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Several investigators have employed differential dis-
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Loss of expression of a novel suppressor of metas-
asis, melastatin (MLSN1), has recently been re-
orted to correlate with metastatic potential of mel-
noma cells. Using differential display analysis, we
dentified MLSN1 among genes overexpressed in pig-

ented metastatic human melanoma cells treated
ith the differentiation inducer hexamethylene
isacetamide (HMBA). In this study, we show that
ultiple short transcripts of MLSN1 are present in
elanocytes and pigmented metastatic melanoma

ell lines while the full-length 5.4-kb mRNA is detect-
ble only in melanocytes. Treatment of pigmented
elanoma cells with the differentiation-inducing

gent, HMBA, results in up-regulation of the 5.4-kb
LSN1 mRNA as well as short RNAs. Analysis of a
anel of nonpigmented primary and metastatic mel-
noma cell lines showed weak expression of a 1.8-kb
RNA in a few melanoma cell lines. Northern blot

nd RT-PCR analyses with DNA probes and oligonu-
leotide primers that correspond to distinct regions
f full-length MLSN1 mRNA indicated that the short
ranscripts contained sequences corresponding pri-
arily to either 5*- or 3*-end of the 5.4-kb mRNA.
MBA appears to up-regulate MLSN1 transcripts de-

ived mainly from the 5*-end. Modulators of cAMP
nd protein kinase C pathways had no significant
ffect on MLSN1 expression. Our data show that
ultiple MLSN1 transcripts, both constitutively ex-

ressed and inducible, are present in cultured pig-
ented melanoma cells, and suggest that MLSN1 ex-

ression can be regulated at the level of both
ranscription and mRNA processing. © 2000 Academic

ress

Key Words: melastatin (MLSN1); alternative splicing;
etastasis; melanoma; pigmentation; differential dis-

lay; HMBA.
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lay, a technique that allows comparison of gene ex-
ression profiles, to identify genes differentially ex-
ressed in mouse and human melanoma cells that
iffer in their metastatic potential (1–4). Using vari-
nts of mouse B16 melanoma cells that display differ-
nces in their potential to form pulmonary metastasis
fter intravenous injection into syngeneic mice, Dun-
an et al. recently identified a novel gene, melastatin
mlsn1), that is down-regulated in melanoma variants
ith higher metastatic potential. The amount of mlsn1
RNA detected in mouse B16 melanoma cell lines was

hown to be inversely correlated with their metastatic
otential. In situ hybridization studies using MLSN1,
he human homologue of mouse melastatin, suggested
hat the extent of loss of MLSN1 expression correlates
ith the thickness of primary cutaneous melanomas.
etastatic melanomas were shown to be completely

evoid of MLSN1 RNA expression (5).
Analysis of the genomic organization of mlsn1

howed that the mouse gene consists of 27 exons which
hare .85% sequence identity with the 5.4 kb human
LSN1 cDNA (6). The single 2.8-kb mRNA found in
ouse melanoma cells appears to be derived by alter-

ative splicing that truncates mRNA after exon 14.
hereas the 2.8-kb mouse mlsn1 cDNA is predicted to

roduce a soluble protein of 542 amino acids, the full
ength human MLSN1 cDNA encodes a putative 1533
mino acid long type III integral membrane protein
ith limited sequence homology to the proteins of the
RP (transient receptor potential) calcium channel

amily (6). However, MLSN1 polypeptides expressed in
uman melanocytes and melanoma cells have not yet
een identified.
We have demonstrated earlier that treatment of pig-
ented metastatic human melanoma cell lines with

ifferentiation-inducing agent hexamethylene bisacet-
mide (HMBA) results in the inhibition of growth, in-
uction of multiple long dendritic extensions and the
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
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MITF-independent repression of the melanocyte-
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ifferentiation marker TRP-1/gp75 (7, 8). In attempts
o further characterize this phenotype, we performed
ifferential display analysis and identified MLSN1
mong genes over-expressed in human melanoma cells
reated with HMBA. In this report, we describe the
dentification and characterization of multiple MLSN1

RNAs present in normal melanocytes and pigmented
etastatic melanoma cell lines. Northern blot and RT-
CR analyses showed that the alternative splicing of
LSN1 mRNA produces short MLSN1 mRNAs de-

ived from the 59- or 39-ends of the full-length MLSN1
RNA. Treatment of pigmented melanoma cells with
MBA results in the up-regulation of the full-length
LSN1 mRNA and the accumulation of short mRNAs

erived from the 59-end but not the 39-end of full-length
LSN1 mRNA.

