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Abstract

Purpose: The CpG island methylator phenotype (CIMP) may be associated with development of
malignancy through coordinated inactivation of tumor suppressor and tumor-related genes (TRG)
and methylation of multiple noncoding, methylated-in-tumor (MINT) loci. These epigenetic changes
create a distinct CIMP pattern that has been linked to recurrence and survival in gastrointestinal
cancers. Because epigenetic inactivation of TRGs also has been shown in malignant melanoma, we
hypothesized the existence of a clinically significant CIMP in cutaneous melanoma progression.

Experimental Design: The methylation status of the CpG island promoter region of TRGs related
to melanoma pathophysiology (WIF1, TFPI12, RASSF1A, RARB2, SOCS1, and GATA4) and a panel
of MINT loci (MINT1, MINT2, MINT3, MINT12, MINT17, MINT25, and MINT31) in primary
and metastatic tumors of different clinical stages (n = 122) was assessed.

Results: Here, we show an increase in hypermethylation of theTRGsSWIF1, TFP12, RASSF1A, and
SOCS1with advancing clinical tumor stage. Furthermore, we find a significant positive association
between the methylation status of MINT17, MINT31, and TRGs. The methylation status of
MINT3L1is associated with disease outcome in stage 111 melanoma.

Conclusions: These findings show the significance of a CIMP pattern that is associated with
advancing clinical stage of malignant melanoma. Future prospective large-scale studies may
determine if CIMP-positive primary melanomas are at high risk of metastasis or recurrence.

Cutaneous malignant melanoma is the sixth most common cancer in the United States and a
major public health problem worldwide for which survival depends on both early detection
and eradication of disease (1). To date, there have been limited studies addressing the role of
epigenetic changes during early melanoma progression, or evaluating differences in the
epigenetic patterns of primary versus metastatic tumors. However, epigenetic inactivation of
tumor suppressor genes has been implicated in tumorigenesis and progression of a variety of
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different malignancies (2-4), and recent studies are beginning to show the role of epigenetic
events in cutaneous melanoma (5,6). Existing prognostic factors for primary melanoma include
Breslow thickness and ulceration, but the clinical utility of these pathologic characteristics is
limited. Delineation of factors involved in the progression of primary tumors may aid in the
identification of individuals at high risk for recurrence and may guide the development of future
targeted treatment strategies for patients with high-risk resected or metastatic disease.

Although the observation of methylation changes in CpG island promoter regions in a few
tumor-related genes and tumor suppressor genes has been reported in the case of malignant
cutaneous melanoma (7,8), the clinical significance of these molecular aberrations is still being
defined. For example, it has been well shown in other tumor systems that TFPI2 inhibits tumor
growth, invasion, metastasis, and angiogenesis and induces apoptosis (9). Nobeyama et al.
(10) noted that TFP12 was methylated in 5 of 17 (29%) metastatic melanoma lesions but none
of the primary tumors examined, suggesting that methylation-induced inactivation of this gene
is involved in melanoma metastasis. Silencing of WIF1, a Wnt pathway antagonist, has been
implicated in cellular proliferation of a variety of tumor types including non-small cell lung
cancer (11), bladder and renal cell cancers (12,13), and gastrointestinal cancers (14), and
restoration of WIF1 expression has been shown to inhibit growth of melanoma in vitro and in
vivo (15). SOCSL1 is a known tumor suppressor gene that has been found circulating in the
methylated form in melanoma patients (7). Expression of GATA4, a gene encoding a
transcription factor thought to act like a tumor suppressor gene through its activation of several
other genes with antitumor effects, has been found to be epigenetically silenced in
gastrointestinal cancers (16) and lung cancer (17), although there are no reports to date of its
role in melanoma development. RARB2 methylation has been shown previously by our
laboratory to be present in a high percentage of clinical melanoma specimens and to be
associated with increased Breslow depth of primary melanomas (5), implicating its role in
tumori-genesis. Our laboratory and others have shown the significance of RASSF1A and
RARPB2 hypermethylation in predicting nonresponsiveness to biochemotherapy in American
Joint Committee on Cancer (AJCC) stage IV melanoma patients (6).

