Pathological activation of KIT in metastatic tumors of acral and mucosal melanomas.

Short title: KIT in acral and mucosal melanomas.

Atsuko Ashida, Minoru Takata®, Hiroshi Murata, Kenji Kido, and Toshiaki Saida

Department of Dermatology, Shinshu University School of Medicine, 3-1-1 Asahi, Matsumoto 390-8621, Japan

*Correspondence: Minoru Takata, M.D., Ph.D.
3-1-1 Asahi, Matsumoto 390-8621, Japan

Tel +81-263-37-2644; Fax +81-263-37-2646
e-mail:mtakata@shinshu-u.ac.jp

Key words: melanoma, skin, mucous membrane, oncogene mutation, molecular targets
Abbreviations : SCF, stem cell factor; GIST, gastrointestinal stromal cell tumor.

Category: Cancer cell biology

This study shows

1) pathlogical activation of wild-type KIT in a substantial number of acral and mucosal melanoma metastases in vivo,
and

2) growth suppressive effects of sunitinib against acral melanoma cells in vitro.



Abstract

Recent studies showed K77 gene aberrations in a substantial number of melanomas on acral skin and mucosa,
suggesting the therapeutic benefit of tyrosine kinase inhibitors, such as imatinib. We therefore examined the
expression and mutations of K77in 4 primary and 24 metastatic acral and mucosal melanomas.
Immunohistochemistry revealed moderate or strong KIT protein expression in 13 (48%) tumors. Sequence analysis
revealed K642E and D820Y mutations in two metastases. Amplification of KI7T was identified by real-time PCR in 4
tumors, including one that had K642E. Western blot analysis showed phosphorylation of the KIT receptor in 8 (62%) of
13 cryopreserved samples, indicating the frequent pathological activation of the receptor in vivo. Phosphorylation of
KIT protein was detected in 2 tumors harboring K77 mutations, as well as in one tumor with KI7 gene amplification.
Furthermore, 5 tumors without detectable K77 gene aberrations showed phosphorylation of the KIT receptor.
Expression of stem cell factor (SCF) in melanoma cells as well as stromal cells suggests SCF/KIT autocrine and
paracrine activation in these tumors. Finally, we found significant growth suppressive effects of sunitinib in two acral
melanoma cell lines; one harboring the D820Y mutation and one showing SCF-dependent KIT activation. These results
show pathological activation of KIT in a substantial number of metastatic tumors of acral and mucosal melanomas,
and suggest a potential therapeutic benefit of sunitinib for these melanomas.



Introduction

KIT is a transmembrane tyrosine kinase receptor, which is essential for the maintenance of normal hematopoiesis,
melanogenesis, gamategenesis, and differentiation of mast cells and interstitial cells of Cajal.! The dysregulation of
KIT is thought to play a role in certain neoplastic disorders, including systemic mastocytosis, acute myelogenous
leukemia, germ cell tumors, and gastrointestinal stromal cell tumors (GIST). 2 In the melanocytic system, KIT plays a
crucial role in the normal development and function of melanocytes in embryonic and postnatal stages 3. While KIT
expression is found in normal melanocytes, benign melanocytic nevi and in situ melanomas, it appears to be
down-regulated in invasive and metastatic melanomas. 45 In vitro study also showed that, although KIT is a potent
growth regulator of normal human melanocytes, its activity may not be positively associated with malignant
transformation.® Recently, however, Curtin et al.,” who examined 102 primary melanomas excised from various
anatomical sites, found mutations and/or copy number increases of the K/7'in 39% of mucosal melanomas, 36% of acral
melanomas and 28% of melanomas on chronically sun-damaged skin, but not in any (0%) melanomas on non-glabrous
skin without chronic sun damage. A couple of recent studies also identified oncogenic K77 mutations in 3 (15%) of 20
anal melanomas, 8 and 4 (22%) of 18 oral mucosal melanomas. ? These findings indicate that K77'is an important
oncogene in melanomas of mucosa, acral skin or skin with chronic sun damage, and that imatinib and other tyrosine
kinase inhibitors targeting KIT might be a promising treatment option for melanomas developing at these anatomical
sites 7. Major clinical responses to imatinib have actually been reported in metastatic mucosal melanomas harboring
KIT mutations.10 11 This is particularly important for non-Caucasian populations, such as the Japanese, in which the
vast majority of melanomas occur on acral skin, mucous membranes, and skin with chronic sun-damage.!2 13 We have
therefore examined protein expression and gene aberrations of K77'in 28 surgical specimens (mostly metastases) of
acral and mucosal melanoma. We have also investigated in vivo activation of KIT receptor by Western blot using frozen
tumor samples. Furthermore, we have evaluated the ability of imatinib and sunitinib to block KIT-mediated responses
and growth of acral melanoma cells 1n vitro.



