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The role of immunohistochemistry in the assessment of KIT status in melanomas, especially acral lentiginous/

mucosal, is not well established. Although the reported prevalence of KIT mutations in acral lentiginous/

mucosal melanomas is relatively low, detection of mutations in KIT can have profound therapeutic implications.

We evaluated the efficacy of immunohistochemistry to predict mutations in KIT. One hundred seventy-three

tumors, comprising primary and metastatic melanomas (141 acral lentiginous/mucosal, 5 nodular, 4 lentigo

maligna, 3 superficial spreading, 2 uveal, 1 melanoma of soft parts, 8 metastases from unclassified primaries,

and 9 metastases from unknown primaries) were studied. Immunohistochemical expression of KIT using an

anti-CD117 antibody and KIT mutational analysis by gene sequencing of exons 11, 13, and 17 were performed.

Eighty-one percent of acral lentiginous/mucosal melanomas, primary and metastatic, showed KIT expression

by at least 5% of the tumor cells. The overall frequency of activating KIT gene mutations in acral lentiginous/

mucosal melanomas was 15% (14 out of 91 cases), being the L576P mutation in exon 11 the most frequently

detected (4 of 14 cases). Cases showing less than 10% positive tumor cells were negative for KIT mutations.

Eighty-two percent (12 of 14) of cases positive for KIT mutation showed KIT expression in more than 50% of the

cells. An association between immunohistochemical expression of KIT and mutation status was found

(P¼ 0.007). Immunohistochemical expression of KIT in less than 10% of the cells of the invasive component of

acral lentiginous/mucosal melanomas appears to be a strong negative predictor of KIT mutation and therefore

can potentially be used to triage cases for additional KIT genotyping.
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The role of KIT signaling in melanocyte biology has
been extensively studied. It was shown that the
interaction of stem cell factor with KIT, its receptor,
is critical for the survival, proliferation, differentia-
tion and migration of melanocytes.1 However, the

regulation of KIT pathway is complex and depends
on multiple other cellular factors.2 Whereas KIT
activation mutations are known to be associated
with a variety of malignant human tumors such as
gastrointestinal stromal tumor (GIST), seminoma,
and mastocytosis/mast cell leukemia,3 the introduc-
tion of a KIT-activating mutation into an immorta-
lized murine melanocyte cell line was reported to
result in a motogenic more than a mitogenic effect.4

Therefore, it was speculated that to acquire prolif-
erative advantage and escape from the epidermal
boundaries, melanoma cells should lose KIT expres-
sion.4 This hypothesis was supported by previous
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observations in which KIT expression in melanoma
was strong in the in situ and junctional component
of invasive lesions, but was lost once the melanoma
became invasive and metastatic.5,6

Certain types of invasive melanomas, however,
were reported to express KIT. Most of the metastatic
ocular melanomas were positive for KIT in a series
of cases.7 Sporadic reports of rare metastatic mela-
nomas harboring the L576P KIT-activating mutation
and displaying strong and diffuse KIT expression8,9

suggested that in a subset of cases, melanoma
progression would involve KIT activation rather
than loss of KIT activity. An immediate theoretical
use of tyrosine kinase inhibitors in these cases was
proposed.10 Although a trial using imatinib mesylate
in melanomas without KIT mutations showed no
overall benefit, use of tyrosine kinase inhibitors
in cases with documented mutations has shown
dramatic results.11–15 Subsequently, using array
comparative genomic hybridization and mutation
analysis, Curtin et al16 found that mucosal, acral,
and sun-induced melanomas frequently show ge-
netic amplification of the KIT locus and activating
mutations of the gene. Although most of the
mutation-positive cases showed elevated KIT pro-
tein expression, some of the analyzed tumors
required higher antibody concentrations for the
immunohistochemical detection of KIT. The fact
that more than a third of the melanomas without
detectable KIT mutation or copy number increase
showed overexpression of KIT by immunohisto-
chemistry led the authors to hypothesize that
mechanisms other than gene mutation or amplifica-
tion could explain the observed KIT overexpres-
sion.16 The role of immunohistochemistry in the
assessment of KIT in acral lentiginous/mucosal
melanomas and its relation to the mutational status
of the KIT gene is, therefore, not well established.

The prevalence of KIT mutations in acral lentigi-
nous/mucosal melanomas is relatively low (no more
than 15–20%16–19) but can have profound therapeu-
tic implications for localized high risk or metastatic
disease. In this study, we evaluate KIT protein
expression by immunohistochemistry and KIT mu-
tational status by PCR amplification and sequencing
in a large series of melanomas with emphasis on
acral lentiginous/mucosal melanomas. Our goal was
to correlate the level of KIT expression and activat-
ing KIT gene mutations in these tumors to evaluate
the efficacy of immunohistochemistry to discrimi-
nate potential candidates for targeted therapy.

