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ABSTRACT

OBJECTIVE: Although the role of MMPs in the pathogenesis of melanoma is known, few studies have investigated their role
in the development of nevi and dysplastic nevi. This study aims to search the expression differences of MMP-9, MMP-13,
MMP-21, and TIMP-1 between malignant melanoma (MM), intradermal nevi (IDN), and dysplastic nevi (DN).

METHODS: MMP-9, MMP-13, MMP-21, and TIMP-1 antibodies were studied immunohistochemically for 60 cases in our
pathology clinic archive between 2013 and 2014.

RESULTS: The MM group had the highest expression percentage and intensity for MMP-9 (p<0.001). There was no statis-
tical significance between MMP-13 expression intensities of lesion cells and stromal cells and stromal expression intensities
(p>0.05). MMP-21 lesion staining intensities in DN and MM compared to IDN were statistically significant (p=0.001, p=0.011,
respectively). For TIMP-1, there was a significant difference between the IDN and the MM group regarding the staining pro-
portion of lesion cells (p<0.01). There was a statistically significant difference in all groups according to lesion cells’ expres-
sion intensity. (IDN-DN p<0.001, IDN-MM p=0.044, DN-MM p<0.001).

CONCLUSION: The following markers can be helpful when lesions cannot be differentiated; increased staining proportions
and intensity of MMP-9 in both lesion and stromal cells favor MM in cases where MM and IDN cannot be differentiated. The
increased MMP-13 staining proportion of lesion cells can favor DN in cases where the pathologist cannot differentiate DN and
MM. Intense expression of MMP-21 by lesion cells can be a potential marker for evaluating the lesion in favor of DN in cases
where DN and IDN cannot be differentiated. The high expression intensity of TIMP-1 in lesion cells can favor DN in cases
where there is ambiguity between DN and MM. High expression proportion and intensity of stromal cells of TIMP-1 can be
useable in favor of MM in cases where MM and DN cannot be differentiated.
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he extracellular matrix (ECM) is a dynamic struc-
ture that creates a unique environment in the in-
tercellular spaces. It helps hold tissue cells together and
acts as a reservoir for many hormones that control cell

growth and differentiation [1]. The matrix metallopro-
teinase (MMP) family is an essential member of the

extracellular proteinases. Their most important task is
the destruction of the ECM. The MMPs are secreted as
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proenzymes from various connective tissue cells such as
fibroblasts, osteoblasts, chondrocytes, endothelial cells,
macrophages and neutrophils. It has been determined
that they participate in many physiological and patho-
logical processes. These enzymes are involved in ECM
turnover, tissue remodeling, angiogenesis, morphogene-
sis, and pathological processes such as inflammation and
tumor cell invasion and metastasis [2].

MMPs can be classified into 6 main groups accord-
ing to their substrate specificity: i) collagenases: MMP-
1, MMP-8, MMP-13; ii) gelatinases: MMP-2, MMP-9;
iii) stromelysins: MMP-3, MMP-10, MMP-11; iv) ma-
trilysins; v) membrane-type metalloproteinases: MMP-
14, MMP-15, MMP-16, MMP-17, MMP-24, MMP-25;
vi) other MMPs: MMP-19, MMP-20, MMP-21, MMP-
23, MMP-27, MMP-28. These proteins are inhibited by
tissue inhibitors specific to metalloproteinases (Tissue
inhibitors of matrix metalloproteinases, TIMPs) [3].

Cutaneous melanomas are highly invasive and
metastatic tumors. Disruption and remodeling of base-
ment membranes and extracellular matrix by proteolytic
enzymes are essential in melanoma cells’ migration, in-
vasion, and metastasis forms. Matrix metalloproteinases
and their tissue inhibitors play a crucial role in this multi-
step process. Melanoma cells express multiple members
of matrix metalloproteinases and their tissue inhibitors
(3]. Although the role of MMPs in the pathogenesis of
melanoma is known, few studies investigated their role
in the development of nevi and dysplastic nevi. In addi-

tion, there are few publications on MMP21 compared to
MMP13 and MMP?9.

Our study aimed to evaluate the expression of MMP-
9, MMP-13, MMP-21 and TIMP-1 in lesion cells and
surrounding connective tissue in nevus, dysplastic nevus,
and melanoma and the variability of this expression.

