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Abstract. Background/Aim: Cutaneous melanoma, a
melanocyte malignancy, can be divided into many clinical
subtypes that differ in presentation, demographics, and genetic
profile. In this study, we used next-generation sequencing (NGS)
analysis to review genetic alterations in 47 primary cutaneous
melanomas in the Korean population and compared them to
alterations from melanomas in Western populations. Patients
and Methods: We retrospectively reviewed clinicopathologic
and genetic features of 47 patients diagnosed with cutaneous
melanomas between 2019-2021 at Severance Hospital, Yonsei
University College of Medicine. NGS analysis was performed
at diagnosis to evaluate single nucleotide variations (SNVs),
copy number variations (CNVs), and genetic fusions. Genetic
features in Western cohorts of melanoma were then compared
with previous studies performed in the USA: Cohort 1 (n=556),
Cohort 2 (n=79), and Cohort 3 (n=38). Results: The most
common histological classification of melanoma was the acral
lentiginous type (23/47, 48.9%). BRAF V600 mutation was most
frequent (11/47, 23 4%), but was significantly lower compared
to Cohort 1 (240/556, 43.2%) and Cohort 2 (34/79, 43.0%)
(p=0.0300). CNV analysis identified amplifications in
chromosomes 12q14.1-12q15 (11/47, 23.4%) including CDK4
and MDM?2 genes and 11q13.3 (9/47, 19.2%) including
CNDI, FGF19, FGF3, and FGF4 genes more frequently in
the present study population than Cohort 1 (p<0.0001).
Conclusion: These results clearly demonstrated differences in
genetic alterations between melanomas in Asian and Western
populations. Therefore, BRAF V600 mutation should be
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considered a significant signaling pathway explaining
melanoma pathogenesis occurrence in both Asian and Western
populations, whereas loss of chromosome 9p21.3 is unique to
melanomas in Western populations.

Cutaneous melanoma is a malignancy associated with
melanocytes in the basal layer of the epidermis. Despite
comprising only 1% of all skin cancers, melanoma accounts
for over 80% of skin cancer-related deaths (1). Traditionally,
the primary tool for classification involves histopathological
assessment in conjunction with the patient’s clinical
characteristics (1). However, updated melanoma classifications
were suggested based on epidemiologic and genomic findings
regarding pathways involved in melanoma development (2-4).
Based on these updated classifications, cutaneous malignant
melanoma (MM) can be classified into one of two groups:
melanomas arising in sun-exposed skin and melanomas arising
in sun-shielded sites or sites with unknown etiological
associations with sun exposure (1).

The majority of MMs result from solar damage (1-3).
Therefore, differential pathways associated with the pathogenesis
of low degree of cumulative sun damage (CSD) melanomas and
high-degree CSD melanomas are prime targets for explaining
differences in cutaneous MM development (5). This idea is also
supported by differences in genetic findings between the two
types of melanomas (2, 5). High-CSD and low-CSD with a
strong ultraviolet (UV) radiation signature melanomas have a
high mutation burden and multiple DNA copy-number changes
(1, 5). In contrast, melanomas with no consistent relationship to
sun exposure have a low mutation burden and variable DNA
copy-number changes (2, 5, 6).

According to previous studies, cutaneous MMSs in
individuals with skin colors darker than Caucasians tend to
occur in anatomic locations that are not continuously sun-
exposed (7, 8). Based on histological classification, the
frequencies of melanoma types also differ between races (7,
9, 10). However, limited studies have been performed
comparing clinicopathologic features and genetic alterations
of melanomas in Asian populations (11-14). In this study, we
reviewed characteristics of cutaneous MMs in Korean
individuals that were diagnosed through histopathological
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analysis and compared the genetic features of these cutaneous
MMs with genetic features of MMs in Western populations.

Patients and Methods

Clinical sample collection and ethical statement. We retrospectively
reviewed clinical and pathologic records of 47 Korean patients that
had surgical excisions due to clinical suspicion of MM, between
2019-2021 at Severance Hospital, Yonsei University College of
Medicine, and subsequently diagnosed as cutaneous melanoma. Two
pathologists (HJ and SKK) reviewed the associated clinical
presentations, pathological results, and molecular studies results. All
methods and experimental protocols using human tissue were carried
out in accordance with relevant guidelines and regulations, approved
by the Institutional Review Board (IRB) of Severance Hospital,
Yonsei University Health System. Formal written informed consent
was not required with a waiver by the IRB (IRB No. 4-2022-0912).