ATERIALS AND METHODS

Cell culture. Primary culture of human melanocytes was initi-
ted from neonatal foreskins. Fresh skin specimens were washed
hree times with Hanks’ balanced salt solution (HBSS) and excess fat
as removed. The samples were cut into small pieces and incubated

n 0.25% trypsin solution at 4°C overnight. Epidermis was separated
rom the dermis and epidermal cells were suspended and cultured in
am’s F10 nutrient medium with 10% FBS, 85 nM 12-O-

etradecanoylphorbol-13-acetate (TPA), 0.1 mM 3-isobutyl-1-
ethylxanthine (IBMX), and 2.5 nM cholera toxin (CT).
Primary (WM75, WM35, and WM98-1) and metastatic (WM451

nd WM1205) human melanoma cell lines were kindly provided by
r. M. Herlyn at the Wistar Institute (Philadelphia, PA). WM35 is
erived from an early-stage radial growth phase (RGP) primary
esion and the patient was cured after the surgical removal of the
esion. WM35 is reported to be metastatically incompetent (9).

M75 is derived from a vertical growth phase (VGP) primary mel-
noma from a patient who also had a subsequent metastatic lesion.
M98-1 is derived from a VGP primary melanoma and the patient

ad a recurrence of melanoma during 5-year clinical follow-up.
M98-1 is tumorigenic in nude mice (10, 11). WM1205 is the met-

static derivative obtained from nude mouse after injecting an early
rimary melanoma WM793. No recurrence was found during .10
ear follow-up in the patient from whom WM793 was derived (12).
M451 is derived from a metastatic lesion (13). These melanoma

ell lines were grown in Ham’s F10 medium containing 10% FBS.
etastatic melanoma cell lines SK-MEL-19, -23 clone 22 (c.22) and

lone 22a (c.22a) described earlier (14, 15), were grown in MEM
edium supplemented with 10% FBS, 1% antibiotics, 1% nonessen-

ial amino acids and 1% glutamine. Cells were seeded at a density of
3 105 cells/10 ml culture medium in 100-mm dishes. Culture
edium, FBS, HBSS, antibiotic–antimycotic mixture, nonessential

mino acids and glutamine were purchased from Gibco-BRL (Be-
hesda, MD). TPA, IBMX and CT were from Sigma Chemical Co. (St.
ouis, MO). HMBA was obtained from Aldrich Chemical Co. (Mil-
aukee, WI).
RNA Isolation. Cells grown as monolayers were washed twice with
BSS, harvested by trypsinization, washed once with ice-cold PBS.
oly(A)1 RNA and total RNA were isolated from cell pellets using
icro-FastTrack mRNA (Invitrogen Corp., Carlsbad, CA) and
ltraspec-II RNA isolation system (Biotecx Laboratories, Inc., Hous-

on, TX), respectively. Total RNAs were treated with DNase I (Clon-
ech Laboratories Inc., Palo Alto, CA) for RT-PCR to remove remain-
ng genomic DNA.
54
trand cDNA synthesis (GeneAmp RNA PCR kit, Perkin–Elmer
orp.). RNA was reverse transcribed in 20 ml of final volume of 13
CR buffer, 5 mM MgCl2, 1 mM dNTP, 20 units of RNase inhibitor,
.5 mM oligo(dT)16 and/or random primers, and 2.5 units of MuLV
eserve transcriptase. The reaction mixture was incubated at 42°C
or 1 h and then 75°C for 10 min. PCR was routinely performed using

ml of cDNA in 50 ml containing 13 PCR buffer, 2 mM MgCl2, 0.2
M dNTP, 0.4 mM each primer, and 1.25 units of AmpliTaq DNA

olymerase. Higher concentration of MgCl2 (4 mM) was used for
robe A and C. The following cycling conditions were used unless
pecified otherwise: 94°C for 5 min for denaturation; 94°C for 30 s,
5°C for 30 s, 72°C for 30 s for 30 cycles; followed by 72°C for 7 min.
or probe A and C, 45 cycles of 94°C for 30 s, 52°C for 1 min, and
2°C for 1 min were performed. For probe D amplification, 45 cycles
f 94°C for 30 s, 55°C for 1 min, 72°C for 1:30 min were used. The
rimers were designed based on the human MLSN1 sequence
AF071787) and are listed in Table I.

