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Abstract 
Cutaneous melanoma is the most aggressive type of skin cancer, with high invasive potential. Lentigo maligna melanoma (LMM) is a 
relatively rare type, accounting for about 10% of all melanomas, while the most common subtype of melanoma on the face, typically on 
chronically sun-exposed skin of elderly people. Its in situ stage is lentigo maligna (LM). During the process of transformation from LM to 
LMM, tumor cells secrete or induce the release from neighboring cells of large amounts of matrix metalloproteinases (MMPs) that degrade 
the extracellular matrix. Some MMPs, as MMP3 and MMP9 expressed melanoma cells is associated with statistical significance in both in vitro 
and in vivo studies, with an invasive phenotype. Unfortunately, there is scarce data published about MMPs expression in LM/LMM, as majority 
of research on melanoma refer to superficial spreading and nodular melanoma. Our personal, unpublished yet fully data is an attempt to 
complete a specific panel of immunohistochemical markers that could explain the slow growing rate of LMM. 
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 Introduction 

The skin is the first interface of the human body with 
the ultraviolet (UV) radiation and can suffer complex 
changes, depending on genetics [1], the type and length 
of exposure [2, 3] from acute sunburn to premature photo-
aging and even cancer [4, 5]. Cutaneous melanoma is the 
most aggressive form of skin cancer, with high invasive 
potential [6]. Lentigo maligna (LM) is a melanocytic 
proliferation that follows a two-dimensional horizontal 
growth pattern, dermal–epidermal junction limited. Left 
untreated, it invades the dermis and becomes lentigo 
maligna melanoma (LMM), at a rate with high variability 
(5–50%) [7]. LMM is a relatively rare type, accounting for 
about 10% of all melanomas, while the most common 
subtype of melanoma on the face, typically on chronically 
sun-exposed skin of elderly people, with increasing 
incidence in people older than 45 years, at a greater rate 
than for any other melanoma subtype [8]. Diagnosing LM 
is challenging clinically and histopathologically, as it shares 
many features with other pigmented macules on photo-
exposed skin. The difficulty of differentiating between 
the tumor and photodamaged perilesional skin may lead 
to inadequate therapeutic decisions. 

 Matrix metalloproteinases 

The integrity of cell and tissue activities is maintained 
by extracellular matrix (ECM) [9, 10]. ECM proteolysis is 
mediated by two classes of enzymes, plasmin/plasminogen 
activator system and matrix metalloproteinases (MMPs) 
family [11]. MMPs family, zinc-dependent endopeptidases, 
is involved also in complex physiological or pathological 
processes of tissue remodeling associated with morpho-
genesis, wound repair, inflammation, angiogenesis and 
metastasis. Many studies assessed the MMPs roles in 
inflammatory, autoimmune and tumor skin conditions [12, 
13]. At skin level, MMPs are mainly produced by epidermal 
keratinocytes and dermal fibroblast. Synthesis of ECM 
is finely tuned by a balance between MMPs and their 
endogenous inhibitors, called tissue inhibitors of matrix 
metalloproteinases (TIMPs), that reversibly inhibit the 
MMPs in a 1:1 stoichiometric ratio [14, 15]. Most migratory 
cells express membrane MMPs or these are secreted by 
advancing edge cells that spawn through digested ECM 
and thus support cell propulsion. MMPs are able to degrade 
all essential components of ECM and basal membrane 
and their high activity correlates with malignant tumor 
progression [16, 17]. After degradation, ECM releases and 
activates cytokine and matrix fragments that modulate 
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cellular growth, migration and angiogenesis [18]. Some 
MMPs are associated with growth and expansion of tumor 
mass, while others are responsible for in situ progression, 
microvascular invasion and metastasis [19]. Tumor cells 
use this capacity of ECM degradation for spreading. It 
seems that MMPs also promote cellular growth once they 
metastasis [20]. 

Also, the enzyme/inhibitor balance has been shown to 
favor the enzyme in some cancers tissue compared with 
adjacent, non-tumor tissue [14], and thus, consideration of 
the levels of natural MMPS inhibitors (such as TIMPs) 
should be made. Specifically, an increase in MMPs levels 
and low TIMPs level is traditionally believed to be involved 
in tumor expansion. 

As such, during the process of transformation from LM 
to LMM, tumor cells secrete or induce the release from 
neighboring cells of large amounts of proteases that 
degrade the ECM. There is a non-homogenous temporal 
expression of MMPs that allows selective protein degra-
dation in ECM and efficient migration of tumor cells. 
Expression of several proteinase invasiveness can be an 
important issue regarding the ability of metastasis. 

