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Structure, Expression and Chromosome M apping of MLZE, a Novel Gene Which

Is Preferentially Expressed in Metastatic Melanoma Cells
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We isolated a novel gene, termed MLZE, from a B16-BL6 cDNA library after subtraction of B16-
F10 mRNA. Expression levels of mouse MLZE (mMMLZE) increased in accordance with metastatic
ability of B16 melanoma sublines. Human homolog of mMIlze (hMlze) contained one leucine
zipper structure and two potential nuclear localizing signals. Northern blot analysis of multiple
human tissues showed that hMLZE was expressed primarily in trachea and spleen. We mapped the
hMLZE gene (by fluorescence in situ hybridization) to 8q24.1-2, which contains the c-myc gene and
is often amplified in malignant melanoma. |mmunohistochemistry revealed that the number of
hMIze-positive cases was significantly larger in Clark levels |1, IV and V melanomas (6/11=55%)
than in Clark levels | and || melanomas (2/15=13%). In two cases of hMIlze-positive melanomas,
the strength of hMlze staining increased substantially in the deep component of the tumor.
Considering that melanomas above Clark level 11 are more metastatic than those below Clark level
111, these findings suggested that MLZE is one of the genes whose expression is upregulated during
the course of acquisition of metastatic potential in melanoma cells.
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The incidence of cutaneous melanoma has increased at
an alarming rate throughout the world.? Most thin melano-
mas can be cured by surgical excision. However, once
metastases are formed, the disease is rarely curable and
median survival time is approximately 6 months.? There
seems to be a difference between thin and more advanced
melanoma with respect to their clinical behaviors. Based
on the observation of melanoma spread into the der-
mis, two phases of melanoma development have been
described.® In the first phase, melanoma cells show
intragpidermal proliferation and invasion of the papillary
dermis by small nests. This phase is defined as the radial
growth phase (RGP). In the second phase, melanoma cells
gain the capacity to form an expansile nodule in the papil-
lary dermis and infiltrate the reticular dermis and subcuta-
neous fat. This phase is defined as the vertical growth
phase (VGP). By using a mouse model, VGP melanoma
cells were shown to possess larger capability of metastasis
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than RGP melanoma cells.® In the course of tumor pro-
gression from RGP to VGP melanoma, genetic changes
may occur that render melanoma cells metastatic. How-
ever, few such genetic changes have been identified yet.>®

Among the commonly used parameters for the depth of
tumor are Breslow thickness” and Clark invasion level ¥
Breslow thickness measures the linear depth of tumor in
millimeters. It disregards the histological architecture in
and around the tumor. In contrast, Clark invasion level
describes five invasion levels based on the histologic
depth of tumor invasion. Melanomas of level | proliferate
within the dermis. Level 11 melanomas infiltrate the papil-
lary dermis as small nests. Level [1I melanomas form an
expansile nodule that compresses the reticular dermis.
Level 1V and V melanomas infiltrate into the reticular der-
mis and subcutaneous fat, respectively. In clinical cases,
melanoma cells of level 111 have been reported to behave
in a more malignant manner than melanoma cells of level
1.9 Clark level Il melanomas that carry no systemic
metastasis at diagnosis yield a good survival of 96% after
8 years. In contrast, 8-year survival drops markedly to
76% when melanoma cells have already invaded to the
depth of level 11l at diagnosis. Although Clark invasion
level is a histologic classification, it is reasonable to con-
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sider that Clark level | and Il melanomas correspond to
RGP, and melanomas above Clark level Il correspond to
VGP.

In the present study, we attempted to characterize a
novel gene, termed MLZE (Melanoma-derived Leucine
Zipper, Extra-nuclear factor), as a marker for melanoma
progression from RGP to VGP. To isolate MLZE, we
examined a pair of B16 mouse melanoma cells, B16-F10
cells? and B16-BL6 cells® B16-BL6 cells were obtained
through six rounds of in vitro selection of B16-F10 cells.
When injected into footpad, B16-BL6 cells metastasize to
the lung at high frequency, whereas B16-F10 cells do not.
With an improved method for constructing a subtracted
cDNA library,® we have isolated a series of genes that
were transcriptionally upregulated in B16-BL6 cells as
compared with B16-F10 cells.*?® MLZE was one such
gene. Expression levels of mMMLZE increased as B16 mel-
anoma cells become more metastatic. Human homolog of
mMIze (hMlze) contained one leucine zipper structure and
two potential nuclear localizing signals (NLS). Immuno-
histochemistry revealed that the number of hMlze-positive
cases were larger in Clark levels 111, IV and V melanomas
than in Clark levels | and Il melanomas. In some cases,
the strength of hMlze immunostaining increased substan-
tially at the deep component of the tumor. hMLZE may be
one of the genes whose expression is upregulated as
malignant melanoma progresses from RGP to VGP.

MATERIALS AND METHODS

Cell lines F1, F10, and BL6 mouse melanoma cells were
kindly provided by I. J. Fidler (The University of Texas,
Houston, TX). Melan-a mouse melanocyte cells were
kindly provided by D. C. Bennett (St. Georges Hospital
Medical School, Cranmer Terrace, London, UK).® 293T
human embryonic kidney cells and COS-7 monkey embry-
onic kidney cells were purchased from American Type
Culture Collection (Manassas, VA). Melan-a cells were
maintained in Dulbecco’'s modified Eagle’'s medium
(DMEM) supplemented with 10% fetal calf serum and
200 nM 12-O-tetradecanoylphorbol-13-acetate (TPA). The
remainder were maintained in DMEM supplemented with
10% fetal calf serum.