MATERIALS AND METHODS

Ethical Approval

This clinical study adhered to the tenets of the Decla-
ration of Helsinki and was approved by decision num-
ber 2014/0154 on 21/10/2014 by the hospital’s Local
Ethics Committee.

Study Population

Our study included 60 cases; 20 malignant melanoma,
20 dysplastic nevi, 20 banal nevi, in the archive of our

pathology clinic between 2013 and 2014.

Highlight key points

e Increased staining proportions and intensity of MMP-9 in
both lesion and stromal cells favor MM in cases where MM
and IDN cannot be differentiated.

e Increased MMP-13 staining proportion of lesion cells can fa-
vor DN in cases where the pathologist cannot differentiate
DN and MM.

e Intense expression of MMP-21 by lesion cells can be a po-
tential marker for evaluating the lesion in favor of DN in
cases where DN and IDN cannot be differentiated.

e The high expression intensity of TIMP-1 in lesion cells can fa-
vor DN in cases where there is ambiguity between DN and MM.

e High expression proportion and intensity of stromal cells of
TIMP-1 can be useable in favor of MM in cases where MM
and DN cannot be differentiated.

Specimen Preparation and Immunohistochemistry

Hematoxylin-eosin sections were prepared and evalu-
ated from parafhin blocks of these cases.

Immunohistochemistry was performed on formal-
in-fixed, paraffin-embedded tissue samples, 3-pm-thick
sections were used. Tissue sections were taken to elec-
trostatically charged slides and dried at 70 °C for at least
1 h. The entire immunohistochemical staining process,
including deparaffinization and antigen expression, was
performed in a fully automated immunohistochemistry
staining device, Leica BOND-MAX Detection System
(Leica Biosystems, Melbourne, Australia). A biotinylated,
HRP multimer-based, hydrogen peroxide substrate and
a ready-to-use kit containing the 3,3-diaminobenzidine
tetrahydrochloride chromogen were used for the proce-
dure. The following antibodies were used according to their
manufacturer’s instructions: MMP-9 (LEICA/Novocas-
tra, NCL-MMP9-439; Clonel5 W2, Antigen Retrieval:
EDTA 20 min, 1 ml dilution 1:50, 30 min); MMP-13
(THERMO/Pierce, MA5-14238, Clone VIIIA2, Anti-
gen Retrieval: citrate 20 min, 1 ml, dilution: 1:25, 30 min);
MMP-21 (ABCAM, ab52817; Clone: EP1277Y, Antigen
Retrieval: citrate 20 min, 1 ml, dilution: 1:100, 30 min);
TIMP1(LEICA/Novocastra, NCL-TIMP1-485, Clone:
6F6a, Antigen Retrieval: EDTA 20 min, 1 ml, dilution:
1:50, 30 min). The immunohistochemical reaction was
graded and scored according to the specific staining sites
(nuclear, cytoplasmic, membranous or mixed) and inten-
sities of the relevant antibodies. Expressions of MMP-9,
MMP-13, MMP-21, and TIMP-1 immunohistochemical
stains in malignant melanoma, dysplastic nevus, and ba-
nal nevus were evaluated as the percentage and intensity
of staining both in the cells forming the lesion and in the
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TABLE 1. Evaluation of age and gender according to groups

IDN (n=20) DN (n=20) MM (n=20) p
Age, range, Mean£SD 20-59 8-77 47-85 30.048*
39.7+11.4 38.4+18.5 71.4+11.8
Gender, (%) ®0.001
Male 40 70 75
Female 60 30 25

SD: Standard deviation; a: Pearson Chi-Square; b: One-Way Anova Test; *: p<0.05; IDN: Intradermal nevus; DN: Dermal nevus; MM: Malignant melanoma.

FIGURE 1. MMP-9 expression. (A) Intradermal nevus: 25-50% of lesion cells expressed weakly MMP-9, whereas 25-50% of stro-
mal cells expressed strongly MMP-9. (B) Malignant melanoma: Less than 25% of lesion cells expressed weakly MMP-9, whereas
25%-50% of stromal cells expressed strongly MMP-9. (C) Malignant melanoma: 50-75% of lesion cells expressed moderately
MMP-9, whereas 25%-50% of stromal cells expressed weakly MMP-9.

stroma around the lesion. While making the evaluation,
expression rate was grouped as positive in less than 25%
cells, positive in 25-50% cells, positive in 51-75% cells,
and positive in more than 75% cells. Staining intensity
was grouped as none, weak, moderate, and strong.

