
Abstract. Background/Aim: Melanoma is a cancer disease
with increasing incidence in the Caucasian population. It is
often accompanied by spontaneous regression (SR), probably
due to high immunogenicity. Understanding of this
phenomenon could allow its induction in clinical practice, but
detailed study in humans is impossible for ethical reasons. The
aim of this study was to determine the role of fibronectin,
tenascin C, and MMP-2 in the process of SR. Materials and
Methods: Time-lapse study of SR was performed in the MeLiM
(Melanoma-bearing Libechov Minipig) model. Skin melanomas
were taken from 3 weeks to 8 months of age and
immunohistochemically processed for fibronectin, tenascin C
and matrix metalloproteinase-2 (MMP-2). Results: Expression
of all studied proteins increased up to the 10th week of age.
Two structurally different areas were distinguishable from the
3rd month of age. MPP-2 expression predominated in areas
with melanoma cells, whereas fibronectin and tenascin-C
prevailed in the forming fibrous tissue. Conclusion: Rebuilding
of melanoma into the fibrous tissue during SR was connected
with a general rise in fibronectin and tenascin C expression. 

Cutaneous melanoma is a solid tumour derived from activated
or genetically altered epidermal melanocytes. The incidence of
malignant melanoma increases worldwide in Caucasian
population during the last decades. Furthermore, melanoma
shows high mortality rate apparently connected with its
metastatic ability (1). Melanoma is among the most
immunogenic solid cancers, as supported by the phenomenon

of complete and/or partial spontaneous regression (SR) (2).
Partial SR of primary cutaneous melanoma is a relatively
frequent phenomenon accounting for 10-35% of all
documented cases and is macroscopically manifested as
depigmentation around skin tumours. On the contrary, the
complete SR is a very rare phenomenon with approximately
40 cases outlined so far (3). Histologically, SR is associated
with mass lymphocyte infiltration, melanin aggregation,
melanoma cell damage, and melanophage and fibrosis
appearance (4, 5). The mechanism of SR still remains
unexplained. Examination of sequential reactions going on
during complete melanoma regression can bring a fundamental
shift in the understanding of whole SR process. Subsequently,
utilization of ascertained findings could offer new treatment
strategies for humans based on inducing/supporting natural
regression process. However, time-lapse studies cannot be
performed in humans for ethical reasons.

The MeLiM (Melanoma-bearing Libechov Minipig) strain
of miniature pigs with hereditary melanoma is a suitable
model for melanoma studies due to histopathological (6) and
biochemical (7) similarity with human melanoma. This
unique animal model allows to investigate the processes of
tumour development as well as SR. More than half of MeLiM
miniature pigs show multiple nodular cutaneous tumours as
well as numerous spleen, lymph node and pulmonary
metastases. Approximately 1/3 of the affected piglets die due
to melanoma progression during the first two months of age.
The remaining 2/3 of animals undergo complete SR which is
usually connected with bristle and skin depigmentation (6).
These macroscopic changes are accompanied by complete
tumour structure rebuilding. The tumour is initially composed
almost exclusively of melanoma cells which are gradually
destroyed during SR and replaced by fibrous tissue (8). This
tissue rebuilding requires a degradation of existing tissue,
including its supporting framework of extracellular matrix
(ECM), and re-formation of a new one. Previously, ECM has
only been considered as an amorphous network supporting
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cells. Nowadays it is known that many biological processes
(such as differentiation or gene expression) are regulated by
cell–cell and cell–ECM interactions. Moreover, interactions
between tumour cells and the surrounding ECM affect tumour
growth and metastatic ability (9, 10).

ECM is a special extracellular net consisting of collagens,
fibrillar glycoproteins, and proteoglycans. In relation to the
melanoma, the most frequently discussed potential
melanoma markers are fibronectin and tenascin C together
with MMP-2 (matrix metalloproteinase-2, the enzyme
degrading ECM components). Fibronectin is an abundant
ECM protein forming a network structure pervading the
extracellular space (11). It may participate in various
processes related to cell adhesion and migration (12). In
melanoma, elevated fibronectin levels are associated with
invasiveness and metastatic activity of tumours or tumour
cell lines (12). Tenascin C, another ECM protein, shows low
expression in many tissues of adult mammals (13, 14). It has
been considered to play an important role in tissue
transformation. High levels of tenascin C are regularly found
during wound healing and generally in various tumours (15-
20). Elevated levels of tenascin C are also found in invasive
and metastatic melanomas and melanoma cell lines (similarly
to fibronectin) (21, 22). ECM degradation is mediated by
proteins of the matrix metalloproteinase family. MMP-2
secreted by normal and tumour cells has been shown to play
a key role in angiogenesis, tumour cell invasion, and
metastasis by promoting degradation of ECM (23, 24). In
melanoma, a correlation between high MMP-2 expression
and low survival rate was observed independently on Clark’s
levels and Breslow’s thickness (25). Thus, all these three
proteins – fibronectin, tenascin C, and MMP-2 – are
important for melanoma development and might be
considered as potential melanoma markers.

