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Abstract. The aim of the present study was to carried
out a comparative immunohistochemical evaluation of
CD117 (c-Kit), a biomarker that evaluates both tumor progres-
sion and prognosis, in different melanocytic lesions, to
emphasize the significance of this biomarker in malignant
melanoma (MM). The study was performed on 55 cases, repre-
sented by a control group, which included 5 cases of simple
nevi and 5 cases of dysplastic nevi, as well as a study group
consisting of 35 cases of primary MM and 10 metastases (one
intestinal, 3 cutaneous - one satellite and two distant as well
as 6 in the lymph nodes). The study group included 15 cases
of superficial spreading melanoma (SSM), 10 cases of nodular
melanoma (NM), 3 lentigo maligna melanoma (LMM),
3 cases of acral lentiginous melanoma (ALM) and 4 cases of
amelanotic MM. CDI117 was found to be massively involved
in the process of tumorigenesis of cutaneous malignancies,
being immunohistochemically undetectable in benign neural
lesions, but densely expressed in dysplastic lesions and in situ
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melanoma areas. In invasive cutaneous MMs, CD117 expres-
sion tended to decrease with neoplasia progression proceding
into the tumorigenic, vertical growth phase, being lower in the
profound dermal component of tumors and in nodular MMs.
To eliminate the epidermal barriers and gain a proliferative
advantage to allow the transition to the vertical growth phase,
it seems that MM should lose expression of c-Kit. Cutaneous
metastases were found to express CD117 at a level comparable
to their primary tumors, suggesting that other mechanisms
interfere directly with the metastatic process and not loss of
c-Kit expression by itself. CD117 overexpression in cutaneous
melanocytic lesions correlates significantly with increased
immunostaining intensity, suggesting that the immunohis-
tochemical evaluation of CD117 may be a good method for
screening patients, who could benefit from personalized
therapy with tyrosine kinase inhibitors.

Introduction

Proto-oncogene CD117 encodes a trans-membrane tyrosine
kinase receptor linked to the PDGF/CSF-1 receptor (c-fms)
subfamily, platelet-derived growth factor (1). The c-Kit
receptor is involved in the growth and development of mast
cells and premature stromal cells or Cajal interstitial cells (2).
Activation of Kit normally occurs when two adjacent recep-
tors are fused together by a homodimer ligand. Subsequently, a
series of events occur to activate cell signaling cascades, which
are important in regulating proliferation, apoptosis, adhesion
and differentiation in several cell types (3,4). It plays an impor-
tant role in the development of several cell types, including
hematopoietic cells, germ cells and melanocytes (4-6).
Regarding malignant melanoma (MM) tumorigenesis,
most tumors appear in the epidermis, in the melanocytes
from the dermo-epidermal junction, being in situ (entirely
epidermal) or invasive (extending from the epidermis into the
dermis). Occasionally, invasive MMs are, however, localized
entirely intradermally at the time of diagnosis. Invasive MM
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can be: non-tumorigenic (in the ‘radial growth phase’) or
tumorigenic (in the ‘vertical growth phase’). MM in situ and
invasive non-tumorigenic MM can be divided into: Lentigo
maligna, superficial spreading melanoma, acral lentiginous
and lentigo on the mucosa.

Tumorigenic MM may appear on a pre-existing non-tumor-
igenic component of any of the above types, in which case it is
appropriately named. However, tumorigenesis may also occur
‘de novo’, with no evidence of an in situ adjacent or micro-
invasive component at the time of detection, in which case
it is called ‘nodular MM’ (7). However, most of the lesions
probably originate through an intraepidermic nontumorigenic
component that fails to develop or persist while the tumori-
genic component evolves.

Important categories of tumorigenic MMs include desmo-
plastic MM and neurotropic MM. More rare types of MMs
have been described, such as minimal deviation MM/MM
with minus deviation, balloon cell MM, amelanotic MM,
malignant blue nevus, congenital melanocytic nevus, clear cell
sarcoma, melanocytic malignant schwannoma and approxi-
mately 5-10% of MM fall into ‘unclassified” (NOS) or ‘other’
categories.