Materials and methods
Patients and tumor tissue samples

We analyzed 28 tumor samples (24 metastases and 4 primary tumors) of acral or mucosal melanoma excised at the
Department of Dermatology, Shinshu University Hospital (Table 1). A representative formalin-fixed,
paraffin-embedded block was selected and used for immunohistochemistry as well as for the molecular studies. For 13
patients, cryopreserved material from surgical specimens was also available, and used for Western blotting. This study
was approved by the medical ethics committee of the Shinshu University School of Medicine, and conducted according
to the Declaration of Helsinki Principles. For excisions, patients gave written informed consent.

Cells

Six acral melanoma cell lines, SMYM-PRGP 14, SM2-1, SM3, MMG1, Mel-2, and Mel-18, all established from Japanese
patients, were used in this study. Normal melanocytes, and HMC-1.2, which is a mast cell leukemia line expressing two
gain of function mutations (V560G and D816V) in the KI7 gene,® were also used as controls. Source and culture
conditions for these cells are given in the supplementary Table 1S.

Immunohistochemistry

Immunohistochemistry was performed with a DAKO Envision™ System (Dako Cytomation, Kyoto, Japan) and
3-amino-9-ethylcarbazole as a chromogen. Paraffin sections (4 um) were de-waxed and incubated in 3% HzOsz for 5 min
at room temperature. Antigen retrieval was carried out by boiling sections in Target Retrieval Solution (Dako
Cytomation, Kyoto, Japan) for 20 min. The polyclonal rabbit antihuman KIT antibody (CD117: Dako Cytomation,
Kyoto, Japan) at a dilution of 1:500, and rabbit polyclonal anti- stem cell factor (SCF) (K089: Immuno Biological
Laboratory, Gunma, Japan) at a dilution of 1:50 were used as primary antibodies. Sections were counter-stained with
hematoxylin. Staining of interstitial mast cells and fibroblasts served as a positive control for KIT and SCF,
respectively. For negative controls, the primary antibodies were replaced with phosphate- buffered saline (PBS).
Immunostaining was graded in accordance with an immunoreactive score (IRS), in which IRS = percentage of positive



cells (0, negative; 1, 1- 20%; 2, 21- 50%; 3, 51-100%) X staining intensity (1, weak; 2, moderate; 3, strong). The final
expression was grouped into three levels: high (3+), IRS 9 or 6; intermediate (2+), IRS 4 or 3; and low (1+), IRS 1 or 2. 16
The predominant staining pattern of cells, either membrane or cytoplasmic, was also assessed.

DNA sequencing

Genomic DNA was extracted from formalin-fixed, paraffin-embedded sections using a MagneSil Genomic Fixed Tissue
System (Promega, Madison, WI). We amplified exons 11, 13, 17 and 18 of the K17 gene by PCR. Primers (each tagged
with the M13 forward or reverse primer) and conditions were those described by Curtin et al.” To detect BRAF and
NRAS hotspot mutations, we amplified BRAF exon 15 and NRAS exon 3, respectively, as described previously.l” We
purified PCR amplicons with QIAquick (Qiagen, Valencia, CA), and directly sequenced using the Big Dye Terminator
sequencing chemistry and an ABI automated sequencer (Applied Biosystems, Foster City, CA).