Screening of cODNA and genomic DNA libraries Prepa-
ration of subtracted cDNA library was performed as
described previously.” To obtain hMLZE, a human cDNA
library was prepared from HelLa cells using the AZAP-
cDNA synthesis kit (Stratagene, La Jolla, CA). A total of
1x10° clones were screened with a radiolabeled EST
clone AW276035 which was obtained by polymerase
chain reaction (PCR), and the insert cDNAs were excised
from positive clones in vivo into pBluescript SK(-) vec-
tor. A human placental genomic DNA library was pur-
chased from TaKaRa (Ohtsu) and a total of 1x10° clones
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were screened with the radiolabeled hMLZE coding
region.

In vitro transcription/translation The TNT T7 quick
coupled transcription-trandation system (Promega, Madi-
son, WI) was used according to the manufacturer’'s
instructions.

Northern blot analysis Total RNA was prepared using a
guanidine thiocyanate/ CsTFA method. For northern blot
analysis, 20—30 ug of total RNA was separated by dena-
turing gel electrophoresis and transferred to Biodyne A
(Pall, Port Washington, NY). Human multiple tissue north-
ern blots were purchased from Clontech, Palo Alto, CA.
The hMLZE coding region, amplified by PCR with the
primer set F-hMLZE (5'-ATGCCCTCCATGTTGGAACG-
3) and R-hMLZE (5-TTAGGCCTCAGCCAGCTGCT-
3'), was radiolabeled with [a-*P]dCTP using a Random
Primer DNA Labeling Kit (TaKaRa).

Fluorescence in situ hybridization (FISH) The partia
genomic DNA of hMLZE was obtained by screening a
human placental genomic DNA library with the radiola
beled hMLZE coding region as a probe. Positive clones
were digested with EcoRlI and a 7-kb fragment was
obtained. We confirmed that the fragment contained the
sequence of nucleotides 1613—1735 of hMLZE cDNA by
PCR with the primer set F-G (5'-AGTACGAAATTTC-
CGAAATGGTAGG-3) and R-G (5-CTGGTTTTAAC-
TTCATATCATTGGA-3). FISH analysis of R-banded
human chromosomes was performed as described previ-
ously.” Briefly, 150 ng of biotin-labeled genomic DNA
probe was hybridized to metaphase chromosome spreads.
For fluorochrome detection, the slides were incubated with
fluorescein isothiocyanate (FITC)-conjugated avidin (Vec-
tor Laboratories, Burlingame, CA) and then washed. The
FITC signals were amplified by incubation with biotin-
conjugated goat anti-avidin antibody (Vector Laboratories)
followed by incubation with FITC-conjugated avidin.
Preparations were counterstained with propidium iodide
and observed under a laser scanning microscope (Zeiss
LSM410).

Generation of anti-hTib23 antibody A modified
pET28a vector (Novagen, Madison, WI) was constructed
by replacing the multiple cloning sites of pET28a with that
of pET32a (Novagen) at the BamHI-Tthlll sites. This
modification alowed the insertion of cDNA by way of the
BamHI-Notl sites. Using the pBluescript SK(-) vector
containing the full-length hMLZE, PCR was performed
with the following set of primers: F-Bam-hMLZE, 5'-GGA-
TCCATGCCCTCCATGTTGGAACG-3'; R-Not-hMLZE,
5'-GCGGCCGCTTAGGCCTCAGCCAGCTGCT-3. The
PCR-amplified cDNA fragment was subcloned into the
pT7 Blue vector (Novagen). The amplified cDNA frag-
ment was excised and ligated into the modified pET28a
vector by way of the BamHI-Notl sites. The plasmid was
transformed to BL21-CodonPlus (Stratagene) and expres-
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sion of the 6 His-tagged hMIze was induced with 0.2 mM
isopropylthiogalactoside. The bacteria were lysed by soni-
cation and hMlze tagged with 6 His was extracted from
the insoluble pellet with 8 M urea, 0.5 M NaCl, 5 mM imi-
dazole and 20 mM Tris-HCI (pH 8.0). Extracted protein
was applied to Talon resin and eluted with excess imida-
zole. White rabbits were immunized with the purified pro-
tein to produce polyclonal antibody.