As a result, there are two major categories of MM, which
are sequential stages or ‘phases’ of stepping tumor progression.
In non-tumorigenic, radial or horizontal growth, neoplastic
melanocytes are limited to the epidermis (melanoma in situ) or
to the epidermis and papillary dermis, without the formation
of an expansive tumor mass (MM microinvasive). This phase
can be followed, after various time intervals, by the vertical
growth phase. Also, dermal and/or epidermal structures of an
associated nevus can be recognized in some MM.

Recent advances in molecular biology bring additional
information that solves many issues related to MM tumorigen-
esis (8,9). It appears that melanocytic stem cells, in addition to
melanocytes, participate in the initiation and progression of
cutaneous MM (10-12).

Basically, most skin MMs start with slow on-site growth
and micro-invasive phase, and patients diagnosed at this stage
have a high rate of healing. Despite a tendency for early clinical
recognition of cutaneous MM, at the time of diagnosis, most
cutaneous MMs have already progressed to the next phase of
growth characterized by rapid growth. In patients diagnosed
at this stage, healing becomes uncertain and the prognosis
depends on certain attributes of the neoplasm and the host
(stroma and immunity). In general, the clinical progression
of cutaneous MM is partly correlated with the expansion
of its germ cell (13). Thus, the proportion of cells involved
in the cell proliferation cycle will increase in cutaneous
MM (14,15). In the present study, we analyzed CDI117 (c-Kit),
an immunohistochemical marker that evaluates both tumor
progression and prognosis and which may be a therapeutic
target in MM cases.

Patients and methods

Patients and tissue samples. The immunohistochemical study
was performed on 55 cases (52% female and 48% male, aged
between 23 and 81 years with a mean age of 62.67) represented
by a control group, which included 5 cases of simple nevi and
5 cases of nevi with dysplastic lesions, as well as a study group

consisting of 35 cases of MM primary and 10 metastases (one
intestinal, 3 cutaneous - one satellite and two distant as well
as six in the lymph nodes). The study group included 15 cases
of superficial spreading melanoma (SSM), 10 cases of nodular
melanoma (NM), 3 lentigo maligna melanoma (LMM), 3
cases of acral lentiginous melanoma (ALM) and 4 cases of
amelanotic MM. All biopsies were performed at The Clinical
Emergency County Hospital Craiova, between January 2012
and December 2016.

The study was approved by the Universitary and Scientific
Deontology and Ethics Committee of the University of
Medicine and Pharmacy of Craiova (no. 78 from 27.03.2015),
and informed consent was obtained from each patient.

Immunohistochemical methods. The immunohistochemical
study method used to identify the epitopes of interest was
one-time, polymer-specific, with high sensitivity, high speci-
ficity and high affinity. The characteristics of the antibody and
the external controls used are shown in Table I.

From the paraffin blocks, 3-um series sections were made,
which were inserted into the Leica BOND-MAX self-tester
(Leica Biosystems), and the machining was carried out auto-
matically according to the manufacturer's specifications. Note
that the sections were incubated with the primary antibody for
1 h and a Bond Polymer Refine RED Detection System (Leica
Biosystems) was used to detect the primary antibody, visual-
ization of RED immunoreaction. Contrasting was performed
in Mayer's hematoxylin solution.

Positive external controls were used (Table I) and appro-
priate negative external controls throughout the testing
process. Negative external controls were tissue samples
from the analyzed cases, to which the primary antibody was
replaced with non-immune Ig serum from the same species as
the primary antibody used. Mast cells were used as an internal
positive control for CD117. Tumor cells showing cytoplasmic
and/or membrane immunoreactivity for CD117 (c-Kit) were
considered positive.

The percentage of positive cells was estimated for CD117
immunoassay and cases were classified in one of the following
categories: 0 (negative cases, no positive cells), cases with under
10%, between 10-50% and over 50% positive cells. In addition,
the intensity of immunostaining was recorded semi-quanti-
tatively: O (negative), +1 (weak), +2 (medium/moderate), +3
(strong).