Materials and methods

With appropriate Institutional Review Board
approval, 177 tumors from 173 patients were selected
from The University of Texas MD Anderson Cancer
Center clinical database for the years 2005–2008.
Primary tumors and their metastases were available
for study in four patients. For purposes of statistical

analysis, only one of the tumors (either primary or
metastatic) was recorded from these four cases. The
173 analyzed melanomas comprised the following:
46 primary acral lentiginous, 24 metastatic acral
lentiginous, 61 primary mucosal, 10 metastatic
mucosal, three primary nodular, two metastatic
nodular, two primary lentigo maligna, two meta-
static lentigo maligna, three metastatic superficial
spreading, two primary uveal, one melanoma of soft
parts/clear cell sarcoma, eight metastatic melanomas
from unclassified primaries, and nine metastatic
melanomas from unknown primaries. Our series
was enriched with a large number of acral lentigi-
nous/mucosal melanomas as these tumors were the
most likely to harbor mutations in KIT.

Glass slides and paraffin tissue blocks were
retrieved from the Department of Pathology ar-
chives. All tissues had been fixed in neutral-
buffered 10% formalin.

Immunohistochemical Analysis

Immunohistochemical analysis for KIT was per-
formed using an anti-CD117 polyclonal rabbit anti-
human antibody (Code A4502, dilution 1:100, Dako
Cytomation, Carpinteria, CA, USA) on paraffin
sections according to the BOND MAX protocol
(Vision Biosystems, Norwell, MA, USA) guidelines.
After incubation with Bond Dewax solution for
30min at 721C, antigen retrieval was performed with
citrate buffer for 15min at 1001C. Peroxidase block
was done using a 3.0% hydrogen peroxide solution.
The slides were then incubated with post-primary
solution (polymer enhancer) for 8min. Polymer
(poly-HRP anti-mouse/anti-rabbit IgG) was then
applied on the glass slides for 8min. The reaction
was developed using DAB as chromogen and
hematoxylin was used as counterstaining. Negative
and positive controls were performed and examined
in parallel.

Immunohistochemical-stained sections were eval-
uated for both tumor cell percentage and intensity
of immunoreactivity. Percentage of positive cells
was recorded as 0 (negative), o5% of cells staining,
5–50% of cells staining, 51–95% of cells staining,
and 495% of cells staining. Intensity was scored
as 0 (negative), 1þ (weak), 2þ (moderate), and 3þ
(strong).

Mutational Analysis

Mutational analysis was performed on 135 cases. In
all, 106 of these were consecutive cases character-
ized in the Molecular Diagnostics Laboratory for
clinical purposes and the remaining 29 cases were
performed in a research laboratory at our institution.

Specific paraffin blocks containing tumor were
identified and H&E-stained and unstained 4mm-
thick sections were obtained. Areas containing
viable tumors were marked on the H&E slides and
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the slides were submitted for molecular analysis.
Genomic DNA samples were isolated from
microdissected paraffin-embedded slides using a
QIAamp DNA minikit (Qiagen, Germantown, MD,
USA) according to the manufacturer’s instructions.
One milligram Chelex-100 resin (Bio-Rad, Hercules,
CA, USA) was added, mixed to a slurry, and
incubated at room temperature for 15min. After
centrifugation at 10 000 g for 5min, the supernatant
was decanted for use. For PCR, we designed primer
sets for exons 11, 13, and 17 of the KIT gene, as
previously described.20 PCR was carried out in a
total volume of 25ml containing 50–100 ng of
genomic DNA and 0.25 acral lentiginous DNA
polymerase (Bioline, London, UK). Mutations in
these genes were identified by sequencing the PCR
products on a 3730� 1 DNA analyzer (Applied
Biosystems, Carlsbad, CA, USA) in the Molecular
Diagnostic Laboratory or the Nucleic Acid Core
Facility. Control wild-type KIT sequences were used
for comparison to evaluate for mutation.

Statistical Analysis

The statistical association between immunohisto-
chemical expression of KIT, KIT genotype, and
diagnoses was investigated using Fisher’s exact
test, Kruskal–Wallis test, and the Spearman’s
rank correlation when the ordering of both factors
was important. The level of significance was set
at 5%.

Results

Patient and Tumor Characteristics

Table 1 summarizes patients’ clinical characteristics
and anatomical location of the analyzed tumors. Our
series mainly included cases of acral lentiginous/
mucosal (primary and metastatic) melanoma
(n¼ 141). A few cases corresponding to other types
of melanoma (n¼ 23), as well as metastatic melano-
mas from unknown primaries were also included
(n¼ 9).