Translational Relevance

This study was designed to profile multiple tumor-related genes (TRG) and members of the
methylated-in-tumor loci family to identify a CpG island methylator phenotype (CIMP)
pattern in malignant cutaneous melanoma. We now describe, for the first time in cutaneous
melanoma, that the CIMP is associated with tumor progression. In addition, we describe
several key TRGs that become progressively hypermethylated with progression of primary
melanoma. By knowing the epigenetic biomarkers associated with advancing tumor stage,
itis conceivable that their identification in primary tumors may help to identify those tumors
at high risk of metastasis or recurrence. Thus, the epigenetic biomarker phenotype of a
primary melanoma could be used, in addition to currently used clinical and histopathologic
features, to determine which patients may derive the most benefit from adjuvant therapy.
Furthermore, the identification of epigenetic biomarkers may also be used to design future
targeted therapeutics that act to reverse hypermethylation of selected TRGs.

In gastric and colorectal cancer, the existence of a CpG island methylator phenotype (CIMP)
has been described and found to be associated with tumor development through coordinated
inactivation of multiple tumor suppressor and mismatch repair genes (4,18). The CIMP is
marked by methylation of multiple noncoding, methylated-in-tumor (MINT) loci, which have
been shown to underlie epigenetic changes in gastrointestinal tumors. Methylation of MINT
loci is thought to be associated with a high degree of hypermethylation of tumor-related genes
(TRG) as observed, for example, with the high prevalence of p16 and THBS1 hypermethylation
in CIMP-positive colorectal tumors (18). The CIMP has also been shown to be a predictive
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marker of survival benefit from adjuvant 5-fluorouracil-based chemotherapy in patients with
colorectal carcinoma metastatic to regional lymph nodes (19).

In this study, we examined the methylation status of CpG islands in the promoter region of the
above-described six TRGs known to exhibit epigenetic aberrations associated with
malignancy, and seven MINT loci to determine whether there exists a clinically significant
CIMP related to melanoma progression.

Materials and Methods

Cell lines

HeMnMP, a moderately pigmented human melanocyte strain, was obtained from Cascade
Biologics and maintained in medium 254 with human melanocyte growth supplement. A
dermal fibroblast cell line originating from a healthy donor was established and kindly donated
by the Osaka University Department of Dermatology and maintained in DMEM supplemented
with 10% heat-inactivated FCS. Twelve melanoma cell lines were established from metastatic
tumors at the John Wayne Cancer Institute and maintained in RPMI 1640 supplemented with
penicillin, streptomycin, and 10% heat-inactivated FCS. All cultures were maintained at 37°
C, 5% CO, in a humidified incubator.

Clinical specimens

Approval for the use of human tissues was obtained from the John Wayne Cancer Institute/
Saint John's Health Center Institutional Review Board before study initiation. Analysis was
undertaken of 122 paraffin-embedded archival tissue specimens from 107 patients diagnosed
with malignant melanoma by the Division of Surgical Pathology at Saint John's Health Center.
Specimens were classified using the 2002 AJCC staging criteria for cutaneous melanoma
(20). Of the 122 paraffin-embedded archival tissue melanoma specimens, 35 were from
primary tumors associated with AJCC stage | (n = 18) and stage Il (n = 17) disease. A total of
25 stage |11 patients were included. Of these, 7 had only primary tumor specimens available
for analysis and 8 had only specimens from nodal metastases. For 10 patients, both primary
and nodal specimens were available.

