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SUMMARY : Genomic structure of the ME491/CD63 antigen gene and promoter activity of
the 5’-flanking regulatory sequences were studied. The antigen gene consists of eight exons
that span 4 kilobase-pairs. Primer extension analysis with RNA from cultured human cells
identified three major transcription initiation sites. The 5’-flanking region of exon 1 has
features characteristic to promoters of many house-keeping genes and growth-regulating genes.
The region is highly GC rich and contains potential binding sites for transcription factors such
as Spl and ETF, but not a TATA box. The 5’-flanking sequence exerted strong promoter
activity when linked to a reporter gene. Deletion mutant analysis of the 5’-flanking sequence
has strongly suggested that a potential binding site for AP-1 plays an important role in
positively regulating the gene expression. o 1992 academic press, Inc.

MEA491 antigen was originally found as a stage-dependent melanoma-associated antigen,
being most strongly expressed in early stages of melanoma progression such as dysplastic
nevus and radial growth phase primary melanoma (1). cDNA clones encoding for the antigen
were molecularly cloned and the sequence analysis revealed that the antigen might be classified
in a novel group of proteins, having no significant homology with then reported proteins (2).
Recently, cDNA clones encoding for CD63 and Pltgp40, both of which were independently
identified as a surface marker of activated platelets (3, 4), were molecularly cloned and it has
been proved that both are identical to MEA91 antigen (5, 6). Although biological function of
MEA91/CD63 antigen is as yet unclarified, an attractive possibility has been raised that the
antigen may exert a tumor-suppressing activity. The hypothesis is based on the following
observations; (i) during the malignant progression of melanoma from radial growth phase to
vertical growth and metastatic phases, intensity of the antigen expression was inversely
correlated with increasingly expressed malignant phenotypes (1), and (ii) overexpression of the
antigen suppressed malignant phenotypes of H-ras -transformed NIH3T3 cells (7). Data also
have been accumulating that suggest the presence of a gene family on the basis of structural
features. MEA91/CD63 antigen shares significant sequence similarities with a tumor-associated
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antigen CO-029 (8), a trematode parasite surface antigen Sm23 (9) and a target antigen of an
antiproliferative antibody, TAPA-1 (10), all of which appear to have four transmembrane
domains, leaving both amino and carboxy termini inside the cytoplasm.

In tissue samples, ME491/CDG3 antigen expression is observed only in a limited number of
cell types (1). On the contrary, the antigen is ubiquitously expressed in a wide variety of cells
when cultured in vitro. However, it does not necessarily mean that the antigen expression
simply correlates with cell growth, since actively growing malignant cells in vivo are often
negative for the antigen expression. These observations suggest differential regulation of the
antigen expression in vivo and in vitro. The regulatory mechanism(s) of this gene expression is
an interesting subject to study. In our earlier study, we demonstrated that a cryptic promoter
with enhancer and suppressor sequences was present in the first intron of the MEA91/CD63
antigen gene and that the cryptic promoter was differentially activated or suppressed depending
on the cell type (11, 12). In the present paper we describe whole structure of the antigen gene
and functional features of the 5°-flanking authentic promoter and other regulatory sequences.

MATERIALS AND METHODS

Molecular cloning of the ME491/CD63 antigen gene: A genomic library prepared from human
peripheral blood leukocytes (PBL) DNA was a generous gift from Dr. Y. Tsujimoto,

Biomedical Research Center, Osaka University. The library was screened with p2P)-labeled
ME491/CD63 antigen cDNA (pSe24-1) in a stringent condition (2, 11).

DNA sequencing analysis: Restriction enzyme-digested genomic fragments were subcloned
into M13mp18 or M13mp19, and sequenced by the dideoxy chain termination method (13)
using Sequenase version 2.0 DNA sequencing kit (United States Biochem. Corp.).