Overall, patients presenting with acral lentiginous
melanoma (primary and metastatic) showed a slight
male predominance (39 cases, 56%). There was a
wide age range of presentation (24–87 years). The
most common anatomical primary site was the foot.
Only two cases arose on the upper extremities.

Mucosal melanoma patients were predominantly
females (54 cases, 76%). The age of presentation
ranged widely from 26 to 85 years. The anorectal
region was the most frequent primary site (n¼ 29),
followed by the vulva/vagina/cervix area (n¼ 15).
Head and neck primaries were also frequent
(n¼ 14). A few urethral primary melanomas were
also observed (n¼ 3).

Lymph nodes were the sites most frequently
involved by metastatic tumors in our series
(n¼ 27). Skin metastases (many of them represent-
ing in-transit metastases) were also present (n¼ 14).
Mutational and immunohistochemical analyses
were also performed on some metastatic melanomas

Table 1 Patient demographics and clinical characteristics of primary and metastatic melanoma cases

Diagnosis No. of
cases (%)

Sex (%) Mean age,
years (range)

Anatomical site (n, %)

M F

Acral lentiginous,
primary

46 (27) 28 (61) 18 (39) 60 (24–87) Right foot NOS (21, 46), Left foot NOS (12,
26), Left toe (4, 9), Right toe (3, 7), Right heel
(2, 4), Left heel (2, 4), Right hand (1, 2), Left
finger (1, 2)

Acral lentiginous,
metastatic

24 (14) 11 (46) 13 (54) 68 (43–83) Lymph node, inguinal (13, 54), skin (10, 42),
lung (1, 4)

Mucosal, primary 61 (35) 14 (23) 47 (77) 62 (26–85) Anus/rectum (29, 47), vulva (11, 18),
sinonasal (9, 15), vagina/cervix (4, 7),
conjunctiva (4, 7), urethra (3, 5), palate (1, 1)

Mucosal, metastatic 10 (6) 3 (30) 7 (70) 60 (49–71) Lymph nodes: inguinal (5, 50), neck (3, 30);
Soft tissue: neck (1, 10), perineum (1, 10)

Nodular, primary 3 (2) 2 (67) 1 (33) 69 (63–83) Leg (2, 67), neck (1, 33)
Nodular, metastatic 2 (1) 2 (100) 0 (0) 35 (20–50) Skin (2, 100)
LMM, primary 2 (1) 1 (50) 1 (50) 65 (51–78) Face (1, 50), scalp (1, 50)
LMM, metastatic 2 (1) 1 (50) 1 (50) 78 (77–78) Skin (1, 50), lung (1, 50)
SS, metastatic 3 (2) 2 (67) 1 (33) 63 (53–80) Soft tissue: arm (1, 33), chest (1, 33), oral

cavity (1, 33)
Uveal, metastatic 2 (1) 0 (0) 2 (100) 64 (55–72) Colon (1, 50), soft tissue: thigh (1, 50)
Soft tissue 1 (0.5) 1 (100) 0 (0) 77 Peri-rectal (1, 100)
Unclassified,
metastatic

8 (4.5) 5 (63) 3 (37) 60 (40–80) Lymph nodes: neck (2, 25), axillary (2, 25),
inguinal (2, 25); skin (1, 17), lung (1, 17)

Metastatic, unknown
primary

9 (5) 4 (44) 5 (56) 51 (30–65) Stomach (2, 22), small bowel (2, 22),
gallbladder (1, 11), soft tissue, abdomen (1,
11), breast (1, 11), ovary (1, 11), brain (1, 11)

LMM: lentigo maligna melanoma; SS: superficial spreading.
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from unknown primaries (n¼ 9), because of possible
therapeutic implications. Sites for metastatic tumors
from undiscovered primaries included gastrointest-
inal tract, soft tissue, ovary, and brain.