Statistical Analysis

NCSS (Number Cruncher Statistical System), 2007
(NCSS, LLC Kaysville, Utah, USA) program was used
for statistical analysis. While evaluating the study data,
in addition to descriptive statistical methods (mean,
standard deviation, median, frequency, and ratio), the
Oneway Anova test was used to compare the parameters
with normal distribution between groups, and the Tukey
HDS test was used to determine the group that caused
the difference. In addition, the Pearson Chi-Square test,
Yates Continuity Correction, Fisher’s Exact test, and
Fisher Freeman Halton test were used to compare qual-
itative data. The results were evaluated at the 95% confi-
dence interval with a significance level of p<0.05.

RESULTS

This study evaluated 60 consecutive patients who under-
went skin biopsies at our institution between 2013 and
2014. The median age was 49.80+20.85 years (range,
8-85 years). Of these patients, 37 (61.7%) were men and
23 (38.3%) were women (male-to-female ratio: 1.61:1).
The gender distribution of the groups was statistically
significant. The number of women in the IDN group
were found to be significantly higher than the other
groups (p=0.048; p<0.05) (Table 1).

Comparison of Expression Proportions and
Intensities of MMP-9 in Lesion Cells and Stromal
Cells According to Groups

The difference between expression proportions and inten-
sities of MMP-9 in lesion cells and stromal cells according
to groups was statistically significant (p=0.001; p<0.001
respectively) (Table 2). The percentage of expression
in the IDN group was below 25% and weak (Fig. 1A).
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TABLE 3. Post Hoc (binary) evaluation of MMP9?, MMP21, and TIMP1® expressions proportions and intensities in lesion cells

and stromal cells according to groups

MMP9 MMP21 TIMP1
IDN-DN IDN-MM DN-MM IDN-DN IDN-MM DN-MM IDN-DN IDN-MM  DN-MM
Proportion of lesion cells 0.001** 0.001** 0.001** 0.001** 0.011* 1.000 0.078  0.003** 0.231
Staining intensity of lesion cells 0.001** 0.001** 0.001**  1.000 0.001** 0.001** 0.001** 0.044* 0.001**
Stained proportion of stromal cells  0.001**  0.001** 0.150 1.000 0.001** 0.001** 0.001** 0.001** 0.001**
Staining intensity of stromal cells 0.001*%* 0.001** 0.002** 0.001** 0.011* 1.000 0.002** 0.002** 1.000

a: Yates Continuity Correction Test; b: Fisher Exact Test & Fisher-Freeman-Halton Test; *: P<0.05; **: P<0.001; IDN: Intradermal nevus; DN: Dermal nevus; MM:

Malignant melanoma.

FIGURE 2. MMP-13 expression. (A) Intradermal nevus: 50-75% of lesion cells expressed strongly MMP-13, whereas stromal cells
did not express MMP-13. (B) Malignant melanoma: 50-75% of lesion cells expressed moderately MMP-13, whereas stromal
cells did not express MMP-13. (C) Malignant melanoma: 25-50% of both lesion and stromal cells expressed strongly MMP-13.

While more than 75% of lesion cells expressed MMP-9 in
the MM group, the expression rate was less than 25% in
the DN group. While all cases with moderate and strong
intensity of lesion cells were seen in the MM group, no
significant or weak expression was observed in the lesion
cells in the DN group. More than 75% of the stromal cells
in DN and MM expressed MMP-9; weak expression was

observed in DN, while moderate and strong expression

was observed in MM (Fig. 1B, C).

In the post hoc evaluations calculated according to
the expression percentages and intensities of MMP-9 in
the lesion and stromal cells, while the DN group had the
lowest percentage and intensity, the IDN group followed
this. Meanwhile, the MM group was the group with the
highest expression percentage and intensity (Table 3).