Methods of statistical analysis. Average values and confidence
intervals were used, as well as comparative tests (Chi-square)
for consignments made using the SPSS 10 software (SPSS,
Inc.). The Chi-square test was used to interpret incidence
tables; the data were appreciated from the point of view of the
dependence between the two classification factors, retaining
only the results >5%, considered a sufficient materiality
threshold. This test indicated whether there is a relationship
(mutual influence) between two factors. The commands used
in the software were Analyse, Descriptive Statistics and
CrossTabs. Continuous numeric data was grouped by catego-
ries and plotted as standard + standard deviations using the
Microsoft Excel package.

Statistical analysis was then performed using the SPSS
package (SPSS, Inc.). For two categories of comparisons,
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Table I. Antibody used: clone, dilution, pretreatment, manufacturer and external control.

Antibody  Clone  Dilution Pre-treatment Manufacturer External control
CD117 T595 1:50 Solution citrate pH 6.0 x20 min in microwave  Leica Microsystems® GIST
*Catolog number (CD117-032-L-CE). GIST, gastrointestinal stromal tumors; min, minutes.
Table II. Distribution of cases according to the percentage of CD117-positive cells and the type of lesions.

IHC of CD117 (% positive cells)
Type of lesions (N=55) No. of cases 0 (negative) <10% 10-50% >50%
Simple nevus 5 5 0 0 0
Dysplastic nevus 5 0 3 1 1
LMM 3 0 0 0 3
SSM 15 1 2 5 7
NM 10 3 4 2 1
ALM 3 0 0 1 2
Amelanotic MM 4 1 1 1 1
Metastases 10 3 2 4 1

LMM, lentigo maligna melanoma; SSM, superficial spreading melanoma; NM, nodular melanoma; ALM, lentiginous melanoma; MM, malig-

nant melanoma; IHC, immunohistochemistry.

Table III. Distribution of the cases according to percentage of
CD117-positive cells and the immunostaining intensity.

IHC of CD117 (% positive cells)

Intensity 0 (negative) <10% 10-50%  Over 50%
0 (13 cases) 13 0 0 0

+1 (16 cases) 0 7 7 2

+2 (16 cases) 0 3 5 8

+3 (10 cases) 0 2 2 6

IHC, immunohistochemistry.

the Student's-test comparison test was used. For more than
two categories to be compared, a one-way ANOVA test with
post-hoc analysis was used using the Tukey's test to evaluate
the differences between the pairs of categories.

The quantification of the statistical results was as follows:
1) P<0.05, the difference is significant (S); ii) P<0.01, the differ-
ence is highly significant (HS); iii) P<0.001, the difference is
very highly significant (VHS); iv) P>0.05, the difference is not
significant (NS).

Ethical principles. In the course of the study, the ethical prin-
ciples underlying the Helsinki Declaration and the University
Ethics Code on the good conduct of the research, along with
the codes of practice established by the Code of Medical
Deontology, were respected.

Figure 1. Light microscopy of a paraffin-embedded dermic nevus, stained
with H&E, x40 magnification. H&E, hematoxylin and eosin.

Results

Of the total of 55 cases selected for the IHC study, the majority,
76.36% of cases (42 cases) showed positive immunostaining at
CD117. The distribution of CD117 expression (as a percentage
of marker cells and immunostaining intensity) of the melano-
cytic lesion studied is shown in Tables II and III.

Thus, the vivid nevi did not show immunostaining at
CD117, all cases being negative for this marker (100% nega-
tive) (Figs. 1 and 2), and the dysplastic nevi showed positive
immunostaining in the areas of dysplasia (which are located
superficially at the junction dermal-epidermal) in all cases
(100% positive) (Figs. 3-5). Dysplastic nevi (60%) exhibited
under 10% of CD117-positive cells, 20% of which were posi-
tive in 10-50% of tumor cells and 20% in over 50% of tumor
cells, +2 and +3 (Tables II and IIT).
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Figure 2. Light microscopy of a paraffin embedded dermic nevus, negative
immunostaining for CD117; x40 magnification.

Figure 3. Light microscopy of a paraffin-embedded compound nevus with
dysplasia outbreak, light positive immunostaining for CD117; x40 magnifica-
tion.

Figure 4. Light microscopy of a paraffin-embedded dysplastic nevus, stained
with H&E; x40 magnification. H&E, hematoxylin and eosin.