Normal skin control samples were obtained from tumor-free areas of primary melanoma tissue
blocks. Clinical characteristics of the enrolled patients are summarized in Table 1. The patients
consisted of 39 females and 68 males between ages 12 and 88 years. Breslow thickness data
were available for 48 of 52 patients with primary tumor specimens and 41 of 55 patients with
regional lymph node or distant organ metastases. Mean clinical follow-up was 38.9 months
(range, 0-328).

Paired early- and advanced-stage specimens were available for 16 patients. Thirteen patients
had primary tumor specimens with subsequent nodal (n = 10) or distant (n = 3) metastatic tumor
specimens, and 3 patients had nodal metastases followed by distant metastases. Of the 18 stage
I11 patients with specimens from lymph node metastases, 10 had primary tumor specimens
available and 3 subsequently developed distant metastatic lesions. These paired tumor
specimens were used to examine differences in methylation with stage progression on a per-
patient basis.

Sites of distant metastasis for the 52 stage IV patients studied included skin or subcutaneous
tissue (n = 12), lung (n = 11), adrenal gland (n = 10), nonregional lymph nodes (n = 8), small
bowel (n = 6), and others (n = 5).
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DNA isolation

Sections (8 um) were cut from formalin-fixed, paraffin-embedded archival tissue blocks. A
H&E slide was prepared for each sample to confirm tumor location and to assess tissue
homogeneity by light microscopy. Tumor tissues were isolated using manual microdissection.
To extract DNA, dissected tissues were digested with 100 pL lysis buffer containing 2.4 mAU
proteinase K (Qiagen) at 50°C overnight followed by heat inactivation of proteinase K at 95°
C for 15 min. DNA was purified with phenol/chloroform/isoamyl alcohol (Fisher Scientific),
precipitated by ethanol, and quantified using the PicoGreen Assay (Molecular Probes/
Invitrogen). DNA from cell lines was isolated using DNAzol Genomic DNA Isolation Reagent
(Molecular Research Center) according to the manufacturer's recommendations and then
quantified and assessed for purity by UV spectrophotometry. Extracted DNA was subjected
to sodium bisulfite modification (as described previously; refs. 5,6).

Epigenetic changes detected by methylation-specific PCR

Methylalation status was assessed for each gene using two sets of fluorescent-labeled primers
designed to amplify methylated or unmethylated DNA sequences. Methylated and
unmethylated primer sequences are summarized in Supplementary Table S1A. Primers were
designed using MethPrimer (21). Bisulfite-modified DNA was subjected to PCR amplification
in a final reaction volume of 10 uL containing PCR buffer, 2.5 to 4.5 mmol/L MgCl,, 0.8
mmol/L deoxynucleotide triphosphates, 0.3 umol/L primers, and 0.5 units AmpliTag Gold
DNA polymerase (Applied Biosystems). PCR amplification was done with an initial 10 min
incubation at 95°C followed by 36 to 40 cycles of denaturation at 95°C for 30 s, annealing for
30 s, extension at 72°C for 45 s, and a final 7-min hold at 72°C. Lymphocyte DNA obtained
from healthy donors and amplified by phi-29 DNA polymerase served as a positive
unmethylated control after sodium bisulfite modification (22). Sssl methylase (New England
Bio Labs)-treated lymphocyte DNA served as a positive methylated control. Unmodified
lymphocyte DNA was used as a negative control for methylated and unmethylated reactions.

Capillary array electrophoresis

PCR products were assessed using capillary array electrophoresis (CEQ 8000XL; Beckman
Coulter) as described previously (6) using Beckman Coulter WellRED dye-labeled
phosphoramidites (Genset Oligos). Forward methylated sequence-specific primers were
labeled with D4 dye, and forward unmethylated sequence-specific primers were labeled with
D3 dye. Methylated PCR product (1 puL) and unmethylated PCR product (1 uL) were mixed
with loading buffer and a dye-labeled size standard (Beckman Coulter) and loaded in a 96-well
plate for CEQ peak ratio analysis. Samples showing only a peak for D3 dye (representing
unmethylated DNA) were marked as unmethylated. Samples showing a peak for D4 dye
(representing methylated DNA) or peaks for both methylated and unmethylated DNA were
marked as methylated.