Northern analysis. The PCR product of 59-probe was sequenced
irectly after purification using QIAquick Gel Extraction kit (Qia-
en, Chatsworth, CA). The PCR amplified cDNA fragments for probe
-D were cloned into the pCR2.1 vector using a TOPO TA cloning kit

Invitrogen) and the sequences of probe templates were confirmed by
NA sequencing. Human GAPDH probe template was from Ambion

Austin, TX). Northern analysis was performed as described previ-
usly using Northern Max kit and Strip-EZ DNA probe synthesis
nd removal kit (Ambion; 8). The blots were washed at room tem-
erature for 20 min with 23 SSC, 0.5% SDS, followed by washes at
5–60°C for 20 min with 0.53 SSC, 0.5% SDS and then 0.13 SSC,
.5% SDS. Quantitative analysis was performed with an Image-
uaNT software and background correction was made using an area
ext to bands. Relative intensities for each probe were obtained by
ormalizing to GAPDH.

ESULTS

dentification of MLSN1 by Differential
Display Analysis

In earlier studies we showed that treatment of pig-
ented human melanoma cells with the differentiation

nducing agent HMBA results in selective down-
egulation of the melanocyte differentiation marker
RP-1/gp75, induction of polydendritic morphology
nd expression of neuronal marker MAP-2 (microtu-
ule associated protein-2; Refs. 7, 8 and manuscript in
reparation). Flow cytometric analyses showed that
reatment of human melanoma cells with 5mM HMBA
or 48 h caused an accumulation of cells in G0/G1 phase
nd a significant decrease in the population of cells in
2/M phase (data not shown).
To characterize changes in gene expression associ-

ted with the HMBA-induced phenotype, we per-
ormed differential display analysis (Delta differential
isplay kit from Clontech) using total RNA obtained
rom control and HMBA-treated (for 48 h) SK-MEL-19

elanoma cells. The arbitrary primer, ATTAACCCT-
ACTAAATGTGGCAGG, and oligo(dT) primer CAT-
ATGCTGAGTGATATCTTTTTTTTTCC amplified a
DNA band that showed increased expression in the
rowth-arrested SK-MEL-19 melanoma cells. Nucleo-
ide sequence analysis of the ;170-bp fragment ob-
ained by PCR re-amplification of DNA excised from



t
g
n
2

c
a
w
m
h
f
m
l
r
l
d
h
s
n
1
1
d
m

E

n
a
t
c
c
p

W
(
t
a
n
c
M
1
c
l
s
d
c
m
m
a

U

c
t
l
1
l
H
g
t
t
m
i
T
M
n

TABLE I

Vol. 279, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
he gel band showed 98% identity to human melastatin
ene (MLSN1; GenBank Accession No. AF071787)
ear the 59-end of the 5.4-kb cDNA (between nt 88–
05; Ref. 6).
In mouse melanoma cell lines, mlsn1 (GenBank Ac-

ession No. AF 047714) is expressed as a 2.8-kb mRNA
nd is predicted to encode a protein of 542 amino acids
ith neither signal sequence nor hydrophobic trans-
embrane domain sequences. The predicted protein
as no significant similarity to any protein of known
unction. Expression of mlsn1 mRNA is restricted to
elanocytic lesions and the eye (5). The human homo-

ogue of MLSN1 cDNA is 5.4 kb with a 4.6-kb open
eading frame predicted to encode 1533 amino acid
ong protein containing six putative transmembrane
omains. Sequence similarity analysis revealed that
uman MLSN1 protein has limited homology to tran-
ient receptor potential (TRP) family of calcium chan-
el proteins, and also ;45% identity within the first
200 amino acids to a C. elegans predicted protein of
753 amino acids (6, 16). Sequence alignment of pre-
icted amino acid sequences of human and mouse
elastatin proteins is shown in Fig. 1.

xpression of Short MLSN1 Transcripts in
Melanocytes and Pigmented Melanomas Cells

To study the expression of MLSN1 in human mela-
ocytic cells, we performed Northern hybridization
nalysis of melanocyte and melanoma cell RNA using
he 59-probe (Table I). In cultured neonatal melano-
ytes, three prominent bands of 1.8, 4.0, and 5.4 kb size
ould be readily detected (Fig. 2A). In a panel of non-
igmented cell lines derived from primary (WM35,