LMM showed positive immunostaining in all three cases
(100% of positive cases), in over 50% of tumor cells in both
malignant lentigo and melanoma areas (Figs. 6 and 7). The
immunomarker intensity was +2 and +3 and was comparable
in the lentigo and melanoma areas (Tables II and III).

SSM was negative in CD117 in one case (6.67% negative),
only 2 cases (13.33%) had immunostaining in below 10% of
tumor cells, 5 cases (33.33%) presenting 10-50% of the marked

Figure 5. (A) Light microscopy of a paraffin embedded junctional dysplastic
nevus syndrome, immune marked for CD117, x40. (B) Light microscopy of
a paraffin embedded junctional dysplastic nevus syndrome, immune marked
for CD117, x100.
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Figure 6. (A) Light microscopy of a paraffin-embedded LMM-malignant
lentigo area, immunostaining for CD117; x100 magnification. (B) Light
microscopy of a paraffin-embedded LMM-malignant lentigo area, immu-
nostaining for CD117; x200 magnification. LMM, lentigo maligna melanoma.
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Figure 7. Light microscopy of a paraffin-embedded LMM-melanoma area,
immunostaining for CD117; x100 magnification. LMM, lentigo maligna
melanoma.

Figure 8. Light microscopy of a paraffin-embedded SSM, positive immu-
nostaining for CD117-in isolated cells; x100 magnification. SSM, superficial
spreading melanoma.

Figure 9. (A) Light microscopy of a paraffin-embedded SSM, strongly posi-
tive immunostaining for CD117, x40 magnification. (B) Light microscopy
of a paraffin-embedded SSM, strongly positive immunostaining for CD117;
x100 magnification. SSM, superficial spreading melanoma.
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Figure 10. Light microscopy of a paraffin-embedded SSM, negative immu-
nostaining for CD117; x100 magnification. SSM, superficial spreading
melanoma.

Figure 11. (A) Light microscopy of a paraffin-embedded NM, negative
immunostaining for CD117; x40 magnification. (B) Light microscopy of a
paraffin embedded NM, negative immunostaining for CD117; x100 magnifi-
cation. NM, nodular melanoma.

cells and the remaining 7 cases (46.67%) were being positive in
over 50% of the tumor cells (Figs. 8-10). The immunomarker
intensity was high, with scores of +2 and +3, one case having a
+1 score (Tables II and III). A feature of the immunostaining
on CDI117 in SSM was that, frequently, the intensity of immu-
nostaining decreased to the depth of the tumors compared to
the dermo-epidermal junction.

Regarding NM, we observed a relatively high number of
negative cases, 3 cases (30% negative), followed by 4 cases
(40%) with just under 10% positive cells, only 2 cases
(20%) positive between 10-50% of the tumor cells and only
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Figure 12. Light microscopy of a paraffin-embedded NM, positive immunos-
taining for CD117 only at the invasion front; x40 magnification. NM, nodular
melanoma.

Figure 14. Light microscopy of a paraffin-embedded MM metastasis in the
small intestine, negative immunostaining for CD117. MM, malignant mela-
noma.

Figure 13. (A) Light microscopy of a paraffin-embedded MM metastasis in
the lymph node, stained with H&E; x40 magnification. (B) Light microscopy
of a paraffin-embedded MM metastasis in the lymph node, negative immu-
nostaining for CD117; x40 magnification. MM, malignant melanoma; H&E,
hematoxylin and eosin.

1 case (10%) was positive in over 50% of the tumor cells
(Figs. 11 and 12). The immunomarker intensity was generally
mild and moderate, with scores of +1 and +2, with only one
case of high intensity +3, but in under 10% of tumor cells
(Tables II and III). One aspect noted in the CD117 marker
in NM was that, in contrast to SSM, the immunostaining for
CD117 was sometimes more intense in the depth of the tumors,
namely in the tumor invasion front (in 40% of cases, the inva-
sion front was the only immunostaining of CD117, but in under
20% of total tumor cells) (Fig. 12).