Immunohistochemical Expression of KIT

Immunohistochemical analysis for KIT was avail-
able in 121 out of 141 acral lentiginous/mucosal
(primary and metastatic) melanomas and in 26 of the
32 remaining cases (‘non-acral lentiginous/mucosal
melanomas’). Overall, 32 cases (22%) showed 0 to
less than 5% of positive cells, 43 (29%) cases 5–
50%, 48 (33%) cases 51–95%, and 24 (16%) cases
showed greater than 95% of cells expressing KIT.
A high percentage of acral lentiginous/mucosal
melanomas, both primary and metastatic, showed at
least 5% of KIT-positive cells (98 of 121 cases, 81%).
The two uveal melanoma cases showed 495% of
tumor cells positive for KIT, with a moderate (2þ )
intensity. Although, as a whole, the group of ‘non-
acral lentiginous/mucosal melanomas’, primary and
metastatic, displayed an apparently lower level of
KIT expression (17 out of 26, 65%) compared with
the acral lentiginous/mucosal melanomas, the small
number of ‘non- acral lentiginous/mucosal melano-
ma’ cases considered for this study prevents
conclusions in regards to level of expression of
KIT by melanomas other than acral lentiginous/
mucosal type and may explain the lack of any
statistical significant difference between the types
of melanoma when compared by the level of KIT
expression (Table 2). Similarly, intensity of immu-
nohistochemical staining for KIT did not correlate
with type of melanoma (P¼ 0.86, data not shown).
Intensity of staining and percentage of positive cells
were positively correlated (Po0.0001, Table 2).

Cytoplasmic staining with membranous accentua-
tion was noted in most of the cases (116 cases,
Figure 1).

Acral lentiginous and mucosal primary melano-
mas showed a comparable level of KIT immunohis-
tochemical expression when cases showing at least
5% of positive cells were considered (30 out of 36
primary acral lentiginous and 43 out of 51 primary
mucosal melanomas; 83 and 84%, respectively).
When a cutoff value of more than 50% of positive
cells was considered, primary acral lentiginous and
mucosal melanomas showed a slightly higher
percentage of positive cases compared with the
other groups (primary acral lentiginous, 58%;
primary mucosal, 61%; metastatic acral lentiginous,
38%; metastatic mucosal, 50%; primary non-acral
lentiginous/mucosal, 40%; metastatic non-acral len-
tiginous/mucosal, 48%).

Though cases are too few for statistical analysis,
metastatic acral lentiginous melanomas seemed to
be less likely to be KIT-positive than metastatic
mucosal melanomas (16 out of 24 cases, 67% vs 9
out of 10 cases, 90%, respectively).

A component of melanoma in situ was available
for evaluation in 30 cases (21 acral lentiginous and
nine mucosal melanomas). Almost all the in situ
melanoma areas showed a 495%, strong (3þ ) KIT
immunolabeling (29 cases, 97%, data not shown;
Figure 2). The only case of melanoma in situ
displaying moderate KIT expression (1 case, 3%)—
scored as 51–95%, moderate (2þ )—corresponded to
a conjunctival melanoma with a small invasive
component.

In four patients (three mucosal and one acral
lentiginous melanomas) both primary and meta-
static tumors were available for immunohistochem-
ical analysis. Molecular testing was performed
on both primary and metastatic tumors as well.

Table 2 Immunohistochemical expression of KIT (percentage of positive cells) in primary and metastatic melanoma

Immunohistochemical expression of KIT (%) P-value

0 o5 5–50 51–95 95 +

Immunohistochemical expression of KIT (intensity)
0 16 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) o0.0001a

1+ 0 (0%) 12 (75%) 27 (63%) 8 (17%) 0 (0%)
2+ 0 (0%) 2 (13%) 12 (28%) 23 (48%) 6 (25%)
3+ 0 (0%) 2 (13%) 4 (9%) 17 (35%) 18 (75%)

Diagnosis
ALM, metastatic 5 (31%) 3 (19%) 7 (16%) 6 (13%) 3 (13%) 0.81b

ALM, primary 3 (19%) 3 (19%) 9 (21%) 14 (29%) 7 (29%)
MuM, metastatic 1 (6%) 0 (0%) 4 (9%) 3 (6%) 2 (8%)
MuM, primary 3 (19%) 5 (31%) 18 (42%) 15 (31%) 10 (42%)
Non-ALMc, metastatic 4 (25%) 3 (19%) 4 (25%) 8 (17%) 2 (8%)
Non-ALMc, primary 0 (0%) 2 (13%) 1 (2%) 2 (4%) 0 (0%)

ALM: acral lentiginous melanoma; MuM: mucosal melanoma.
a
Indicates P-value from Spearman’s rank test.

b
P-value from Kruskal–Wallis test.

c
Includes other types of primary and metastatic melanoma and metastases from unknown origin.
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Immunohistochemical detection of KITwas compar-
able in the primary and the metastatic tumors in all
four cases with each showing strong and diffuse
expression of KIT. In two of the cases (one mucosal
and one acral lentiginous melanoma), mutations of
the KIT gene were found (Figure 3). The same
molecular abnormalities were detected in these
primary tumors and their cognate metastases
(Table 3, Figure 3).