Probes and Primer

Primer name Exona location nt positionb

Ex2 59 2 121–140 CTAACAGGT
Ex6 39 6 801–820 TGGAGGGAG

Ex4 59 4 318–335 CGGGGTACC
Ex12 39 12 1595–1614 GTTATAGAG

Ex19 59 19 2568–2585 ATCTGTGAA
Ex25 39 25 3436–3455 TTAAAATGA

Ex25 59 25 3436–3455 CACCGATGA
Ex27 39 27 4898–4919 CGGGGTACC

Ex23 59 23 3167–3186 AGACCTCTA
Ex15 39 15 1815–1838 TTCCATTCC
Ex16 39 16 2072–2091 GATCACTCT
Ex17 39 17 2301–2320 CACATATCG

a Locations correspond to mouse exons 1–27 (Ref. 6).
b Nucleotide positions corresponding to AF071787.
c Primer sequences shown 59–39.
55
M75, and WM98-1) and metastatic melanomas
WM451 and WM1205), a weak 1.8-kb band was de-
ectable only in WM35 and WM451. In pigmented met-
static melanoma cell lines SK-MEL-19, -23 (c.22) and
onpigmented (c.22a) clones by injecting SK-MEL-23
.22 into nude mice, expression of 1.8- and 4.0-kb
LSN1 mRNA was readily detectable (Fig. 2A). A

.3-kb band could also be seen in SK-MEL-19 and -23
.22 melanoma cells. The melanocytic origin of all cell
ines used in this study was confirmed by the expres-
ion of tyrosinase and MITF (data not shown). These
ata show that, while a few nonpigmented melanoma
ell lines express only 1.8-kb MLSN1 mRNA, both pig-
ented and nonpigmented clones derived from pig-
ented metastatic melanomas express significant

mounts of short MLSN1 transcripts.

p-Regulation of Full-Length MLSN1

Treatment of pigmented SK-MEL-19 and -23 c.22
ells with HMBA for 48 h resulted in the appearance of
he 5.4-kb MLSN1 mRNA corresponding to the full-
ength cDNA and also an increase in the intensity of
.3,, 1.8-, and 4.0-kb bands (Fig. 2B, lane 1: control and
ane 2: treated). The up-regulation of MLSN1 RNA by
MBA confirmed the basis for the identification of this

ene by differential display in our study. However,
reatment of non-pigmented melanomas, including
hose which showed a weak expression of the 1.8-kb
RNA (WM35, WM451), with HMBA did not result in

nduction of MLSN1 expression (data not shown).
hese data suggest that the induction of full-length
LSN1 expression is associated with pigmented phe-

otype of melanoma cells.

sed in This Study

imer sequencec cDNA size (bp) Probe name

TGCTGTGGC 700 59-probe
GTGCTTTTC

GTATATCCGTGTA 1292 Probe A
CCTCCAG

CTATAAC 868 Probe C
ATCGGTG

ATTTTAA 1480 Probe D
ATTCAGTTTCTGTGGAAGC

CCATGGAAA
GAAGTTTAAGAGC
GAGGACTCG
CAGCAGCAT
s U

Pr

GT
AT

AT
CT

TT
TC

TC
GC

CG
CA
CG
GT



Characterization of Alternatively Spliced MLSN1
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Transcripts

Reproducible appearance of similar shorter (,5.4
b) RNA species hybridizing with the 59-probe in both
elanocytes and melanoma cells raised the possibility

hat the short forms of MLSN1 RNA are generated by
lternative splicing of the primary transcript. Studies
n the genomic organization found that mouse mlsn1
ene consists of 27 exons which show .85% sequence
dentity with the 5.4-kb human cDNA (6). The single
.8-kb mRNA found in mouse B16 melanoma cells con-
ists of sequence derived from exons 1–14, followed by
equences of intron 14, exon 15 and intron 15. This is
vident by the presence of exons 14 and 15 splice donor/
cceptor site sequences in the 2.8-kb cDNA. Nucleotide
equences corresponding to exons 16–27 are not found
n the mouse mlsn1 cDNA (6).