ALMs were positive in all three cases (100% positive) with
moderate and large (case 2 and 3, two cases); 1 case showing

Figure 15. (A) Light microscopy of a paraffin-embedded satellite cuta-
neous metastasis, positive immunostaining for CD117; x100 magnification.
(B) Light microscopy of a paraffin-embedded satellite cutaneous metastasis,
positive immunostaining for CD117; x200 magnification.

between 10-50% of stained cells, and 2 cases showing over
50% of marked cells. It should be noted that 2 of the cases
were positive for CD117 only in the epidermal component, the
dermal component being negative. These two cases showed +3
immunostaining. As a result, the CD117 marker in ALM in the
epidermal component was similar to SSM, and in the dermal
component, it was similar to NM (Tables II and III).

Four cases of amelanotic MMs were observed with
one case each of the categories analyzed in terms of the
percentage of stained cells. CD117 immunostaining intensity
in positive cases was low to moderate, with score 1 and 2, and
positivity only at the invasion front was observed in one case
(Tables II and III).



Table IV. Distribution of cases with <10% and =10% of cells
stained for CD117 by lesion type.

IHC of CD117
(% positive cells)
Lesion type (55 cases) <10% =10% P-value
Nevi (10 cases) 80 20 0.01(S)
Melanomas (35 cases) 34.28 65.72 -
Metastases (10 cases) 50 50 0.366 (NS)

IHC, immunohistochemistry; S, significant; NS, not significant.

Table V. Distribution of cases with <10% and =10% of cells
stained for CD117 depending on the intensity of the immu-
nostaining.

IHC of CD117
(% positive cells)
Intensity No. of cases <10% =10% P-value
0/+1 29 68.96 31.04 0.000217 (S)
+2/43 26 1923 80.77

IHC, immunohistochemistry; S, significant.

It should also be noted that, in primary MMs with in situ
areas, these areas were strongly positive (intensity 3) to CD117,
diffuse positivity was observed in almost all tumor cells.

Metastatic MMs (metastases) were considered negative
to CD117 in 30% of cases, positive in 10% of tumor cells in
20% of cases, between 10-50% of positive tumor cells in 40%
of cases and more than 50% of tumor cells in 10% of cases
(Figs. 13-15). The immunomarker intensity in the metastases
analyzed was mild and moderate, with no intensive positive
metastases detected at CD117 (Tables II and III).

Analyzing the CD117 immunomarker in MM and nevi
cases (simple nevi and dysplastic nevi), we found statistically
significant differences (P=0.01) in the percentage of positive
cells between the two categories; nevi were negative/stained
in under 10% of cells compared to MM, which generally
expressed CD117 in over 10% of tumor cells. Thus, CD117
expression in MM was significantly increased compared to
simple or dysplastic nevi (Table IV). Comparative analysis
between MM and the metastases did not reveal significant
differences (P=0.366), suggesting that MM metastases behave
similarly to their primary tumors in terms of CDI117 expres-
sion (Table IV).

By comparing all the cases included in the study, from the
point of view of CDI117 immunostaining, it was found that
poor/absent immunostaining was significantly more common
in cases expressing CD117 in a reduced cell number, under
10% of cells, compared to moderate/strong immunostaining
that was characteristic of cases with <10% of positive cells
(P=0.000217) (Table V).
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Discussion

The expression of c-Kit has been detected in a variety of
different tumor entities, such as gastrointestinal stromal
tumors (GISTs), malignant melanoma (MM), breast and lung
cancer, colon carcinoma, ovarian, hepatocellular, sarcoma and
mastocytosis (16-20).

Regarding CD117 immunoexpression in MM, Gibson and
Cooper showed that CD117 tends to immunostain strongly
the in situ component of MM, with loss of coloration in deep
dermal components and in NM (21).

This aspect was clearly observed in this study. Thus, in
all LMM cases, areas of lentigo malignant (in situ lesions)
were intensely and diffusely positive to CD117. In addition, all
other primary MM types (SSM, ALM, amelanotic) associating
MM domains in situ, were strongly positive (+3 intensity) for
CD117, the positivity being diffused in nearly all tumor cells
of the in situ component.

Furthermore, a decrease in the percentage of marked cells
and the intensity of the immune marker in the deep dermal
component was noted when compared to the dermo-epidermal
junction in most of the analyzed MM types. NM cases lost
color to CD177, being negative or positive in just under 10%
of cells, in most cases (70% of cases). A particular aspect of
NM was the presence of the immunomarker CD117 only at the
invasion front (in under 20% of the tumor cells); this pattern
of the marker was probably correlated with the aggressive
infiltrative progression of this type of MM.