The aim of this study was to determine the role of
fibronectin, tenascin C, and MMP-2 in the process of SR
using the very suitable MeLiM model. Implementation of a
time-lapse study (using miniature pigs of different ages)
allowed a detail observation of individual SR steps in
MeLiM melanoma and searching for mutual relations of
studied proteins in the SR process.

Materials and Methods

Animals and tissue sampling. Fifty eight melanomas of exophytic
appearance were taken from the MeLiM miniature pigs at 3 weeks
(7 melanomas), 4 weeks (8 melanomas), 6 weeks (9 melanomas), 8
weeks (6 melanomas), 10 weeks (9 melanomas), 3 months (7
melanomas), 5 months (6 melanomas), and 8 months (6 melanomas)
of age and used for SR monitoring. The analysed porcine
melanomas appeared at birth or developed shortly afterwards. They
corresponded to the Clark V stage used for human melanoma
classification. A clear vertical growth of all analysed melanomas
was observed. The melanoma cells were found in the reticular layer

of dermis and in subcutaneous adipose tissue. Twenty skin samples
from healthy (tumour-free) MeLiM animals of equivalent ages were
collected for comparison.

Tumours and skin samples were excised under total anaesthesia
[premedication with i.m. Atropine (0.5 mg/minipig; Hoechst-
Biotika, Martin, Slovak Republic) and Stresnil (1 mg/kg of body
weight; Janssen Pharmaceutica N.V., Beerse, Belgium) followed
with Narcotan inhalation (Leciva, Prague, Czech Republic)]. The
wound was closed by individual stitches, and Vetalgin (0.5 mg/kg
of body weight; Intervet International, Unterschleißheim, Germany)
was applied i.m. after the surgery was finished and two days
thereafter to control pain after tissue excision and wound suturing.
These procedures were performed in accordance with the rules of
the European Convention for the Care and Use of Laboratory
Animals and on the basis of the Project of Experiment for ensuring
the welfare of experimental animals that was assessed and
recommended by the Expert Committee of the IAPG AS CR, v.v.i.
(Libechov, Czech Republic) and approved by the Expert Committee
of the Academy of Sciences of the Czech Republic.

Tissue samples (around 5×5 mm) were taken from melanomas
immediately after excision, placed on a piece of cork, covered with
Jung Tissue Freezing Medium (Leica Microsystems, Wetzlar, 
Germany) and frozen in liquid nitrogen. Serial cryosections of
6 μm thickness were prepared by the Leica CM 1850-Cryostat
(Leica, Nussloch, Germany), air dried for 15 min and stored until
use at –20˚C. 