Western blot analysis Whole cell lysates were prepared
by adding 10 times the volume of lysis buffer (50 mM
TrissHCI [pH 8.0], 250 mM NaCl, 0.1% NP-40, 1 mM
phenylmethylsulfonyl fluoride (PMSF)) to a pellet of
1x10° cells. The lysate (50 ug of protein) was boiled for 5
min, separated on 10% SDS-polyacrylamide gel electro-
phoresis (PAGE) gel and transferred onto Immobilon
membrane (Millipore, Eschborn, Germany). The mem-
brane was incubated with rabbit anti-hMlze polyclonal
antibody at 1:200 dilution or rabbit anti-GFP polyclonal
antibody (MBL, Nagoya) at 1:1000 dilution for 1 h, then
incubated with horseradish peroxidase-conjugated anti-
rabbit 1gG antibody at 1:1000 dilution (MBL). For detec-
tion of the immunocomplex, Renaissance chemilumines-
cence reagent (Dupont/NEN, Boston, MA) was used.
Immunohistochemistrty  Formalin-fixed and paraffin-
embedded specimens were deparaffinized and hydrated in
a graded series of acohols. Endogenous peroxidase was
guenched in phosphate-buffered saline containing 0.3%
peroxide. The samples were incubated with anti-hMlze
polyclonal antibody at 1:200 dilution or anti-c-Myc mono-
clonal antibody (Ab-1, Oncogene Science, Cambridge,
MA) at 1:100 dilution for 2 h at room temperature,
followed by incubation with horseradish peroxidase-
conjugated anti-rabbit 1gG antibody or anti-mouse 1gG,
antibody (MBL) for 1 h at room temperature. Thereafter,
the fina products were visualized using diaminobenzidine
(DAB) or aminoethylcarbazole (AEC) as a substrate for
peroxidase. Negative controls were run with using non-
immunized rabbit 1gG instead of the primary antibody.
The dlides were counterstained with Mayer’s hematoxylin.
Immunocytochemistry Cells were plated on chamber
culture slides (Becton Dickinson, Franklin Lakes, NJ). Cells
were fixed with 4% paraformaldehyde in phosphate-buff-
ered saline (PBS), permeabilized with 0.1% Triton X-100
in PBS, blocked with 2% bovine serum abumin (BSA) in
PBS, incubated with anti-hTib23 antibody at 1:200 dilu-
tion at room temperature for 2 h, and stained with FITC-
labeled anti-rabbit 1gG. Cells were visualized with using a
confoca laser scanning microscope (Zeiss LSM410).

In vivo analysis of GFP fusion proteins We previously
reported a modified pEGFP-C1 vector (Novagen), termed
pEGFP3B.'® This vector allowed the cDNA insert to be
fused to the 3' end of EGFP by way of Ascl-Notl sites.
We also reported a modified pEGFP3B vector, termed
PEGFP3 vector. This vector was constructed by insertion
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of an in-frame stop codon between EGFP and the Ascl site
so that it produced EGFP protein and could serve as a con-
trol vector for pEGFP3B vector. Using the pBluescript
SK (=) vector containing the full-length cDNA for hMLZE
as atemplate, PCR was performed with the following sets
of primers: F-Asc-hMLZE (5'-GGCGCGCCGATGCCCT-
CCATGTTGGAACG-3') and R-Not-hMLZE (5'-GCGGC-
CGCTTAGGCCTCAGCCAGCTGCT-3) for pEGFP3B-
hMLZE; F-Asc-NLS2 (5-GGCGCGCCGGAGAGTCT-
CAGAGTGAAGAA-3) and R-Not-TAA-NLS2 (5'-GCG-
GCCGCTTAAATGGCTTTCTCCTTGATAACCA-3) for
PEGFP3B-hMLZE-NLS2; F-Asc-hMLZE and R-Not-TAA-
AN (5-GCGGCCGCTTATTCGGAAATTTCGTACTCAT-
3') for pEGFP3B-hMLZE-AN; F-Asc-AC (5'-GGCGCGC-
CGATGGTAGGCTACTGTGCTGC-3) and R-Not-hMLZE
for pEGFP3B-hMLZE-AC. PCR-amplified DNA frag-
ments were subcloned into the pT7 Blue vector. After
amplification, cDNA fragments were excised and ligated
into the pEGFP3B vector in-frame by way of the Ascl-
Notl sites. The following are the amino acid (a.a.) residues
of hMlze protein in each vector intended to be fused to
EGFP protein: aa. residues 1-508, pEGFP3B-hMLZE;
a.a. residues 196—227, pEGFP3B- hMLZE-NLS2; a.a. res-
idues 1-246, pEGFP3B-AN; aa residues 247-508,
pPEGFP3B-AC.

293T cells and COS-7 cells were transiently transfected
using Lipofectamine transfection reagent (Gibco-BRL,
Gaithersburg, MD). The cells were cultured in 35 mm
glass-bottomed culture dishes for 24 h after transfection
and then observed in vivo through an inverted laser scan-
ning microscope (Zeiss LSM410).
Human malignant melanoma and nevus samples
Twenty-six patients with malignant melanoma and five
patients with nevus underwent surgical excision in the
Osaka University Hospital. Surgical samples were fixed in
formalin and embedded in paraffin.

RESULTS

Isolation of mouse and human MLZE cDNAs Among
the cDNA clone pool obtained after subtraction of the
B16-BL6 cDNA library with B16-F10 mRNA,*? we iso-
lated a mouse novel gene that we termed mouse MLZE
(mMMLZE). Expression of mMLZE mRNA was detected
easily in both B16-F10 and B16-BL6 cells, but it was
three-fold stronger in B16-BL6 cells. In contrast, the
expression of MMLZE was below the limit of detection in
melan-a and B16-F1 cells (Fig. 1). Since melan-a cells are
non-tumorigenic, and since B16 sublines, F1, F10 and
BL6 cells acquire larger potentials for metastasis in this
order, expression levels of mMMLZE correlated well with
metastatic potentials of melanoma cells. By screening a
B16-BL6 cDNA library, we isolated a 2191-bp-long clone.
This clone appeared to carry an amost full-length cDNA



for mMLZE, because the mMMLZE transcript was detectable
as asingle band of about 2.4 kb in B16-BL6 cdlls (Fig. 1).
MMLZE contained an open reading frame of 1570 nucle-
otides (DDBJ/GenBank/EMBL database accession num-
ber AB042406) and was supposed to encode a protein of
468 amino acid residues.

