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Several tumor-associated antigen families, such as
AGE, GAGE/PAGE, PRAME, BAGE, and LAGE/NY-
SO-1, exist. These antigens are of particular interest

n tumor immunology, because their expression, with
xception of testis and fetal tissues, seems to be re-
tricted to tumor cells only. We have identified a novel
ember of the MAGE gene family, MAGED1. Northern
ybridization and RT-PCR demonstrated that the ex-
ression level of MAGED1 in different normal adult
issues is comparable to that in testis and fetal liver.
hus, MAGED1 does not possess an expression pattern
haracteristic of previously identified MAGE family
enes, suggesting that the biology of the MAGE-family
enes is more complex than previously thought.
hromosome mapping linked MAGED1 to marker
FM119xd6 (DXS1039) on chromosome Xp11.23. © 1999

cademic Press

INTRODUCTION

Several structurally unrelated tumor-associated and
estis-specific antigen families, such as MAGE, GAGE/
AGE, PRAME, BAGE, and LAGE/NY-ESO-1, have
een identified. The members of these antigen families
re of particular interest in tumor immunology, be-
ause their expression is thought to be restricted to
umor cells only (testis and fetal tissues excluded). The
ajor histocompatibility complex I (MHC I) bound

hort peptides derived from these proteins are capable
f activating tumor-cell-specific cytotoxic T-lympho-
ytes in vitro (Van den Eynde and van der Bruggen,
997; Boël et al., 1995; Lethe et al., 1998). Experimen-

Sequence data for the MAGED1 cDNA have been deposited with
he GenBank Data Library under Accession Nos. Banklt 250580 and
F124440.

1 To whom correspondence should be addressed at Brentwood Bio-
edical Research Institute, VA West Los Angeles Medical Center,
uilding 304, E1-106, 11301 Wilshire Boulevard, Los Angeles, CA
0073. Telephone: (310) 478-3711, x44769. Fax: (310) 268-4694. E-
ail: Maalpold@msn.com.
161
ally, such activation can lead to anti-tumor responses
Mukherji et al., 1995; Hu et al., 1996; Marchand et al.,
995). In previous studies, we have shown that the
ultiple myeloma (MM) bone marrow stromal cells

BMSC), while being nonmalignant cells, harbor hu-
an herpes virus 8 (HHV-8) (Rettig et al., 1997). We
ave performed representational difference analysis
RDA) to identify the differences in gene expression of
MSC from MM patients compared to those from
ealthy donors. As a result, we have cloned a sequence
hat matches several human ESTs in the dbEST (the
atabase of ESTs). Analysis of these ESTs in the ten-
ative human consensus (THC) sequence database
dbTHC) at The Institute of Genomic Research (TIGR)

atched them with the sequence THC179960, encod-
ng a new member of the MAGE gene family, which we
amed MAGED1. ESTs (expressed sequence tags) are
artial, single-pass sequences from either end of a
DNA clone. The EST strategy was developed to allow
apid identification of expressed genes by sequence
nalysis (Adams et al., 1993). THCs are consensus
equences based on two or more ESTs that overlap for
t least 40 bases with at least 95% sequence identity.
loning and sequencing confirmed the sequence of
HC179960, and conceptual translation determined a
74-amino-acid protein with a strong MAGE family
omology in its C-terminus. Interestingly, RT-PCR
nd Northern blots with a variety of poly(A)1 RNAs
erived from normal adult tissues revealed that
AGED1 possesses an expression pattern not observed

or the known members of this gene family. Namely,
he MAGED1 mRNA is expressed in a wide variety of
ormal adult tissues. Quantitatively, the expression

evel of the MAGED1 mRNA in tissues such as normal
dult pancreas, adrenal medulla, thyroid gland, adre-
al cortex, heart, brain, and placenta is similar to that

n the normal adult testis and fetal liver. Thus, our
tudy suggests that the biology of the MAGE family
enes is more complex than previously thought.
0888-7543/99 $30.00
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162 PÕLD ET AL.
MATERIALS AND METHODS

RDA. RDA was carried out as previously described using cDNA
rom the MM BMSC as the tester (Hubank and Schatz, 1994). After
hree rounds of amplification, the resulting predominant PCR prod-
cts were cloned into the pCR2.1 cloning vector (Invitrogen) and
equenced.