Comparison of Expression Proportions and
Intensities of MMP-13 in Lesion Cells and Stromal
Cells According to Groups

The difference between expression proportions and in-
tensities of MMP-13 in lesion cells and stromal cells ac-

cording to groups was statistically significant (p=0.048;
p<0.005 respectively) (Table 2). More than 75% of le-
sion cells expressed MMP-13 in the DN group, while
below 25% in the IDN and MM group (Fig. 2A-C).
There was no statistical significance between MMP-13
expression intensities of lesion cells and stromal cells and
stromal expression intensities (p>0.05).

Comparison of Expression Proportions and
Intensities of MMP-21 in Lesion Cells and Stromal
Cells According to Groups

More than 75% of lesion cells expressed MMP-21 in all
groups (cannot be calculated statistically). The MMP-
21 expression intensity of lesion cells was statistically
significant between groups (p<0.001). The expression
percentage and intensity of stromal cells were statisti-
cally significant (p<0.01). Stromal staining percentages
and intensities were low and weak in the IDN and DN
groups (Fig. 3A, B). The percentage of stromal expres-
sion in MM is more than 75% and moderate/strong in-

tensity (Fig. 3C) (Table 2).
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FIGURE 3. MMP-21 expression. (A) Intradermal nevus: 50-75% of lesion cells expressed moderately MMP-21, whereas stromal
cells did not express MMP-21. (B) Displastic nevus: 50-75% of lesion cells expressed moderately MMP-21, whereas 25-50%
of stromal cells expressed moderately MMP-21. (C) Malignant melanoma: 50-75% of lesion cells expressed strongly MMP-21,

whereas stromal cells did not express MMP-21.

FIGURE 4. TIMP-1 expression. (A) Intradermal nevus: 50—-75% of lesion cells expressed moderately TIMP-1, whereas 25-50% of
stromal cells expressed moderately TIMP-1. (B) Displastic nevus: 50—-75% of lesion cells expressed strongly TIMP-1, whereas
25-50% of stromal cells expressed strongly TIMP-1. (C) Malignant melanoma: 50-75% of lesion cells expressed weakly TIMP-

1, whereas 50-75% of stromal cells expressed strongly TIMP-1.

In post hoc evaluation, MMP-21 lesion staining
intensities in DN and MM compared to IDN were
statistically significant (p=0.001, p=0.011, respec-
tively). There was no statistically significant difference
between DN and MM (p>0.05). While the MMP-21
stromal expression percentages and intensities were
not statistically significant between the DN and IDN
groups (p>0.05), a significant difference was found be-
tween IDN and MM groups and DN and MM groups
(p<0.01) (Table 3).

Comparison of Expression Proportions and
Intensities of TIMP-1 in Lesion Cells and Stromal
Cells According to Groups

The TIMP-1 expression proportions and intensities
of lesion cells were statistically significant between the
groups (p=0.027, p<0.001 respectively). Lesion cell

expression intensities are also statistically significant

(p<0.01), they are high in IDN and DN (Fig. 4A, B) and
moderate in MM. The expression proportion of lesion
cells was more than 75% in all cases in the MM group
(Fig. 4C). Stromal expression proportion and intensity

of TIMP-1 showed a statistical significance between all
groups (p<0.01) (Table 2).

The post hoc evaluation revealed a significant differ-
ence between the IDN and the MM group regarding the
staining proportion of lesion cells (p<0.01). There was a
statistically significant difference in all groups according
to lesion cells’ expression intensity (IDN-DN p<0.001,
IDN-MM p=0.044, DN-MM p<0.001). According to
the stromal staining proportions, there was a statisti-
cally significant difference between all groups (IDN-DN
p<0.01; IDN-MM p<0.02, and DN-MM p<0.01).
Stromal staining intensity showed statistical signifi-
cance in IDN-DN and IDN-MM groups (p<0.01 and
p=0.002, respectively) (Table 3).
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DISCUSSION