Homology searching at the National Center for Biotech-
nology Information (NCBI) (http://www.ncbi.nim.nih.
gov/BLAST/) revealed that the coding region of mMLZE
was 79.2% and 81.2% homologous to human EST clones
AW?276035 and A105243, respectively. We speculated that
these EST clones might congtitute a part of the human
homolog (hMLZE) of mMLZE. A HelL.a cDNA library was
screened for cloning of a full-length hMLZE by using
AW?27635.1 DNA fragment as a probe. Of the positive
clones obtained, the longest was 2761-bp long (DDBJ/
GenBank/EMBL database accession number AB042405).
We estimated it to be nearly full-length, since northern
blot analysis showed that the transcript size of hMLZE is
about 2.8 kb in HelLa cdlls (data not shown).

The clone contained a 1527 bp open reading frame
which encoded a putative protein of 508 amino acid resi-
dues with a calculated molecular mass of 57 kDa (Fig. 2).
The sequence surrounding the proposed starting codon
partially matched the consensus for a eukaryotic transla-
tion initiation site!® A protein of approximately 60 kDa
was generated when the longest clone was subjected to in
vitro transcription-trandation analysis (data not shown),
indicating that the predicted start codon was functional in
vitro. The predicted protein showed no obvious homology
to previoudy identified proteins. However, particular
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Fig. 1. Northern blot analysis of mouse MLZE in melanocyte
lineage cells. Northern blot containing 20 pg of total RNA
derived from melan-a cells and B16-F1 cells, B16-F10 cells and
B16-BL6 cells was hybridized with ?P-labeled mMLZE cDNA
(upper panel). Blots were reprobed with a mouse B-actin probe,
which served as a loading control (lower panel). A transcript of
about 2.4 kb was detected abundantly in B16-BL6 cells and
moderately in B16-F10 cells, whereas no transcript was detected
in melan-a cells and B16-F1 cells.
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structural features were identified in the deduced amino
acid sequence of hMlze. The N-terminal region was rich
in basic amino acids. In particular, amino acid resi-
dues 133-151 (KRKLLDPEPSFLKECRR) and 201-218
(KKALTLQKGMVMAYKRK) matched the bipartite
nuclear localizing signal (NLS) motif.2? The C-terminal
region contains a region rich in leucine, including a leu-
cine zipper structure at amino acid residues 392—-413.

1 TTCGGCACGAGCCACATGTAGGCAGTTCAGAGGTGCTTCCCAGGGCCCTGGCGCTAGTGC 60

61 CTGTCCCTCCTGCTGAAGTTGCCTTTCCTGGTGTCCAGTGATTGAATTCTAAATTCAGCA 120
121 CATATACCAGAGGAATACGAGCCAAAGAAGTTGTTCCAGCTAGAGTTGCTGGGAATCCAT 180
181 GAATCAAAGACTTGCTCAGCTAGTTCTGTATGTGAAAGGAAATGGGTGTGACTCTGAGGA 240
241 AGCCTTTTTAATTCTGATTCAGGAGATACATAATTAGATGCCACTTGATTTTGTTCCACA 300
301 GACTTTTTGCTGAGGACTTGAGAGCTAAGGTTCTGTGATCCAGAACTAGTTCCAGACTTA 360
361 CTCTTCTGGAAATGAACAGGGCCCTCCTGTGCTTATTTTTCCAGGATACTGCATTGGAAA 420
421 TTGAGTCAGGGACCCATTGGTGAGAAGAGAACAGTGAACAGAATCACATTGATCTGGTCC 480
481 TGGAGTTTGTCTGACAATTTCTACTTGACCGCAGAGGTCTGAAGATTGGAAGGGGCCCTA 540
541 CTCAATTGTGCTATTTTTCTCTCTTTTTTTTTTTTTT CGGAGTTGCCCAGGCTGGA 600
601 GTGCAGCGCATGGTCTCAGCTCACTGCAACCTCTGCCTCCCGGGTTCAAGCAGTTCTCTG 660

661 CCTCAGCCTCCCAAGTAGCTGGGATTACAGGTGCCTGCCACCATTCCTGGCTAATTTTTG 720
721 TATTTTCAGT TTTCACCATCTTGGCCTGGCTGATCTTGAACTCCTGACCT 780
781 CGGGATCCACCGGCCTCAGCCTCCCAAAGTGCTGGGATTACAGACGTGAGCCACCGTGCC 840
841 CGGCCAATCCTGCTATTTCTCTACAGGACAAAGGGATATATAATCTGCAACATGCCCTCC 900
M P S5 3

901 ATGTTGGAACGCATTAGCAAAAATTTGGTCAAAGAGATTGGRAGCAAAGACCTGACACCT 960

4 M L E I s N L V DL T P 23
961 GTCABRATACC TATTGAGTGCCAccm'rTACGTCAGMTGTTATATTACGAAAGAAGAAG 1020
24 v Y L L S8 A L R Q F V I L EEIE 43
1021 GATTC'I‘CGTTCATCATTTTGGGAACAATC TGACTATGTTCCAGTTGAATTCTCCCTCAAT 1080
44 D S S S FWESJ QSDZYVPVETFSILN 63
1081 GACATCCTGGAGCCAAGTTCTTCAGTCCTAGAAACTGTTGTGACAGGACCGTTCCACTTC 1140
64 D I L EP S S SV LETUVUVTGPFHTF 83
1141 AGTGACATTATGATCCAGAAGCATAAGGCTGACATGGGTGTGAATGTTGGTATAGAAGTG 1200
84 I Q D MGV NV G IE 103
1201 AGTGTGTCAGGGGAGGCCTCTGTGGACCATGGATGCTCCCTCGAGTTTCAAATTGTTACC 1260
104 8 V S G E A SV DHGC S LETF QI V T 123
1261 ATCCCATCACCAAACCTGGMGACTTTCAAAAAAGGAAACTGTTGGATCCAGAGCCATCA 1320
124 I P P p F o I[RKI[Kl . . D P E P S 143

