
Abstract. KAI1/CD82, a metastasis suppressor gene of
prostate cancer, is located on the human chromosome
11p11.2. Down-regulation of KAI1/CD82 during tumor
progression and metastasis has been reported in several
cancers, but the mechanism of this down-regulation remains
unknown. The relationship between down-regulation of
KAI1/CD82 mRNA expression and KAI1/CD82 gene
alterations in human melanoma cell lines were investigated.
The promoter methylation status was examined after a 331-bp
GC-rich fragment of the promoter region was amplified in
G361, SK-MEL-24 and SK-MEL-28 cell lines treated with
bisulfite. In order to detect methylated CpGs in all three cell
lines, 331-bp fragments were sequenced. To examine the
restoration of KAI1/CD82 mRNA and protein expression,
the cells were exposed to methylase inhibitor, 5-aza-2'-
deoxycytidine (5-AzaC). Bisulfite-sequencing data showed
no methylation in G361 and SK-MEL-24 cells, and slight
methylation in SK-MEL-28 cells at CpG sites 23-26 in the
promoter. Real-time PCR and flow cytometry analysis
showed that 5-AzaC-treated cells restored KAI1/CD82
mRNA and protein expression in SK-MEL-24 and SK-MEL-
28 cells, compared to the controls. The restoration of KAI1/
CD82 mRNA and protein expression detected no significant
difference between SK-MEL-24 and SK-MEL-28 cells. This
means that 5-AzaC did not affect the methylated cells only.
Loss of heterozygosity (LOH) at polymorphic microsatellite
loci on the human chromosome 11 in the human melanoma
cells was also examined. Microsatellite analysis showed
LOH at D11S1344 in SK-MEL-24 and SK-MEL-28 cells,
and G361 showed allelic imbalance. In conclusion, this
study suggests that down-regulation of KAI1/CD82 mRNA

expression in human melanoma cell lines is related to LOH
or allelic imbalance, but not to methylation of the KAI1/
CD82 gene region.

Introduction

The KAI1 gene, originally identified as a putative metastasis
suppressor gene for prostate cancer, maps to the human
chromosome 11p11.2 (1). It encodes a 267 amino acid
protein with four membrane-spanning segments and a single
major extracellular domain, with three potential N-glycosy-
lation sites belonging to the transmembrane 4 superfamily
(2). KAI1 was revealed to be the same gene as R2, C33, IA4
and 4F9 (3), which have been isolated from the cDNA
libraries of human leukocytes and classified as CD82.

Down-regulation of KAI1/CD82 mRNA and protein
levels has been reported in the invasive and metastatic stages
of various cancers including prostate cancer (4,5). KAI1/
CD82 might function as a negative regulator of colorectal
carcinoma metastasis (6), and suppress integrin-induced
invasion by regulating signaling to c-Met and Src kinases
(7). Expression of KAI1/CD82 has been reported to reduce
cell motility and invasiveness in vivo in melanoma cells (8).
Thus, down-regulation of KAI1/CD82 expression may be an
important step in the progression of many types of human
malignancy, but the mechanism of the down-regulation
remains to be elucidated.

Epigenetics are heritable attributes that influence gene
activity without changing the DNA sequence. The major
forms of epigenetics modification occurring in human tumors
are DNA methylation and histone deacetylation. Methylation
can directly switch off gene expression by preventing
transcription factors binding to the promoters. CpG island
methylation is an epigenetic alteration that contributes to
tumorigenesis by inactivating gene transcription (9). The
KAI1/CD82 promoter sequence is 68% GC-rich overall,
with a core region of 80% GC (10), defining a CpG island
within a 1036-bp region extending from the 5' promoter
through the transcription initiation site into intron 1 (11).
Loss of heterozygosity (LOH) is a common indicator for the
involvement of tumor suppressor gene in the pathogenesis of
carcinomas and LOH of 11p11.2 has been reported in
advanced human prostate cancer (12). The methylation status
of the KAI1/CD82 5' regulatory region and LOH were
examined to clarify these relations in down-regulation of
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KAI1/CD82 expression in human melanoma cell lines. The
restoration of KAI1/CD82 mRNA and protein expression in
cell lines was also investigated after treatment with the
demethylating agent 5-aza-2'-deoxycytidine (5-AzaC).