So far, more than 20 types of MMPs have been 
described, either secreted or membrane bound, divided 
in five groups, according to their substrate: gelatinases 
(72 kDa gelatinase – MMP2 and 92 kDa gelatinase – 
MMP9), collagenases (MMP1, 8 and 13), stromelysins 
(MMP3, 10 and 11), matrilysins (MMP7) and membrane 
type (MMP14 and 17) though some new MMPs that cannot 
be classified in the aforementioned groups. Gelatinases 
are involved in the first steps of tumor invasion and these 
have the ability to degrade the collagen in the basal 
membrane [21]. 

 UV rays and MMPs 

Aged skin includes intrinsic changes (chronological 
ageing) and extrinsic changes (caused by chronic UV 
exposure) [8, 22]. Type B UV radiation (UVB) plays a 
key role in sunburn and skin cancer development by 
inducing deoxyribonucleic acid (DNA) damage [23]. While 
in the normal skin MMPs are in a perfect equilibrium 
with their TIMPs, while ageing, it was described an 
exaggerated MMPs activity which was associated with 
the excess degradation and damage of dermal ECM, and 
furthermore with the clinics of aged skin as wrinkles. 
High level of MMP induced by UV radiation disrupts the 
cutaneous physiological equilibrium. There is quite a 
difference between physiological aged skin, where it is 
described an increase in MMPs activity associated with 
downregulation of TIMPs, and the profile of photoaged 
skin where a strong increase in MMP activity was described, 
without affecting the amount or activity of TIMPs, creating 
a misbalance that favors MMPs activity and further, a lytic 
status of the ECM. 

Type A UV radiation (UVA) penetrates the skin more 
deeply than UVB and is mainly involved in photoaging by 
also indirect generation of reactive oxygen species [24]. 

 MMPs in melanoma 

Of MMPs, expression of MMP1, 2, 3, 9, 14, 15 and 
16 by melanoma cells is associated with statistical 
significance in both in vitro and in vivo studies, with an 

invasive phenotype [25, 26]. From this point of view, the 
majority of research on melanoma refers to superficial 
spreading and nodular melanoma. As far as we know, a 
study of this specific constellation of immunohistochemical 
(IHC) markers has not been reported yet in the literature 
in LM/LMM. The few reports in the literature describe 
the effect of the cell-culturing process on the expression 
pattern changes in MMPs. Cell lines derived from human 
cancers are the most widely utilized model for in vitro 
cancer research [27]. Although in vitro experiments can 
never reproduce the complexity of a whole organism, the 
simplicity of cell lines provides the ability to manipulate 
and analyze individual parameters specifically [28]. 

It is well known that lack of proper attachment to ECM 
leads to melanocyte apoptosis [29, 30]. Tumor invasion 
as well as metastasis are complex processes with several 
stages involving loss of growth control, cell attachment 
and increased migration capacity, ECM proteolysis and cell 
colonies formation in the target organs of metastasis. 
The induction of cell motility and survival in the ECM 
are crucial for a cell to become metastatic. When the 
melanocyte cell succeeds in leaving the epidermis and 
invading the dermis, it must survive in a different type of 
environment made mainly out of collagen. Receptors for 
growth factors activation protects the cell from apoptosis 
and induces cell migration in three-dimensional collagen 
environment [30, 31]. Metastatic tumor spreading is the 
most important cause of death in cancer [32]. 

MMP9 overexpression has been proved to greatly 
contribute to tumor invasion and spreading, being asso-
ciated with tumor dissemination [28]. MMP9 digests, 
through proteolysis, gelatin (denatured collagen), type IV, 
V, XI and XVI collagen, elastin, decorin, fibrillin, laminin, 
and also activates growth factors transforming growth 
factor beta precursor (proTGFβ) and tumor necrosis factor 
alpha precursor (proTNFα), being involved in photoaging 
and horizontal (radial) growth phase of melanoma and 
tumor angiogenesis [32]. 

Because the data presented in different reports present 
a wide range of activity of MMPs in melanoma in general 
but nothing specific for LM/LMM, we have aimed for  
a focused approach to MMPs’ expression in this type of 
melanoma. What is particular to LMM versus other 
melanomas is the fact that it evolves very slow, compared 
with superficial spreading melanoma, at same level of 
invasion. Some preliminary data are already available 
(unpublished data) about MMPs expression in a group of 
LM/LMM cases. We conducted a retrospective study on 
MMPs expression in a batch of 22 LM/LMM. A control 
group represented by fragments of photoaged skin from 
people with the same age and gender profile was studied. 
It consisted in 30 samples of skin taken from approxi-
mately the same anatomical regions, as the LM/LMM 
lesions were located. 