The MMP family is an essential member of the extra-
cellular proteinases. Their most important task is the
destruction of the ECM that acts as a primary barrier
to prevent tumor tissue growth and tumor cell spread
(4]. Malignant tumors use MMPs to cross this bat-
rier [4—7]. Some factors that inhibit MMPs have been
identified. These are alpha-2-macroglobulin, serum C-
reactive protein, and specific MMP-tissue inhibitors
(TIMP). TIMP regulates MMP activity during both
proenzyme activation and substrate degradation [8].
MMP-9 is secreted by lung alveolar macrophages,
monocytes, lymphocytes, polymorphonuclear leuko-
cytes, and keratinocytes. Macrophages and leukocytes
use this enzyme to penetrate different tissue com-
partments in the body during their migration. MMP-
9, also known as gelatinase B, is substrate specific for
gelatin and type IV basement membrane collagen [2,
8, 9]. MMP-9 expression has been demonstrated in
the carcinogenesis and progression of bladder, lung,
prostate, colorectal, breast, head and neck, stomach
cancers, and osteosarcoma [10—12]. In 2002, a study
designed by Kurschat et al. [13] revealed that MMP-
2 and MMP-9 were immunohistochemically detected
both in melanoma cells and the stroma, but only in the
peritumoral area with in situ enzymatic assays. Chen et
al. [14] investigated the expression of heparanase and
MMP-9 in normal skin, junctional nevus, and cuta-
neous melanoma immunohistochemically. They found
that heparanase and MMP-9 showed similar profiles.
They detected weak staining of over 70% in melanoma
and over 10% in junctional nevi, while normal skin did
not express these markers. Both markers showed high
expression in the group with lymph node metastasis. In
another publication investigating MMP-9 expression
in melanomas at the molecular level, the intragenic hy-
permethylation of MMP-9 was associated with MMP-
9 overexpression and played a role in the development
and progression of cancer. In conclusion, increased
MMP-9 level was found to support the malignant phe-
notype [15]. MMP-9 was found as an indicator of in-
vasion in melanoma and the BRAFV600E mutation
has a role in melanoma development. In addition, cir-
culating-free DNA BRAFV600E and MMP-9 serum
levels were compared in patients receiving dabrafenib
treatment; It was concluded that MMP-9 can be used
as a prognostic indicator in the evaluation of response
to therapy in patients with a diagnosis of melanoma us-

ing BRAF inhibitors [16]. In our study, MMP-9 had
the lowest lesion expression proportion and intensity in
the DN group, while the highest expression proportion
and intensity were in the MM group. While the IDN
group had the lowest stromal staining proportion and
intensity, the MM group had the highest stromal stain-
ing proportion and intensity. These findings showed
that MMP-9 is active in all benign, invasive or non-in-
vasive malignant lesions. Following the literature, it is
more expressed in the cells forming the lesion and in the
accompanying stroma in invasive lesions.

MMP enzymes can destruct the extracellular matrix,
and these properties play an essential role in invasion
of cutaneous malignant melanoma. MMP-13 plays
a crucial role in the activation of MMPs. Corte et al.
(17] evaluated the expression of MMP-13 in invasive
cutaneous malignant melanoma, melanoma in situ and
benign lesions. This study found MMP-13 negative
in benign lesions, MMP-13 positive in 30% of in situ
melanomas and 45% of invasive cutaneous malignant
melanoma. Zigrino, who showed that there was MMP’s
activity at the tumor cell border and in the stroma in
his previous study, injected intradermal melanoma cells
into mice whose MMP-13 pathway was inactivated en-
tirely and found that inhibition of the MMP-13 path-
way caused a significant decrease in both metastasis and
local invasion and vascular spread [18]. Meierjohann
et al. [19] studied the tumorigenic role of MMPs in
melanoma cells and melanocytes and the tyrosine kinase
receptor-dependent migration of melanocytes. As a re-
sult of the study, they found that the primary mediator
stimulating growth in melanoma cells and melanocytes
was MMP-13. Therefore, they reported that MMP-
13 inhibitors should be considered in the treatment
of melanoma [19, 20]. In a recent study, Zamolo et al.
[21] investigated the expression of MMP-1, MMP-2,
and MMP-13 in cells of melanocytic origin in primary
nodular melanoma and dysplastic nevi and the presence
of BRAF V600e mutation. MMPs were expressed in
more than 30% of nodular melanoma and less than 8%
of dysplastic nevi, which was statistically significant. In
addition, MMP-1 and MMP-13 were significantly less
expressed in BRAF V600 mutated melanomas than in
BRAF V600 wild-type melanomas. In our study, the
expression of MMP-13 in lesion cells at a proportion of
more than 75% was statistically significant in DN than
in IDN and MMs. There was no significant difference
between IDN, DN and MM in terms of expression in-
tensity of MMP-13 expression in lesion cells. This re-
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sult we found differs from that of Zamolo et al. [21]
that nodular melanomas showed a significantly higher
level of protein expression for all three matrix metallo-
proteinases compared to DN.