Targeted next-generation sequencing (NGS). At diagnosis, NGS
analysis was performed to evaluate single nucleotide variations (SNVs),
copy number variations (CNVs), and occurrence of genetic fusions.
Genomic DNA and RNA were extracted from 10 um sections cut from
Formalin-fixed, Paraffin-embedded (FFPE) tissue blocks, using AllPrep
DNA/RNA FFPE Kit (Qiagen, Hilden, Germany) and TruSight™
Oncology 500 kit (Illumina, San Diego, CA, USA). NextSeq 550Dx
(Illumina) was used to perform targeted NGS on extracted DNA and
RNA. Resulting genetic data was analyzed using TruSight Oncology
500 v2.0 Local App (Ilumina, Workflow Version: Ruo-2.0.0.70). All
NGS data were reviewed by two pathologists (HJ and HJR). Genetic
information and interpretation were performed using Integrative
Genomics Viewer (IGV) 2.10.0 software (Broad Institute, Cambridge,
MA, USA) and the following websites: The Single Nucleotide
Polymorphism Database (dbSNP; NCBI), Catalogue of Somatic
Mutations in Cancer (COSMIC), ClinVar (NCBI), and cBioPortal for
Cancer Genomics. Genetic amplification was determined when a
relative copy number increased more than 2.0-fold, while homozygous
deletion was determined when the change was less than 0.5-fold.

Definition of melanoma Western cohorts. This study utilized genetic
data from previous studies to compare genetic findings with those
of the Korean study population (n=47) described above. Western
melanoma populations included patients in Cohorts 1, 2, and 3.

Cohort 1 comprised MSK-IMPACT assay targeted sequencing
data from 696 paired melanoma tumor and normal genomic patient
samples. A total of 556 primary cutaneous melanoma out of the 696
cases were included for comparison (15). All patients with primary
cutaneous melanomas were sequenced and treated at two centers
(Memorial Sloan Kettering Cancer Center, NY, USA and Lehigh
Valley Cancer Institute, PA, USA). Cohort 1 included SNV, CNV,
and structural variant data.

Cohort 2 data was, in part, based on data classified as “Skin
Cutaneous Melanoma”, generated by The Cancer Genome Atlas
(TCGA) Research Network. Seventy-nine primary cutaneous
melanoma cases were selected for inclusion in Cohort 2. Sixty nine
out of 79 patients (87.3%) were white, seven (8.9%) were Asian,
and three (3.8%) were not identified.

Cohort 3 consisted of genomic analysis of melanomas from 38 acral
melanoma patients at Translational Genomics Research Institute,
Phoenix, AR, USA (16). Twenty eight out of 38 acral melanoma patients
(85.2%) were Caucasian and five were African American (14.7%).
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Table 1. Clinicopathologic features of cutaneous melanoma (n=47).

Parameters Glabrous Non-glabrous  p-Value
(n=28) (n=19)
Age at diagnosis 61.21+2.413 56+3.297 0.1982
(years=SD)
Sex
Male 16 11 >0.9999
Female 12 8
pT stage (n=27) (n=16) 0.4675
pTis 1 0
pTlab 2 0
pT2ab 5 1
pT3ab 6 5
pT4ab 13 10
Growth phase 0.1668
Horizontal 3/27 (11.1%) 0/16 (0.0%)
Vertical 24/27 (88.9%) 16/16 (100.0%)
Mortality rate 12/28 (42.9%)  5/19 (26.3%) 0.1389
Overall survival 1,579+145.7 1,200+£202 4 0.1254
(days+=SD)
Histologic subtype <0.0001
Acral lentiginous 23 (82.1%) 0 (0.0%)
Nodular 2 (7.1%) 5 (26.3%)
Superficial spreading 1 (3.6%) 6 (31.6%)
Unclassifiable 2 (7.1%) 8 (42.1%)
Mutation with clinical
significance
SNV 23/28 (82.1%) 18/19 (94.7%)  0.3783
CNV 15/28 (53.6%) 5/19 (26.3%) 0.0789
Genetic fusion 6/28 (21.4%) 1/19 (5.3%) 0.2138

SD: Standard deviation; SNV: single nucleotide variation; CNV: copy
number variation.

Statistical analysis. All statistical analyses were performed using
SPSS Statistics version 26.0 (IBM, Chicago, IL, USA) and GraphPad
Prism version 7.04 (GraphPad Software, San Diego, CA, USA).
Categorical data were reported as frequencies and percentages, and
continuous data are reported as meanzstandard deviation (SD).
Differences between groups were compared using Chi-squared test,
Fisher’s exact test, or unpaired #-test. Two-sided p-values <0.05 were
considered statistically significant. Additionally, p-values were
indicated as follows: *p<0.05; **p<0.005; ***p<0.0005.