Primer extension analysis: Total cellular RNA was extracted from human cell lines WM1158
(melanoma), HeLa (cervical carcinoma) and FL. (amniotic membrane). Synthetic
oligonucleotide designated E2N (5’-CATTCCTCCTTCCACCGCCAT-3") was used as a
primer. E2N is complementary to a portion of ME491/CD63 antigen mRNA that corresponds
to the extreme amino-terminus of the antigen. Detailed procedures for primer extension analysis
were described previously (12).

Determination of promoter activity by chloramphenicol acetvltransferase (CAT) assay: DNA
fragments containing various lengths of the 5°-upstream portion of the ME491/CD63 antigen
gene were blunt-ended and subcloned into the promoter-less CAT plasmid pSVOOCAT (14) in
the proper orientation. Two ug of each promoter-CAT construct was transfected into WM1158
human melanoma cells or H-ras-transformed NIH3T3 (3T3-Hras) cells by DEAE dextran
method (12, 15). pPSV2CAT was used as a positive control (16). After cultured for 48-60 h,
cell extracts were obtained and CAT assays were performed as described previously (12, 16).

RESULTS AND DISCUSSION

Genomic structure and nucleotide sequence of the ME491/CD63 antigen gene.

Two overlapping clones, designated A1 and A2, were isolated from a human genomic

library by probing with [32P]-labeled pSe24-1. To analyze the structure of the ME491/CD63
antigen gene, 3.2-kilobase (kb) BamHI fragment that hybridized to pSe24-1 and the 5’-
flanking 1.2-kb BamHI fragment were subcloned from A2, and nucleotide sequence was
determined (EMBL accession no. X62654). A computer comparison with the antigen cDNA
sequence (2) allowed the identification of a total of eight exons that span 4 kb (Fig. 1). Intron-
exon boundary sequences mostly agreed with consensus sequences of both 5’ and 3’ splice
junctions (17-19) (Table 1). The branchpoint consensus sequence (17, 20) were also found
between 23-bp and 36-bp upstream of the splice junction (data not shown).
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Fig. 1. Schematic representation of exon-intron structure of the MEA91/CD63 antigen gene.
Solid boxes represent exons. Each numeral denotes the exon number. B, BamHI; E, EcoRI.

Exon 1 encodes exclusively for the 5’-untranslated sequence of the antigen mRNA. The
translation initiation and termination codons are located in exons 2 and 8, respectively. The
entire translated sequence encoded by the above exons is identical to that of the antigen cDNA
obtained from the human melanoma cell line WM1158 (2), megakaryoblast cell line MEG-01
(5) and monocytic cell line U-937 (6). The results indicate that all of the above cell lines
express non-mutated prototype ME491/CD63 antigen.

Identification of the 5’-end of the ME491/CD63 antigen mRNA.

To identify a transcription initiation site(s), primer extension analysis was performed using
the primer E2N that anneals to a portion corresponding to the amino terminus of the antigen.
With RNA samples obtained from human cell lines FL., HelL.a and WM1158, major extended
products of 90-, 111- and 152-bases were observed (Fig. 2). Based on the result together with
the sequence data, three major transcription initiation sites were determined (see Fig. 3).

Table 1. Intron-exon boundary of the ME491/CD63 antigen gene?

Exon (nt. no.b) Nucleotide sequence

1(1-58) TAGAGAGCCCCGGAGCCGCGGCGGGAGA. .« - . . GAAGCCCAG gtgagg

2 (659-735) cctetgeecccag GCCCGGCAGCCATGGCG. . .GCCTTTTGC gtgagt

M A A F C

3(1671-1859) attttctcttag GCCTGTGCA. . cvveeos .. ATGATCACG gtgcgt
A C A M I T

4(2044-2118) ttgctcctgecag TTTGCCATC. .- v e eeen .AGAGATAAG gtaagc
F A I R D K

5(2213-2308) ccgtactctcag GTGATGTCA. .. ceeanss. CAGGCAGAT gtgagt
vV M S Q A D

6(2746-2886) tcccteccccag TTTAAGTGC. e venevassn CATAAGGAG gtaggg
F K C H K E

7 (3111-3194)  tgccaccttcag GGCTGTGTG. v e v eenensen TTTGTCGAG gtaaga
G C V F vV E

