed. Secondary antibodies
labeled with horseradish peroxidase conjugated streptavidin,
were then added. The wells were rinsed again. In the next
step, a substrate (tetramethylbenzidine, TMB) was added for
the enzyme (horseradish peroxidase) bound to the antibody;
as a result of the enzymatic reaction this turns into a coloured

product. Using spectrophotometry, the colour intensity was
determined after a specified duration of reaction (Thermo
Labsystem Multiskan Ascent 354), thanks to which the me-
asurement of the antigen concentration in the material used
for the tests was obtained.

Statistical analysis
For data distribution that differed significantly from normal
distribution, non-parametric tests were applied. A Wilcoxon
test for paired data and a Mann-Whitney U test was used to
determine the statistical significance of differences among the
various analysed independent groups. In the case of covariates
of interest, Spearman rank correlation coefficients were used.
The p < 0.05 was considered as a level of statistical significance.
All the calculations were derived by means of Statistica v12.0
software.

Due to the retrospective nature of this study, it was granted
an exemption in writing by the Medical University of Lodz IRB.

Results

MMPs and TIMP mRNA expression
Our study revealed that the mean values of gene expression of
MMP-2, MMP-7, MMP-9 and TIMP in tissues with oral squamous
cell cancer were significantly higher in comparison to normal
ones (p < 0.0001). The detailed data was presented in table II.
We did not observe any relevant statistical correlation
between the mRNA expression of analysed metaloproteinases
and the clinicopathological features of patients with OSCC.

Protein levels of MMPs and TIMP

There was a significantly higher concentration of MMP-2, MMP-7,
MMP-9 and TIMP in tissues with cancer than in control tissues
(p < 0.0001), (tab. Ill).

No statistically significant correlation was noticed between
protein levels of MMPs or TIMP analysed and the clinicopatho-
logical features of patients with OSCC like TNM advancement
of tumor, clinical stage histopathological grading, smoking,
patients'age and gender (p > 0.05).

Discussion

Our study revealed that there was a higher expression of
MMP-2, MMP-7, MMP-9 and TIMP mRNA in tissues with oral
cancer than in normal tissues. We also observed that the

Table II. Comparison of mRNA level of selected genes (222 expression) in tumor samples and tumor adjacent normal tissues

Tumor adjacent normal tissues

mean * SD

MMP-2 31 032 = 010
MMP-7 31 024 = 007
MMP-9 31 029 = 015
TIMP-2 31 026 = 008

009 = 003 <0.0001
012 £ 004 <0.0001
014 = 004 <0.0001
012 += 003 <0.0001
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Figure 1. Comparison of mRNA level of selected genes in tumor sampels and tumor adjacent healthy tissue

Table I1l. Comparison of protein concentrations (ng /ml) of MMP-2, MMP-7, MMP-9, TIMP-2 in tumor samples and tumor adjacent normal tissues

ormal tissues

MMP-2 31 941 = 179 498 + 102 <0.0001
MMP-7 31 237 £ 45 144 + 31 <0.0001
MMP-9 31 319 + 87 172+ 33 <0.0001
TIMP-2 31 138 + 86 56 + 18 <0.0001*

affected tissues had a significantly higher concentration of
the analysed MMPs and their inhibitor. Many authors noticed
similar results. The MMPs expression was found to be higher
in neoplastic tissues from the head and neck region [28-30].
Higher protein concentration of MMP-2, MMP-7 and MMP-9
in head and neck cancers has also been reported by other

authors [29]. Numerous studies have revealed a significan-
tly increased level of the different MMPs expression and
their inhibitors in head and neck cancers in comparison to
healthy tissues [16-18, 20-25]. Most frequently, researchers
investigate the potential role of MMP-2, MMP-3, MMP-8 and
MMP-9 in tumorogenesis of oral squamous cell carcinoma
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Figure 2. Comparison protein concentrations of MMP-2, MMP-7, MMP-9, TIMP-2 in tumor sampels and tumor adjacent healthy tissue

[28-31] Singh et al. investigated different combinations of
MMPs and tissue inhibitors of MMPs for achieving better
clinical efficacy [32].

In our study, we did not observe any significant correlation
between either MRNA or the protein expression of MMP-2,
MMP-7, MMP-9 and TIMP-2 and clinicopathological features
like clinical stage, tumor size (T) and nodal status (N), as well
as histopathological grading.

The major clinical problem in treating patients with oral
cancers is local infiltration and the resulting destruction of
critical structures, which is responsible for a majority of cancer
related deaths, due to tumor involvement in critical organs [33].
Proteolytic degradation of ECM is an essential part of this pro-
cess and different proteinases — including MMPs — have been
proven to take part in it [34]. These observations prompted

researchers to look for a relationship between gene expression
of metalloproteinases and tumor progression. Thomas G.T. et al.
and Kawamata H. et al. presented the idea that gelatinases and
their tissue inhibitors are not only over-expressed in tissues
with oral squamous cell carcinoma, but are also related to
tumor progression and invasion [18, 35]. A statistical correlation
was observed between gelatinase mRNA, immunoreactive
proteins or enzyme activity and clinical advancement of the
OSCC-like tumor invasion or metastases to the lymph nodes
[17,36]. Similar observations were made by MiyajimaY.etal.in
hypopharyngeal squamous cell carcinoma [37]. On the other
hand, there were also some reports that had results that were
in accordance with ours. They proved a higher expression of
MMPs in cancerous tissues but did not find any association
between MMP protein expression and the stage or grade of



Table IV. Characterisation of patients with laryngeal cancer (n = 96)

Variables No. of patients (%)

sex female 3(10)
male 28 (90)
age <65 23 (74)
>65 8 (26)
primary tumor size (T) T 2(7)
T2 13)
T3 000
T4 28 (90)
nodal metastases NO 19 (61)
N1 4(13)
N2 7(23)
N3 106)
clinical stage | 2(7)
Il 10)
I 000
IVa 27 (87)
Vb 0(0)
Ve 1)
histopathological grading Gl 103)
G2 25(81)
G3 5(16)

the tumor [38]. Vicente J.C. et al. demonstrated over-expres-
sion of MMP-2 and MMP-9 and found a significant correlation
between MMP-2 and MMP-9 and lymph node metastasis in
patients with OSCC [39].

In the literature, there is a wide variety of results regarding
MMPs, expression and their association with tumor staging in the
head and neck region. The data on the correlation of the expres-
sion of metalloproteinases with invasion and nodal metastasis
are inconclusive and the potential predictive role of MMPs and
TIMPs in head and neck cancer progression and the influence on
patients'treatment outcomes is still controversial. Several factors
may contribute to this. First of all, there are different methodolo-
gies, as well as different antibodies, used in the analysed studies.
Secondly, oral squamous cancer presents a heterogeneity of cli-
nical features. Some authors failed to analyse TIMPs in association
with MMPs, and it should be emphasised that the analysis of the
interaction between the metalloproteinases and their inhibitors
is more important than analysis of just one component [40].

Conclusions

The present study demonstrated that MMP-2, MMP-7, MMP-9
and TIMP-2 protein levels and mRNA expression is higher in
oral squamous cell carcinoma tissues than in healthy control
tissues. This may suggest that MMPs and TIMP play an impor-
tant role in tumorogenesis. We did not observe any correlation
between the clinicopathological characteristics of patients
with OSCC and expression levels of MMPs and TIMP.
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