To date, few studies have evaluated the expression
of MMP-21 in nevoid lesions. Kuivanen et al. [22]
studied MMP-21, MMP-26, MMP-28 in melanoma
tissue culture and in vivo. They investigated MMP-
21, MMP-28, and MMP-13 expressions immunohis-
tochemically in non-metastatic melanoma, melanoma
with micrometastasis and melanoma in situ. Addition-
ally, MMP-21 messenger RNA expression was inves-
tigated by the PCR method in all five melanoma cell
lines. MMP-21 was more prominently expressed in
non-metastatic melanoma than in metastasized ones
in both tissues and in vitro studies. Expression was ob-
served more prominently in non-metastatic melanoma
than in those with metastasis. While IDN included
in this study did not show expression with MMP-21,
MM in situ showed expression. MMP-21 was ex-
pressed by fibroblasts around melanoma islands in ad-
dition to melanoma cell However, endothelial cells and
keratinocytes did not express. In conclusion, MMP-21
was found to play a role in the early stages of melanoma
progression. Furthermore, immunohistochemical ex-
pression of MMP-13 was observed in melanoma cells.
Contrary to MMP-21, all cases with sentinel node
metastasis showed MMP-13 expression. MMP-21
mRNA was positive in all melanoma cell lines [22].
A study investigating MMPs and their inhibitors in
melanoma revealed that MMP-21 was responsible for
malignant transformation in MM and was a potential
predictive biomarker for cancer progression [3]. Sim-
ilarly, our results showed that lesion cells and stromal
cells expressed MMP-21 at a low proportion and inten-
sity in the IDN and DN groups. However, the expres-
sion was detected at a higher proportion and intensity

in the MM group.

Bastian et al. [20] investigated the expressions of
TIMP and MMPs in melanoma cases with and with-
out regression. The MMPs group of this study in-
cluded MMP-9 and MMP-13 which were also investi-
gated in our study. MMP-9 was found in tumor cells in
melanomas without regression and in tumor cells, few
fibroblasts and plasma cells in melanomas with regres-
sion. MMP-13 was diffusely positive in melanoma cells,
and the melanoma group with regression tumor cells, fi-

broblasts, endothelial and inflammatory cells expressed
MMP-13. In the TIMP group, TIMP-1, TIMP-2, and

TIMP-3 were studied; both groups showed intense
staining in tumor cells but scattered staining in fibrob-
lasts, endothelial, and plasma cells.

This study is not devoid of limitations. First, the
number of patients in our study was too small for gen-
eralization of the results thus larger cohorts’ studies are
needed to support our results. Second, since the follow-
up data of the patients are not available, we could not
comment on the effects of MMP-9, MMP-13, MMP-21,
and TIMP-1, which we evaluated in the study, on the
survival and prognosis of the patients.

Conclusion

The current study aimed to investigate whether MMP-9,
MMP-13, MMP-21 and TIMP-1 can be used in favor of
IDN in evaluating the lesion in cases where DN and MM
cannot be distinguished and whether these markers can
be used to assess the lesion in favor of DN when DN and
MM cannot be distinguished. Our results revealed that
increased staining proportions and intensity of MMP-9
in both lesion and stromal cells can be interpreted favor
MM in cases where MM and IDN cannot be differen-
tiated. The increased MMP-13 staining proportion of
lesion cells can favor DN in cases where the pathologist
cannot differentiate DN and MM. Intense expression of
MMP-21 by lesion cells can be a potential marker for
evaluating the lesion in favor of DN in cases where DN
and IDN cannot be differentiated. The high expression
intensity of TIMP-1 in lesion cells can favor DN in cases
where there is ambiguity between DN and MM. High
expression proportion and intensity of stromal cells of
TIMP1 can be useable in favor of MM in cases where
MM and DN cannot be differentiated.
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