Moreover, the present study showed that all cases of
dysplastic nevi (100% of the positive cases) were scored for
CDI117 in the dysplasia areas, while the simple nevi were
always negative (100% of the negative cases) to c-Kit.

Consequently, these results suggest that CD117 is involved
in the MM tumorigenesis process, being heavily expressed
in its initial stages (dysplasia, in situ lesion), after which
the expression of CD117 decreases as the tumor progresses
during the growth phase vertical. This involvement of c-Kit
in the tumor transformation process was also supported by the
significant differences observed between CD117 expression in
MM compared to nevi (P=0.01).

It was also noted that the metastases expressed CD117
comparable to their primary tumors, with no statistically
significant differences in the percentage of c-Kit-positive cells
in primary and metastatic MM (P=0.366). Thus, although the
intensity of the immunostaining in the metastases analyzed
was mild and moderate, with no intensive positive metastases
detected at CD117, MM metastases tended to retain c-Kit
expression. Consequently, the similar expression of CD117
in primary and metastatic MM may suggest that loss of c-Kit
expression by itself does not have a direct role in the metastatic
process in MM, and other mechanisms are probably involved
in this process (22).

This latter aspect was also demonstrated by other clinical
studies on MM cell lines, showing that loss of c-Kit overex-
pression in MM cell lines is rather due to alteration in the
expression of transcription factors, such as activating enhancer
binding protein 2 (AP-2), which results in reduced expression
of ¢c-Kit (23).

CDI117, a growth factor for melanocyte migration and
proliferation, demonstrated in a previous study differentiated
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immunostaining in various benign and malignant melanocytic
lesions, and the metastatic MM staining was lower than the
primary MM dermal staining (24).

By comparing all the cases included in the study, from
the point of view of CD117 immunoassay, it was found that
weak/absent immunostaining is significantly more frequent
in cases expressing CD117 in a reduced cell number, under
10% of cells, compared to moderate/strong immunostaining,
which is characteristic of cases with over 10% of positive cells
(P=0.000217). Similar results have been reported by other
authors (23), suggesting that in MM, when CD117 is overex-
pressed, this overexpression is intense and diffuse, and can
be a good screening method for selecting patients who could
benefit from personalized therapy.

KIT changes in malignant tumors are of particular interest
as KIT is one of the therapeutic targets of tyrosine kinase
inhibitors (eg imatinib mesylate, sunitinib, nilotinib and
dasatinib). Imatinib mesylate is a selective inhibitor of certain
tyrosine kinases, including Abelson murine viral oncogene
homolog (ABL), breakpoint cluster region-Abelson (BCR-
ABL), Abelson-related genes (ARG), KIT and factor receptors
platelet-derived growth factor (PDGFR) (25).

Imatinib was initially found to be effective in the treatment
of chronic myeloid leukaemia, where it addresses the BCR-ABL
fusion protein and GIST treatment, where the tyrosine kinase
c-Kit is directed (26,27). Also, other KIT-positive tumors can
benefit from kinase inhibitor therapy. It has been observed that
the response rate can be particularly high in KIT-expressing
tumors and include KIT activating mutations (28).

Similar findings in primary and metastatic MM (29-31),
and studies that explored in vitro the sensitivity of malig-
nant melanocytic cells to this drug, led to the assertion that
imatinib mesylate is only effective in the context of KIT muta-
tions (32,33). KIT mutations have so far been found particularly
in mucosal ALM or MM, which do not have UV exposure as a
risk factor (34). MM inhibitors of KIT, imatinib and sunitinib
and, more recently, nilotinib and dasatinib, have been included
in MM treatment but were found to be less effective than in
GIST (35,36). Favorable results were shown for patients with
metastatic MM, especially metastatic ocular MM (37,38); the
reports showed complete remission, lasting up to 1 year (39,40).

MM with oncogenic mutations in KIT have been reported
in several studies that focused on the role of KIT in melanocyte
transformation (19,34,41). Some cases of rare metastatic MM
having KIT L576P activating mutation and strong and diffuse
KIT expression (42) suggest that MM progression involves
KIT activation and not loss of activity. It has been taken into
consideration the use of tyrosine kinase inhibitors in these
cases, which showed significant results in some studies (43,44).