Molecular Testing for KIT

Molecular assay for KIT mutation was performed on
135 cases (78%). In 15 of these cases (11%),
mutation status could not be determined because
of low quality or insufficient DNA. From the cases
in which amplifiable DNA was obtained (n¼ 120),
14 were found to harbor a specific, activating

KIT mutation (12%). All the mutation-positive
cases were acral lentiginous/mucosal melanoma
(primary or metastatic). The overall frequency
of KIT gene mutation in the acral lentiginous/
mucosal melanoma group was 15% (14 out of
91 informative cases). From these, five acral
lentiginous melanoma cases (13%, 5 out of 39
informative cases) and nine mucosal melanomas
carried a gene mutation for KIT (17%, 9 out of 52
informative cases). No KIT gene mutation was
detected in any of the ‘non-acral lentiginous/
mucosal melanomas’ tested, including the two uveal
melanomas.

Mutations were mapped in exons 11 (nine cases,
64%), 13 (three cases, 21%), and 17 (three cases,
21%). One case was found to harbor mutations in
both exons 13 and 17 (Table 4). The most frequent
mutation detected was L576P in exon 11 (four cases,
29%, Figure 1); it constituted almost a half of the

Figure 1 Strong and diffuse cytoplasmic expression of KIT by
immunohistochemistry in a mucosal melanoma case harboring a
L576P mutation in KIT (case no. 162). Notice the cell membrane
reinforcement (a, H&E, �20; b, immunohistochemical stain,
� 20; inset, sequence analysis of exon 11 of the KIT gene showing
a point mutation in codon 576, resulting in the substitution of
leucine by proline).

Figure 2 A case of acral-lentiginous melanoma showing strong
and diffuse expression of KIT in the in situ component but
absence of immunohistochemical staining in the invasive
component. This case was found to be negative for mutations in
KIT. (a, �H&E, 10; b, immunohistochemical stain, �10).
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mutations found in exon 11 (four out of nine cases,
44%). Two cases displaying the L576P mutation in
exon 11 were mucosal melanomas from the anor-
ectal region. The other two cases were an acral
lentiginous melanoma from the foot and a vulvar
melanoma. Mutations in exons 11, 13, and 17 were
detected in both acral lentiginous and mucosal
subgroups. Cases with positive KIT-activating
mutation represented examples from different ana-

tomic sites (foot, toe, anus/rectum, vulva, vagina,
conjunctiva, and palate).

Correlation Between Immunohistochemistry and
Molecular Testing for KIT

Table 5 shows the comparisons made by mutation
status, immunohistochemical analysis, and melanoma
type. There was evidence that the immunohisto-

Figure 3 Mucosal melanoma (case no. 20), positive for the D816V KIT mutation. The primary tumor (a and b) shows a strong diffuse
immunohistochemical expression of KIT in both in situ and invasive components. A lymph node metastasis (c and d) is also diffusely
positive for KIT. (a, c, H&E, � 10; b, d, immunohistochemical stain, � 10; inset, sequence analysis of exon 17 of the KIT gene showing a
mutation in codon 816 which resulted in the substitution of aspartic acid by valine).

Table 3 Immunohistochemical and mutational status of KIT in cases in which primary and metastatic melanoma tumors from the same
patient were available for study

Case
No.

Diagnosis KIT IHC, primary
tumor (site)

KIT IHC, metastasis (site) Mutational analysis

9 Mucosal melanoma 51–95%, 1+ (anus/rectum) 495%, 3+ (inguinal lymph node) Not amplifiable DNA (both)
17 Mucosal melanoma 51–95%, 3+ (urethra) 51–95%, 2+ (skin) Not amplifiable DNA (both)
20 Mucosal melanoma 495%, 3+ (vagina) 51–95%, 2+ (inguinal lymph node) KIT mutation, exon 17, D816V

(both)
60 Acral lentiginous

melanoma
51–95%, 2+ (left toe) 495%, 3+ (skin) KIT mutation, exon 11, V559A

(both)
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chemical detection of KIT (expressed as percentage
of positive cells) was associated with mutation
status (P¼ 0.007). A trend toward association of
staining intensity and mutation status was also
observed (P¼ 0.08).

When tumors were classified as acral lentiginous,
mucosal, and other (primary and metastatic), no
definitive association between melanoma type and
mutation status was found by statistical analysis
(P¼ 0.14). However, there is an obvious association
between the acral lentiginous/mucosal group (con-
sidered as a whole) and KIT mutation, as all the

positive cases were acral lentiginous/mucosal mel-
anomas, and none of the ‘non-acral lentiginous/
mucosal’ cases was found to carry any mutation.