Absolute quantitative analysis of methylated alleles

To quantify the methylation status of seven MINT loci (MINT1, MINT2, MINT3, MINT12,
MINT17, MINT25, and MINT31), we employed the absolute quantitative analysis of
methylated allele assay as described previously (3). A single set of PCR primers was designed
to amplify bisulfite-modified DNA for both methylated and unmethylated sequences using
Primer 3 software.# The methylation status of CpGs was distinguished by two different minor
groove binder molecule-containing probes (Applied Biosystems), specific for either
methylated or unmethylated sequences, designed with Primer Express software (version 2.0;
Applied Biosystems). Methylated and unmethylated probes were labeled with 6-

4http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi
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carboxyfluorescein and VIC, respectively. Black hole quenchers were used to silence the
probes' fluorescent signals when not hybridized. The sequences of primer sets and minor
groove binder probes are listed in Supplementary Table S1B.

Real-time PCR for the absolute quantitative analysis of methylated allele assay was done as
described previously (3). The reaction mixture totaling 10 uL for each absolute quantitative
analysis of methylated allele PCR consisted of 1 pL modified template DNA, PCR buffer, 0.4
umol/L of each forward and reverse primer, 1.4 units iTaqg DNA polymerase (Bio-Rad
Laboratories), 0.6 mmol/L deoxynucleotide triphosphates, 0.025 pmol/L of each minor groove
binder probe, and 4.5 mmol/L MgCl,. The mixture was processed by a two-step PCR method
using ABI Prism 7900HT Sequence Detection System (Applied Biosystems) with an initial
heating at 95°C for 10 min followed by 40 cycles of denaturation at 95°C for 15 s and annealing
and extension at 60°C (58°C for MINT3 and MINT25) for 60 s. The obtained PCR
amplification curves from methylated and unmethylated alleles were analyzed with SDS
software version 2.3 (Applied Biosystems). The final data output was reported as “methylation
index” (methylation index = methylated copy number / [methylated copy number +
unmethylated copy number]). All experiments were done in duplicate; mean values from
duplicate measurements were used for calculation of the methylation index. Control DNA from
methylated lymphoblastoid cell lines (AGS and Raji) or unmethylated gastric cancer cell lines
(RL-0380 and FN-0028 from John Wayne Cancer Institute) was used to verify the
reproducibility and accuracy of this assay. To quantify methylated and unmethylated copy
numbers, a standard curve was created using high-fidelity and quality-constructed plasmids
for methylated and unmethylated sequences as described previously (3). The mean methylation
index plus 1 SD obtained from 12 nontumor skin specimens was used as the cutoff point to
separate the methylated and unmethylated samples.

Statistical analysis

Results

Categorical data were analyzed using the 2 test; Fisher's exact test was used in the case of
small sample sizes. Two-tailed P values < 0.05 were considered statistically significant.
Bonferroni correction was applied to multiple comparisons. Trend analysis of methylation
across AJCC stages was done using the Cochran-Armitage test. McNemar's test was used to
compare the methylation frequency of different stage samples obtained from the same patient.
Cox proportional hazards regression models were created for overall survival and disease-free
survival calculations incorporating multiple variables. The factors for multivariate analysis
included presence or absence of methylation for each marker, gender, age, Breslow thickness,
and presence or absence of ulceration, each as independent variables. Survival curves were
constructed using the log-rank method. All statistical calculations were done using SAS
software version 8.02 (SAS Institute).