8 (3381-3533) cgggccttetag GTTTTGGGA. e e v v vsnns GTGATGTAG. .ATTAAA. .
vV L G V M End

4 Nucleotide sequences at the 5’~ and 3’-boundaries of the eight exons are listed. Inirons are in
lowercase letters and exons in capital letters. Deduced amino acid sequences are written below
each codon. The translation initiation and termination codons are underlined. A polyadenylation
signal (ATTAAA) is located near the 3’-end of exon 8.

b Nucleotide residue +1 denotes the most downstream one of the major transcription initiation
sites determined by primer extension analysis.
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Fig. 2. Determination of the 5’-end of ME491/CD63 antigen mRNA by primer extension
analysis. A representative result using a primer (E2N) is shown. Lane 1, FL cell RNA; lane 2,
Hela cell RNA; lane 3, WM1158 cell RNA; lane 4, size marker (pBR322 DNA digested with
Mspl); lane 5, one-base ladder. Major extended products are shown by arrowheads.

TCATCCCCTACGGTAGGATGGGGAAACCTCACAGACCACATTGTCACCCGGCCTCAGCTC -381

CGCCCCGGOUSCTCAGAGGGTAACTCTCACCCACCTCGTCCGCTTCTCTGAACCAGAGT -321
AP-2

GACCCAGGCTGCCGTCCGLCCCGCTCTCCTACCCCGAGTTGGCACGGAGGTATAGCGCCA 261

al
GAGGGGGGCCCCAGGCGCCCCGAGGTCTTGCCCTTGLGGCTTTCCCTTTGCGGGGETGGG 201

CGCCTTCTTCCGRGTAGGGGCCACGTGGCCCTGGCCGGRCEEEGEECTCGGCCCACCCCG -141
Apal Puull
CGCCEGGCCCNETGACTCARGCCGCAGCTGITACCGCGTCACATGAGGGAGGCCGGEGGE 81
AP-1

g Smal P>
CACTCGGCEEGGCAGGEGACCGTGECTCEAGCCHEGGGLGGEEACGCGCGECAGGCGGGE 21
Spl

>
CGGGAGCCEEGEGEGCGCAGCTAGAGAGCCCCGGAGCCGCGGCGGGAGAGGAACGCGCAGE +40
+1

Syl
CAGCCTTGGGAAGCCCAGGTGAGGCCGCGGGGACCCGGCGGACTTCGGCGCGGGCTGGGA +100

Fig. 3. Nucleotide sequence of the 5’-flanking region of the ME491/CD63 antigen gene.
Major transcription initiation sites determined by primer extension analysis are depicted by
arrows and the most downstream one is numbered as +1. The sequence of exon 1 is double-
underlined. Potential binding sites for transcription factors Spl, AP-1 and AP-2 are boxed, and
those for ETF are underlined. Restriction sites for Apal, Pvull, Smal and Styl are shown.
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Fig. 4. Distribution of CpG dinucleotides along the ME491/CD63 antigen gene. The
frequency of the dinucleotide CpG in a window of 300 bp is plotted along the gene sequence,
where nucleotide residue +1 denotes the most downstream one of the major transcription
initiation sites determined by primer extension analysis. Relative positions of eight exons are
shown at the top.

Promoter of the ME491/CD63 antigen gene.

As shown in Fig. 3, nucleotide sequence of the 5’-flanking region of exon 1 exhibits
interesting features characteristic to promoters of house-keeping genes and growth-regulating
genes (21-26). While not having a “TATA” or “CAAT” consensus sequences, the promoter of
the ME491/CD63 antigen gene is highly GC rich (82% between nucleotides -200 and -1), and
contains potential binding sites for transcription factors such as Spl and ETF (27-29). The
sequence motif from nucleotide -129 to -122 is a potential binding site for AP-1, which has
been known as the ras- and phorbol ester-responsive enhancer element (30-32). The antigen
gene promoter is also particularly rich in the dinucleotide sequence CpG, forming a “CpG
island.” (Fig. 4). “CpG islands” have been found at transcription initiation sites of many
house-keeping genes (21, 22). There is an additional “CpG island” in the first intron of the
antigen gene, though somewhat smaller than the other. We have reported the presence of a
cryptic promoter in the first intron that appears to be differentially activated or suppressed
depending on the cell type (12). The localization of the cryptic promoter exactly matches that of
the second “CpG island.” Taken together, the results may suggest a possibility that the cryptic
promoter is involved in the regulation of the gene expression, either cooperating or competing
with the authentic promoter.