We assessed the expression of MMP9 in LM/LMM 
group versus the controls. Only 3/22 cases studied showed 
positivity for MMP9, while all cases from the control 
batch were MMP9 negative (p=0.037, Fischer’s Exact 
Test) (Figure 1). This evidence suggests its role as a 
prognostic factor. In order to clarify the role of MMP9 
in the pathogenesis of LM/LMM it would be with of 
great value not only to assess its expression but also to 
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correlate MMP9 protein expression with the survival of 
patients. Furthermore, the relatively low expression of 
MMP9 in our study, especially in the studied batch of 
LM/LMM, may need epigenetic analysis in order to 
distinguish if MMP9 overexpression is directly associated 
with tumor progression and not with other co-morbidities 
or with inflammatory status given by other medical 
condition. MMP9, aberrantly expressed even in early 
melanoma stages could be of therapeutic value. This may 
contribute to an improvement in the quality of life and 
life span of these patients, as MMP9 expression is usually 
associated with melanoma progression and poor prognosis. 

MMP3 (stromelysin-1) was among the first proteinases 
proved to be associated with cancer. It can hydrolyze 
fibronectin, type IV, V, IX and X collagens, elastin, 

laminins, gelatin and proteoglycan backbone protein. It 
can also activate other proMMPs, including the MMP1 
and MMP13 collagenases. MMP3 has not been detected 
in ‘normal’ skin areas at distance from melanoma tumors, 
while a high expression has been reported in the deep 
edges of melanoma and in the ECM surrounding blood 
vessels, suggesting an important contribution of this 
enzyme to tissue remodeling phenomenon that associates 
with the high invasive growth of melanoma [19, 33]. 
Considering the epithelial cell-specific expression pattern 
of MMP3, we have investigated also (unpublished data) 
the MMP3 protein expression in cases of LM/LMM versus 
the control tissues, by immunohistochemistry. All parti-
cipating patients expressed no MMP3, not even in 
chronically sun-aggressed skin (Figure 2). 

 

 
D

 
Figure 1 – MMP9 immunoexpression: (A) LMM – junctional tumor nests are positive for MMP9; (B) LMM – junctional 
tumor nests are light focal positive for MMP9; (C) LM – some of junctional tumor cells are positive for MMP9; (D) LM – 
tumor cells are negative for MMP9; (E) LMM – junctional tumor nests are negative for MMP9; (F) Control skin – basal 
hypertrophic melanocytes are negative for MMP9. Anti-MMP9 antibody immunomarking: (A–F) ×200. MMP9: Matrix 
metalloproteinase 9; LMM: Lentigo maligna melanoma; LM: Lentigo maligna. 

 

 

Figure 2 – MMP3 immunoexpression: (A) LM – junctional tumor cells are negative 
for MMP3; (B) LM – junctional tumor cells are negative for MMP3 – epidermal 
basal cells are hyperpigmented; (C) LMM – tumor cell nests are negative for MMP3; 
(D) Control skin – hypertrophic basal melanocytes are negative for MMP3. Anti-
MMP3 antibody immunomarking: (A, C and D) ×200; (B) ×400. MMP3: Matrix 
metalloproteinase 3; LM: Lentigo maligna; LMM: Lentigo maligna melanoma. 
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In the present study, MMP3 does not seem to be 
involved neither in benign nor in malignant transformation 
of LM, probably because this type of melanoma is not an 
aggressive one. Moreover, in the same line, functional 
polymorphism in the promoter regions of MMP2 and 
MMP3 has been recently showed not to be related to an 
increase risk for melanoma progression [16]. 

 Conclusions 

Understanding complex molecular mechanisms and 
identification their interactions may lead to important 
information about initiation and tumor progression as well 
as about patients’ prognosis. For this purpose, these markers 
should be assessed in different stages of carcinogenesis 
in order to identify potential prognostic and therapeutic 
targets. The importance of MMPs in malignant melanocytes 
behavior was revealed, but there are scarce reported data 
in the literature describing IHC expression of MMP3 and 
MMP9 in this specific type of melanoma – LM/LMM. 
Results from our study, although not specific, being 
performed on human skin pathology cases, are becoming 
more valuable mainly because inhibition of expression 
and/or enzymes’ activity of these markers may be effective 
targets for preventing tumor invasion and metastasis. 
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