BLAST search. The sequence analyses were performed using
arious BLAST searches at the National Center for Biotechnology
nformation and TIGR at www.ncbi.nlm.nih.gov/BLAST/ and Baylor
ollege of Medicine (BMC) at dot.imgen.bcm.tmc.edu:9331.

Primers. The following primers were used: F1, CAGGCCAAA-
TGGCCACTTCCCAGGCT; F2, AGATGTGGCCCTTCTTCAG-
AAAGA; R1, CTCAACCCAGAAGAAACCAATGGCACC; R2,
GGTCCTCTTGCCCCGAAT; R3, ATCTCAGCACTTTCATCTTG;
HF, CAATCGCAGTAGTCTTTCCC; RHR, CCAAAACTTGACAG-
ACACA; T7T, GTAATACGACTCACTATAGGGC(T)18; b-ACTF,
GGTCATCACCATTGGCAAT; b-ACTR, CATGATGGAGTTGAAG-
TAGT.

Cells and RNA. Bone marrow aspirates were obtained from nor-
al individuals and MM patients, and BMSC were cultured as

reviously described (Gartner and Kaplan, 1980). Total RNA was
xtracted using the TRIazol reagent (Gibco BRL) and poly(A)1 with
he RNA Fast Track 2.0 Kit (Invitrogen). In some experiments,
ommercially available poly(A)1 RNA from normal adult bone mar-
ow was used (Clontech Inc.).

Cloning of MAGED1. Reverse transcription with the R1 primer
Fig. 1) was carried out with Superscript (Gibco BRL) at 42°C for 50
in with 50 ng of normal bone marrow poly(A)1 RNA (Clontech) as
template. One-twentieth of the reverse-transcribed RNA was then

ubjected to 45 cycles of touchdown PCR with the Advantage GC
DNA Polymerase and 1.0 M GC-Melt, using primers F1 and R1 (Fig.
) under the reaction conditions recommended by the manufacturer
Clontech). The cycling conditions that we used were as follows: the
nitial hot start at 95°C for 2 min was followed by two reiterations of
0 s of denaturation at 94°C and a 1-min annealing/extension step at
0°C. For the next 2 cycles, the annealing/extension temperature
as lowered to 68°C. After the first 4 cycles of amplification, the
nnealing and extension steps were separated, with the extension
tep remaining constant at 68°C for 1 min and the temperature of the
0-s annealing steps decreasing by 2°C every subsequent 2 cycles
ntil the final annealing temperature of 58°C was reached. The
1.7-kb amplification product was then cloned into the vector
CR2.1 (Invitrogen) and sequenced using T7 primer, M13 Reverse
rimer, and a series of insert-specific primers.

RT-PCR. RT-PCR was carried out as follows: ;1.0 mg of total
NA from either normal or MM BMSC was reverse-transcribed at
2°C for 1 h with M-MLV Reverse Transcriptase and T7T primer
500 nM final concentration) in the buffer provided by the manufac-
urer (Gibco BRL). One-twentieth of the first-strand cDNA was then
ubjected to touchdown PCR as described above, except that the final
nnealing temperature was 66°C and 35 cycles in total were per-
ormed instead of 45. Increasing the annealing temperature to 66°C
nhanced the sensitivity of the PCR with F1 and R1 primers. The
pecificity of the RT-PCR was confirmed by cloning and sequencing
see Cloning of the MAGED1). As a negative control, 200 ng of
uman genomic DNA was PCR amplified in parallel to the BMSC
amples.

PCR on cDNA library panels. PCR with F1 and R1 primers on
DNAs from various normal adult tissues was carried out using
eat-inactivated cDNA library aliquots from the Quick-Screen Li-
rary Panel (Clontech Inc.) (for conditions, see RT-PCR).