None of the cases showing o5% positive tumor
cells was found to harbor KIT mutations (0 of 32
cases), indicating a negative predictive value of
100% in this study. Immunohistochemical expres-
sion of KIT was identified in more than 50% of the
tumor cells in 12 (86%) of the 14 cases shown to be
positive for KIT mutation (Table 5). The two positive
cases for KIT mutation in which KIT expression was
scored as 5 to 50% showed actual percentages of 10
and 20%.

In four of the 14 cases positive for mutation in the
KIT gene (case nos. 28, 82, 127, and 159, Table 4),
areas of melanoma in situ were available for
immunohistochemical assessment. All the in situ
tumors showed diffuse and strong positivity for KIT
(495%, 3þ ). The corresponding invasive compo-
nent (where microdissection for molecular analysis
was performed) showed a variable expression of
KIT, with two cases displaying 5–50% of positive
cells with weak intensity (1þ ) (case nos. 28 and 82)
and two cases showing diffuse and strong immuno-
labeling for KIT (case nos. 127 and 159, Table 4).

Discussion

Controversy still exists about the expression of KIT
protein in melanoma. Initial studies reported an
either reduced or absent immunohistochemical
expression of KIT in invasive (‘vertical growth
phase’) melanomas and metastatic tumors5,6 along
with lack of functional KIT and KIT mRNA in
‘advanced nodular’ melanoma cell lines.21,22 Uveal
melanomas, although reported to express KIT,7 were
found to be negative for KIT mutations.17 On the
other hand, Shen et al23 reported that 96% of
primary melanomas expressed KIT by immunohis-
tochemistry whereas 55% of metastatic melanomas

Table 4 Acral lentiginous/ mucosal melanoma cases positive for KIT mutation

Case Diagnosis Kit mutation KIT IHC (%) KIT IHC (intensity)

28 AL, primary, left foot Exon 11, L576P 5–50 1+
46 AL, primary, left foot Exon 17, D816V 51–95 3+
82 AL, primary, left foot Exon 11, 566 to 572 del 5–50 1+
52 AL, met, inguinal LN (left foot primary) Exon 13, N655K 495 3+
60 AL, met, skin (left toe primary) 1 Exon 11, V559Aa 51–95 2+
6 Muc, primary, anus/rectuma Exon 11, V560Da 51–95 3+
10 Muc, primary, vulva Exon 11, L576P 51–95 3+
20 Muc, primary, vaginaa Exon 17, D816Va 51–95 2+
38 Muc, primary, conjunctiva Exon 11, V559G 495 2+
88 Muc, primary, palate Exon 11, 566 to 574 del 51–95 2+
120 Muc, primary, anus/rectum Exon 11, L576P 495 3+
127 Muc, primary, vulva Exon 13 (K642E) and 17 (N822I) 495 2+
159 Muc, primary, vulva Exon 13, K642E 495 3+
162 Muc, primary, anus/rectum Exon 11, L576P 495 3+

AL: acral lentiginous; Muc: mucosal; met: metastasis.
a
Mutation analysis performed on both primary and metastatic tumors showed the same genetic defect.

Table 5 Correlation between immunohistochemical expression
of KIT, KIT mutation status, and type of melanoma

Mutation status P-value

Negative Positive

Immunohistochemical expression of KIT (%)
0 12 (12) 0 (0) 0.007a

o5 14 (14) 0 (0)
5–50 30 (31) 2 (14)
51–95 31 (32) 6 (43)
95+ 10 (10) 6 (43)

Immunohistochemical expression of KIT (intensity) (%)
0 12 (12) 0 (0) 0.08b

1+ 36 (37) 2 (14)
2+ 25 (26) 5 (36)
3+ 24 (25) 7 (50)

Diagnosis
ALM met 12 (11) 2 (14) 0.14b

ALM primary 22 (21) 3 (21)
MucM met 8 (8) 0 (0)
MucM primary 35 (33) 9 (64)
Melanoma, other, met 24 (23) 0 (0)
Melanoma, other, primary 5 (5) 0 (0)

ALM: acral lentiginous melanoma; MucM: mucosal melanoma;
met: metastasis.
a
Indicates P-value from Kruskal–Wallis test.

b
Indicates P-value from Fisher’s exact test.
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were found to be negative. Since then, overexpres-
sion of KIT has been reported in 53.7% of superficial
spreading melanomas,24 75% of primary anorectal
melanomas,25 metastases from the so-called ‘malig-
nant blue nevus’,26 and in more than 80% of
metastatic melanomas.27

Our results are in keeping with those recent
studies showing that, in at least some types of
melanoma, significant expression of KIT is present
and can be detected by immunohistochemistry. We
used a highly sensitive detection method employing
a rabbit polyclonal antibody, widely tested in
previous trials.23,28 It has been reported that heat-
induced antigen retrieval may surprisingly reduce
staining intensity with this particular antibody.28

