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Abstract 
Mechanisms involved in melanoma invasiveness and metastasis are essential to understanding the behavior of this aggressive melanocytic 
skin cancer. The epithelial–mesenchymal transition (EMT) is considered fundamental for overcoming the in situ stage of melanoma and its 
proliferation beyond the basal membrane. Matrix metalloproteinases (MMPs) and their tissue inhibitors (TIMPs) are key molecules involved 
in EMT about whose expression in lentigo maligna (LM) and lentigo maligna melanoma (LMM) little has been studied so far. In this article, 
our main aim was to review the role of TIMPs in invasiveness and aggressiveness of LM/LMM in order to detect EMT modifications in this 
type of melanoma. We also presented some partial personal unpublished results. It is well established by now that progression of melanoma 
depends on ECM remodeling, TIMPs family being one of the most important regulators of this process. Considering the multitude of molecules 
involved in cancer invasiveness and their complex interaction, it is too early to analyze and to conclude upon the significance of different 
expression of TIMPs in LM/LMM. We consider some correlations are needed to be done also with other consecrated histological (as Clark 
level, Breslow indexes, presence of ulceration, mitotic index, intratumor inflammatory infiltrate, etc.) and immunohistochemical markers 
[cadherins, vascular endothelial growth factor (VEGF), bcl-2, etc.] of prognosis and metastasis. In this light, we consider that our study could 
further clarify the significance of TIMPs expression in this specific type of melanoma. 
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 Introduction 

Melanoma in situ is reported as a disproportionately 
high percentage of the total melanoma, all melanoma 
types having an in situ stage. Lentigo maligna (LM) is 
the in situ stage of lentigo maligna melanoma (LMM) 
and it is specific in elderly, appearing on photo-aged 
skin [1]. The melanocytic proliferation is above the 
basal membrane. Of all in situ forms, LM has a quite 
long evolution before becoming invasive, years, even 
decades. For becoming invasive, meaning that the 
melanocytes proliferate beyond the basal membrane,  
a specific key stage should be reached and that is 
epithelial–mesenchymal transition (EMT) [2]. EMT 
represents a key phenomenon involved in the biology of 
tumor genesis, in general. While suffering EMT, a tumor 
is acquiring invasiveness and the ability to metastasize. 
Deepening the knowledge on EMT could lead to advances 
in understanding the pathophysiology of melanoma and 
to optimize the therapeutic approach. Matrix metallo-
proteinases (MMPs) and their tissue inhibitors (TIMPs) 
are key molecules involved in EMT [3, 4] but about 
their expression in LM/LMM is little published. Clinical 
and histopathological diagnosis is difficult, immunohisto-
chemical (IHC) examination being currently helpful. 

The main objective of this review is to establish the 
role of TIMPs, key molecules of EMT, in invasiveness 
and aggressiveness of LM/LMM in order to detect EMT 

modifications in this type of melanoma. Unfortunately, 
the data on this subject is scarce, and, as far as we have 
searched, a specific panel of IHC markers has not been 
reported yet in scientific papers. The data presented in 
this review is more about TIMPs involvement in melanoma 
in generally, as most of the IHC studies included only 
specific types of melanoma, as nodular melanoma and 
superficial spreading melanoma. What is particular to LM 
is the very slow evolving, in decades, of melanocytic 
proliferation above the basal membrane but once the 
melanocytes invades the dermis and becomes LMM has 
the same prognostic with any other type of melanoma, 
prognostic that depends mainly on tumor thickness in 
the moment of diagnosis [5]. 

 TIMPs, MMPs and metastasis 

It is well known in dermato-oncology and dermato-
pathology that melanoma is highly metastatic, being one 
of the most aggressive tumors at all and, most of times, 
resistant to current chemotherapeutic treatments [6]. This 
may explain why this type of cancer is associated with 
high mortality rates [7]. The production of melanoma 
metastases depends on fulfilling some essential steps. First 
of all, melanoma cells develop specific characteristics that 
permit them to detach from the tumor matrix. Essential 
next step is the degradation of basement membrane. 
Detaching and remodeling of the tumor extracellular matrix 
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(ECM) is made possible by proteolytic enzymes such as 
MMPs, which facilities the motility of the tumor cells 
through ECM [8, 9]. Next, they have to migrate and 
invade the stromal tissue. Further, melanoma cells must 
penetrate into blood vessels where they have to survive 
in order to extravase and to invade secondary sites. Once 
extravased, metastatic melanoma cells must attach and 
proliferate in order to form a secondary tumor [10]. There 
is not described yet a fully histopathological, molecular, 
or IHC markers panel to clearly define and predict 
melanoma behavior [11]. 