Materials and methods

Cell culture. Normal human melanocytes were obtained from
neonatal foreskin. In brief, the epidermis was separated from
the dermis by treatment overnight with 0.05% trypsin at 4˚C,
and then an epidermal cell suspension was prepared. The
melanocytes were grown in Medium 254 (Cascade Biologics
Inc., Portland, OR, USA) with 2% fetal bovine serum (FBS,
Hyclone, Logan, UT, USA), 10 nM endothelin-1 (Peninsula
Laboratories, Belmont, CA, USA), 12 nM ·-MSH (Sigma
Chemical Co., St. Louis, MO, USA), 10 nM basic FGF
(R&D Systems, Minneapolis, MN, USA), and 1% penicillin-
streptomycin-amphotericin B (10,000 U/ml, 10,000 μg/ml,
and 25 μg/ml, respectively; Gibco-BRL, Carlsbad, CA,
USA) in a 37˚C humidified atmosphere containing 5% CO2

(13). The melanocytes were then selectively harvested by
differential trypsinization. Third-passaged cells were used in
this study.

Human melanoma cell lines G361, SK-MEL-24 and SK-
MEL-28 were purchased from the American Tissue Culture
Collection (Rockville, MD, USA). G361 and SK-MEL-28
were derived from primary melanoma of the skin. SK-MEL-
24 was derived from metastatic site, lymph node. G361 cells
were cultured in RPMI-1640 medium, and SK-MEL-24 and
SK-MEL-28 cells were cultured in Dulbecco's modified
Eagle's medium (DMEM, Gibco, Grand Island, NY, USA)
containing 10% FBS, 100 U/ml penicillin, and 100 μg/ml
streptomycin at 37˚C in a humidified atmosphere of 5% CO2

and 95% air.

RT-PCR and real-time PCR analysis. Total RNA was
purified from cultured cells using the RNA-Bee solution kit
(Tel-test, Friendswood, TX, USA). First-strand cDNA
synthesis was performed with 1 μg of the total RNA and
transcribed to cDNA using reverse transcription system
(Promega, Madison, WI, USA) according to the manu-
facturer's protocol random hexamers. The polymerase chain
reaction (PCR) was performed with 2 μl of cDNA in a 50 μl
reaction mixture of 1X PCR buffer, 200 μM of each dNTP,
20 pmol each primer, and 1 unit of AmpliTaq Gold DNA
polymerase (Roche, Applied Biosystems, Foster City, CA,
USA). The conditions for amplification were: first
denaturation at 95˚C for 14 min, then denaturation at 95˚C
for 1 min, annealing at 55˚C for 1 min, and extension at 72˚C
for 1 min for 22 (ß-actin) to 30 (KAI1/CD82) cycles and
final extension at 72˚C for 10 min. PCR product (10 μl) was
separated by electrophoresis on a 2% agarose gel containing
ethidium bromide and visualized by image analysis. The
primer sequences for KAI1/CD82 RT-PCR and real-time
PCR were 5'-CATGAATCGCCCTGAGGTCAC CTA-3' and
5'-GCCTGCACCTTCTCCATGCAGCCC-3' and the
sequences for ß-actin were 5'-CTTCTACAATGAGCT
GCGTG-3' and 5'-TCATGAGGTAGTCAGTCAGG-3', with
expected product sizes of 174 and 305 bp, respectively.
Real-time PCR was performed on a LightCycler (Roche

Diagnostics, Lewes, UK) with the LightCycler® FastStart
DNA Master SYBR Green I (Roche Diagnostics). A final
reaction volume of 20 μl contained 2 μl of cDNA, 2 μl of
SYBR green Mastermix, 2.4 μl of 25 mM MgCl2, 2 μl of
each primer and 11.6 μl of PCR grade water. The reaction
was performed using primers with a denaturation step of
94˚C for 10 min followed by 40 cycles at 94˚C for 10 sec,
55˚C (ß-actin) to 62˚C (KAI1/CD82) for 15 sec. Normalized
gene expression was calculated as the ratio between KAI1/
CD82 and ß-actin copy number.

Bisulfite modification. The methylation status of CpG islands
within the KAI1/CD82 promoter in all sample DNAs was
analyzed by methylation-specific PCR on the sodium
bisulfite-converted DNA (14). Genomic DNA was extracted
using a Wizard Genomic DNA purification kit (Promega).
DNA (4 μg) in a volume of 50 μl was denatured with NaOH
(final concentration, 0.2 M) and incubated at 37˚C for 15 min.
Thirty microliters of 10 mM hydroquinone and 520 μl 3 M
sodium bisulfite (Sigma-Aldrich Co.) at pH 5.0, both freshly
prepared, were added to the DNA and mixed. Samples were
incubated under mineral oil at 55˚C for 16 h. After the
reaction, the DNA was desalted with a Wizard DNA Clean-
Up system (Promega), desulfonated by addition of NaOH
(final concentration, 0.3 M), and incubated at 37˚C for 15 min.
The DNA was ethanol-precipitated, dried, re-suspended in
20 μl of water, and used immediately or stored at -20˚C.