Promoter activity of the 5°-flanking sequence was tested by CAT assay. A 704-base-pair
(bp) BamHI-Styl fragment (nucleotide residues from -656 to +48) and its 5’-deletion
fragments, 183-bp Apal-Sty! (-135 to +48), 161-bp Pyull-Styl (-113 to +48) and 94-bp Smal-
Styl (-46 to +48) fragments, were introduced into pSVOOCAT in the proper orientation relative
to the CAT gene (704BStyCAT, 183ApCAT, 161PvCAT and 94SmCAT, respectively) (see Fig.
Sa), and transfected into 3T3-Hras and WM1158 cells. The 183-bp Apal-Styl fragment exerted
strong promoter activity in both cells tested, the activity being practically the same as that of the
704-bp BamHI-Styl fragment (Fig. 5b). On the other hand, promoter activity of the 161-bp
Pyull-Styl fragment was much weaker than that of the 183-bp Apal-Styl fragment. These
results strongly suggest that the potential AP-1 binding sequence in the 183-bp Apal-Styl
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Fig. 5. Functional analysis of the promoter of the ME491/CD63 antigen gene by CAT assay.
(a) Schematic representation of the 5’-flanking fragments and CAT constructs for promoter
analysis. A solid box represents exon 1. Potential binding sites for transcription factors AP-1
and Sp1 are depicted by a solid circle and triangle, respectively. B, BamHI; Ap, Apal; Py,
Pvull;, Sm, Smal; Sty, Snl. (b) A representative result of CAT assay using 3T3-Hras and
WM1158 cells. Lane 1, pSVOOCAT; lane 2, 94SmCAT; lane 3, 161PvCAT; lane 4, 183ApCAT;
lane 5, 704BStyCAT; lane 6, pSV2CAT. Acetylated (Ac) and non-acetylated forms of
chloramphenicol (CM) are denoted. Acetylation ratios (%) are shown at the top of each lane.

fragment plays an important role in positively regulating the gene expression, and also agrees
with our unpublished observation that HL. 60 promyelocytic leukemia cells showed enhanced
expression of MEA91/CD63 antigen after treated with 12-tetradecanoylphorbol 13-acetate
(TPA), since the AP-1 binding sequence is known as a TPA-responsive enhancer (30, 31).

Acknowledgment: The authors are grateful to Dr. Y. Tsujimoto, Biomedical Research
Center, Osaka University, for providing the human PBL genomic library.

1.

REFERENCES

Atkinson, B., Erst, C.S., Ghrist, B.F.D., Ross, A.H., Clark, W.H., Herlyn, M., Maul,
G., Steplewski, Z., and Koprowski, H. (1985) Hybridoma 4, 243-255.

Hotta, H., Ross, A.H., Huebner, K., Isobe, M., Wendeborn, S., Chao, M.V., Ricciardi,
R.P., Tsujimoto, Y., Croce, C.M., and Koprowski, H. (1988) Cancer Res. 48, 2955-
2962.

Metzelaar, M.J., Sixma, J.J., and Nieuwenhuis, H.K. (1989) In Leucocyte Typing
[V:White Cell Differentiation Antigens (W. Knapp, B. Dorken, W. R. Gilks, E. P. Rieber,

R. E. Schmidt, H. Stein, and A. E. G. Kr. von dem Borne, eds.), pp. 1043-1044.
Oxford University Press, Oxford.

441



Vol. 185, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Hildreth, J.EK., Derr, D., and Azorsa, D.O. (1991) Blood 77, 121-132.