Methylation profiles of cell lines

Methylation-specific PCR and absolute quantitative analysis of methylated allele primers and
probes were initially screened using eight melanoma tumor specimens to detect promoter
methylation of six TRGs and methylation of seven MINT loci, respectively. Two of the seven
MINT loci from these initial screening analyses showed a significant difference in methylation
frequency in the tumor specimens compared with tumor-free skin portions of the same patient
samples (data not shown). Other MINT loci in the initial screening analysis showed similar
high frequencies of methylation (MINT12) or low to absent methylation (MINT1, MINTZ2,
MINT3, and MINT25) in both tumors and normal skin. Therefore, further analyses by absolute
quantitative analysis of methylated allele focused on MINT17 and MINT31. Initial screening
analysis of the six TRGs similarly showed high frequencies of promoter methylation in the
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eight tumor tissues tested compared with uniform absence of promoter methylation in the
tumor-free skin portions of the same patient samples.

WIF1, TFPI2, RASSF1A, RARB2, SOCS1, GATA4, MINT17, and MINT31 were each
methylated in at least 50% of the 12 melanoma cell lines tested (Table 2). All biomarkers were
methylated in cell lines M1 to M3, whereas none were methylated in M11 and M12. All
biomarkers were unmethylated in melanocyte and dermal fibroblast cell lines.

Methylation profiles in melanomas

The methylation index obtained for MINT17 and MINT3L loci, stratified by AJCC stage, are
depicted in Fig. 1A and B, respectively. Overall methylation percentages stratified by AJCC
stage for each of the six TRGs and the two MINT loci are reported in Table 3A. Univariate
analysis revealed no significant difference in methylation status by age or gender (data not
shown).

Advancing AJCC stage was associated with increased methylation of MINT17 (P = 0.0004),
MINT31 (P =0.026), TFPI2 (P =0.001), WIF1 (P =0.002), SOCS1 (P =0.009), and RASSF1A
(P <0.0001), but not GATA4 and RARB2, as determined by the Cochran-Armitage test. This
finding was most pronounced for TFP12 and RASSF1A, which were uniformly unmethylated
(0%) in stage | primary tumor specimens, whereas the methylation frequency of these genes
was 45% and 49% in stage 1V metastatic specimens, respectively. Conversely, RARB2 was
found to be highly methylated in early-stage primary tumors (58% and 67% for stage | and Il
specimens, respectively). Similarly, 17% of stage | primary tumors showed GATA4
methylation, which did not reliably or significantly increase with advancing stage. Significant
increases in the methylation frequencies of MINT17, MINT31, and the TRGs WIF1, TFPI2,
RASSF1A, and SOCS1 were found when comparing stage | primary tumors versus stage 1V
metastatic tumors, but not stage | versus stage I, or stage I11 versus stage IV (Table 3B). For
MINT17 and WIF1, a decrease in the percentage of hypermethylated specimens was noted
from stage |11 (nodal) to stage IV. There were no significant differences observed in
methylation frequency or methylation index between different anatomic sites of distant
metastasis (data not shown). Both early- and advanced-stage paired tumors were available for
16 patients in our study group. Examination of these paired tumors showed a significant
increase of WIF1 methylation with AJCC stage progression (P = 0.01; data not shown).

Relationship between methylation status of MINT loci and TRGs.

Positive relationships were found for methylation of MINT17 with MINT31, TFPI2, WIF1,
and SOCS1 (Table 4). MINT31 methylation was positively associated with methylation of all
six TRGs. Methylation of TFPI2 and WIF1 was also associated with methylation of the other
TRGs. There was no statistically significant relationship between methylation of MINT17
compared with GATA4, RASSF1A, or RARB2; methylation of GATA4 was associated with
RASSF1A and RARB2 methylation, however. The absence of a methylation relationship was
also noted for SOCS1 compared with GATA4 and RARB2 as well as RASSF1A with RARB2.

MINT31 hypermethylation predicts improved disease-free and overall survival.