Northern blots and hybridization probes. Multiple tissue North-
rn blots (MTB) were purchased from Clontech Inc. and hybridized
ith the probes F1R2 and F2R3. The 145-bp F1R2 probe was gen-
rated by PCR using primers F1 and R2 (Fig. 1), each at a 0.4 mM
oncentration. The conditions of labeling were as follows: 200 pg of
lone pMAGED1 (Fig. 1) in buffer A (Invitrogen’s PCR Optimization
it), supplied with unlabeled dGTP, dATP, and dTTP and [32P]dCTP

6000 Ci/mmol) (Amersham), each at 3 mM, was amplified by 2.5 U of
mpliTaq (Perkin–Elmer), with a hot start at 95°C for 2 min fol-

owed by 30 s of denaturation at 94°C, 30 s of annealing at 60°C, and
min of extension at 72°C, reiterated 44 times. To generate the

51-bp F2R3 probe, the F2 and R3 primers (Fig. 1) were used under
he same conditions as F1 and R2, except that the annealing tem-
erature was lowered to 55°C. The 615-bp actin probe was generated
ff the ;1.0 mg of total RNA from normal adult bone marrow and
everse-transcribed with Superscript (see above) using primer T7T.
hen, 1/100 of the cDNA was subjected to PCR amplification using
rimers b-ACTF and b-ACTR under the same conditions as the F1R2
robe, except that an annealing temperature of 58°C was used. All
robes were denatured at 96°C for 5 min, added to the prehybrid-
zation mix, and hybridized at 65°C for 7–17 h according to the user

anual for the MTB.

Chromosome mapping. The mapping was carried out on Gene-
ridge 4 and G3 (Stanford Genome Center) radiation hybrid panels
sing PCR primers RHF and RHR (Fig. 1). Thirty-five cycles of PCR
ere carried out using 2.5 U of AmpliTaq in the buffer supplied by

he manufacturer (Perkin–Elmer) and under the same cycling con-
itions used for the b-actin probe. Both panels were tested in tripli-
ate.

RESULTS

dentification of MAGED1, a Novel Member
of the MAGE Gene Family

By performing RDA, we cloned a DNA fragment that
atched several ESTs in the dbEST. When the match-

ng ESTs were screened through the dbTHC, one
atching virtual transcript, THC179960, was identi-

ed. A conceptual translation of the complementary
trand of TCH179960 revealed an ORF encoding a
utative 574-amino-acid protein with strong homology
o the members of the MAGE gene family in its C-
erminus (Fig. 2A). Based on the structure of the vir-
ual MAGE, we conclude that this MAGE represents a
ovel member of the MAGE family, which we call MA-
ED1. The N-terminal half of THC179960 contains a

eries of short, imperfect hexameric repeats, which
eem to have been conserved in mammals. We have
ound similar repeat motifs in mouse ESTs (Fig. 2B).
nterestingly, some of the ESTs assembled into
HC179960 stem from the cDNA libraries made from
ormal adult tissues (Table 1). Therefore, we conclude
hat the mRNA of MAGED1 is also expressed in nor-
al adult tissues.

loning and Sequencing of MAGED1

Using the F1 and R1 primers on reverse-transcribed
one marrow mRNA, we amplified the 1731-bp F1/R1
DNA fragment (Fig. 1). The sequencing of this frag-
ent confirmed the sequence of the portion of the
CH179960/MAGED1 that amplifies with the primers
1 and R1. The F1/R1-amplified fragment of
CH179960 contains the portion of TCH179960 that
ncodes the putative 574-amino-acid protein (MA-
ED1), including the putative translation start site
ith the Kozak’s consensus ATG:G (Kozak, 1987)
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FIG. 1. Translation of the portion of the complementary strand of the THC 179960, which encodes MAGED1. Boldface amino acids,
ortion of the MAGED1 that is repetitive; boldface underlined amino aicds, portion with high degree of homology to mouse ESTs (see Fig.
); boldface nucleotides, sequences corresponding to either the primers or their complementary sequences (see, Materials and Methods);
ashed arrows underlining the primers indicate primers’ orientation; T, in the THC179960 there is W, i.e., A/T. The construct pMAGED1 was
enerated by cloning the F1/R1 amplified portion of the THC 179960 into the vector pCR2.1.
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164 PÕLD ET AL.
which is the complement of C:CAT at position 1959–
962 in THC179960) (Fig. 1).

xpression of MAGED1

RT-PCR using total RNA from BMSC from three
M patients as well as three healthy donors showed

hat MAGED1 was expressed in all six samples (Fig.
A). No amplification was obtained with primers F1
nd R1 off the human genomic DNA. This, in fact,
roves that primers F1 and R1 recognize different ex-