In vitro studies showed that fibronectin and laminin, 
that are non-collagenous ECM glycoproteins important 
for cell adhesion, enhances migration of melanoma cells. 
Both have domains with unique functions that promote 
binding to specific collagens and proteoglycans, as well 
as to cell surfaces [12]. The major proteinases involved 
in ECM catabolism are the MMPs, which include 
collagenases, gelatinases, stromelysins, matrilysins, 
membrane-type MMPs (MT-MMPs) and others as 
ADAMTS (a disintegrin and metalloproteinase with 
thrombospondin domains) metalloproteinases [13]. 

The activities of these MMPs are precisely regulated 
under physiological conditions at the levels of trans-
cription, zymogen activation and inhibition by endogenous 
inhibitors. Disruption of the balance between the produc-
tion of active enzymes and their inhibition may result in 
diseases associated with uncontrolled ECM turnover, 
inflammation, cell growth and migration, such as cancer. 

MMPs activity is modulated by a family of tissular 
inhibitor of matrix metalloproteinase (TIMP), a family 
with four members (TIMP-1 to TIMP-4). They actively 
inhibit MMPs by binding to their catalytic domain. 
More than that, TIMP-1 and TIMP-2 regulate activation 
of some proMMPs by binding to the COOH-terminal 
hemopexin-like domain. They are consequently important 
regulators of ECM turnover, tissue remodeling and cellular 
behavior. In addition to their MMP inhibitory activity, 
TIMPs have other biological activities such as promoting 
cell proliferation, anti-angiogenic, pro- and anti-apoptotic 
and synaptic plasticity activities, many of which are 
independent of MMPs inhibition [13, 14]. 

All four TIMPs inhibit the 23 MMPs identified in 
humans, but with different affinities that vary. Among the 
four TIMPs, TIMP-3 has the broadest inhibition spectrum 
inhibiting also members of the ADAM and ADAMTS 
families [15, 16]. It also differs from the other TIMPs 
by being firm bound to the ECM [13]. In vivo over-
expression of TIMP-3 is associated with apoptosis of 
melanoma cells, indicating that TIMP-3 may inhibit 
melanoma growth on different levels. Thus, overexpression 
of TIMPs has been shown to reduce tumor growth and 
metastasis formation [17]. 

Quite opposite to TIMP-3, TIMP-1 has the most 
restrictive area of inhibition. It has a relatively low 
affinity for the MT-MMPs, MMP-14, MMP-16, MMP-24 
and MMP-19 [18]. It is quite well studied the preference 
inhibition of TIMP-1 against MMP-9, MMP-3 and MMP-1. 
TIMP-1 is expressed mostly at the front of cell invasion 
and, as at that level MMP-1 and MMP-13 are not so 
often detected, its action is directed to the inhibition of 
MMP-9 [19]. 

When talking about differences between the affinities 

of different TIMPs for different MMPs, it is well known 
that TIMPs-2 and -3 are weaker inhibitors than TIMP-1 
for MMP-3 and MMP-7 and that TIMP-2 acts against 
MMP-2 rather than MMP-9 [13]. 

Overexpression of TIMP-2 reduces invasive properties 
of the cells and angiogenesis of melanoma cells in vivo 
and protects them from apoptosis [20]. It is well expressed 
in melanomas, regardless of Clark stages. MMP-14 
specifically binds to TIMP-2 generating a complex that 
functions as a receptor for the proenzyme MMP-2 [21]. 

It is very interesting the relation between TIMP-2 
and MMP-2 as it depends on TIMP-2 concentration the 
relation it establish with MMP-2. It was demonstrated 
that, at low concentrations, TIMP-2 promotes the formation 
of a complex with proMMP-2 and MT1-MMP on the 
cell surface, complex that lead to activation of MMP-2. 
Therefore, at low concentrations, TIMP-2 promotes 
processing of MMP-2 to its proteolytically active form. 
On the other hand, high concentrations of TIMP-2 inhibit 
MMP-2 activation. The fine balance between levels of 
activated MMP and free inhibitors seems to be critical for 
MMP activity [21]. TIMP-2 is detectable in melanoma 
cells, fibroblasts or endothelial cells in most tumors and 
associated with low invasiveness. 