Although our staining protocol included heat-
induced antigen retrieval, our high rate of positive
cases with adequate controls speaks against a
suboptimal detection of positive cells. It is plausible
that the apparent discordance between the initial
and recent reports of immunohistochemical detec-
tion of KIT in melanoma may be, at least in part, due
to the utilization of melanoma cell lines in earlier
studies.16

It appears that, in the acral lentiginous/mucosal
type, KIT expression by melanoma cells can be as
high as 84%. It seems that acral lentiginous/mucosal
melanomas express KIT in a higher proportion of
cases compared with other ‘non-acral lentiginous/
mucosal’ melanomas (found to express KIT
in roughly 65% of the cases), except for uveal
melanomas.

In our hands, metastatic melanomas tended to
retain KIT expression. Loss of the protein expression
by metastases was evident, at some extent, only in
the acral lentiginous melanoma subgroup (83 and
67% in primary and metastatic tumors, respectively)
whereas the mucosal melanoma subgroup showed at
least a comparable level of expression (84 and 90%,
respectively). Three cases of mucosal melanoma
displayed similar high levels of expression of KIT in
both primary tumor and corresponding metastasis.
Two cases, a mucosal melanoma and an acral
lentiginous melanoma, highly expressed KIT and
harbored an activating mutation of the gene in both
the primary and its metastatic tumor. The high level
of KIT expression in invasive and metastatic
melanomas found in our study may suggest that
loss of expression of KIT by itself might not have a
direct role in melanocyte transformation and tumor
progression in acral lentiginous/mucosal melano-
mas.21 It has been postulated that lack of KIT
overexpression in melanoma cell lines is most likely
due to altered expression of transcription factors
such as AP-2, which results in downregulation
of KIT.29,30

Most of our cases showed cytoplasmic and
membranous pattern of immunohistochemical
expression. It has been proposed that cytoplasmic
immunoreactivity for KIT may be due to a non-
mature protein rather than a proteolytically pro-

cessed molecule, which would be the active,
membranous receptor form. In any case, in all
our cases the two cellular locations were detected
and no association between immunohistochemical
staining pattern and mutational status of KIT was
noted.

Fifteen of 135 (11%) cases analyzed for KIT muta-
tions were non-informative because of low quality or
insufficient DNA and possibly inhibition of PCR
amplification by melanin pigment31 or other inhibit-
ing substances. A binding resin, used to purify the
DNA, improved the rate of amplification signifi-
cantly. Supplementing the PCR with bovine serum
albumin to sequester melanin can also be helpful.32

The first case of a KIT mutation-positive melano-
ma (an L576P activation mutation in exon 11) was
published in 2004 by Went et al8 Since then, two
cases of metastatic melanoma from unknown pri-
mary9 and three primary anal melanomas18 have
been reported to harbor the same mutation. In 2006,
Curtin et al16 found mutations and/or copy number
increases of KIT in 39% of mucosal, 36% of acral,
and 28% of melanomas on chronically sun-damaged
skin; specific KIT mutations were shown in three
out of 28 (11%) primary acral and 8 of 38 (21%)
primary mucosal melanomas. No metastatic mela-
nomas were included in their case series. Mucosal
melanomas from the oral cavity have been reported
to demonstrate mutations in KIT in 4 out of 18
cases.33 In a recent study, Beadling et al17 reported
23 and 15.6% of acral lentiginous and mucosal
melanomas to be positive for KIT mutations,
respectively.

We found that 13% of acral lentiginous and 17%
of mucosal primary and metastatic melanomas
harbor an activating mutation in KIT. None of the
few other types of melanomas analyzed showed KIT
mutations, including four cases of primary and
metastatic lentigo maligna melanoma. Our results
expand the previously reported data because both
primary and metastatic tumors were included in our
analysis. We were able to show the same activating
mutations in primary tumors and their metastases in
three patients (Table 4).