We therefore investigated the relationship of the
hort mRNA species to the 5.4-kb full-length MLSN1
RNA in the pigmented melanoma cell line SK-MEL-

9. Oligonucleotide primers for RT-PCR were designed
o generate DNA probes that span the full-length open
eading frame of MLSN1 and to amplify cDNA frag-
ents from 59- or 39-end of MLSN1. Sequences of these

rimers, length of the probes, nucleotide positions and
ouse exon numbers to which they correspond are

isted in Table I. Sequences of all PCR-amplified cDNA
robes were confirmed directly after PCR or after clon-
ng in TOPO vector. The specific hybridization of
robes A, C and D with MLSN1 was confirmed using a
anel of RNAs shown in Fig. 2A (data not shown).

nalysis with 59-End Probes

In poly(A)1 enriched RNA isolated from untreated
K-MEL-19 cells, the 59-probe (exons 2–6) detected
.8-kb transcript (Fig. 3B, panel 1, lane 1). Weak bands
orresponding to the 1.3- and 4.0-kb transcript could be
etected upon prolonged exposure (.72 h) of the blot to
he X-ray film. Treatment of SK-MEL-19 melanoma
ells with HMBA resulted in the up-regulation of the
.4-kb mRNA and the accumulation of 1.3, 1.8, and 4.0
b bands (lane 2). Probe A, corresponding to mouse
xons 4–12, gave a weak signal of 1.8-kb band in con-
rol cells. The up-regulation of this 1.8-kb band and
.0- and 5.4-kb transcripts by HMBA could be seen in
ane 2 of the second panel in Fig. 3B. Probe A, however,
id not detect the 1.3-kb mRNA. Since all blots were
ybridized, washed and exposed to X-ray film under
he identical conditions, weaker signals obtained for
robe A (compared to the 59-probe) suggests a weak
ybridization of MLSN1 to nucleotide sequences
ithin this probe. These data show that the 1.8-kb
and hybridizing with the overlapping 59-probe and
robe A (spanning exons 2–12) represents a major
oly(A)1 transcript of MLSN1.
FIG. 1. Sequence alignment of human and mouse MLSN1
olypeptides. Alignment of predicted amino acid sequences of human
nd mouse melastatin. Upper: Human MLSN1; Lower: Mouse
lsn1. Sequence identity is indicated by (:) and similarity is indi-

ated (.). Six putative transmembrane (TM) domains in human
LSN1 are underscored. Note sequence identity between human

nd mouse proteins at the amino terminal end (between amino acids
–496) and divergence of mouse sequence at the carboxyl end (5, 6).
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To further characterize this 1.8-kb mRNA, we per-
ormed RT-PCR analysis using primers corresponding
o exon 4 (sense primer) and exons 15 or 16 or 17
antisense primers; see Table I for nt position of the
rimers on human MLSN1). Exon 4 and exon 15
rimer pair readily amplified the expected 1.52-kb
ragment (Fig. 3C, left panel) from untreated cells. An
ncrease in the yield of the PCR product from HMBA
reated cells was apparent. The relative yield of these
CR fragments from control and treated cells was con-
istent with the relative abundance of 1.8-kb MLSN1
ranscript (Fig. 3B, panels 1 and 2). DNA sequence
nalysis showed that this PCR fragment contained
ninterrupted sequence spanning exon 4-15 (data not
hown). PCR amplifications with primers for exons 16
nd 17, however, produced weak 1.7- and 2.0-kb bands
rom control cells and bands of higher yield from
MBA treated cells (lanes 1 and 2). Since, primers for

xons 4–15 readily amplify a PCR fragment of ex-
ected size and sequence (presumably from the most
bundant 1.8 kb mRNA), weak amplification by anti-
ense primers from exons 16 and 17 suggest that
RNAs containing exons 16 and 17 are relatively of

ow abundance in control cells. These data also suggest
hat the major 1.8 kb MLSN1 mRNA consisting of 59
1800 nucleotides is generated by alternative splicing
t or near the position corresponding to mouse exon 15

FIG. 2. Expression of MLSN1 mRNA in human melanocytes a
igmented neonatal melanocytes (NMC), nonpigmented primary
elanoma cell lines, and pigmented metastatic melanoma cell lines
K-MEL-23 c.22. 10 mg of RNA was electrophoresed on denaturing ag

2P-dATP labeled 700 bp MLSN1 (nt 121–820) 59-probe. The num
orthern blot analysis of up-regulation of the 1.3-, 1.8-, 4.0-, and 5.4

.22 cells were treated with 5 mM HMBA for 2 days. Total RNA fro
s in A.
57
nd does not contain sequences derived from exons 16
nd 17. Attempts to determine nucleotide sequence
ownstream of exon 15 by 39 RACE using oligo (dT)16

rimer were unsuccessful due to the presence of sev-
ral stretches of A residues, including a stretch of 14 A
esidues between nucleotide positions 1866–1879 in
xon 16, that produced multiple short cDNA fragments
data not shown).