Fluorescent in situ hybridization (FISH) for cyclin D1
FISH for detecting amplification of the cyelin D1 gene was performed as described previously.l?
KIT Gene amplification analysis by real-time PCR

Quantitative real-time PCR was performed using Light Cycler Software version 3.5 (Roche Molecular Biochemicals,
Mannheim, Germany) to analyze the amplification status at the K77 gene locus, using ribonuclease P (RNase P) as a
control gene. Primer sequences were as follows: KIT, 5-GAGTAGCTTACCAGAAGCTTCAATAG-3 (forward) and
5-CATAGGGACTGATGCCTTCC-3’ (reverse); RNase P, 5-GGCCATCAGAAGGAGATGAA-3’ (forward) and
5-TTTCAGCCCTCACACTTGG-3’ (reverse). PCR was carried out for 45 cycles at 95°C for 10 seconds and 60°C for 30
seconds, according to the TagMan Universal PCR Protocol (Roche Diagnostics, Mannheim, Germany). The DNA
extracted from the tissue samples was adjusted to a concentration of 2 ng/ul. For each experiment, we used 5 ul (10 ng)
of DNA. For the evaluation of copy numbers of the K/7 gene, standard curves for both K77and KNase P genes were
generated with the threshold cycle of five serial dilutions of a normal human blood genomic DNA template. Gene copy
numbers were evaluated as a relative value assuming that the gene ratio in normal human blood DNA was one. All



samples were analyzed in triplicate. A ratio of more than 2.0 was regarded as positive for gene amplification. Although
a ratio of less than 0.5 might be compatible with gene deletion, this aspect was not considered in the present study.

Western blot analysis

Proteins extracted from tissue samples and cultured cells were subjected to Western blot, as described previously.14 17
Antibodies used were rabbit polyclonal anti-KIT (CD117) (Dako Cytomation, Kyoto, Japan) and anti-phospho-KIT
(Y719) (Cell Signaling, Cambridge, MA) antibodies, and mouse monoclonal antibody to 8 -actin (Abcam Inc.,
Cambridge, MA ). Normal tissue of the lymph node was used as a negative control. The lysate obtained from HMC-1.2
cells and normal melanocyte cultures stimulated with 10 ng/ml of recombinant human SCF (Relia Tech, Braunschweig,
Germany) was used as a positive control of receptor expression levels.

Reverse transcription-polymerase chain reaction (RT-PCR)

RNA extraction, cDNA synthesis and RT-PCR were performed as described previously.!* The primers used for
amplification of KIT and SCF were as follows: KIT, 5-TTCTTACCAGGTGGCAAAGGGCATGGCTTTC-3" (forward)
and 5"-GCCCTGAACACGCACCTGCTGAAATGTATGAC- 3’ (reverse); SCF, 5-GTGATTGTGTGGTTTCTTC-3"
(forward) and 5-CCTTCCTATTACTGCTACT-3" (reverse). The reaction profile was 38 cycles of one minute at 95°C, one
minute at 54°C and one minute at 72°C with a final extension for 7 minutes at 72°C. PCR products were separated on a
1.5% agarose gel.