FIG. 1—C
ns of the MAGED1 gene. Since RDA is designed to
lone out qualitative differences between two different
ell types (tissues) (Hubank and Schatz, 1994), we con-
lude that identification of MAGED1 in the context of
DA was fortuitous. Thus, MAGED1 does not repre-
ent a gene that is a true differentially expressed gene
n BMSC of MM patients compared to healthy donors.
xpression of MAGED1 in the normal BMSC, and also

he fact that some of the ESTs assembled into
CH179960 were obtained from the libraries made

inued
ont
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165MAGE-FAMILY GENE EXPRESSED IN NORMAL ADULT TISSUES
rom normal adult tissues, prompted us to examine the
xpression of MAGED1 in a more detailed fashion
mong a variety of other tissue sources. PCR amplifi-
ation on the cDNAs from different normal adult tis-
ues revealed that MAGED1 was expressed in a vari-
ty of normal tissues other than normal BMSC.
pecifically, a band of the expected size, i.e., ;1.7 kb,
mplified off the heat-inactivated samples of cDNA
ibraries of normal adult liver, heart, skeletal muscle,
rain, pancreas, lung, kidney, and placenta (Fig. 3B).
urthermore, Northern analysis of MAGED1 expres-
ion using the probes F1R2 and F2R3, recognizing the
9 and 39 ends of the MAGED1 mRNA, respectively,
onfirmed our belief that MAGED1 represents a mem-
er of the MAGE gene family with a distinctly different
xpression pattern than that of known members of this
ene family. Namely, the expression level of the MA-
ED1 mRNA in normal adult pancreas, adrenal me-
ulla, thyroid gland, adrenal cortex, heart, brain, and

FIG. 2. (A) The alignment of the C-terminal portion of the MAG
AGED1) with the other members of the human and mouse MAG

oldface type, conserved substitutions; X, nonconserved amino acid; g
f the MAGED1 with the translation of the mouse EST AA543728
dentify homologies at the protein level.
lacenta is quantitatively comparable to that in testis
nd fetal liver (Fig. 4). In addition to our experimental
ata, the ESTs mapping to TCH179960 indicate that
AGED1 is also expressed in a variety of tumors and

etal tissues (Table 1). Thus, we conclude that MA-
ED1 is a gene expressed in a broad range of normal

issues throughout development and in different types
f tumors. The size of the transcript that we identified
ith the MAGED1 probe was ;2.6 kb, indicating that
HC179960 represents the full-length (or nearly full-

ength) cDNA of MAGED1. In addition to the 574-
mino-acid protein coding region, it also contains 59
ntranslated (644 bp) and 39 untranslated (238 bp)
egions (data not shown).

hromosomal Location of MAGE-D1

Chromosome mapping with Stanford Genome Cen-
er G3 RH panels revealed that the MAGED1 gene
esides on Xp11.23. Using primers RHF and RHR,

1 (amino acids 281–499, based on the translation of THC179960/
family. Uppercase boldface type, identical amino acids; lowercase
p in the consensus sequence. (B) Alignment of the repetitive portion
BASTN search at dot.imgen.bcm.tmc.edu:9331 was carried out to
ED
E

, ga
. T



M
w
t
m
m
f
b

e
i
M
p
e
h
u
p
A
c

o
C
a
a
M
M
l
p

w
p
r
a
p
o
b
i
h
t
r
h
M
p
s
m
m
t
m
t
g
o
t
o
t
e

a
f
M
e
a
a
t
t
s
R
s
f
r
n
M

a
b

B
C

C
E
E
E
F
F
F
F
F
F
G
G
H
I
N
N
P
R
T

T

166 PÕLD ET AL.
AGED1 was linked to marker AFM119xd6 (DXS1039)
ith a lod score of 8.5 at a distance of 13 cR (390 kb) with

he G3 panel from the Stanford Genome Center. This
arker is mapped to band Xp11.23. Although the X chro-
osome is the typical location for the genes of the MAGE

amily (De Plaen et al., 1994), the band p11.23 has not
een previously reported to contain a MAGE gene.