Results

Clinicopathologic features of Korean melanoma patients. A
total of 47 cases, which were histopathologically diagnosed
as primary cutaneous melanoma and analyzed using NGS
sequencing at diagnosis were included in this study. The
most common histological classification of melanoma was
the acral lentiginous type; therefore, the cases were further
divided according to the primary tumor sites: glabrous
(n=28) and non-glabrous (n=19) (Table I). There were no
significant differences in age, sex, pathologic tumor (pT)
stage, growth phases at diagnosis, or mortality rate.
However, there was a significant difference in histologic
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Table II. Frequent single nucleotide polymorphisms found in the present study compared to those found in other cutaneous melanoma studies.

Gene Present study (n=47) Cohort 1 (n=556) Cohort 2 (n=79) p-Value
BRAF V600 11,234% 240,43.2% 34,43.0% 0.0300
NRAS 7,14.9% 168, 30.2% 8,10.1% 0.0001
KIT 6, 12.8% 32,5.8% 6,7.6% 0.1648
KMT2A 4,8.5% 94, 16.9% 5,63% 0.0097
MSH3 4,8.5% 18,3.2% 1,1.3% 0.0857
CTNNBI1 2,4.3% 46,8.3% 2,2.5% 0.1314
NCORI1 2,43% 41,7.4% 3,3.8% 0.3859
TERT 2,4.3% 467, 84.0% 1,1.3% <0.0001
TP53 2,4.3% 134,24.1% 4,51% <0.0001

subtype between groups and the acral lentiginous type was
more frequently found in the glabrous sites (23/28, 82.1%)
than in the non-glabrous sites (0/19, 0.0%) although the
superficial spreading type was the more common subtype of
the non-glabrous sites (6/19, 31.6%) than in the glabrous
sites (1/28, 3.6%, p<0.0001). As expected, the acral
lentiginous type was more frequent in glabrous sites (23/28,
82.1%) than in the non-glabrous sites (0/19, 0.0%). There
were also genetic differences between groups, including a
tendency towards more frequent instances of CNVs in the
glabrous melanomas (15/28, 53.6%) than in the non-glabrous
melanomas (5/19, 26.3%) (p=0.0789).

Comparison of SNVs in melanomas of Korean and Western
populations. To further evaluate the findings in the present study
population, genetic data were compared with data from previous
studies, Cohort 1 (n=556) and Cohort 2 (n=79). The most
frequently reported genes with SNVs were determined in
Cohort 1 and Cohort 2 (Table II). In the present study, BRAF
V600 mutation was most frequent (11/47,23.4%), but frequency
was significantly lower compared to Cohort 1 (240/556, 43.2%)
and Cohort 2 (34/79, 43.0%) (p=0.0300). There was a tendency
for the present study population to have more frequent MSH3
mutations (4/47, 8.5%) than either Cohort 1 (18/556, 3.2%) or
Cohort 2 (1/79, 1.3%) (p=0.0857). As acral lentiginous was the
most common histologic type of melanoma in the present study
population, instances of SNVs between this study population
and Cohort 3 (comprised of 38 acral melanoma patients) were
also compared (Table III). Between the two groups, there was
no significant difference in SNV occurrence, although the
present study population had a tendency towards more frequent
KIT mutations than Cohort 3 (p=0.0911).

Comparison of CNVs in melanomas of Korean and Western
populations. The present study population was also analyzed
for genetic amplifications and homozygous deletions. When
compared with CNVs observed in Cohort 1, amplifications in
chromosomes 12q14.1-12q15 (11/47, 23.4%) and 11q13.3
(9747, 19.2%) were more frequently identified than in Cohort

Table III. Comparative analysis of frequent single nucleotide
polymorphisms found in the present study and those found in the acral
melanoma study.

Gene Present study Cohort 3 p-Value
(n=47) (n=38)
BRAF V600 11,23.4% 7, 18.4% 0.5761
NRAS 7,14.9% 4,10.5% 0.5509
KIT 6,12.8% 1,2.6% 0.0911
KMT2A 4,8.5% 2,53% 0.5611
MSH3 4,85% 1,2.6% 0.2521
CTNNBI1 2,43% 1,2.6% 0.6867
NCORI 2,43% 1,2.6% 0.6867
TERT 2,43% 1,2.6% 0.6867
TP53 2,43% 2,53% 0.8273

1 (p<0.0001) (Table IV). Additionally, KIT, MYC, and
PDGFRA genes were also amplified more frequently in the
present study population than in Cohort 1 (p<0.0001). Loss of
the RET gene was observed at similar levels in both study
populations (2/47, 4.3%, and 8/556, 1.4%, for present study
population and Cohort 1, respectively, p=0.1465) (Table V).
Frequently observed CNVs in the present study population
were detected at much lower rates in Cohort 1.