In vitro drug testing

Growth inhibitory effects of imatinib and sunitinib (kindly provided by Novartis Pharma, Basel, Switzerland, and
Pfizer Inc., New York, NY, respectively) were tested in KIT-expressing acral melanoma cells, SMYM-PRGP and SM3,
by cell viability assay. SM2-1 cells that did not express KIT were used as a negative control. Suspended cells were
washed with MCDB153 medium containing 0.1% of bovine serum albumin (Sigma-Aldrich Japan, Tokyo, Japan),
followed by washing with plain MCDB153 medium. Four thousand of SMYM-PRGP and SM2-1 cell or 10,000 of SM3
cells in 50 pl of MCDB153 medium supplemented with 0.1 % FBS were seeded into each well in Nunclon-coated 96-well



multi-well plates (Nalge Nunc International, Rochester, NY). After 24 hours of incubation in a 5 % Os/ 5% COs
atmosphere at 37°C, 50 ul of MCDB153 medium containing 4% FBS with or without twice the desired concentration of
imatinib and sunitinib were added to each well. Right after this treatment, SMYM-PRGP cells were stimulated with
100 ng/ml of recombinant human SCF (Relia Tech, Braunschweig, Germany). Cultures were incubated for an
additional 48 hours in the 5 % O/ 5% COsz atmosphere at 37°C. Then, 10 ul of WST-8 solution (Cell Count Reagent SF
™: Nakarai Tesuque, Kyoto, Japan) was added to each well. After additional 4 hours of incubation at 37°C, optical
absorption at 450 nm was measured with a wavelength of 650 nm as the reference.

Statistical analysis

Results of cell proliferation assays and cell viability assays were expressed as the mean = standard deviation (SD).

Cell viability assays were analyzed with a one way analysis of variance test followed by Fisher’s PLSD using SPSS for
Windows version 14 (SPSS Inc, Chicago, IL)



Results
KIT expression and gene aberration in acral and mucosal melanomas in vivo

By immunohistochemistry using a polyclonal CD117 antibody, we detected KIT expression in 20 (74%) of the 27
melanoma tumors (Table 1). Six tumors showed diffuse membrane staining, whereas 14 showed predominantly
cytoplasmic staining. Among the positive cases, while 7 (26%) tumors showed a low level of KIT expression, the
expression was moderate to strong in the remaining 13 (48%) samples. Membrane staining was observed exclusively in
tumors that showed strong KIT expression (Figure 1A).

Next, we investigated mutations and copy numbers of the K77 gene in 19 tumors that mostly showed KIT protein
expression. Previous studies in cutaneous and mucosal melanomas showed that genetic aberrations of K/7 were
mainly found in tumors strongly expressing KIT protein 79. We sequenced exons 11, 13, 17 and 18 of the K17 gene, in
which most of the oncogenic mutations were identified.!® We found two mutations: K642E and D820Y in a skin and a
lymph node metastasis, respectively. No mutation was found in the other 17 tumors. KI7 gene amplifications,
determined by real time PCR assay, were found in 4 tumors, including one that had the K642E mutation (Table 1).
Overall, the frequency of KI7T gene mutation and/or amplification was 19% (5/28) in our cohort, which was somewhat
lower than the previous report.” The K642E mutation is found in a small number of GIST, and is known to stabilize the
juxta-membrane domain of the KIT protein through amino acid interactions.!® This mutation was already reported in
acral and mucosal melanomas.” 9 Frequent association of K642E and gene amplification was noted in a previous study,
suggesting this mutation to represent weak activation additionally requiring increased gene dosage in order to provide
a significant oncogenic signal.” The D820Y mutation is within the activation loop in the distal kinase domain, and was
reported previously as a secondary mutation in GIST cases that acquired resistance to imatinib treatment,20 as well as
in the germline of one kindred with familial GIST.2!

As fresh frozen tissues were available in 13 cases, we further investigated the expression and phosphorylation of the
KIT receptor by Western blot analysis, using an antibody that specifically recognizes active KIT, phosphorylated at
Tyr719, We found KIT expression and phosphorylation in 8 (62%) of 13 samples (Table 1, Figure 1B), although the
expression levels were variable. Phosphorylation of KIT was detected in all but one (case 1) sample showing strong