Disease-free and overall survival rates in stage | and Il malignant melanoma are very high.
Conversely, stage IV disease is marked by a much shorter median survival that is further
affected by site of metastasis. Therefore, the assessment of disease outcome in relation to
methylation of specific genes and loci was limited to AJCC stage Il patients only. Survival
analysis was conducted for all stage 111 patients stratified by biomarker methylation status (n
= 25). Stage Il1 patients with primary versus nodal metastatic specimens were compared in a
univariate analysis for differences in biomarker methylation, Breslow depth, Clark level,
gender, histologic type, and tumor ulceration; no statistically significant differences were found
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(data not shown). Of the 25 AJCC stage |11 patients analyzed, clinical treatment consisted of
multimodal therapy including surgery, vaccine therapy, chemotherapy, nonspecific or
intratumoral Bacillus Calmette-Guerin, cytokine therapy (interleukin-2 and/or IFN), and
radiation. After confirming the absence of statistically significant differences in
clinicopathologic features and biomarker methylation within the AJCC stage 111 patient
population, a multivariate survival analysis was done.

MINT31 methylation was found to be a significant predictor of improved overall survival (Cox
proportional hazards regression model; hazard ratio = 0.237; P = 0.024) for all 25 patients in
our study with AJCC stage Il1 disease. The log-rank test confirmed both disease-free and
overall survival benefits with MINT31 methylation (Fig. 2A and B; P = 0.047 and 0.013,
respectively). No adverse or beneficial effects on clinical outcome were noted with methylation
of any of the other biomarkers tested.

Discussion

Our study investigated the clinical significance of CpG island methylation status in the
evolution and progression of malignant melanoma. Analysis of primary and metastatic tumors
across different clinical stage groupings provided a unique opportunity to determine whether
these epigenetic changes are related to tumor progression. Aberrant hyper-methylation of the
genomic markers was not present in normal melanocytes or fibroblasts but was identified to
varying degrees in primary and metastatic tumor tissues. Methylation of MINT17, MINT31,
TFPI2, WIF1, RASSF1A, and SOCS1 increased significantly with advancing clinical stage,
strongly suggesting that inactivation of these genes and loci is associated with tumor
progression. These findings in melanoma are consistent with previous reports of MINT
methylation as a determinant of a cancer-specific CIMP in gastric and colorectal cancers (4,
18) and of the association of TRG hypermethylation with melanoma and other cancers (6,9,
10,15).

For MINT17 and WIF1 in particular, it was interesting to note that lower methylation
percentages were found for stage IV (distant) metastatic specimens in contrast with stage 111
(nodal) metastases. One plausible explanation could be that hyper-methylation of MINT17 and
WIF1 is involved with the initiation of the metastatic process, such that tumor clones with a
higher degree of hypermethylation are more likely to migrate to and establish metastases in
regional lymph nodes, whereas those tumor cells with a lower degree of hyper-methylation are
more suited to formation of distant metastases. Alternatively, the tumor microenvironment may
select for the establishment of specific tumor cell clones expressing particular methylation
patterns.

Paired analyses of patients with tumor specimens from both early- and advanced-stage disease
showed significant increases in WIF1 methylation with melanoma stage progression. To our
knowledge, this is the first clinical evidence of the role of WIF1 methylation in melanoma
progression. These data strongly support the results of earlier in vitro and animal studies of the
involvement of Wnt signaling in melanoma tumor growth, the ability to inhibit tumor growth
with the restoration of WIF1 expression, and the potential use of Wnt pathway inhibition as a
targeted therapy for high-risk or metastatic melanoma (15).

In contrast, RARB2 methylation was seen in 58% of all tumor specimens tested without a
detectable association with AJCC stage, implying that epigenetic inactivation of this particular
gene may be a very early event in tumorigenesis. Although there was considerable variability
in GATA4 methylation status across tumor stage groupings, GATA4 methylation was
identified in a significant percentage of stage | tumors (Table 3A) but not in the melanocyte
or dermal fibroblast cell lines (Table 2) or normal skin specimens (data not shown). This implies
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that GATA4 activation may play a role in tumor suppression, which is consistent with previous
reports of its function in other cancers (16).