nalysis with 39-End Probes

Hybridization with probe C (exons 19–25) showed
wo major bands of 0.8 and 1.7 kb, and a weak 2.3 kb
and. Exposure of the X-ray film for prolonged periods
howed weak signals corresponding to 4.0 and 5.4 kb
Fig. 3B, panel 3, lane 1). Treatment with HMBA did
ot affect the intensity of bands hybridizing with probe
(lane 2). Probe D (exons 25–27) revealed two major

ands of 1.2 and 1.8 kb size and a weak .3.0 kb band.
here was no difference in the intensity of 1.2 and 1.8
b bands between control and HMBA-treated cells
Fig. 3B, panel 4, lanes 1 & 2). These 0.8, 1.7, 1.8, and
.3 kb RNAs did not hybridize with the 59-probe and
robe A (compare panels 3 and 4 with panels 1 and 2 in
ig. 3B). Since treatment with HMBA also did not
ffect their expression, these data suggest that the
hort RNAs detected with probes C and D (excepting

melanoma. (A) Northern blot analysis of total RNA isolated from
M35, WM75, and WM98-1) and metastatic (WM451, WM 1205)
-MEL-19, -23 (c.22) and nonpigmented (c.22a*) clones derived from
se gel, transferred to nitrocellulose membrane, and hybridized with

s on the right are estimated sizes of autoradiographic bands. (B)
MLSN1 mRNA in pigmented melanoma cells. SK-MEL-19 and -23

ontrol (lane 1) and treated cells (lane 2) was isolated and analyzed
nd
(W
SK
aro

ber
-kb
m c



t
c
M
s

q
e
c
r
t
H
P
t
u
e
s
s
i

R

n
m
f
M
t
n
u
f
y
H
o

u
n
m
R

i
p
(
s
t
fi
(
E
f
p

Vol. 279, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
he .3.0 kb mRNA detected by probe D) are generated
onstitutively by alternative splicing that excludes
LSN1 sequences corresponding to mouse exons up-

tream of exon 20.
RT-PCR analysis using primers that amplify se-

uences between mouse exons 23 and 27 and between
xons 25 and 27 showed amplification of abundant
DNAs of expected size, i.e., 1.75 and 1.48 kb (Fig. 3C,
ight panel). There was no difference in the yield of
hese PCR fragments between control (lane 1) and
MBA-treated cells (lanes 2). Direct sequencing of
CR products showed that these DNA fragments con-
ained uninterrupted sequences between the primers
sed for amplification. Taken together with the North-
rn blot analyses, these data suggest that alternative
plicing of MLSN1 generates several MLSN1 tran-
cripts containing mostly 39-end sequences correspond-
ng to mouse exons 20–27.

FIG. 3. Alternative splicing of MLSN1 mRNA. The 5.4-kb full-l
ng to the 27 exons of mouse melastatin are shown in A. The exon
robes used for Northern blot analysis are indicated below bracke
lanes 1) and 5 mM HMBA-treated (48 h; lanes 2) SK-MEL-19 me
izes of autoradiographic bands are indicated. Poly(A)1 RNA (3 mg
he identical conditions with the indicated probes labeled simulta
lm for same amount time. (C) RT-PCR analysis of MLSN1 mRN
48 h; lanes 2) was reverse transcribed with random hexamers and
x4/Ex15, Ex4/Ex16, and Ex4/Ex17 amplified 1.52-, 1.77-, and 2

ragments amplified by primer pairs Ex23/Ex27 and Ex25/Ex2
arameters. Amplification of GAPDH is shown as control.
58
egulation of MLSN1 Expression

Since activators of cAMP-dependent and protein ki-
ase C pathways are known to affect the expression of
elanocyte differentiation markers, we tested the ef-

ect of cholera toxin (CT) and TPA on expression of
LSN1 in SK-MEL-19 cells. As shown in Fig. 4, addi-

ion of CT or TPA to the growth medium had no sig-
ificant effect on MLSN1 expression, whereas HMBA
p-regulated expression of all transcripts including the
ull-length 5.4-kb mRNA (Fig. 4A). Densitometric anal-
sis (all bands combined) showed that treatment with
MBA caused a time-dependent, 5-fold accumulation

f MLSN1 mRNA (Fig. 4B).
In summary, our data show that human MLSN1,

nlike its mouse counterpart, produces multiple alter-
atively spliced mRNAs in human melanocytes. In pig-
ented melanoma cells, which express only the short
NAs, the full-length MLSN1 mRNA can be induced

th mRNA of human MLSN1 and boundaries of exons correspond-
es range from 21 to 1200 bp (6) and are not drawn to scale. cDNA
regions. (B) Northern blot analysis of poly(A)1 RNA from control
oma cells with probes indicated above each panel. The estimated
e) was electrophoresed, blotted simultaneously, hybridized under

ously, washed under the identical conditions, and exposed to the
Total RNA from control (lanes 1) and 5 mM HMBA-treated cells
o(dT)16 primers, and 1 ml of cDNA was used for PCR. Primer pairs
-kb fragments, respectively (left panel). The 1.75- and 1.48-kb

right panel). All PCRs were performed using identical cycling
eng
siz
ted
lan
/lan
ne
A.
olig
.00