1321 TTTCTGAAGGAGTGCCGGAGGAGAGGGGACAACCTGTACGTGGTGACAGAGGCTGTTGAA 1380

144 _F L K E cC [R] Rl 6 D N L Y V T v 163
1381 CTGATCAACAATAC TGTGCTGTACGATAGCAGTAGTGTGAATATTTTAGGGAAAATTGCT 1440
164 L I N N T V L Y D 8§ S I . 6Kl & 183

1441 CTTTGGATTACCTATGGCAAGGGTCAAGGCCAAGGAGAGAGTCTCAGAGTGAAGAAGAAG 1500

184 L W I T Y G G 0 6 0 6 E s L Rv [K][[] 203
1501 GCGCTGACTCTTCAGAAAGGCATGGTGATGGCTTATAAGAGAAAGCAGCTGGTTATCARG 1560
] [X] R] [K]

224 E A I L I SDDDE.Q RIT F o DE Y E 243
1621 ATTTCCGAAATGATAGGCTACTGTGOTGCGAGGAGTGAGGGGTTGCTACCATCATTICAT 1680
24¢ I S EM V G Y CAARTGSTEGTILTLP S F H 263
1681 ACCATCTCTCCAACCCTCTTCAATGCCTCATCCAATGATATGAAGTTAAAACCAGAGCTA 1740
264 T I S P T L F NA S S NDMZEKTLEKPE L 283
1741 TTTCTGACACAGCAATTTTTGAGCGGGCATTTGCCAAAATACGAACAAGTTCACATCCTC 1800
284 F L T Q Q F L S G H L P K Y E Q V H I L 303
1801 cCC AGAAT ACCCTTCTGGCAARATTTCAAGCATCTACAAGAGGAGGTT 1860
304 PV GRTIEETPFWOQNTFTE K HTILGOQTETE V 323
1861 TTCCAGARAATAAAGACACTGGCTCAGCTCTCAAAGGATGTTCAGGATGTCATGTTCTAC 1920
324 F Q K I K T L A QL S K DUV Q DV M F Y 343
1921 AGTATCCTGGCCATGCTCAGAGACAGA TCTACAGGACCTGATGAACATGCTGGAA 1980
344 S I L AMLRDT®RGA ATLGQDTLMNMTLE 363
1981 TTGGACAGCTCAGGTCATTTGGATGGCCCTGGTGGTGCCATCCTAAAGAAACTTCAACAG 2040
34 L DS S G HLDGTZPGGA ATITLTE KTZ KTLQ Q 383

2041 GATTCAAACCATGCATGGTTTAACCCAAAGGACCCCATTCTTTATCTCCTTGAAGCCATA 2100

384 D s NHA WV F N 403
2101 ATGGTGCTGAGTGACTTCCAACAC 2160
404 M _V S D H L A C S M E KR I L 423
2161 CTGGAGCCMACTTCAGATACCCCTGGAGC 2220

424 L Q Q Q E L V R S I L E P N F R Y 443
2221 ATTCCCTTCACCCTCMACCTGBGCTCCTCGCCCCACTCCAGAGTGAGGGTTTGGCCATC 2280
444 I P F T L K P E L L A P L Q S E G L A I 463
2281 ACCTATGGCCTGCTGGAGGAGTGTGGCCTTAGGATGGAGCTGGATAACCCCAGGTCAACC 2340
464 T Y G L L E E C G L R M E L DN P R S T 483
2341 TGGGATGTAGAAGCAAAGATGCCCCTGTCTGCCCTCTATGGGACTCTCTCGTTGCTGCAG 2400
484 W D V E A KM PL S AL Y G T L S L L Q 503
2401 CAGCTGGCTGAGGCCTAAGCCCTCCCTGAT 'AGTCAGTCC, TGCTGGCCCTCG 2460
504 Q L A E A *

2461 CCCAGTCTATGCTGTGAGTGTCCTTATGGGTGCAAGAGATAGGGCTGTGCCTCTCTGCGT 2520
2521 TTCCAGGTGGAGTAGAGACAGTAATGGGTAGAGACTTTAGGAAATGTTTTGGGGTGGTGG 2580
2581 AATACTCTATATATTGACA TTTATATATT TTTATATATTTGTCAAAAC 2640
2641 TYC‘I‘CMATAGTATGTTAAAGACGTAAGCGTTTCACTATGTATAAATTTTACTTCAAAAT 2700
2701 AATAAAAACAAATACTGACTCTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 2758

Fig. 2. Identification of human MLZE. Nucleotide sequence of
the human homolog of mouse MLZE (hMLZE) and the putative
amino acid sequence of the hMlze protein. Structural and
sequence elements are indicated as follows: boxes, basic amino
acids residues; underlines, bipartite nuclear localizing signals;
double underline, a leucine zipper structure; circles, four hydro-
phobic amino acid residues that constitute a leucine zipper matif;
asterisk, a stop codon.
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Fig. 3. Northern blot anaysis of
hMLZE in human normal tissue.
Human multiple tissue northern blot
panel containing around 2 pug of
poly(A)* RNA per lane was hybrid-
ized to *2P-labeled hMLZE (upper
panel). A transcript of about 2.8 kb
was detected weakly in trachea and
spleen. The amount of RNA loaded
in each lane was normalized using a
human [-actin probe (lower panel).