Metzelaar, M.J., Wijngaard, P.L.J., Peters, P.J., Sixma, J.J., Nieuwenhuis, HK., and
Clevers, H.C. (1991) J. Biol. Chem. 266, 3239-3245,

Azorsa, D.O., Hyman, J.A., and Hildreth, JEK. (1991) Blood 78, 280-284.

Hotta, H., Hara, 1., Miyamoto, H., and Homma, M. (1991) Melanoma Res. 1, 125-132.
Szala, S., Kasai, Y., Steplewski, Z., Rodeck, U., Koprowski, H., and Linnenbach, A.
(1990) Proc. Natl. Acad. Sci. USA 87, 6833-6837.

Wright, M.D., Henkle, K.J., and Mitchell, G.F. (1990) J. Biol. Chem. 144, 3195-3200.
Oren, R., Takahashi, S., Doss, C., Levy, R., and Levy, S. (1990) Mol. Cell. Biol. 10,
4007-4015.

. Hotta, H., Takahashi, N., and Homma, M. (1989) Jpn. J. Cancer Res. 80, 1186-1191.

Takahashi, N., Hotta, H., and Homma, M. (1991) Jpn. J. Cancer Res. 82, 1239-1244.

. Sanger, F., Nicklen, S., and Coulson, A.R. (1977) Proc. Natl. Acad. Sci. USA 74,

5463-5467.

. Araki, E., Shimada, F., Shichiri, M., Mori, M., and Ebina, Y. (1988) Nucleic Acids Res.

16, 1627.

Fujita, T., Shibuya, H., Hotta, H., Yamanishi, K., and Taniguchi, T. (1987) Cell 49,
357-367.

Gorman, C.M., Moffat, L..F., and Howard, B.H. (1982) Mol. Cell. Biol. 2, 1044-1055.
Krainer, A.R., and Maniatis, T. (1988) In Transcription and Splicing (B. D. Hames and
D. M. Glover, eds.), pp.131-202. IRL Press, Oxford.

Shapiro, M.B., and Senapathy, P. (1987) Nucleic Acids Res. 17, 7155-7174.
Senapathy, P., Shapiro, M.B., and Harris, N.L. (1990) Methods Enzymol. 183, 252-
278.

Parker R., Siliciano, P.G., and Guthrie, C. (1987) Cell 49, 229-239.

. Koller, E., Hayman, A.R., and Trueb, B. (1991) Nucleic Acids Res. 19, 485-491.
. Bird, A.P. (1987) Trends Genet. 3, 342-347.

Sehgal, A., Patil, N., and Chao, M. (1988) Mol. Cell. Biol. 8, 3160-3167.
Ishii, S., Xu, Y-H., Stratton, R.H., Roe, B.A., Merlino, G.T., and Pastan, I. (1985)
Proc. Natl. Acad. Sci. USA 82, 49520-4924.

. Hoffman, E.K., Trusko, S.P., Murphy, M., and George, D.L. (1990) Proc. Natl. Acad.

Sci. USA 87, 2705-2709

. Mavrothalassitis, G.J., Watson, D.K., and Papas, T.S. (1990) Proc. Natl. Acad. Sci.

USA 87, 1047-1051.
Briggs, M.R., Kadonaga, J.T., Bell, S.P., and Tjian, R. (1986) Science 234, 47-52.

. Kageyama, R., Merlino, G.T., and Pastan, [. (1988) J. Biol. Chem. 263, 6329-6336.
. Kageyama, R., Merlino, G.T., and Pastan, I. (1989) J. Biol. Chem. 264, 15508-15514.
. Angel, P, Imagawa, M., Chiu, R., Stein, B., Imbra, R.J., Rhamsdorf, H.J., Jonat, C.,

Herrlich, P., and Karin, M. (1987) Cell 49, 729-739.

. Lee, W., Mitchell, P., and Tjian, R. (1987) Cell 49, 741-751.
. Imler, J.L., Schatz, C., Wasylyk, C., Chatton, B., and Wasylyk, B. (1988) Nature 332,

275-278.

442