7 (
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y treatment with pharmacological compounds such as
MBA through mechanisms that appear to be inde-
endent of protein kinase C and cAMP signaling path-
ays.

ISCUSSION

We identified MLSN1 among genes over-expressed
n human metastatic melanoma cells treated with the
ifferentiation-inducing agent HMBA. Our data show
hat both cultured normal human melanocytes and
igmented metastatic melanoma cells express short
LSN1 mRNAs, in contrast to the single 2.8 kb mRNA

bserved in mouse melanoma cells. In pigmented mel-
noma cells which constitutively express short MLSN1
RNAs, the 5.4 kb mRNA representing full-length
LSN1 and selected short forms of mRNA derived

rom its 59-end are up-regulated by the differentiation
nducer. Identification of an abundant 1.8 kb mRNA,
hich corresponds to the 59-end sequences of the full

ength MLSN1, predicted to produce an intracellular
8 kDa polypeptide lacking transmembrane domains
as implications for biological functions of this short
LSN1 polypeptide in both melanocytes and mela-

oma cells. Interestingly, this polypeptide appears to
e the human counterpart of the single melastatin
olypeptide predicted to be produced by mouse mela-
oma cells (5).

atterns of MLSN1 Expression in Melanocytes and
Melanoma

A role for melastatin in suppression of mouse mela-
oma metastasis was proposed based on an inverse

FIG. 4. Up-regulation of MLSN1 was independent of cAMP or pr
ells were treated with 5 mM HMBA (H), or 2.5 nM CT, or 10 ng/ml
NA/lane was loaded for Northern analysis using 59-probe of MLSN1

o CT and TPA treatment. The relative intensity (of all MLSN1 tran
rom two independent experiments.
59
elationship of its expression to the metastatic poten-
ial. In situ hybridization analysis of human melano-
ytic neoplasms also suggested that a focal loss of
elastatin expression correlates with the thickness of

he primary cutaneous melanomas. Melastatin expres-
ion is absent in metastatic melanoma tumor speci-
ens and cell lines (5). In the present study, we uti-

ized a panel of human melanoma cell lines that
epresent different well-defined clinical and patholog-
cal stages of disease progression to investigate

LSN1 expression (10, 17–20). In human melano-
ytes, in addition to the 5.4 kb full-length MLSN1
RNA, we found abundant expression of 1.8 and 4.0 kb
RNA (Fig. 2A). This is particularly significant since

arying amounts of these RNAs, specifically the 1.8 kb
RNA, are found in both primary and metastatic mel-

noma cell lines. For example, we found abundant
xpression of the short mRNAs, but not the full-length
.4 kb mRNA, in three cell lines derived from pig-
ented metastatic melanomas. But, only a small

mount of 1.8 kb mRNA was detectable in a primary
GP melanoma cell line WM35 (Fig. 2A). This cell line,
erived from a primary melanoma (,0.76 mm thick),
as shown to be metastatically incompetent and non-

umorigenic in nude mice (9). WM451, a cell line de-
ived from a metastatic lesion also had detectable
mounts 1.8 kb MLSN1 mRNA. There are several pos-
ible explanations for these discordant observations.
irst, continuous passage in vitro alters the expression
f MLSN1 in cell lines and may not represent the
xpression pattern in vivo. This appears to be unlikely,
ince all cell lines used in this study showing either
bundant expression of MLSN1 or no expression have

in kinase C cellular signaling pathways. (A) SK-MEL-19 melanoma
for 2 days. Untreated cells are shown as control (C). 10 mg of total