Fig. 4. Chromosomal localization
of hMLZE gene as detected by
FISH. FISH analysis of R-banded
chromosomes was performed using
a biotinylated hMLZE genomic frag-
ment as a probe. Photographs of the
entire metaphases (A) and partia
metaphases (B) are shown. Separate
images of FITC hybridization sig-
nals and propidium iodide-stained
chromosomes were merged using
image analysis software. Arrows
indicate specific FITC signas on the
long arm of chromosome 8. A sche-
matic representation of human chro-
mosome 8 and the localization of
the hMLZE gene are shown on the
right.

+hematoxylin
4 - TEL

Immunostaining of B16-BL6 cells using anti-hMlze antibody. A, evaluation of anti-hMlze antibody. 293T cells were tran-

siently transfected with pEGFP3B empty or pEGFP3B-hMLZE vector and subjected to immunoblotting. Anti-hMlze antibody (a-
hMIze) recognized the GFP (27 kDa)-fused hMlze (57 kDa) protein (arrow). B, immunostaining of hMIze using anti-hMlze antibody. A
B16-BL 6-metastasizing colony was stained with anti-hMIze antibody (upper panel, middle). The control was run using non-immunized
10G (upper panel, left). Immunostained samples were counterstained with hematoxylin (upper panel, right). Cultured B16-BL6 cells
were also immunoreacted with anti-hMIze antibody and stained with FITC (lower panel). The fluorescence image is shown on the right
(FL) and a phase contrast image for the same sample is shown on the left (Ph).
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Tissue distribution and chromosomal localization of
hMLZE The tissue distribution of hMLZE mRNA was
determined by northern blot analysis of a multiple human
tissue blot. A transcript of approximately 2.8 kb was
detected predominantly in trachea and spleen (Fig. 3).

The chromosomal location of hMLZE gene was deter-
mined by FISH anaysis. As shown in Fig. 4, specific
FISH signals generated from a biotinylated hMLZE
genomic DNA fragment were observed at the teleromeric
region of the long arm of human chromosome 8. No other
reproducible signal was observed on metaphase chromo-
somes. Thus, we concluded that hMLZE gene maps to the
8024.1-2 region.

Cytoplasmic localization of hMlze By using the anti-

pEGFP3
-vector

pEGFP3B
-hMLZE

pEGFP3B
-hMLZE-NLS2

pEGFP3B
-hMLZE-AN

pEGFP3B
-hMLZE-AC
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sera against recombinant hMIze, western blot analysis was
performed on extracts of 293T cells which had been tran-
siently transfected with pEGFP3 empty vector or
PEGFP3B-hMLZE vector. Expression of GFP aone and
GFP-tagged hMIze in 293T cells was confirmed with anti-
GFP antibody (Fig. 5A). After stripping, the blot was
reacted with the anti-hMlze antisera. GFP-tagged hMlze
aone was recognized with the antisera. This recognized
band disappeared when the reaction was subject to compe-
tition with an excess amount of the antigenic recombinant
protein (data not shown). Thus, we judged that the antisera
could be used as a specific antibody for hMlze.

When the B16-BL6-metastasizing colony was stained
with anti-hMlze antibody, cytoplasmic staining was

Fig. 6. Subcellular localization study of hMlze using GFP constructs. The left-most illustrations show schematic representations of
the GFP fusion proteins used for the expression in 293T and COS-7 cells. The numbers below the boxes indicate the amino acid resi-
dues in the hMIze protein. Oval, GFP protein. Asterisk, potential nuclear localizing signal. Grey box, leucine zipper structure. 293T
and COS-7 cells were transiently transfected with each fusion construct and observed in vivo by fluorescence microscopy after 24 h.
The columns shown by FL and Ph represent fluorescence and phase-contrast images, respectively. Scale bar, 10 um.
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observed in B16-BL6 cells (Fig. 5B). Cultured B16-BL6
cells also showed a cytoplasmic staining (Fig. 5B). The
staining in BL6 cells was abolished by the excess of anti-
genic recombinant hMlze protein (data not shown).
Although the N-terminal region of hMlze contains two
potential bipartite NLS, hMIlze appeared to be located in
the cytoplasm.