Comparison of genetic fusions in melanomas in Korean and
Western populations. Table VI summarizes the observed
genetic fusions that occurred in cutaneous melanomas in the
present study population. To compare the frequency of
structural variant genes, fusion genes with clinical
significance in the Cohort 1 population were also analyzed
(Table VII). Results showed that cutaneous melanomas in the
present study population had more frequent translocations of
the BRAF gene than those of Cohort 1 (p<0.0001). Notably,
however, BRAF gene fusion was the most frequent structural
variant in both study populations (6/47, 12.8%, and 13/556,
2.3%, for the present study population and Cohort 1,
respectively).
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Table IV. Frequent amplifications in the present study compared to those found in Cohort 1.

Gene Locus Present study (n=47) Cohort 1 (n=556) p-Value
CDK4 12q14.1 11, 23.4% 9, 1.6% <0.0001
CCNDI1 11q13.3 9,19.2% 18,3.2% <0.0001
KIT 4ql2 8,17.0% 7,13% <0.0001
FGF19 11q13.3 7,14.9% 18,3.2% 0.0001
FGF3 11q13.3 7,14.9% 16,2.9% <0.0001
FGF4 11q13.3 7,14.9% 16,2.9% <0.0001
MDM2 12q15 6, 12.8% 6,1.1% <0.0001
MYC 8q24.21 6, 12.8% 7,13% <0.0001
PDGFRA 4ql2 6, 12.8% 4,0.7% <0.0001
MDM4 1932.1 3,64% 1,0.2% <0.0001
RICTOR S5pl3.1 3,64% 2,04% <0.0001
RPS6KBI1 17q23.1 3,64% 0,0.0% <0.0001
EGFR Tpll.2 2,43% 2,0.4% 0.0016
ERBB2 17q12 2,43% 0,0.0% <0.0001
FGF14 13g33.1 2,43% 0,0.0% <0.0001
LAMPI1 13q34 2,43% 0,0.0% <0.0001
Table V. Frequent homozygous deletions in the present study compared to those found in Cohort 1.

Gene Locus Present study (n=47) Cohort 1 (n=556) p-Value
RET 10g11.21 2,43% 8,1.4% 0.1465
PDGFRB 5q32 2,43% 0,0.0% <0.0001
EGFR Tpll.2 1,2.2% 0,0.0% 0.0006
FGF8 10q24.32 1,2.2% 0,0.0% 0.0006
JAK2 9p24.1 1,2.2% 2,04% 0.0981
FGF7 15q21.2 1,2.2% 0,0.0% 0.0006

Table VI. Genetic fusions in cutaneous melanomas.

Clinically significant genetic fusions

KIAA1549-BRAF, TRIM24-BRAF, BRAF-DPP6, ESYT2-BRAF, GOLGA4-BRAF, TPM3-ALK, IMJD1C-FGFR2, FGFR2-REEP3, EWSR1-PARVB

Unknown-significant genetic fusions

DGKG-ETVS5, ESR1-ZNF280B, NOTCH2-GOLGASA, YWHAE-RAF1, KCTD7-BRAF, STYXL1-BRAF, BRAF-HIP, SRP72-KIT, FOXP1-KIT

Discussion

In this study, we analyzed frequent genetic alterations that
occurred in melanomas of the Korean population compared to
those of the Western population to elucidate the unique features
and genetic profile of Asian cutaneous melanoma. The
accumulation of genetic alterations leading to melanoma
development varies according to both melanoma type and tumor
characteristics. Epidemiological, clinicopathological, and genetic
features can be explained by common signaling pathways that
differ based on the melanoma types: low ultraviolet (UV)
radiation exposure/CSD, high UV radiation exposure/CSD, and
low-to-no UV radiation exposure/CSD (1, 11).

We found out that the most common histologic type of
melanoma in the present study population was the acral
lentiginous type, and, as expected, acral lentiginous type was
more frequently found in glabrous sites. Compared with
populations of Cohort 1 and Cohort 2, NGS analysis showed that
BRAF V600 mutation was the most frequently identified
mutation across study groups. However, the frequency was
significantly lower in the present study population. Furthermore,
mutations in NRAS, KMT2A, TERT, and TP53 were more
frequently observed in Cohort 1 than in the present study
population. When we compared the SNVs of the Korean
population with those of Cohort 3, which included 38 acral
melanoma patients, KMT2A, TERT, and TP53 mutations were
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Table VII. Frequently identified fusion genes in cutaneous melanomas.