) Time course of HMBA-induced up-regulation of MLSN1 compared
pts combined) was plotted against time. The data shown are means
ote
TPA
. (B
scri
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xpression of small amounts of the 5.4 kb mRNA in
on-metastatic primary melanomas, not detectable by
orthern blot technique, may be sufficient for the pro-
uction of a suppressor of metastasis. Thus, the abun-
ant short RNAs in some metastatic melanomas arise
rom a regulatory mechanism that produces alterna-
ively spliced and partially degraded non-productive
NAs. However, the abundant expression of these
hort RNAs is also found in normal melanocytes, sug-
esting that the generation of these short RNAs is not
property unique to the malignant cells. It is of inter-

st, however, all cell lines with abundant expression of
.8 and 4.0 kb mRNA are pigmented or clonal deriva-
ives of pigmented melanoma, suggesting that MLSN1
xpression is related to melanocytic differentiation and
igmentation.

lternative Splicing of MLSN1

In both normal melanocytes and melanoma cells,
lternative splicing of MLSN1 appears to produce sev-
ral short mRNAs. Northern blot analysis, RT-PCR
nd DNA sequencing suggested that the 1.8 kb mRNA
ontaining the 59 ;1800 nucleotides encodes a putative
500 amino acids-long N- terminal isoform of MLSN1.
imilarly, the 1.3 kb mRNA which hybridized pri-
arily with the 59-probe (exons 2–6) also appears

o represent alternative splicing after exon 10. This
s supported by the finding that nucleotide sequence of

367 bp human EST (GenBank Accession No.
I638469) corresponds to mouse exon 10 and is con-

iguous with the splice donor sequence of intron 10
exon 10. . .GGCCG/gtgaa. . .intron). This splice vari-
nt is predicted to produce a 339 residue amino termi-
al polypeptide of MLSN1.
Alternative splicing of pre-mRNA is a versatile reg-

latory mechanism and is known to generate isoforms
ith diverse functions for many types of proteins (22).
or example, mechanisms that alter the ratios of alter-
ative splice variants of Wilm’s tumor locus WT1 have
een implicated as a cause of abnormal urogenital de-
elopment in Denys-Drash syndrome (23). Alternative
plicing of several genes in melanoma has been re-
orted. Aberrant splicing of Bin1, a tumor suppressor
as been implicated in melanoma progression (24).
imilarly, expression of CD44 isoforms has also been
eported to correlate with melanoma progression (25).
ncluded among prominent examples of protein iso-
orms generated by alternative splicing are ion chan-
els (26). Melastatin is a distant relative of the TRP
transient receptor potential) calcium channel family.

embers of TRP family are known to produce alterna-
ive transcripts (27–29). It has been reported, recently,
hat alternative splicing of the transcript of MTR1, a
ovel gene with homology to melastatin and TRPC7
lso produces two possible proteins of 872 and 1165
60
RP family Ca21 channels are thought to form multi-
ers and regulate the activity of the full-length pro-

eins (30). Interestingly, in human melanocytic cells, a
ranscript corresponding to the mouse 2.8 kb mlsn1
RNA was not detectable. This suggests that mela-

tatin undergoes species specific alternative splicing
imilar to alternative splicing of N-type calcium chan-
els that produce distinct variants in different regions
f the nervous system (26, 31).

egulation of MLSN1 in Human Melanoma Cells

RT-PCR analysis of a panel of mouse tissues showed
hat mlsn1 expression is restricted to eye, presumably
ormal melanocytes, and melanocytic lesions (5). In-
erestingly, cis-regulatory elements, M box and E box,
ave been found in the promoter region of mouse mlsn1
6). These regulatory elements which are conserved
mong tyrosinase family genes are known to bind
ITF, the melanocyte-specific transcription factor and

ctivate tissue-specific expression (32). It is, therefore,
easonable to predict that melanocyte-specific expres-
ion of mouse mlsn1 is also regulated by MITF (6). Our
nalysis of human melanocytes and melanoma cells
howed no strict correlation between levels of MITF
RNA and expression of MLSN1 mRNA in melanoma

ell lines (data not shown).
HMBA is a hybrid polar compound shown to induce

erminal differentiation in mouse erythroleukemia cell
nd a variety of human tumor cells (33). The mecha-
ism of action of HMBA has been studied extensively
34–37). HMBA-induced changes in expression of

LSN1does not appear to involve cAMP or protein
inase C pathways (34, 37). Lack of correlation of
LSN1 expression to MITF and the inability of the

AMP activator to up-regulate MLSN1 in human mel-
noma cells suggests that this gene may be regulated
y different mechanisms in mouse and human mela-
ocytes. Characterization of cis-regulatory sequences
f human MLSN1 will be important to investigate reg-
lation of human MLSN1 gene.
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