Immunohistochemistry. Melanoma cryosections were processed for
detection of fibronectin, tenascin C, and MMP-2 by indirect
immunofluorescence. Cryosections were fixed with cold acetone 
(10 min), washed with PBS (3 times, 5 min each), blocked with 10%
porcine serum in PBS (1 h), and incubated with primary mouse
monoclonal anti-fibronectin antibody (Cat. No. ab6328, dilution
1:100, Abcam, Cambridge, UK), mouse monoclonal anti-MMP-2
antibody (Cat. No. MAB3308, dilution 1:2,000, Chemicon
International, Temecula, CA, USA) or goat polyclonal anti-tenascin
C antibody (Cat. No. sc-9872, dilution 1:250, Santa Cruz
Biotechnology, Dallas, TX, USA) overnight in refrigerator. After
washing with PBS (3 times, 5 min each), sections were incubated
with appropriate secondary antibody (goat anti-mouse
immunoglobulins, Cy3 conjugated, Cat. No. AP124C; rabbit anti-goat
immunoglobulins, Cy3 conjugated, Cat. No. AP106C; both diluted
1:1000; Chemicon International) in dark for 1 h. The stained sections
were washed with PBS (3 times, 5 min each) and nuclei were
counterstained with DAPI (4’, 6-diamidino-2-phenylindole, Sigma-
Aldrich, Darmstadt, Germany) (10 min). After final washing in PBS
and distilled water, the sections were embedded in the Mounting
Medium (prepared according to the technical data sheet No. 777;
Polysciences, Inc., Warrington, FL, USA) with Mowiol 4–88
(Calbiochem, San Diego, CA, USA) and n-propyl gallate (5 mg/ml
final concentration; Sigma-Aldrich, Darmstadt, Germany). Both the
primary and secondary antibodies were diluted with the blocking
reagent (10% porcine serum in PBS). Cryosections with omitted
primary antibody served as controls. Immunostaining was evaluated
using an AX70 fluorescence microscope (Olympus, Tokyo, Japan).
Black and white images of detected proteins plus nuclei (DAPI)
staining were taken with the DP30BW Monochrome Microscopy
Camera (Olympus, Tokyo, Japan). In addition, the tumour areas
evaluated by immunohistochemistry were simultaneously monitored
by bright-field microscopy to detect the distribution and morphology
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of melanoma cells. Both immunohistochemical and bright-field
microscopy images were pseudo-coloured and overlapped using
Micro Image software (Olympus, Tokyo, Japan).

Evaluation of immunohistochemical staining. Expression of the
monitored proteins was evaluated on the base of intensity of
immunohistochemical staining in extracellular spaces of melanoma
tissue. Expression was assigned as very low (+), low (++), moderate
(+++), high (++++), and very high (+++++) (Figure 1). Reaction of
these proteins in sebum glands, walls of blood vessels, and connective
sheaths of bristles were not taken into account for this evaluation.

Results

Fibronectin. Very low expression of fibronectin was detected
in melanomas of 3-week-old pigs (Figure 2A). Thin weakly
branched fibres of fibronectin penetrated the tumour. A slight
increase in expression of fibronectin and elongation of
fibronectin fibres was observed in melanomas of 4-week-old
pigs. However, the overall expression in melanoma samples
was still evaluated as very low. A gradual increase in
fibronectin expression was detected in melanomas of 6-, 8-
and 10-week-old pigs (Figure 2B). Despite this fact, the
overall expression was still classified as low. The 3rd month
of age was characterized by proceeding SR which was
accompanied by an enlargement of the fibrous tissue. Thus,
two histologically different tissue areas (scattered across the
melanoma cryosections) were clearly distinguishable starting

from this age. Areas still containing melanoma cells were
disappearing with gradual age (3, 5, and 8 month) and
replaced by the fibrous tissue areas (without melanoma cells)
as already described (8). Melanomas of 3- and 5-month-old
pigs were characterized by continuous increase in overall
expression of fibronectin (throughout the entire melanoma
samples) that was classified as medium. However, clear
differences in expression were detected between the two tissue
areas. The areas with melanoma cells showed low expression
of fibronectin in melanomas of 3-month-old-pigs and very low
expression (bordering with undetectable level) in melanomas
of 5-month-old-pigs. On the contrary, fibronectin expression
in the fibrous tissue was very high and it was detected in
nearly 4/5 of extracellular spaces in both age groups (Figure
2C). The overall expression of fibronectin in melanomas taken
from 8-month-old-pigs increased further to a high level. This
rise was apparently caused by continuous enlargement of the
fibrous tissue areas which showed very high fibronectin
expression as in the previous age groups. The tumour areas
still composed of melanoma cells demonstrated again very
low to nearly no fibronectin expression (Figure 2D).

Tenascin C. Very low fibrillar expression of tenascin C was
observed in melanomas of 3-week-old pigs (Figure 3A).
Tenascin C formed short wavy fibres which occurred around
melanoma cells. A slow gradual rise of tenascin C expression
was detected in melanomas from 4- to 8-week-old pigs and
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Figure 1. Evaluation of indirect immunofluorescence staining: (A) very low (+), (B) low (++), (C) moderate (+++), (D) high (++++), (E) and
very high (+++++); (green – studied protein, blue – melanin, red – nuclei. Original magnification, ×200. Scale bar=50 μm).



its sudden rise was observed at the age of 10 weeks. This
resulted in extension of tenascin C fibres and low overall
expression (Figure 3B) that was detected also in melanomas
of 3-month-old pigs. Areas with melanoma cells showed very
low expression of tenascin C bordering with its undetectable
level. On the contrary, a high network-forming expression
filling up to half of extracellular spaces was detected in the
areas of fibrous tissue. Similar staining pattern with slight
increase in overall expression were observed in melanomas
of 5- and 8-month-old pigs (Figure 3C and D).