Methylation assay for the KAI1/CD82 gene promoter region.
Primers were designed to discriminate between methylated
and unmethylated alleles following bisulfite treatment, and
to discriminate between DNA modified by bisulfite treat-
ment and DNA that was not modified. First, bisulfite-treated
DNA was amplified using a sense primer (5'-AGGGTA
GGGTAGGATTAGGAA-3'; KAI1-1S: -494 to -474) and an
antisense primer (5'-CTCCTTTTCACCCACCAACTACT-3';
KAI1-1AS: +206 to +228). The 50 μl PCR reactions
contained 200 ng of bisulfite-treated DNA, 20 pmol of each
specific primer, 200 μM dNTPs, 1X PCR buffer [10 mM
Tris/HCl (pH 8.3), 50 mM KCl, and 1.5 mM MgCl2], and
1 Unit AmpliTaq Gold DNA polymerase (Roche, Applied
Biosystems). The amplification conditions consisted of 35 cycles
of 94˚C for 30 sec, 50˚C for 60 sec, and 72˚C for 60 sec
followed by a final extension step (72˚C for 5 min). Next, a
331-bp fragment was amplified using 2 μl of the first-round
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Figure 1. RT-PCR analysis of KAI1/CD82 mRNA expression in normal
human melanocytes and human melanoma cell lines. mRNA levels were
measured by RT-PCR. PCR products were separated on a 2% agarose gel
and stained with ethidium bromide. *NHMC, normal human melanocyte.
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reaction mixture under similar conditions, except that
annealing was performed at 55˚C, with the following primers.
The nested primers used were 5'-AGGTTGGTTGGGGTAY
GGTTAT-3' (KAI1-2S: Y=C or T; -179 to -156) and 5'-AAA
ACXAAAACTAAAACTAACTTTACC-3' (KAI1-2AS,
X=A or G; +126 to +152). The locations of the primers were
determined based on the published KAI1/CD82 promoter
sequence (15). After ethanol precipitation, the PCR
products were digested with BstUI, EcoRI, HpaII, and TaqI
enzymes (New England Biolabs, Beverly, MA, USA). The

PCR products were then separated on a 2% agarose gel and
visualized by ethidium bromide. For further analysis of
representative samples, the 331-bp PCR products were gel-
purified, ligated into the pCR2.1 cloning vector, and cloned
using the TA Cloning kit according to the manufacturer's
instructions (Invitrogen, Carlsbad, CA, USA). Ten clones of
each product were sequenced, and the methylation rates of
individual CpGs (sites 1-33) in the cells were calculated.

Flow cytometric analysis. The cultured cells were detached
with 0.05% trypsin-EDTA solution. After washing with cold
PBS, cells were then incubated with a 1:50 dilution of anti-
KAI1/CD82 rabbit polyclonal antibody (Santa Cruz
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Figure 2. Methylation analysis of the KAI1/CD82 promoter region in human
melanoma cell lines. (A) Schematic illustration of the KAI1/CD82 promoter
region around the transcription start site between residues -735 and +351, as
previously defined by Dong et al (10). The 331-bp fragments amplified for
methylation analysis are shown in the outlined panels. Within these
fragments, CpG pairs are shown in bold type and numbered from 1 to 33
based on their position relative to the transcription start site (*). Recognition
sequences for restriction enzymes BstU1 (CGCG), EcoRI (GAACCC),
HpaII (CCGG), and TaqI (CCGA) are underlined. Putative binding sites for
transcription factors are indicated by double underlining, and primer
sequences are boxed. (B) Restriction enzyme analysis of the bisulfite-treated
KAI1/CD82 promoter region in DNAs from three melanoma cell lines. (C)
Methylation profile of the core KAI1/CD82 promoter region in melanoma
cells. Methylation levels were determined by sequencing of 10 independent
clones derived from amplified bisulfite-treated DNA isolated from
melanoma cell lines. Unmethylated and methylated CpG dinucleotides are
represented by open (‡) and closed circles (●), respectively. (D) Sequence
analysis of the 331-bp fragment from one of the SK-MEL-28 clones using
antisense primers showed methylation at CpG sites 23-26.
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Biotechnology, Santa Cruz, CA, USA) or normal rabbit
serum as a negative control for 30 min at 4˚C. After being
washed 3 times with cold PBS, cells were stained with
fluoresceine isothiocyanate (FITC)-labeled goat antibody to
1:50 diluted rabbit immunoglobulin for 30 min at 4˚C.
Washing was repeated in the same manner and cell surface
immunofluorescence was analyzed using a FACSCalibur
with CellQuest software (Becton Dickinson, San Jose, CA,
USA).