To examine whether the potential bipartite NLS of
hMIze were active in living cells, we ligated GFP cDNA
upstream from the trandation start codon in an in-frame
manner and introduced the resulting plasmid construct into
293T and COS-7 cells. Consistent with the results of
immunostaining, GFP-fused hMIze was located diffusely

Normal skin

Rabbit
serum
P N o
S N
Mlze
Fig. 7.

in the cytoplasm of living cells (Fig. 6). Then, the subre-
gions of hMlze polypeptide of interest were tagged to
GFP and subcellular localization was examined in the
same manner. First, hMlze was divided into two; the N-
terminal half and C-terminal half of the protein. The C-ter-
mina haf of hMlze containing a leucine zipper (GFP-
fused hMIze-AC in Fig. 5) was distributed equally in the
cytoplasm and nucleus, whereas the N-terminal half of
hMIze containing two potential bipartite NLS (GFP-fused
hMlze-AN in Fig. 5) was located diffusely in the cyto-
plasm (Fig. 5C). Then the NLS sequence was examined
for subcellular locaization. GFP-fused hMIze-NLS2, the
bipartite NLS second from the N-terminus of hMIze, was
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Immunochistochemical staining of normal skin, nevus and melanoma. Samples were probed with anti-hMIze antibody (lower

panel) or non-immunized normal 1gG for control staining (upper panel). All samples were counterstained with hematoxylin. Melanocytes
in the normal skin (arrow) and nevus cells were negative for staining, whereas melanoma cells showed cytoplasmic staining (original

magnification x10 for normal skin and x40 for nevus and melanoma).
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Clinical and Immunohistochemical Profile of Malignant Melanoma Patients
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hMIze and c-Myc expression is judged at every level of the dermis; epidermis, papillary dermis, reticular dermis and subcutaneous fat.
Diameter, diameter of the primary tumor; NI, not informative; mixed, mixed cell morphology with epithelioid- and spindle-shaped
cdls; (<), negative staining; (+), positive staining; shaded area; no data available.

predominantly located in the nucleus. These data suggest
that the potential bipartite NLS of hMlze was functional
but other regions present in the N-terminal half portion
prevented hMIze from entering the nucleus.
Expression of hMlze and c-Myc in RGP and VGP
melanoma  Expression of hMlze was examined by
immunohistochemistry in norma skin, nevi, and melano-
mas. Paraffin-embedded tissue samples were stained with
anti-hMlze antibody and counterstained with hematoxy-
lin. Control samples from each section were run using
non-immunized rabbit serum instead of the primary anti-
body and counterstained with hematoxylin. Within normal
skin, melanocytes were negative for hMlze (Fig. 7),
which might be consistent with the fact that the hMLZE
MRNA expression was not detectable in melan-a cells
(Fig. 1). Nevus cells were negative for hMIze in five
cases with intradermal nevus (Fig. 7).

hMIze expression was then examined in clinical cases
of malignant melanoma. Clinical profiles are summarized

in Table I. Based upon Clark invasion level, twenty-six
patients were divided into two groups, RGP melanoma
group and VGP melanoma group. The former group was
made up of fifteen cases of Clark | and II, while the latter
was made up of eleven cases of Clark IlI, 1V and V. In the
VGP melanoma group, six out of eleven cases showed an
hMIlze-positive staining. In contrast, only two out of fif-
teen cases belonging to RGP melanoma group were posi-
tive for hMIze. The ratios of numbers of patients positive
versus negative for hMlze were 6/11 and 2/15 in the
VGP and RGP melanoma group, respectively. The differ-
ence between the two groups was significant by Fisher's
exact and x? tests (P<0.05).

c-myc is one of the genes whose expression has been
examined intensively in malignant melanoma.? 2 |n addi-
tion, we found that the c-myc gene is located in the neigh-
borhood of the hMLZE gene. Hence, we examined whether
c-Myc was aso positive in the hMlze-positive melanoma
samples. Other sections of melanoma samples were
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Mlze c-Myc

Fig. 8. Immunohistochemistry of human melanoma with anti-hMlze and anti-c-Myc antibody. The samples were stained with each
antibody and counterstained with hematoxylin. Upper panel: one case of Clark invasion level 11 melanoma (case 12) positive for hMize
expression and negative for c-Myc expression. Middle panel: one case of Clark invasion level I11 melanoma (case 19) positive for
expression of both hMIze and c-Myc. Overview of hMIze staining in low magnification. Upper and lower derma components (boxes)
of the tumor are shown in high magnification. The strength of c-Myc-staining substantially decreased at the lower component of tumor,
whereas staining for hMlze was similar in both components. Lower panel: one case of Clark invasion level 1V melanoma (case 24) pos-
itive for hMIze and negative for c-Myc. With AEC as a substrate for visualization, the red-brown staining for hMlze was distinguish-
able from the black-brown melanotic pigment. The strength of hMlze staining increased at the lower component of tumor. (Low X, orig-
inal magnification x4; High X, original magnification x20) (original magnification x20).
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stained with anti-c-Myc antibody. In the VGP melanoma
group, four out of eleven cases showed c-Myc-positive
staining. In contrast, three out of fifteen cases belonging to
the RGP melanoma group were positive for c-Myc. The
ratios of numbers of patients positive versus negative for
c-Myc were 4/11 and 3/15 in the VGP and RGP mela-
noma group, respectively. The difference between the two
groups was not significant by Fisher’s exact and x? tests
(P>0.05).

Histologic distribution of hMlze and c-Myc immunore-
activity in melanoma spread Immunoreactivity for
hMIze and c-Myc was examined at each anatomic level of
the melanoma spread; epidermis level, papillary dermis
level, reticular dermis level and subcutaneous fat level.
The results are summarized in Table I. None of six
hMIze-positive cases (cases 16, 18, 19, 21, 24 and 26) in
the VGP melanoma group showed a decrease in immunore-
activity to hMIze within the lower invasive component of
the tumor. Moreover, in cases 24 and 26, the strength of
hMIze staining increased at the lower invasive component
of the tumor (case 24 in Fig. 8; case 26, data not shown).
By contrast, in case 19, c-Myc-staining substantialy
decreased at the lower invasive component of the tumor,
although it was detectable in melanoma cells resident in
the upper component of the tumor (Fig. 8).