staining for KIT by immunohistochemistry. Discrepant results between immunohistochemistry and Western blot in
case 1 may be due to the heterogeneity of KIT expression within the same tumor. Phosphorylation of KIT protein was
detected in 2 tumors harboring K77 mutations (cases 5 and 8), as well as in one tumor with K77 gene amplification
(case 13). Furthermore, 5 tumors without detectable K17 gene aberrations showed the pathological activation of the
KIT receptor, as revealed by tyrosine phosphorylation. All of these tumors showed strong SCF expression as revealed
by immunohistochemistry (Table 1). Strong SCF expression was also found in the other 5 tumors that showed strong
immunostaining for KIT (Figure 1C). SCF expression was observed not only in melanoma cells, but also in fibroblasts
and endothelial cells. Such coexpression of KIT and SCF in tumor tissues suggests SCF/KIT autocrine as well as
paracrine activation to result in enhanced KIT signaling.

We also examined the BRAF NRAS and cyclin D1 genes, all of which were implicated in melanoma development.22
Consistent with previous reports,?- 22 mutations in the BERAF and NRAS genes were infrequent in acral and mucosal
melanomas. Only 3 (11%) of 28 tumors harbored the BRAFV600E mutation, and none showed NEAS mutation.
Amplification of the cyclin D1 gene was detected in 3 (12%) of the 25 samples. Notably, two tumors harboring KI7T
amplification (cases 13 and 20) were associated either with BRAF mutation or cyclin DI amplification (Table 1).

Growth suppressive effects of imatinib and sunitinib in acral melanoma cells in vitro

Among the 6 acral melanoma cell lines, RT-PCR revealed K77 mRNA expression in 4 cells (Mel-2, MMG1,
SMYM-PRGP, and SM3), while SCFwas expressed in all 6 cell lines (Figure 2A). Sequence analysis of the KIT gene in
the cells expressing KIT revealed that the SM3 cells harbored the D820Y mutation in exon 17, the same missense
mutation identified in case 8. Although this mutation was reported in the germline of one kindred with familial GIST,2!
germline of the patient, from whom SM3 was established, showed wild-type. Amplification of the K77 gene was not
detected in any cell line by real-time PCR. Western blot analysis confirmed the KIT protein expression in 3 of the 4 cell
line, expression being weak in Mel-2 cells (Figure 2B). MMG1 did not express the protein, probably due to the
post-transcriptional modification. Although no or very weak phosphorylation of the KIT protein was detected in Mel-2
and SMYM-PRGP cells, stimulation with 100 ng/ml of SCF induced weak or strong phosphorylation, respectively.
Constitutive phosphorylation of KIT was observed in SM3 cells without SCF stimulation (Figure 2C).



Finally, we examined the growth suppressive effects of two tyrosine kinase inhibitors, imatinib and sunitinib, that are
now widely used in the clinic for the treatment of advanced GIST harboring KIT mutations, 18 23 against acral
melanoma cells (Figure 3). We used SM3 harboring the D820Y mutation, and SMYM-PRGP with wild-type KIT that
was strongly activated by SCF. SM2-1, which did not express KIT, was used as a control. As expected, imatinib and
sunitinib had no effects on the proliferation of SM2-1 cells, although 10 pM of sunitinib had a weak suppressive effect.
This may be due to the inhibition of receptor tyrosine kinases other than KIT, such as platelet-derived growth factor
receptor (PDGFR), FMS-related tyrosine kinase-3, fibroblast growth factor receptor 1, colony stimulating factor-1
receptor and RET 24. While imatinib did not affect the proliferation of SM3 cells, sunitinib showed marked growth
inhibition against this cell harboring the D820Y mutation (Figure 3A). Both imatinib and sunitinib potently inhibited
SCF-induced cell proliferation and phosphorylation in SMYM-PRGP cells. The two drugs caused dose-dependent
inhibition of KIT phosphorylation in SCF-stimulated SMYM-PRGP cells. Sunitinib had a more potent effect than
imatinib (Figure 3B).
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Discussion