Premalignant lesions, such as tumors of grade I are 
negative for collagenases-1, -3 and TIMP-1 and -3. TIMP-1 
and -3 are abundantly expressed in the stromal cells or 
melanoma cancer cells grade III and IV, while TIMP-2 was 
detected in melanomas with decreased invasive potential. 

Despite the complex and sometimes-controversial 
effect of TIMPs, it is accepted by quite all scientists that 
their overexpression decreases melanoma experimental 
metastasis [22] because they can directly suppress MMPs 
activity [23]. TIMP expression may reflect the host 
response to tumor invasion in an effort to control MMP 
activity and preserve the integrity of the ECM. 

 TIMPs in photo-aged skin 

Despite their role in cancer metastasis, MMPs play an 
important role in physiological turnover and maintenance 
dermal ECM as the MMPs degrade basically every 
component of the dermal ECM, including collagen. In 
the aged skin, there was reported an exaggerated MMPs 
activity, which was associated with the excess degradation 
and damage of dermal ECM, and furthermore with the 
clinics of aged skin. The balance between MMPs and 
TIMPs is critical in maintaining skin’s matrix stability 
and homeostasis in dermal connective tissue. Any mis-
balance between MMPs and TIMPs affects the skin, even 
if is about overexpression of MMP and down-regulation 
of TIMP, which will lead to excessive degradation and 
damage of the ECM, specifically the collagen, causing 
wrinkles and skin laxity or is about a deficiency in MMP 
level associated with an excess of TIMPs, which also 
affects the turnover and recycling of the ECM. 

Physiological aged skin is characterized by a strongly 
increased MMPs activity associated with down-regulation 
of TIMPs that leads on one hand to important loss and 
damage of collagen and matrix and on the other hand to 
impaired cell growth and survival. Photo-aging, on the 
other hand, leads to a strong increase in MMP activity 
without affecting the amount or activity of TIMPs, creating 
a misbalance that favors MMPs activity [17, 24, 25]. 
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Because the data in scientific papers present a wide 
range of activity of TIMPs, but nothing specific for 
LM/LMM, we have already started a focused approach 
to TIMPs expression in this particular lesion. Some 
preliminary data are already available (unpublished data) 
about TIMPs expression in a batch of LM/LMM compared 
to its expression in a control batch consisted of 30 samples 
of photo-aged skin. The expression of TIMP-1 was negative 
in 50% of control batch and in all cases of LM/LMM at 
cytoplasmic level (p=0.000 Fisher’s exact test) (Figure 1). 

The cytoplasmic expression of TIMP-2 was positive 
in 4/22 cases in the LM/LMM batch. In all cases, the 
control group cytoplasmic expression of TIMP-2 was 

negative (p=0.015 Fischer’s exact test) (Figure 2). Nuclear 
and cytoplasmic TIMP-3 expression were appreciated both 
separately and concomitant. 18/22 cases from LM/LMM 
batch and 12/30 from control batch were presenting cyto-
plasmic +/- nuclear positivity (p=0.002 Fischer’s exact 
test). We found out that TIMP-3 cytoplasmic expression 
was present in 7/30 cases in control batch and in 18/22 
cases from LM/LMM batch (p=0.000 Fischer’s exact test). 
TIMP-3 immunoexpression was positive at nuclear level 
in 4/22 cases in LM/LMM batch and seven of cases in 
the control batch, but the association is not having any 
statistical significance (Figure 3). 
 

 

Figure 1 – TIMP-1: (A) Control skin – basal hypertrophic melanocytes are positive at cytoplasmic level for TIMP-1 
(×200); (B) Control skin – basal melanocytes express variable nuclear positivity for TIMP-1 (×400); (C) LMM – 
tumor nests are negative for TIMP-1 (×200); (D) LM – tumor junctional cells are negative for TIMP-1 (×200). 

 

Figure 2 – TIMP-2: (A) LMM – junctional tumor nests are positive for TIMP-2 (×200); (B) LM – junctional tumor 
nests are negative for TIMP-2 (×200). 
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Figure 2 (continued) – TIMP-2: (C) LMM – junctional tumor nests are negative for TIMP-2 (×200); (D) Control skin – 
basal hypertrophic melanocytes are negative for TIMP-2 (×200). 