Microsatellite analysis of loss of heterozygosity (LOH). LOH
was determined using microsatellite markers on 11p11.2 that
was previously described (16). The primer sequences used
were 5'-TGCCAAGAACAGCAAAA-3' (CA strand) and
5'-GGGGTTCAAAATAAACAAAA-3 (GT strand) for
D11S1326 and 5'-CCCTGAACTTCTGCATTCAC-3' (CA
strand) and 5'-GCGCCTGGCTTGTACATATA-3' (GT
strand) for 11D1344. PCR was performed in 20 μl reactions
consisting of 200 ng of DNA, 1X PCR buffer, 0.2 mM
dNTPs, 10 pmol of each primer, and 1 Unit AmpliTaq Gold
DNA polymerase. The condition for amplification were as
follows: after denaturation at 95˚C for 14 min, then
denaturation at 95˚C for 1 min, annealing at 52˚C for 1 min,
and extension at 72˚C for 1 min for 30 cycles and final
extension at 72˚C for 10 min. PCR products (2 μl) were
mixed with 18 μl of stop solution containing 95%
formamide, 10 mM NaOH, 0.25% bromophenol blue, and
0.25% xylene cyanol FF. The mixture was denatured at 95˚C
for 5 min, put onto ice for 5 min and electrophoresed on
12% polyacrylamide gels containing 10% glycerol with 1X
TBE buffer, and stained with ethidium bromide and visualized
by image analysis.

Statistical analysis. Student's t-test was used to evaluate
differences between control samples and 5-AzaC-treated
samples. Differences were considered statistically significant
at *P<0.05 and **P<0.01.

Results

Expression of KAI1/CD82 mRNA in melanoma cells. The
expression of KAI1/CD82 mRNA decreased in human

melanoma cell lines when compared to normal melanocyte
(Fig. 1).

Methylation assay of the KAI1/CD82 gene promoter region.
To determine whether methylation in the promoter region
was heterogeneous, we amplified 331-bp fragments of each
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Figure 3. Real-time PCR analysis of KAI1/CD82 mRNA expression in
human melanoma cell lines. Cells were treated with 5-AzaC (0.5 or 2.0 μM)
for 5 days with replacement of the medium and the drug every 48 h. Then,
mRNA levels were measured by real-time PCR. Values are mean ± SD of
three independent experiments, and reported as the ratio of KAI1/CD82 to
ß-actin copy number. *P<0.05 and **P<0.01 compared to control.

Figure 4. Expression of the KAI1/CD82 protein in human melanoma cell
lines. Cells were treated with 2.0 μM 5-AzaC for 5 days with replacement of
the medium and the drug every 48 h. Then, KAI1/CD82 protein levels were
measured by flow cytometry. The reactivity of these cells with an anti-
KAI1/CD82 rabbit polyclonal antibody is shown (green). Diluted normal
rabbit serum was used as negative control for the primary antibody (blue).

Figure 5. Microsatellite analysis at D11S1326 and D11S1344 locus in
human melanoma cell lines. Genomic DNA was amplified using PCR for
detection in 11q11.2 chromosomal region. PCR products were detected by
12% polyacrylamide gels, stained with ethidium bromide and photographed.
NPBL, normal peripheral leukocytes; NHMC, normal human melanocytes;
NI, not informative; AL, allelic imbalance; LOH, loss of heterozygosity.
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DNA after bisulfite treatment. The 331-bp fragment, which
represents the most GC-rich area within the 5' regulatory
region of KAI1/CD82, contains 33 CpG dinucleotides, as
well as the transcription initiation site and several putative
binding sites for transcription factors (Fig. 2A). We digested
the 331-bp PCR fragments with BstUI, EcoRI, HpaII, and
TaqI; however, no digestion products were observed in any
bisulfite-treated cell lines (Fig. 2B). When we sequenced the
331-bp fragments, no methylation was detected in the G361
or SK-MEL-24 cell lines (Fig. 2C), and a few methylation of
CpG sites 23-26 in the SK-MEL-28 cell line (Fig. 2C and D)
was observed.

