
Abstract. Myeloid leukemia-1 (Mcl-1) is an anti-apoptotic
protein implicated in tumor progression. Its expression was
found to be elevated in many types of human cancers and is
correlated with tumor progression. The expression of Mcl-1
in melanoma is not fully understood. We investigated the
expression of Mcl-1 in normal nevi, dysplastic nevi, primary
melanoma and melanoma metastases by tissue microarray
and immunohistochemistry. We found that Mcl-1 expression
was significantly increased in dysplastic nevi, primary
melanoma and melanoma metastases when compared to
normal nevi, though the expression of Mcl-1 was decreased in
metastatic melanoma when compared to dysplastic nevi. We
did not find any correlation between Mcl-1 expression and
melanoma patient survival. Our data suggest that Mcl-1 may
play a critical role in the initiation of melanoma development.

Introduction

Melanoma is a life-threatening skin cancer, characterized by
rapid metastasis and a resistance to conventional radio- and
chemo-therapy. Although melanoma accounts for only 4% of
all dermatological cancers, it is responsible for 80% of deaths
from skin cancer (1). Melanomas at the early stages are
curable with surgical excision (2). However, up to 20% of
patients will develop metastatic tumors owing to its high
capability of invasion and rapid metastasis to other organs
(3). Only 14% of patients with metastatic melanoma survive
for five years (1). Resistance to chemotherapy, with a
response rate of <20%, is the major problem in treating
melanoma (4,5).

Apoptosis plays an important role in the process of tumor
formation. The molecular components of apoptosis include

proapoptotic and antiapoptotic regulators (6). Members of the
Bcl-2 family of proteins are key regulators of apoptosis (7).
They include the proapoptotic Bcl homology domain 3 (BH3)
only proteins (such as Bid, Bim, Bad, NOXA and PUMA)
and antiapoptotic prosurvival proteins such as Bcl-2, Bcl-2-
like 1 (Bcl-XL) and Myeloid leukemia-1 (Mcl-1) proteins.
Bcl-2 associated X protein (BAX) and BAK are additional
proapoptotic proteins that appear to be essential for the
induction of apoptosis (8,9). The antiapoptotic proteins bind
the proapoptotic BH3 proteins in order to prevent the
homodimerization of BAX and BAK and the subsequent
depolarization of mitochondrial membrane potential (10,11).

Mcl-1 was first found to be expressed in differential
myeloid cells (12). Since then Mcl-1 has been shown to be
expressed in epithelia such as prostate, breast, colon and lung
(13). Mcl-1 was also detected in the adrenal cortical cells,
sympathetic neurons, leydig cells of the testis, a subpopulation
of cells in the pancreatic islets, granulosa lutein cells of the
ovarian corpus luteum and cardiac and skeletal muscles (13).

The role of Mcl-1 in melanoma is not well understood.
Zhuang et al showed increased Mcl-1 expression in thick
primary melanoma and metastatic melanoma (14). Since these
authors included only 10 cases of dysplastic nevi in their
report, the role of Mcl-1 in the initial cell transformation of
melanocytes is not clear. To elucidate the role of Mcl-1 in
melanomagenesis, we employed tissue microarray (TMA)
technology and studied Mcl-1 expression in 187 melanocytic
lesions at different stages including 44 cases of dysplastic nevi
by immunohistochemistry. For the first time, our study showed
a higher expression of Mcl-1 in dysplastic nevi compared to
normal nevi suggesting that the overexpression of Mcl-1 may
be involved in melanoma initiation.

Materials and methods

Construction of TMA. The use of human skin tissues in this
study was approved by the Medical Ethics Committee of the
University of British Columbia and was performed according
to the declaration of the Helsinki guidelines. Formalin-fixed,
paraffin-embedded tissues from 13 human normal nevi, 44
dysplastic nevi, 83 primary melanomas and 47 metastatic
melanomas were used in this study. All specimens are from the
1990 to 1998 archives of the Department of Pathology,
Vancouver General Hospital. For each specimen, the most
representative lesion area was selected and marked on the
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hematoxylin-eosin-stained slide. Duplicate 0.6-mm thick tissue
cores were taken from each biopsy and the TMAs were
assembled using a tissue-array instrument (Beecher
Instruments, Silver Spring, MD). Using a Leica microtome
(Leica Microsystems Inc, Bannockburn, IL), multiple 4-μm
sections were cut and then transferred to adhesive coated slides
using regular histology procedures. Hematoxylin and eosin
were used to stain one section from each TMA. Other sections
were kept at room temperature for immunohistochemical
staining.