 

Figure 3 – TIMP-3: (A) Detail – nests in hair follicle are highly
positive for TIMP-3 (×400); (B) LMM – cell nests are slightly 
positive for TIMP-3 (×200); (C) Control skin – hypertrophic 
basal melanocytes are positive for TIMP-3 (×200); (D) Control
skin – basal hypertrophic melanocytes are positive for TIMP-3
at nuclear level (×200); (E) Control skin – basal melanocytes 
are negative for TIMP-3; basal keratinocytes are positive at 
cytoplasmic level for TIMP-3 (×400). 
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 Conclusions 

It is well established by now that progression of 
melanoma depends on ECM remodeling, that depends on 
many molecules, TIMPs family being one of the most 
important regulators of this process. Considering the 
multitude of molecules involved in cancer invasiveness 
and their complex interaction, it is too early to analyze 
and to conclude upon the significance of different 
expression of TIMPs in LM/LMM especially because not 
only the qualitative but also the quantitative and semi 
quantitative expression of TIMPs could be relevant. 
Some correlations are needed to be done also with other 
consecrated histological (as Clark level, Breslow index, 
presence of ulceration, mitotic index, intratumor inflam-
matory infiltrate, etc.) and immunohistochemical markers 
[cadherin, vascular endothelial growth factor (VEGF), 
bcl-2, etc.] of prognosis and metastasis. In this light, we 
consider that our study could further clarify the meaning 
of TIMPs overexpression and loss of expression in this 
specific type of melanoma. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

Acknowledgments 
This paper is supported by the Executive Agency for 

Higher Education, Research, Development and Innovation 
(UEFISCDI) under the identification code PN-III-P4-ID-
PCE-2016-0641 (Contract No. 183). 

References 
[1] McKenna JK, Florell SR, Goldman GD, Bowen GM. Lentigo 

maligna/lentigo maligna melanoma: current state of diagnosis 
and treatment. Dermatol Surg, 2006, 32(4):493–504. 

[2] Li FZ, Dhillon AS, Anderson RL, McArthur G, Ferrao PT. 
Phenotype switching in melanoma: implications for progression 
and therapy. Front Oncol, 2015, 5:31. 

[3] Kuphal S, Palm HG, Poser I, Bosserhoff AK. Snail-regulated 
genes in malignant melanoma. Melanoma Res, 2005, 15(4): 
305–313. 

[4] Şurlin P, Rauten AM, Mateescu GO, Oprea B, Mariş M, 
Manolea H. The involvement of metalloproteinases and their 
tissular inhibitors in the processes of periodontal orthodontic 
remodeling. Rom J Morphol Embryol, 2009, 50(2):181–184. 

[5] Balch CM, Gershenwald JE, Soong SJ, Thompson JF, 
Atkins MB, Byrd DR, Buzaid AC, Cochran AJ, Coit DG, Ding S, 
Eggermont AM, Flaherty KT, Gimotty PA, Kirkwood JM, 
McMasters KM, Mihm MC Jr, Morton DL, Ross MI, Sober AJ, 
Sondak VK. Final version of 2009 AJCC melanoma staging 
and classification. J Clin Oncol, 2009, 27(36):6199–6206. 

[6] Gajda M, Kamińska-Winciorek G, Wydmański J, Tukiendorf A. 
“Better do not touch” and other superstitions concerning 
melanoma: the cross-sectional web-based survey. Adv 
Dermatol Allergol, 2016, XXXIII(5):329–335. 

[7] Leiter U, Garbe C. Epidemiology of melanoma and non-
melanoma skin cancer – the role of sunlight. Adv Exp Med 
Biol, 2008, 624:89–103. 

[8] Liotta LA, Kohn EC. The microenvironment of the tumour–
host interface. Nature, 2001, 411(6835):375–379. 

[9] Geho DH, Bandle RW, Clair T, Liotta LA. Physiological 
mechanisms of tumor-cell invasion and migration. Physiology 
(Bethesda), 2005, 20:194–200. 

[10] Nguyen DX, Bos PD, Massagué J. Metastasis: from dissemi-
nation to organ-specific colonization. Nat Rev Cancer, 2009, 
9(4):274–284. 

[11] Welch DR, Goldberg SF. Molecular mechanisms controlling 
human melanoma progression and metastasis. Pathobiology, 
1997, 65(6):311–330. 

[12] Rosso F, Giordano A, Barbarisi M, Barbarisi A. From cell–
ECM interactions to tissue engineering. J Cell Physiol, 2004, 
199(2):174–180. 

[13] Brew K, Nagase H. The tissue inhibitors of metalloproteinases 
(TIMPs): an ancient family with structural and functional 
diversity. Biochim Biophys Acta, 2010, 1803(1):55–71. 