KIT mutations in acral lentiginous/mucosal mel-
anomas most frequently occurred in exon 11 (9 out
of 14 cases, 64%). The L576P substitution consti-
tuted 44% of the exon 11 mutations. This mutation
affects the juxta-membrane domain of KIT, promot-
ing dimerization of the protein and its constitutive
activation.16 One of our cases was found to carry the
V559A mutation in exon 11 in both primary and
metastatic tumors. This substitution, as L576P,
constitutes a target for imatinib mesylate ther-
apy.16,17 One of our cases, a primary anorectal
mucosal melanoma harboring the V560D mutation,
was previously reported.12 Other mutations in exon
11, not previously found in melanomas, were the
V559G substitution and deletions of codons 566–
572 and 566–574.34–36 Mutations found in exon 13
were K642E, which affects the first tyrosine kinase
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domain and has been reported in melanomas and
GIST,16,37,38 and N655K, which has recently been
identified in a case of GIST and found to be of gain-
of-function and imatinib mesylate sensitive.39 One
case harboring the K642E mutation was identified to
carry a second mutation, N822I in exon 17. Evidence
exists that K642E is a weakly activating mutation
that requires additional genetic alterations to be
fully oncogenic.16 Our finding may support this
contention. Mutations detected in exon 17, which
encodes the second tyrosine kinase catalytic domain
of KIT,40 were D816V and N822I. D816V has been
previously reported to occur in acute myeloid
leukemia and mastocytosis41,42 but not in melanoma.
The encoded KIT mutant protein has been found
to be completely insensitive to imatinib mesylate.43

A mutation in the same site, D816H, has been
identified in imatinib mesylate-resistant GIST,40

germ-cell tumors,44 and two cases of mucosal and
chronic sun-induced damage melanomas.16 N822I
has not been reported before. However, secondary
mutations between aminoacids 820 and 823 (such
as N822K and N822H) are considered in GIST as a
common mechanism underlying the development
of acquired resistance of tumors to imatinib
mesylate.40,45,46

Our study shows a significant correlation between
percentage of KIT-positive cells by IHC and KIT
mutation status in invasive acral lentiginous/muco-
sal melanomas (Table 5, P¼ 0.007). No cases with
less than 10% positive cells for KIT were found to
harbor KIT mutations in exons 11, 13 or 17. It seems,
therefore, that immunohistochemical expression of
KIT, recorded as percentage of positive cells in the
invasive component, is a strong negative predictor
for mutation status when a cutoff value of 10% is
considered. Immunohistochemical expression of
KIT by the in situ component of acral lentiginous
and mucosal melanomas seems to be consistently
diffuse and strong, regardless of the gene mutation
status, and therefore, not useful in predicting
mutation of KIT.

Seventy-one (64%) of the cases negative for KIT
mutation showed 5% or more positive cells for KIT.
Some mechanisms other than gene mutations, such
as increased numbers of copies of the gene16,47 and
co-overexpression of cyclin-dependent kinase 4 and
KIT,48 may account for this finding. Epigenetic
factors, such as the surrounding stroma5 and auto-
crine or paracrine stimulation49 may also have a role
in the overexpression of KIT in acral lentiginous/
mucosal melanomas.

Lack of clinical efficacy of imatinib mesylate has
been reported in a series of patients with uveal
melanomas overexpressing KIT but negative for KIT
mutations.50 Similar findings in primary cutaneous
and metastatic melanomas27,51,52 have led some to
postulate that imatinib mesylate is effective only in
tumors harboring mutations in KIT, similar to what
has been reported in studies exploring the in vitro
sensitivity of melanoma cells to the drug.18,19 The

importance of amplification of the KIT locus in
predicting response to therapy remains an open and
important question.16,17 The in vivo effect of im-
atinib mesylate measured as reduction of immuno-
histochemical expression of protein tyrosine kinases
after treatment has been reported.53 Complete and
major clinical responses to imatinib mesylate have
been reported in two cases of metastatic anorectal
mucosal melanomas carrying the K642E mutation
and a seven codon duplication in exon 11, both
strongly expressing KIT by immunohistochemis-
try.13,15 We have reported a case of metastatic
mucosal melanoma from the anus/rectum harboring
the V560D mutation and diffusely immunoreactive
for KIT that showed complete response for 5 months
to sorafenib, another receptor tyrosine kinase in-
hibitor.12 However, a recent phase II clinical trial,
carried out in our institution, found only one case (a
patient with metastatic acral lentiginous melanoma)
to dramatically improve with imatinib mesylate and
to have a partial response for more than a year.11 No
genomic mutation in KITwas found in the responder
case but the immunohistochemical expression of
KITwas diffuse and scored as the highest among the
tissue samples analyzed. Thus, it seems reasonable
to consider those tumors with diffuse immunolabel-
ing for KIT as potential candidates for both muta-
tional analysis and treatment trial with tyrosine
kinase inhibitors.

In summary, our study represents, to our knowl-
edge, the largest series of acral lentiginous/mucosal
melanoma cases in which both immunohistochem-
ical and KIT genotyping have been performed.
Immunohistochemical expression of KIT in less
than 10% of the cells of the invasive component
of acral lentiginous/mucosal melanomas appears to
be a strong negative predictor of KIT mutation and
therefore can potentially be used to triage cases for
additional KIT genotyping.
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