Of particular interest in this study were the positive relationships between the methylation
status of MINT loci and TRGs because a methylator phenotype based on multiple TRGs may
have more prognostic clinical value than the methylation status of any one particular TRG.
Methylation of MINT31 was positively associated with methylation of all six TRGs, as was
methylation of TFPI2 and WIF1. Although methylation of MINT17 was associated with
methylation of MINT31, TFPI2, WIF1, and SOCS1, no relation was found between MINT17
methylation and GATA4, RASSF1A, or RARB2. A pattern emerging from these data suggests
that MINT17 methylation is a particularly sensitive marker for disease progression because it
is present in conjunction with methylation of the TRGs that are strongly associated with
advancing clinical stage. Because MINT31 methylation is associated with methylation of all
of the TRGs, itis perhaps more suitable as a biomarker of disease presence or absence. MINT17
and MINT31 methylation may therefore be representative of a CIMP for malignant melanoma.
Potential clinical applications of this knowledge include the testing of primary melanomas for
MINT17 hypermethylation and, used in conjunction with clinicopathologic factors such as
Breslow depth, Clark level, ulceration, and mitotic rate to, offer further treatment such as lymph
node biopsy based on the result.

This study included a preliminary analysis of survival in a subgroup of patients with stage 111
melanoma. Survival plots stratified by methylation status were notable for improved disease-
free and overall survival associated with methylation of MINT31 but not of any other
biomarkers. It is conceivable that alterations in the activation status of additional genes or gene
products other than those examined here may result in phenotypic changes leading to slower
disease progression and/or tumor cell doubling times, or perhaps improved recognition of
tumor cells by the immune system. Larger validation studies of the role of MINT and TRG
methylation in melanoma will be required to answer this question.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Methylation of MINT loci increases with advancing AJCC stage. MINT17 (A) and MINT31
(B) methylation indices for each tumor specimen stratified by AJCC stage. Columns, mean for

grouping of each stage.
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survival (P = 0.013) for patients with tumor samples with MINT31 methylation.
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Clinical characteristics of melanoma patients and tissue samples

Table 1

Characteristics
Total patients
Age
Mean + SD
Median, min-max
<50
>50
Gender
Female
Male
Breslow thickness
<1.0
1.01-2.0
2.01-4.0
>4.0
Unknown
Total tissue samples
AJCC stage
|
1
11 (primary tumor only)
111 (lymph node metastasis only)
111 (primary tumor and lymph node metastasis)
1V (metastasis)
Skin/soft tissue
Lung
Adrenal gland
Lymph node
Small bowel

Other

n (%)
107

59.4 + 16.64
60, 12-88
27 (25.2)
80 (74.8)

39 (36.4)
68 (63.6)

19 (17.8)
22 (20.6)
32 (29.9)
16 (15)
18 (16.8)
122

18 (14.8)
17 (13.9)
7(5.7)
8 (6.6)
10 (8.2)
52 (42.6)
12 (23.1)
11 (21.2)
10 (19.2)
8 (15.4)
6 (11.5)
5 (9.6)

Clin Cancer Res. Author manuscript; available in PMC 2010 March 1.

Page 12



Page 13

Tanemura et al.