Present study (n=47)

Cohort 1 (n=556)

Gene No. Gene No. p-Value
BRAF 6, 12.8% BRAF 13,2.3% <0.0001
EWSR1 1,2.1% EWSRI1 2,04% 0.0981

FGFR2 1,2.1% SMARCA4 3,0.5%

ALK 1,2.1% NTRK1 3,0.5%

SETD2 3,0.5%

ARIDI1B 2,0.4%

AGK 2,04%

CDK5RAP2 2,04%

ETV6 2,0.4%

DNMT3A 2,04%

APC 2,04%

SRP19 2,0.4%

ZFHX3 2,04%

found although their frequencies were less than 10% in this
study population and Cohort 3 (Table III). These results can
possibly be explained by the tendency of acral melanoma, the
most common histologic subtype in the present study population,
to have a lower mutation burden than superficial spreading
melanoma which is a representative low-CSD melanoma (1, 11).

Like other eastern Asian countries, acral melanoma is the
most common subtype of all cutaneous melanoma cases in
Korea (12, 13). Accordingly, whereas UV radiation exposure
is the major cause of non-acral melanoma, acral sites are not
UV radiation—exposed, therefore, acral melanomas have a low
mutation burden, typically without a UV radiation signature
(2). In this study, which was performed in Korean patients,
acral lentiginous melanoma was the most common type
(23/47, 48.9%). To compare the SNVs of Korean melanoma
patients with those of Western acral lentiginous melanoma
patients, we analyzed the genetic data of Cohort 3. There was
no statistically significant difference in SNVs between the
population of this study and Cohort 3 although KIT mutation
was more frequently found in the population of this study.
However, large-size comparative studies in Asian melanoma
patients are needed because the accumulation of genetic data
for acral lentiginous melanoma are still far from satisfactory.

Following analysis for clinically significant CNVs, the most
frequently identified mutations in the present study population
included amplifications of CDK4, CCNDI, KIT, FGF19, FGF3,
FGF4, MDM2, MYC, and PDGFRA genes and homozygous
deletions of RET and PDGFRB genes. It is well documented that
melanomas without a UV radiation signature contain numerous
DNA copy-number changes (2). This study showed that high-
level amplifications in chromosomes 12q14.1-12q15 and
11q13.3 were more readily found than in previous studies of
melanomas from Western populations (2, 15, 17, 18). However,
loss of chromosome 9p21.3, including CDKN2A, CDKN2B, and

TEK genes, was highly detectable in melanomas in Western
population studies. Amplifications and homozygous deletions
were also detected in several other genes. However, the p-value
could not be calculated correctly by either Chi-square or Fisher’s
exact test due to the low number of detected samples (zero or
too low for statistical computation) in Cohort 1.

A recent study reported genetic alterations among Korean
melanoma patients with a comparison between primary tumors
and corresponding metastatic lesions (14). The authors
evaluated several well-known genetic alterations of melanoma
and demonstrated that the frequent genetic aberrations in the
primary melanomas were BRAF V600 and NRAS mutation and
KIT amplification. However, this previous study analyzed
BRAF, NRAS, GNAQ/11 mutations and KIT amplification data,
therefore it could not provide the specific features of other
genes associated with melanoma. A study showed that KIT
mutations or amplifications found in 15-40% of acral
melanoma and gene amplifications of CCNDI in 24% of them
occur in a mutually exclusive pattern with BRAF V600 and
NRAS mutations (5). However, both NRAS gene mutation and
CCND1 gene amplification were found in one case in this
study population. It was an acral melanoma on the sole with
metastasis to the liver. Additional studies are needed to confirm
its mutual exclusiveness with NRAS gene mutation and
CCNDI gene amplification.

In summary, our results clearly demonstrated the differences
in genetic alterations between Asian and Western melanoma
cases. We found that BRAF V600 gene mutation was the most
frequently identified mutation in this study population with
relatively lower frequency than in Western populations. In
CNVs, amplifications in chromosomes 12ql14.1-12q15
including CDK4 and MDM?2 genes and 11q13.3 including
CNDI, FGF19, FGF3, and FGF4 genes were more readily
found in this study compared to previous studies of melanomas
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from Western populations, while loss of chromosome 9p21.3
could be a unique genetic alteration in Western melanomas. In
conclusion, these results showed that BRAF V600 mutation
should be considered a significant signaling pathway explaining
melanoma pathogenesis in both Asian and Western populations.
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