Because KIT'is a target of several small molecule inhibitors, such as imatinib and sunitinib, which are already used in
the clinic,23 the finding of frequent genetic aberrations affecting A77'in acral and mucosal melanomas suggests
potential therapeutic benefits of these KIT inhibitors.” Curtin et al.,” identified AK/7"activating mutations in 11% and
21% of primary acral and mucosal melanomas, respectively. Oncogenic K77 mutations were also found in 15% of anal
melanomas,® and 22% of oral mucosal melanomas.? Importantly, the majority of mutations found in these studies,
mainly examining primary mucosal melanomas, were predicted to affect the juxta-membrane domain.”® As other
cancer types with mutations in the juxta-membrane domain are responsive to imatinib, a substantial number of
mucosal melanoma patients may also benefit from imatinib treatment. However, the frequency of KI7T'mutations in
our cohort, which mainly consisted of metastatic acral melanomas, was lower (7 %). This difference may be because: (a)
although cells harboring activating K77 mutations may be selected for in the early stages of melanoma development,
metastatic tumors may lose KIT expression,25 (b) KI7T gene mutations are less common in acral melanomas than in
mucosal melanomas; or (c) the different geographic patient populations may have a diverse KIT expression status in
acral and mucosal melanomas. More cases need to be tested to distinguish between these possibilities.

Both imatinib and sunitinib are tyrosine kinase inhibitors that target KIT with proven benefit in GIST.23 Imatinib is
effective in the treatment of a significant proportion of GIST with mutations in the juxta-membrane domain.26 Thus,
melanoma patients with K7/7'mutations affecting the juxta-membrane region, such as K642 and LL576, which were
found by this and other studies,”® may benefit from imatinib treatment. However, mutations affecting other domains of
KIT may confer resistance to imatinib.23 In this study, we identified a rare D820Y mutation that affects the activation
loop of KIT protein in one acral melanoma metastasis. Interestingly, an acral melanoma cell line, SM3, established in
our laboratory from the primary acral melanoma tumor harbored the same mutation. Whether this particular type of
mutation is common in Japanese melanoma patients needs further investigation. While tumors harboring mutations
causing amino acid substitutions at residue 820 are reported to be resistant to imatinib,20 sunitinib may be effective
against some tumors that are refractory to imatinib. 27 We actually demonstrated a growth suppressive effect of
sunitinib against SM3 cells harboring the D820Y mutation, while imatinib showed no effect. To the best of our
knowledge, this is the first study to show the effectiveness of sunitinib against cells bearing this particular KI7T
mutation, and suggests sunitinib to be a useful therapeutic agent to treat K/7' mutated melanomas, which would be
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refractory to imatinib.

While aberrant KIT signaling may be activated by mutation and gene dosage effects, Curtin et al.” observed increased
expression of the KIT protein in 33% of melanomas without detectable K77 mutations or copy number increases. This
suggests that another mechanism may cause the constitutive activation of KIT. We have revealed, by Western blotting
using fresh frozen surgical specimens, that a significant proportion of tumors with no genetic aberrations showed
phosphorylation and activation of the KIT receptor. Since most of these tumors strongly expressed SCF in melanoma
cells as well as in stromal cells, it is speculated that the aberrant KIT signaling is induced by a SCF/KIT autocrine and
paracrine loop. While a number of in vivo tumors show distinct phosphorylation of the KIT receptor, exogenous SCF
was required to induce phosphorylation in SMYM-PRGP cells in vitro. Thus, paracrine effects involving stroma or
other host cells may be more important for this autoactivation. Similar autoactivation of KIT without genetic
aberrations has been suggested in other cancers and sarcomas.6 2830 Thus, it is of great clinical importance whether
protein kinase inhibitors targeting KIT, such as imatinib and sunitinib, are efficacious in melanomas that are driven
by autocrine/paracrine KIT activation. By using the KIT-expressing SMYM-PRGP cell line, we demonstrated that both
1imatinib and sunitinib inhibited SCF-dependent KIT phosphorylation and cell proliferation. Small cell lung cancers
also showed the pathological activation of wild-type KIT by an autocrine loop, 28 and were sensitive to both imatinib
and sunitinib 1n vitro. 3% 32 However, the in vivo evaluation by treating mice bearing small cell lung cancer cells
expressing KIT showed different effect between imatinib and sunitinib: sunitinib treatment resulted in significant
suppression of tumor growth, whereas the inhibition by imatinib treatment was less extensive.3! The stronger growth
suppressive effect of sunitinib 7n vivo was explained by the fact that sunitinib efficiently targets not only KIT but also
PDGFR and the vascular endothelial growth factor receptor, thus suppressing tumor stroma and angiogenesis. 3!
Consistent with the results in animal experiments, imatinib did not have antitumor activity against small cell lung
cancer in a clinical trial, even with KIT protein present in tumor specimens.3? Thus, future investigations should aim
at evaluating sunitinib, not imatinib, as a potential therapeutic agent for treating melanomas showing wild-type KIT
activation.