‘palejAylawUN ‘N ‘palejAyIswW ‘A SUOIRIARIQAY

O © M~ M~ © © 1 1 +4 O O o o

8

= =2 2 =2 =2 =2 =2 225555 o

N

[ee]
™

= = =2 D =2 =22 DD D>DD D2 D0 ®

N

Yol

o
n

S = D3 >3 >33 >55>5 > > D>

N

= =2 =2 =2 2 DD =2 =25 >D5 > D> D> @

N

©

1A

= =2 =2 === 2=22=2555>5050>5

Al

€89

n

= =2 =2 =2 =2 D5 =2 > > > > D>

N

€89

n

= = =2 = == D2 > D > DO D>

N

€89

n

= = =2 = > = > = > > DO D>

N

parelAulow s1 BN TELNIN ZTININ vVLVO TSO0S zddvd VI4SSVY cgiddl TdIM

(%) saull parelAupsy
sejqoiqly jewss@
RS TETET

CTIN

TN

0T

6N

8N

LIN

9N

SIN

YN

EN

<N

TN

saull [18D

Saul| [|82 BWOURIBW Ul 190] I NI PUe SOY1 10 uonejAyiawladAy Jejowoid
¢39l|qelL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2010 March 1.



Page 14

Tanemura et al.

'pasn sem 158} Nx ‘Al 86e1s yym suostiedwod 104

¥

“T 9]qe.L 985 ‘UswW19ads U0 UOIBWLIOUI [eUORIPPE 104 “d1eIselaw ‘| ‘Arewnid 'd :SUOIBIABIGQY

*(p10g u1) U0N81109 [UOLIBJUOG Ja)e JUBIIUBIS 18 £800°0 > SANJRA d JUBDIIIUBIS J0U ‘SN '1S8) 19BX® S,Jaysi4 Ag pazAjeue anjeA d ‘90G< 0 SIayal SaLus pjog :310N

SN SN SN SN SN SN SN SN *>_ s 111 aBeis
G500 SN SN T0000> €100 ST0°0 SN SN *>_ s 11 abeis
6€0°0 SN SN ST10°0 SN SN SN SN 111 S 1 9be1s

SN S00°0 SN T000°0> 9000 €000 S00°0 1200 *>_ sA | abers

SN SN SN SN SN SN 9€00 6700 111 S | abers

SN SN SN SN SN SN SN SN 11 SA | 9feIS

YW1iVO TSO0S zduvy Vv14SSvd Z¢lddL TdIM TELNIN LTININ uostredwod abers
safels DOV Usamiag sniels uoiejAylaw ui ssualayiq (g)
G/ GTE 9'/§ 9'8¢ 4 €'€ee 1'8¢C e (zz1) I1esano

Ve 677 €99 6817 67 144 G9¢€ G'8¢ (29) W ‘Al
[A44 S'€C Ty 8'/¢ 9.1 0S 8'L¢ 6'¢S (8T) W ‘111
6'ch 14 €79 L9z 9.1 €Te €'6e T (1) d'm

€8 T€e L'99 0 €9 €9 §'€e 9T (1) dn
L9T TL €89 0 0 9'S 99 71T (81)d "1

YW1iVO TSO0S zduvy Vv14SSvd Z¢lddL TdIM TELNIN LTININ (u) ebe1s DOrv
190] INIW pue sOY 1 Jo uonejAylaw Buinigiyxs senssi ewouesw 40 Jusdtsd (V)
€ 9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2010 March 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Tanemura et al.

Table 4

Relationship between methylation status of MINT loci and TRGs

Biomarker Comparison
MINT17 MINT31
TFPI2
WIF1
SOCS1
GATA4
RASSF1A
RARP2
MINT31 TFPI2
WIF1
SOCS1
GATA 4
RASSF1A
RARP2
TFPI2 WIF1
SOCS1
GATA4
RASSF1A
RARB2
WIF1 SOCS1
GATA4
RASSF1A
RARP2
SOCS1 GATA4
RASSF1A
RARP2
GATA4 RASSF1A
RARB2
RASSF1A RARB2

p*
0.033
0.014
0.002
0.013

NS
NS
NS
0.002
0.009
0.002
<0.0001
0.002
0.042
<0.0001
0.0003
0.0001
<0.0001
0.008
0.001
0.002
0.0001
0.005
NS
0.023
NS
<0.0001
0.005
NS

*
Two-tailed XZ test. All significant relationships are positive. NS, not significant.
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