Immunohistochemistry of TMA. For deparaffinization, the
TMA slides were heated at 55˚C for 20 min followed by three
5-min washes with xylene. The rehydration of tissues was
performed by 5-min washes in 100, 95 and 80% ethanol and
distilled water. Antigen retrieval was performed by heating
the samples at 95˚C for 30 min in 10 mM sodium citrate
(pH 6.0). Endogenous peroxidase activity was blocked by
incubation in 3% hydrogen peroxide for 30 min. After 30 min
of blocking with the universal blocking serum (Dako
Diagnostics, Missisauga, ON, Canada) the sections were
incubated with a primary antibody (1:100 dilution; Santa
Cruz, CA, USA) at 4˚C overnight. Then the sections were
incubated for 30 min each with a biotin-labeled secondary
antibody and then streptavidin-peroxidase (Dako Diagnostics).
The samples were then developed using 3,3'-diaminobenzidine
substrate (Vector Laboratories, Burlington, ON, Canada) and
counterstained with hematoxylin. Dehydration was then
performed following a standard procedure and the slides were
sealed with coverslips. Negative controls were performed by
omitting the Mcl-1 antibody during the primary antibody
incubation.

Evaluation of immunostaining. The Mcl-1 staining was
examined by one dermatologist and two other observers
simultaneously and a consensus score was reached for each
core. Based on the intensity of the staining, the positive
reaction of Mcl-1 was scored into four grades of 0, 1, 2 and
3. The percentage of Mcl-1-positive cells was scored into
five groups of 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%)
and 4 (76-100%). In the event of a discrepancy between
duplicated cores, the higher score from the two cores was used
as the final score. The multiplication of the intensity and
percentage scores is used as the final staining score. The final
score for the staining was defined as negative (0), weak (1-4),
moderate (5-8) or strong (9-12).

Statistical analysis. The quantitative differences of Mcl-1
staining at different stages of melanoma were compared
using the χ2 test. The χ2 test was also used to evaluate the
correlation between Mcl-1 expression and the clinico-
pathological parameters of primary melanoma patients such
as age, gender, tumor thickness, ulceration, tumor location,
histological subtype and American Joint Committee on Cancer
(AJCC) stage. The correlations between Mcl-1 staining and
patient survival were evaluated using the Kaplan-Meier
method and log-rank test. A P-value of <0.05 was considered
significant.

Results

Clinicopathological features of TMAs. The TMA employed in
the study consists of 13 cases of normal nevi, 44 cases of
dysplastic nevi, 83 cases of primary melanoma and 47 cases of
melanoma metastases. For the 83 cases of primary melanoma,
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Figure 1. Representative images of Mcl-1 immunohistochemical staining in human melanocytic lesions. (A and E) Normal nevus with negative Mcl-1 expression.
(B and F) Dysplastic nevus with strong Mcl-1 expression. (C and G) Primary melanoma with strong Mcl-1 expression. (D and H) Melanoma metastasis with
strong Mcl-1 expression. Magnification x150 for A-D; x400 for E-H.
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32 were male and 51 were female, with ages ranging from 21
to 93 years (median = 58). For primary melanoma staging,
we used Breslow thickness as our criteria (15) for evaluating
Mcl-1 expression: 24 tumors were ≤1.0 mm, 29 were 1.01-
2.0 mm, 13 were 2.01-4.0 mm and 17 were >4.0 mm. Sixty-
seven tumors were located in sun-exposed (head and neck)
sites, while 16 tumors were located in sun-protected sites
(other). Ulceration was observed in 17 cases (Table I).

Increased Mcl-1 expression in dysplastic nevi and melanomas.
We examined the overall staining in normal nevi, dysplastic
nevi, primary melanoma and metastatic melanoma by
immunohistochemistry (Fig. 1). Mcl-1 showed moderate to
strong cytoplasmic staining in 8, 80, 59 and 47% of normal
nevi, dysplastic nevi, primary melanoma and metastatic
melanoma, respectively. A significant difference in Mcl-1
staining was observed between normal nevi and dysplastic
nevi, primary melanoma or metastatic melanoma (P<0.001,
χ2 test). A significant difference in Mcl-1 staining was also
observed between dysplastic nevi and metastatic melanoma
(P<0.005, χ2 test). However, the difference of Mcl-1 staining
between dysplastic nevi and primary melanoma (P=0.105,
χ2 test) and between primary and metastatic melanomas were
not significant (P=0.423, χ2 test) (Fig. 2).