MMP-2. Very low granular expression of MMP-2 was
detected in melanomas taken from 3-week-old pigs (Figure
4A). It was diffusely distributed in tumour tissue. The
melanomas excised from 4-, 6-, 8-, and 10-week-old pigs
showed gradual increase in the expression of MMP-2 (Figure
4B) but it was still evaluated as very low. Overall very low
expression of MMP-2 was also detected in melanomas of 3-

and 5-month-old pigs (Figure 4C) with a small difference
between areas with melanoma cells (low expression) and those
with the fibrous tissue (very low expression bordering with
undetectable). Melanomas of 8-month-old pigs revealed
overall low expression of MMP-2. The areas with melanoma
cells were characterized by a further slight increase in the
MMP-2 expression to medium level (Figure 4D) filling around
1/3 of extracellular spaces. On the other hand, expression in
the fibrous tissue areas was still very low or almost none.

Immunohistochemical staining of swine skin. The control skin
samples taken from pigs of different ages showed localization
of fibronectin, tenascin C and MMP-2 in the epidermis, the
sebum glands, walls of blood vessels, and connective sheaths
of bristles (not shown). Expression of all these proteins
increased with the age of pigs corresponding to the growth
and development of these structures. The same results were
found also in the analysed melanomas. Overall fibronectin
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Figure 2. Indirect immunofluorescence staining of fibronectin in swine melanoma: (A) very low expression of weakly branched fibres in 3-week-old
pig; (B) low expression of complex networks in 10-week-old pig; (C) very low expression in melanoma cell area compared to very high expression
in fibrous tissue area in 5-month-old pig; (D) very low expression in melanoma cell area in 8-month-old pig; (green – fibronectin, blue – melanin,
red – nuclei. Original magnification, ×200. Scale bar=50 μm).



expression in the skin was weaker compared to higher
expression of tenascin C and MMP-2 in the melanomas of
equivalent age.

Discussion

It has been proved that ECM is not only a skeleton of tissue
to which the cells are attached to but its composition is
associated with cell signalling and cell phenotype (9, 10, 26).
Further, ECM proteins and enzymes involved in ECM
degradation such as fibronectin, tenascin C, and MMP-2 are
considered as possible markers of melanoma progression and
its elevated levels are associated with poor prognosis of the
disease (22, 27-29). A study of tumour tissue ECM dynamics
which reflects its synthesis (fibronectin and tenascin C) and
degradation (MMP-2) is an integral part in understanding
melanoma. The aim of this study was to examine these
proteins during SR of MeLiM melanoma. Such study
focused on their detailed time-lapse observation has not been

performed yet. Only expression of tenascin C and tenascin
X at molecular and immunohistochemical levels in few
randomly chosen MeLiM melanomas has been published
(30). Recently, the course of SR in this animal model was
partially characterized. It was found that this process
involves significant destruction of whole skin tumours and
their rebuilding into fibrous tissue. It is accompanied by
considerable reorganization of essential proteins of the basal
lamina – laminin and collagen IV (8). 

MeLiM miniature pigs developing multiple skin tumours
at birth or shortly thereafter and undergoing their complete
SR were used for this study. Thus, tumour development
corresponds with the date of animal birth and the course of
SR can be related to the actual animal age. Detailed
observation at various ages of experimental animals allowed
us to study the whole process of SR from the beginning to
its late phases which are often accompanied by strong
depigmentation of the skin and bristles (6, 8). An initial
analysis was carried out in the 3rd week of age. A very low
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Figure 3. Indirect immunofluorescence staining of tenascin C in swine melanoma: (A) very low fibrous expression in 3-week-old pig; (B) low
expression in 10-week-old pig; (C) very low expression in melanoma cell area in 5-month-old pig; (D) high expression of tenascin C networks in
fibrous tissue area in 8-month-old pig; (green – tenascin C, blue – melanin, red – nuclei. Original magnification, ×200. Scale bar=50 μm).