DISCUSSION

In an attempt to seek novel genes that are expressed dif-
ferently between B16-F10 and B16-BL6 cells, we applied
a method for constructing subtracted cDNA libraries.
After subtraction of the B16-BL6 cDNA library with B16-
F10 mRNA, we isolated a novel cDNA, mMLZE. Expres-
sion levels of mMMLZE increased as B16 melanoma cells
become more metastatic, and reached a peak in B16-BL6
cells (Fig. 1). Human homolog of MLZE (hMLZE) was
isolated from a HeLa cDNA library. Among various sys-
temic organs, hMLZE was expressed predominantly in tra-
chea and spleen, suggesting a limited expression of
hMLZE gene under physiological conditions. The hMlze
protein contains a leucine zipper structure and two poten-
tial NLS. These structural features of hMlze may suggest
that hMlze functions as a transcription factor in the
nucleus. In fact, hMlze appeared to be present mainly in
the cytoplasm under standard culture conditions. However,
there is a possibility that hMIze may enter the nucleus
under certain physiologic or pathologic conditions, since
the bipartite NLS of hMIlze were functional in nuclear
translocation.

Both the hMLZE and c-myc genes are located in chro-
mosome 8¢24.1-2 region. The genomic region including
8024.1-2 is amplified frequently not only in cutaneous
melanoma,® but aso in various cancers including ovarian
cancer,?? brain tumor,® breast cancer,® and lung can-

Gene Expression in Metastatic Melanoma Cells

cer.?" Since there was a possibility that hMLZE gene was
amplified together with c-myc, we compared the expres-
sion of hMIze with that of c-Myc in human melanoma
samples. Two of seven (29%) c-Myc positive samples co-
expressed hMIze, while hMlze is expressed in about 30%
of all melanoma samples examined in this study. In addi-
tion, the histologic distribution of immunoreactivity to
hMIze was distinct from that to c-Myc when double-posi-
tive samples (case 19 in Fig. 8; case 26, data not shown)
were examined. The DNA copy number of mouse and
human MLZE was also investigated by Southern hybrid-
ization. However, no change in DNA copy number of
MLZE gene was detected in mouse B16 sublines. Similar
results were obtained with human lung cancer tissue,
which expressed high levels of hMLZE (Watabe et al.,
unpublished data). Upregulation of hMIlze might not
depend upon gene amplification, different from the case of
c-Myc.®

Although the function of Mlze remains unknown, its
expression profiles and chromosomal localization sug-
gested an involvement of Mlze in melanoma progression.
In order to examine hMlze expression in human mela
noma lesions and its correlation with malignant potentials,
we divided malignant melanoma samples into two groups,
RGP and VGP melanoma groups. Specimens of both
groups were subjected to immunohistochemistry with anti-
hMlze. The expression of c-Myc has been intensively
investigated in melanocytic lesions.?*?? For comparison,
specimens were also stained with c-Myc. The VGP mela-
noma group showed a positive immunoreactivity to
hMlze at a significantly larger frequency than the RGP
melanoma group. In contrast, there was no significant dif-
ference between the two groups in the frequency of posi-
tive immunoreactivity to c-Myc. The number of c-Myc-
positive cases was smaller than that of hMlze-positive
cases in VGP groups. In addition, we examined hMlze
expression in nevus cells. Although nevus cells were
reported to be often positive for c-Myc,? al nevus speci-
mens examined were negative for hMlze. Taken together,
hMIze appeared to be more specific for malignant mela-
noma cells than c-Myc, and hMIze-specificity was stronger
in advanced melanoma cells.

Several markers, such as HMB45 and c-Myc, are used
to help diagnosis of malignant melanomas.?® HMBA45 is
selective for malignant melanoma, while c-Myc is a broad
marker for a number of human malignancies. HMB45
often fails to detect the lower invasive component of mela-
noma® In fact, the strength of c-Myc-staining decreased
substantially in the lower invasive component of case 19
(Fig. 8). We examined whether immunoreactivities for
hMIze changed according to the invasive levels of mela-
noma cells. We did not find the strength of hMlze-stain-
ing to be decreased within the invasive descent of the
melanoma spread. On the contrary, immunoreactivity for
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hMlze increased remarkably as melanoma cells spread
deeper into the dermis in case 24. These findings sug-
gested that hMlze expresson was upregulated in the
course of melanoma progression from RGP to VGP. The
anti-hMlze antibody could be useful to detect melanoma
cells invading deepest into the dermis.

In the previous study we characterized annexin VII as a
marker for less invasive phenotype of melanoma® This
gene was isolated from an F10 cDNA library subtracted
with BL6 mRNA. In the present study, we isolated a novel
gene, termed MLZE, from BL6 cDNA library subtracted
with F10 mRNA. Immunohistochemistry of human mela-
noma lesions suggested that Mlze was upregulated in the
course of melanoma progression from RGP to VGP
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Although both annexin VII and Mlze were isolated from
a cDNA library of B16 sublines, expression profiles of
both genes were closely related to malignant progression
of human melanoma. Further analysis of our subtracted
libraries should lead to a better understanding of the
genetic alterations during melanoma progression.
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