Correlation of Mcl-1 expression with clinicopathological
parameters and melanoma patient survival. AJCC stages,
tumor thickness and ulceration are known to be important
prognostic markers for patients with primary melanoma. We
studied if Mcl-1 expression correlates with these markers. We
did not find a significant correlation between Mcl-1 expression
and AJCC stages, tumor thickness or ulceration (Table I),
neither any association between Mcl-1 expression and other
clinicopathological parameters such as age, gender, and
tumor subtypes (Table I). We then examined if Mcl-1
expression was associated with the survival of patients with
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Table I. Mcl-1 staining and clinicopathological characteristics of 87 primary melanomas.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Mcl-1 staining score
––––––––––––––––––––––––––––––––––––––––––––––––––

0 1 2 3 Total P-valuea

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age
≤57 2 (5%) 13 (32%) 19 (46%) 7 (17%) 41 P>0.05
>57 5 (12%) 14 (33%) 17 (40%) 6 (14%) 42 P>0.05

Gender
Male 4 (8%) 14 (27%) 24 (47%) 9 (18%) 51 P>0.05
Female 3 (9%) 13 (41%) 12 (38%) 4 (13%) 32 P>0.05

Tumor thickness (mm)
≤1 2 (8%) 7 (29%) 11 (46%) 4 (17%) 24 P>0.05
1.01-2 2 (7%) 10 (34%) 12 (41%) 5 (17%) 29 P>0.05
2.01-4 2 (15%) 5 (38%) 4 (31%) 2 (15%) 13 P>0.05
>4 1 (6%) 5 (29%) 9 (53%) 2 (12%) 17 P>0.05

Ulceration
Absent 7 (11%) 20 (30%) 29 (44%) 10 (15%) 66 P>0.05
Present 0 (0%) 7 (41%) 7 (41%) 3 (18%) 17 P>0.05

Tumor subtype
SSM 2 (6%) 11 (31%) 17 (47%) 6 (17%) 36 P>0.05
LMM 2 (13%) 5 (33%) 7 (47%) 1 (7%) 15 P>0.05
Other 3 (9%) 11 (34%) 12 (38%) 6 (19%) 32 P>0.05

Siteb

Sun-protected 6 (9%) 19 (28%) 30 (45%) 12 (18%) 67 P>0.05
Sun-exposed 1 (6%) 8 (50%) 6 (38%) 1 (6%) 16 P>0.05

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aχ2 test. bSun-protected sites: trunk, arm, leg and feet. Sun-exposed sites: head and neck.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Mcl-1 expression in normal nevi (NN), dysplastic nevi (DN),
primary melanoma (PM) and melanoma metastases (MM). Negative staining
(0); weak staining (1-4); moderate staining (5-8); and strong staining (9-12).
A significantly higher expression in Mcl-1 was found in DN, PM and MM
when compared to NN (P<0.001, χ2 test) and decreased Mcl-1 expression in
MM and when compared to DN (P<0.005, χ2 test).
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primary melanoma by Kaplan-Meier survival analysis. We
divided Mcl-1 staining into two groups, negative to weak and
moderate to strong. Our results showed that Mcl-1 expression
did not correlate with 5-year overall (Fig. 3A) and disease-
specific (Fig. 3B) patient survival in primary melanoma
(P>0.05, log-rank test).