DISCUSSION

Contrary to the previous studies, suggesting that the
xpression of various MAGEs in normal adult tissues
s restricted to testis only [with the exception of

AGE-3 and MAGE-4, which are also expressed in
lacenta (De Plaen et al., 1994)], our data provide
vidence that the member of the MAGE family that we
ave identified, i.e., MAGED1, is expressed fairly ubiq-
itously. Like the other MAGEs, MAGED1 is ex-
ressed in variety of fetal tissues and tumors (Table 1).
t this point, we do not know whether or not MAGED1

an act as a tumor antigen.
The structure of the MAGED1 protein is reminiscent

f that of another member of the MAGE family, MAGE-
1. Similarly to MAGE-C1 protein, MAGED1 contains
repetitive region in its unique, N-terminal portion

nd shares homology with the other members of the
AGE gene family in its C-terminal half. Although the
AGED1 hexameric repeats are structurally unre-

ated to the three different types of imperfect repeats
resent in the MAGE-C1 protein, they share analogy

TABLE 1

The List of Tissues,a Other Than Those in Figs. 3 and
4, That Express the MAGED1

Normal tissue Tumor Other

reast Ductal breast tumor MM BMSCb

olon Jurkat T-cells Cisplatin treated
fibroblasts

olon Mucosa Lung tumor Multiple sclerosis
mbryo, 8 weeks Parathyroid tumor
mbryo, 12 weeks Prostate tumor
ndothelial cell Schwannomas
etal heart Wilm’s tumor
etal spleen Yolk sac tumor
etal kidney
etal brain
etal retina
ibroblast
all bladder
erminal B-cell
ippocampus

nfant brain
euron
euronal precursor
regnant uterus
etina
otal fetus

a Data from the TIGR Human Gene Index (HGI) THC Report
HC179960, except for MM BMSC.

b MM BMSC are not considered malignant cells.
ith the MAGE-C1 repeats in that the repeats of either
rotein are of low complexity. Numerically, 42% of the
epetitive region of MAGED1, that is, 68 of 161 amino
cids in the repetitive region of MAGED1, is made of
roline, serine, and glutamine (Fig. 1). Likewise, 53%
f the repetitive portion of the MAGE-C1 is contributed
y the same amino acids (Lucas et al., 1998). As shown
n Fig. 2B, the repetitive portion of MAGED1 seems to
ave been conserved in mammals. We hypothesize that
he mouse EST aligned with the human MAGED1
epetitive portion represents the mouse orthologue of
uman MAGED1. A homology search with the human
AGED1 repetitive portion did not reveal any other

otential orthologues of MAGED1. Nevertheless, con-
idering the evolutionary distance of human and
ouse, and the high degree of homology between hu-
an and mouse sequences (Fig. 2B), one may assume

he existence of MAGED1 orthologues in other mam-
als as well. As for the function of the repetitive por-

ion of MAGED1, and the MAGE family proteins in
eneral, it is unknown. For the time being, however,
ne may say that not all MAGE family genes are of
umor/embryo/adult testis-specific expression. Based
n this study and our unpublished data, we postulate
hat there is a group of MAGE family genes that is
xpressed in a wide variety of normal adult tissues.
Recent studies have already broadened the knowledge

bout the expression of the MAGE and PAGE/GAGE
amily proteins. As shown by McCurdy et al. (1998)

AGE Xp-2 may be expressed in a case of systemic lupus
rythematosus. PAGE-1, a GAGE-like gene belonging to
nother, structurally unrelated family of tumor/embryo/
dult testis-restricted genes, is expressed in normal pros-
ate, testis, uterus, fallopian tube, and placenta, leading
he authors to suggest that PAGE-1 might be involved in
ex determination (Brinkmann et al., 1998). Also,
AGE-1, a member of yet another tumor antigen family,
tructurally unrelated to either the MAGE or the GAGE
amilies, has been found to be expressed in normal adult
etina (Gaugler et al., 1996). Thus, further studies are
ecessary to gain more insight into the physiology of the
AGE gene family.

FIG. 3. (A) RT-PCR on total RNA from BMSC from MM patients
nd normal healthy donors. (B) PCR on heat-inactivated cDNA li-
rary aliquots.
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