expression of all monitored proteins was found in this
developmental stage followed with slight increases at the 4th
and 6th week of age. The expression of MMP-2 was granular
and diffusely spread in the tumour, suggesting a slight
continuous rebuilding of the entire tissue. Conversely,
tenascin C formed short fibres and fibronectin showed
slightly branched fibres. Local fibrous expression of
fibronectin could be related to metastatic activity of MeLiM
melanoma, as was already described in human melanoma
(28). In the process of SR in MeLiM model, we would
expect a gradual decline of studied protein expression
connected with the destruction of tumour cells (supporting
its role as potential melanoma markers). By contrast,
continued slight increase in fibronectin level was detected in
the successive developing stages and an unforeseen jump in
the tenascin C expression at the 10th week of age was
observed. It is known that tenascin C is largely participating
in the healing process (16, 31). Thus, the jump in the level
of tenascin C at the 10th week of age could be caused by

recognition and destruction of tumour tissue by the immune
system (2, 4) followed by intensive healing. The mentioned
observation is in concordance with the results of a study
focused on expression of the basal lamina proteins - collagen
IV and laminin - in the MeLiM melanoma (8). It also
revealed a significant change in the expression of these two
ECM proteins at the 10th week of age (8). For this reason
and because of the similar conclusion in the melanoma-
bearing Sinclair swine (32), we consider the 10th week of
age as a crucial turning point during SR of porcine
melanoma that separates the initial tumour growth phase
from the subsequent regression phase. 

The other analysed developmental stages (3, 5 and 8
months of age) showed strong remodelling of melanoma
tissue. Continuing destruction of melanoma cells and
enlargement of the fibrous tissue was observed. Finally, two
histologically distinct areas – still containing melanoma cells
and without melanoma cells (the fibrous tissue) - were
scattered across the melanoma cryosections. These two areas
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Figure 4. Indirect immunofluorescence staining of MMP-2 in swine melanoma: (A) very low granular expression in 3-week-old pig; (B) very low
granular expression in 10-week-old pig; (C) very low granular expression in fibrous tissue area in 5-month-old pig; (D) medium expression in
melanoma cells area in 8-month-old pig; (green – MMP-2, blue – melanin, red – nuclei. Original magnification, ×200. Scale bar=50 μm).



clearly differed in the expression of the studied proteins. The
overall increasing expression of fibronectin and tenascin C
detected almost exclusively in the fibrous tissue correlated
well with the course of SR and the fibrous tissue expansion.
On the contrary, very low (locally undetectable) levels of
tenascin C and fibronectin found in melanoma cell areas
could be connected with the general loss of the tumour’s
invasive behaviour (12, 22, 27, 28, 33, 34). MMP-2, an
enzyme degrading ECM proteins, demonstrated increased
expression in melanoma cell areas suggesting generalized
destruction of melanoma cells and large remodelling of this
type of tissue (including its ECM) (35). It is necessary to
note that SR of porcine melanoma is not terminated at the 8
months of age because some cancer cells still persist in
tumour tissue. On the basis of the gradual destruction of
melanoma cells, we can assume a further destruction of
resting melanoma cells and continued transformation of
melanoma tissue into the fibrous one. These changes will
probably proceed for several months and the fibrous tissue
will replace the entire melanoma at the end of SR process.

High expression of all three studied proteins in human
melanoma is related with cancer phenotype, strong metastatic
activity, and worse prognosis (21, 24, 36-39). An opposite
behaviour was observed in the MeLiM melanoma, i.e. low
expression of these proteins during the tumour growth phase
compared to their overall gradual increase connected with the
loss of tumour phenotype and advancing SR. Although SR
occurs in human melanoma there are only studies that
describe it from the histological and immunological
viewpoint but no data are available about the expression of
these proteins. Therefore, we are not able to say whether a
similar increase in the proteins expression occurs during SR
of human melanoma. It may be a reason why some studies
suggest a slightly controversial role of these proteins in
human melanoma development (12, 40) where relatively
frequent partial SR may have similar features to complete in
the MeLiM animals. Unlike human melanoma, these proteins
cannot be used as melanoma markers in the MeLiM model,
but they can serve well for monitoring SR. 
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