[14] Kalluri R, Weinberg RA. The basics of epithelial–mesenchymal 
transition. J Clin Invest, 2009, 119(6):1420–1428. 

[15] Kashiwagi M, Tortorella M, Nagase H, Brew K. TIMP-3 is a 
potent inhibitor of aggrecanase 1 (ADAM-TS4) and aggrecanase 
2 (ADAM-TS5). J Biol Chem, 2001, 276(16):12501–12504. 

[16] Wang WM, Ge G, Lim NH, Nagase H, Greenspan DS. 
TIMP-3 inhibits the procollagen N-proteinase ADAMTS-2. 
Biochem J, 2006, 398(3):515–519. 

[17] Zurac S, Neagu M, Constantin C, Cioplea M, Nedelcu R, 
Bastian A, Popp C, Nichita L, Andrei R, Tebeica T, Tanase C, 
Chitu V, Caruntu C, Ghita M, Popescu C, Boda D, Mastalier B, 
Maru N, Daha C, Andreescu B, Marinescu I, Rebosapca A, 
Staniceanu F, Negroiu G, Ion DA, Nikitovic D, Tzanakakis GN, 
Spandidos DA, Tsatsakis AM. Variations in the expression 
of TIMP1, TIMP2 and TIMP3 in cutaneous melanoma with 
regression and their possible function as prognostic predictors. 
Oncol Lett, 2016, 11(5):3354–3360. 

[18] Nagase H, Murphy G. Tailoring TIMPs for selective metallo-
proteinase inhibition. In: Edwards D, Høyer-Hansen G, Blasi F, 
Sloane BF (eds). The cancer degradome: proteases and 
cancer biology. Springer, New York, 2008, 787–810. 

[19] Airola K, Karonen T, Vaalamo M, Lehti K, Lohi J, Kariniemi AL, 
Keski-Oja J, Saarialho-Kere UK. Expression of collagenases-1 
and -3 and their inhibitors TIMP-1 and -3 correlates with the 
level of invasion in malignant melanomas. Br J Cancer, 1999, 
80(5–6):733–743. 

[20] Valente P, Fassina G, Melchiori A, Masiello L, Cilli M, Vacca A, 
Vacca A, Onisto M, Santi L, Stetler-Stevenson WG, Albini A. 
TIMP-2 over-expression reduces invasion and angiogenesis 
and protects B16F10 melanoma cells from apoptosis. Int J 
Cancer, 1998, 75(2):246–253. 

[21] Butler GS, Butler MJ, Atkinson SJ, Will H, Tamura T, Schade 
van Westrum S, Crabbe T, Clements J, d’Ortho MP, Murphy J. 
The TIMP2 membrane type 1 metalloproteinase “receptor” 
regulates the concentration and efficient activation of progela-
tinase. A kinetic study. J Biol Chem, 1998, 273(2):871–880. 

[22] Montgomery AMP, Mueller BM, Reisfeld RA, Taylor SM, 
DeClerck YA. Effect of tissue inhibitor of the matrix metallo-
proteinases-2 expression on the growth and spontaneous 
metastasis of a human melanoma cell line. Cancer Res, 1994, 
54(20):5467–5473. 

[23] Khokha R. Suppression of the tumorigenic and metastatic 
abilities of murine B16-F10 melanoma cells in vivo by the 
overexpression of the tissue inhibitor of the metalloproteina-
ses-1. J Natl Cancer Inst, 1994, 86(4):299–304. 

[24] Kuehne A, Hildebrand J, Soehle J, Wenck H, Terstegen L, 
Gallinat S, Knott A, Winnefeld M, Zamboni N. An integrative 
metabolomics and transcriptomics study to identify metabolic 
alterations in aged skin of humans in vivo. BMC Genomics, 
2017, 18(1):169. 

[25] Gendron SP, Rochette PJ. Modifications in stromal extra-
cellular matrix of aged corneas can be induced by ultraviolet A 
irradiation. Aging Cell, 2015, 14(3):433–442. 

 
 
Corresponding author 
Roxana Ioana Nedelcu, Assistant Professor, MD, PhD, Department of Pathophysiology, “Carol Davila” University of 
Medicine and Pharmacy, “Prof. Dr. Matei Balş” National Institute of Infectious Diseases, 1 Dr Calistrat Grozovici 
Street, 021105 Bucharest, Romania; Phone +40721–916 624, e-mail: roxanaioana.nedelcu@yahoo.com 
 
 
Received: October 10, 2016     Accepted: September 25, 2017 