Discussion

Impairment of apoptosis is a critical step in tumorigenesis
(16,17). p53 plays a central role in the regulation of apoptosis
and protects cells from tumorigenesis (18,19). However,
alterations in the TP53 gene only occur in 1-5% and 11-25%
of primary and metastatic melanomas, respectively (20),
indicating that the alteration of other components in the
apoptotic pathway may be important for tumorigenesis.
Apoptosis is tightly controlled by the ratio of pro-survival
(e.g. Bcl-2, Bcl-XL, Bcl-w, Mcl-1 and A1) and apoptotic (e.g.
BAX, BAK, Bim, Bad, NOXA and PUMA) Bcl-2 family
members (21). Mcl-1 is a pro-survival factor which functions
through the formation of heterodimer with BAX and/or BAK
to inhibit mitochondria-mediated apoptosis (22-24). Mcl-1
expression is associated with a higher grade of tumors
(14,25-28). The study of Mcl-1 expression in melanoma is
limited. We sought to investigate the expression of Mcl-1 at
different stages of melanocytic lesions using tissue microarray
technology and immnohistochemistry. We found that Mcl-1
expression increased significantly in dysplastic nevi, primary
melanoma and metastatic melanoma when compared to
normal nevi. Notably, we also found that the expression of
Mcl-1 significantly decreased in metastatic melanoma when
compared to dysplastic nevi (Fig. 2). This implies the critical
role of Mcl-1 in the initiation of melanomagenesis. This is in
accordance with a previous study, which also showed an
elevated Mcl-1 expression in melanoma when compared to the
normal nevi biopsies (29). However, we did not find any
significant correlation of Mcl-1 expression with other
clinicopathological parameters (Table I) and patient survival
(Fig. 3). According to a recent study by Zhuang et al, Mcl-1
expression increased with the progression of melanoma and
strong Mcl-1 expression correlated with worse patient
survival (14). Although, it in part agrees with our finding, we
noted a major discrepancy in that we found a significant
increase of Mcl-1 expression in dysplastic nevi when
compared to normal nevi which is not the case in the report

by Zhuang et al. Zhuang et al tested only 10 cases of
dysplastic nevi compared to 44 cases in our study, which may
account for the different findings. Different antibodies used in
the immunohistochemical studies could also be the cause of
the discrepancy.

Apoptosis plays a critical role in tumorigenesis. In fact, it
has been shown that the activation of an oncogene alone could
not lead to malignant transformation. Secondary oncogenic
lesions that suppress apoptosis and/or enhance proliferation
are needed for transformation to malignancy (30-32). We
found that Mcl-1 is strongly expressed specifically in
dysplastic nevi. This suggests the potential importance of
Mcl-1 in the initiation of melanoma formation. We postulate
that an increased expression of Mcl-1 acts as a secondary
oncogenic signal to protect transformed cells from apoptosis
induced by oncogenic transformation. It has been demonstrated
in vitro that Mcl-1 protects cells from c-Myc-induced
apoptosis (23). The activation of Myc alone is insufficient to
drive tumorigenesis, though the inactivation of BAX eliminates
all restraints to the oncogenic potential of Myc and allows
the progression of tumors in vivo (33). Myc is found to be
overexpressed in many cancers including melanoma (34,35).
Our data corroborate with the idea that Mcl-1 plays a critical
role in the maintenance of transformed melanocytic lesions.

Notably, we also found that Mcl-1 expression decreased in
metastatic melanomas when compared to dysplastic nevi. This
could be explained by the heterogeneous nature of tumors.
Alterations of other components in the apoptotic machinery
may compensate for Mcl-1 expression during melanoma
progression. Our group has demonstrated that the expression
of other apoptotic proteins such as PUMA (36), XAF-1 (37),
Apaf-1 (38) and Bim (39) were altered in melanoma. This
may also be the reason for the fact that no significant
correlation was found between Mcl-1 expression and patient
survival because the expression of other apoptotic proteins
may also be involved.

Many factors could explain the up-regulation of Mcl-1 in
melanoma. Stat3 is an important transcriptional activator of
Mcl-1 and has been reported to up-regulate Mcl-1 (40). Other
transcription factors such as microphthalmia transcription
factor (MITF) and the activating protein 2α (AP-2α) have also
been suggested to have a certain role in the regulation of Mcl-1
expression (14). The expression of Mcl-1 could also be altered
at the post-translational level. Mcl-1 was found to be degraded
through proteasome in a GSK3ß-dependent manner and Akt
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Figure 3. Correlation between Mcl-1 expression and 5-year survival of primary melanoma patients. There is no significant correlation of Mcl-1 expression with
(A) overall 5-year survival (P>0.05, log-rank test) and (B) disease-specific 5-year survival (P>0.05, log-rank test).
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is known to phosphorylate and inactivate GSK3ß (41,42).
We previously showed that p-Akt is elevated in melanoma
(43). Therefore, Mcl-1 may be elevated through the inhibition
of degradation by an activated Akt in melanoma.

Melanoma progression is a complicated multi-stage
process with alterations of many molecular events. We
observed that the elevation of Mcl-1 expression was very
common in dysplastic nevi highlighting the importance of
Mcl-1 specifically in melanoma initiation. With previous
studies on the expression of other apoptotic proteins in
melanoma, this study sheds light on the role of apoptosis in
melanoma initiation and the potential of targeting Mcl-1 in the
prevention of melanoma.
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