Restored expression of KAI1/CD82 mRNA. To assess
restoration of KAI1/CD82 mRNA expression, cells were
exposed to various concentrations of the methylase inhibitor
5-AzaC. After the melanoma cells were exposed to 2.0 μM
5-AzaC, the levels of KAI1/CD82 mRNA increased in SK-
MEL-24 and SK-MEL-28, but not in G361 when compared
to each control (Fig. 3, *P<0.05 and **P<0.01). There was no
significant difference of the levels of KAI1/CD82 mRNA
between SK-MEL-24 and SK-MEL-28 cells.

Cell surface expression of KAI1/CD82 protein. To examine
the expression KAI1/CD82 gene at the protein level, cells
were treated with 2.0 μM 5-AzaC for 5 days. KAI1/CD82
protein level was performed using flow cytometry. After
5-AazC treatment, reproduction of protein levels increased
in both SK-MEL-24 and SK-MEL-28 cells, but not in G361
(Fig. 4). There was no significant difference of the levels of
KAI1/CD82 protein between SK-MEL-24 and SK-MEL-28.

LOH analysis. LOH at 11q11.2 the chromosomal region
harboring the KAI1/CD82 gene was observed LOH at
11DS1344 in SK-MEL-24 and SK-MEL-28 cells, whereas
G361 cells showed allelic imbalance. LOH at 11D1326 was
not detected.

Discussion

KAI1/CD82 is widely expressed in human tissues, and down-
regulation of this gene is associated with the metastatic
phenotype of several malignancies, including carcinomas of
the prostate, lung, colon, pancreas, stomach, liver and
bladder. Down-regulation of KAI1/CD82 is associated with
the acquisition of high metastatic ability in Dunning rat
prostate cancers (17). The transfer of the KAI1/CD82 gene
into mammary cancer cells suppresses their metastatic
potential but does not affect primary tumor growth (8,18). A
previous study showed that the expression of KAI1/CD82
increased in human melanoma cell lines when compared to
human prostate cancer cell lines, and lung cancer cell lines
(19). In this study, the expression of KAI1/CD82 mRNA
decreased in human melanoma cell lines, compared to
normal melanocytes. Using methylation analysis of DNA
isolated from human melanoma cells, we found no methy-
lation in either G361 or SK-MEL-24 cells and slight methy-
lation of CpG islands (CpG 23-26) within the KAI1 promoter
region in SK-MEL-28 cells. SK-MEL-24 cells were expected
to have the most malignant potency among the three

melanoma cell lines, because the cell line originated from
metastatic melanoma cells. Interestingly, the results of the
expression of KAI1/CD82 and methylation status showed
little relation with it.

The results of treatment with 5-AzaC differ depending on
the type of cancer. Treatment with 5-AzaC does not activate
KAI1/CD82 mRNA expression in invasive bladder tumors or
in cell lines derived from such tumors (20). In PC-3 and DU-
145 prostate cancer cells, treatment with 5-AzaC and
trichostatin A restores expression of KAI1 mRNA in spite of
unmethylation of KAI1/CD82 promoter region (15). Zhu et al
reported 5-AzaC not only increases the expression of
methylated gene but also unmethylated gene (21). In this
study, 5-AzaC treatment restored expression of KAI1/CD82
mRNA and protein in the two SK-MEL-24 cells with no
methylation and SK-MEL-28 cells with a few methylation.
This result suggests that 5-AzaC treatment does not affect
only the methylated cells.

The involvement of KAI1/CD82 gene alterations in
prostatic cancer showed LOH at D11S1344 (5,12). In this
study, LOH at 11q11.2 the chromosomal region harboring
the KAI1/CD82 gene was observed LOH at 11DS1344 in
SK-MEL-24 and SK-MEL-28 cell lines and G361 cells
showed allelic imbalance. This result suggests that down-
regulation of KAI1 mRNA expression might be related to
LOH in human melanoma cell lines.

Consequently, this study suggests that down-regulation of
KAI1/CD82 mRNA expression is associated with LOH or
allelic imbalances but not with methylation of KAI1/CD82
gene in human melanoma cell lines.
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