In a study of Medinger et al, a large series of solid tumors
was immunohistochemically analyzed for c-Kit expression.
The rate of c-Kit expression in solid tumors was low compared
to GIST. However, relatively high c-Kit expression in sarcomas,
MM, renal cell carcinoma, seminoma, and neuroendocrine
carcinoma is interesting and deserves further research (45).

Furthermore, we should be aware that the level of growth
factor receptor expression does not always predict kinase
inhibitor activity in the complex context of intracellular
signaling pathways. Screening tumor samples for expression
of growth factor-specific receptors is, however, very relevant

as it provides valuable information on tumor characteristics,
helping us better understand complex interactions of signal
transduction pathways and guiding us in the development of
more specific therapies (45).

CD117 immunoexpression in MM, significantly different
from nevi (P=0.001), and the increased percentage of
immune-positive MM (65.71%) suggest that tyrosine kinase
inhibitors may be useful in the treatment of cutaneous MM.
Similar results have been reported by Alessandrini ef al in a
recent study in patients with conjunctival MM (46).

The role of KIT signaling in melanocyte biology has been
extensively studied. It has been shown that the interaction of
the stem cell factor with the KIT receptor is important for the
survival, proliferation, differentiation and migration of mela-
nocytes (47).

However, regulation of the KIT pathway is complex and
depends on many other cellular factors (48). While KIT acti-
vating mutations are known to be associated with a variety
of malignant human tumors, such as GIST, seminomas and
mastocytosis/mastocytosis leukaemia (49), the introduction of
a KIT activating mutation into an immortalized murine mela-
nocytic cell line has been reported to have a more motogenic
effect than a mitogenic one. Therefore, it was speculated that in
order to obtain proliferative advantage and escape epidermal
barriers, MM cells should lose KIT expression (50-52).

This hypothesis was supported by previous observations
and those of a present study, in which KIT expression in MM
is strong in in situ lesions and the junctional component of
invasive lesions, but is lost once MM becomes invasive and
metastatic (23,53).

Recent information on the functional importance of
multiple mutant genes (BRAF, N-RAS, KIT and PTEN) in
MM has fundamentally changed the diagnostic and therapeutic
approach. However, it is not surprising that, in a large number
of MM cases, such single mutations do not clearly delineate
the biological behavior of the tumor at the time of diagnosing a
primary MM. In fact, it seems to be a multitude of biologically
distinct MM entities (54).

Thus, this direct approach is likely to be insufficient given
that in many MM, unknown oncogenes and/or tumor suppres-
sors can control the fate of tumor cells (55). Most likely, MM
approaches, using the 21st-century technology of the genetic
profile, will yield interesting results (56).

However, there are some limitations of our study. We
cannot provide an explanation for the different immunoexpres-
sion of CD117 in different types of melanoma, although some
forms have similar expression levels of CD117 to melanoma
metastasis, which is intriguing and requires further research.

CDI117 (c-Kit) is massively involved in the process of
tumorigenesis of cutaneous malignancies, being immuno-
histochemically undetectable in benign neural lesions, but
densely expressed in dysplastic lesions (dysplastic nevi) and
in situ melanoma areas.

In invasive cutaneous MM, CD117 expression tends to
decrease as neoplasia progresses and procedes into the tumori-
genic, vertical growth phase, being lower in the profound
dermal component of tumors and in nodular melanomas.

To eliminate the epidermal barriers and gain a proliferative
advantage to allow the transition to the vertical growth phase,
it seems that MM should lose the expression of c-Kit.



Malignant melanoma cutaneous metastases express CD117
at a level comparable to their primary tumors, suggesting
that other mechanisms interfere directly with the metastasis
process and not loss of c-Kit expression by itself.

CDI117 overexpression in cutaneous melanocytic lesions
(=10% of tumor cells) correlates significantly with increased
immunostaining intensity (+2/+3), suggesting that the immu-
nohistochemical evaluation of CD117 may be a good method
for screening patients, who could benefit from a personalized
therapy with tyrosine kinase inhibitors.
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