Two phase II clinical trials testing imatinib for metastatic melanoma revealed no objective response.34 35> Based on

these disappointing clinical results, it was concluded that imatinib has no therapeutic effect against metastatic
melanoma; however, these clinical trials did not consider either the type of melanoma or the K77 genotype of individual
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tumors for eligibility criteria. A recent preliminary report of a clinical trial of imatinib in 21 metastatic melanomas
showed one complete response in a patient with acral melanoma.” Major clinical responses to imatinib were also
reported in patients with KI7T*mutated mucosal melanoma.l% 1! Thus, a clinical trial investigating imatinib and
sunitinib in metastatic melanoma originating from primary tumors of acral skin, mucosa, or chronically sun-damaged
skin has been proposed, correlating the treatment outcome with the mutation status of K77.36 Given the lack of
effective treatments for advanced melanoma, clinical trials of new targeted therapy based on the selection of patients
with appropriate biomarkers are urgent.3” As shown in this study, KIT could be a promising target in a subset of
patients with acral and mucosal melanomas, if the patients were selected properly according to the molecular profile of

their tumors.
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Figure legends

Figure 1. (A) Immunohistochemistry for KIT showing membrane staining in
a tumor with wild-type K77 amplification (case 20). (B) The Western blot
showing KIT receptor expression and phosphorylation in a substantial
number of surgical specimens of acral and mucosal melanomas. N, normal
lymph node as a negative control; HMC-1, human mast cell leukemia line;
MC, normal melanocytes stimulated with 10 ng/ml of SCF. (C)
Immunohistochemistry showing SCF expression in melanoma cells (case 7).
Dark brown pigments are melanin.

Figure 2. (A) RT-PCR showing mRNA expression of KIT and SCF'in acral
melanoma cell lines. (B) The Western blot shows weak KIT expression in
Mel-2 cells, and strong KIT expression in SMYM-PRGP and SM3 cells. (C)
The Western blot shows weak and strong phosphorylation of KIT in Mel-2
and SMYM-PRGP cells, respectively, after the stimulation with 100 ng/ml of
SCF. SM2-1 cells that lack KIT expression are used as a control. SM3
harboring a D820Y mutation shows the constitutive phosphorylation of KIT
without SCF stimulation.

Figure 3. (A) In vitro drug testing shows dose-dependent inhibition of cell
proliferation by sunitinib in SM3 cells, whereas imatinib has no effect (left
panel). Both imatinib and sunitinib show dose-dependent inhibition of
SCF-induced cell proliferation in SMYM-PRGP cells (middle panel). There is
little or no growth suppression by imatinib and sunitinib in SM2-1 cells that
lack KIT expression (right panel). Columns are mean values for
quadruplicate experiments. Bars, SD. *, p<0.01. (B) Both imatinib and
sunitinib show dose-dependent inhibition of SCF-stimulated KIT
phosphorylation in SMYM-PRGP cells. Sunitinib shows more potent
inhibition than imatinib.
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