
Review

TUMOUR-ASSOCIATED ANTIGENS IN MULTIPLE MYELOMA

Multiple myeloma (MM) is a fatal haematological malig-
nancy characterized by an accumulation of monoclonal
malignant plasma cells within bone marrow (Bataille &
Harousseau, 1997). The most efficient treatment for
patients under 65 years of age is intensive therapy (high-
dose melphalan followed by autologous stem cell transplan-
tation) (Attal et al, 1996), which improves the remission
rate, event-free survival and overall survival, but does not
lead to a cure (remissions are not maintained because of the
persistence of a residual disease). Thus, there is an obvious
need for new treatments to stabilize or even eradicate
residual disease. Immunotherapy could be the appropriate
means of controlling residual disease as well as providing an
alternative treatment to conventional chemotherapy for
patients over 65 years of age. To date, MM immunotherapy
trials have only involved immunoglobulin idiotype (Id)
vaccination, as no other tumour-associated antigen (TAA)
has yet been identified (Stevenson & Anderson, 2000).
However, vaccination with Id, a private TAA, cannot
provide shared immunotherapy for MM patients. In this
context, it is difficult to characterize Id-specific cytotoxic T
lymphocytes (CTL) (restriction, peptides, etc.) in patients.
Various studies have shown that idiotype-induced CTL can
kill myeloma cells, but there is no direct evidence that these
CTL recognize a peptide derived from idiotype (Lim & Bailey-
Wood, 1999; Reichardt et al, 1999; Li et al, 2000; Titzer
et al, 2000). More recently, Trojan et al (2000) reported
that peptides derived from the Ig framework elicited a
shared CTL recognition of CD40-activated B cells and
malignant B cells from CLL (chronic lymphocytic leukae-
mia) but no data were provided for malignant plasma cells.
In recent years, the expression of TAA coded by cancer
germ line-specific or over-expressed genes has been detected
in myeloma cells, which opens up a new and promising field
for immunological trials in MM. The purpose of this review
was to consider these newly identified shared TAA in MM.

Three approaches have been used to identify TAA: (i)
isolation of tumour-specific CTL from patients and cloning of
a gene encoding the peptide (Robbins & Kawakami, 1996;
Boon et al, 1997; Rosenberg, 1999); (ii) so-called reverse
immunology by designation of the peptide (occasionally
elution peptide from tumour cells) and generation of CTL
(Flad et al, 1998; Kessler et al, 2001; Pinilla et al, 2001);
(iii) cloning of genes from tumour prokaryotically expressed

cDNA libraries using autologous antibodies of patients
(serological analysis of recombinant cDNA expression
libraries, SEREX) (Tureci et al, 1997).

The tumour-specific genes coding for peptides recognized
by T cells (recently reviewed by Renkvist et al, 2001)
include normal genes, widely or tissue-specific over-
expressed genes (PRAME, tyrosinase), cancer germ line-
specific genes (MAGE), mutated genes (ras) and aberrantly
expressed sequences from normal genes (intronic, alternat-
ive ORF, fusion induced by chromosomal translocations
such as BCR ⁄ABL).

For MM, all TAA identified to date have been found by
reverse transcription polymerase chain reaction screening
of gene expression, although studies using CTL or SEREX
approaches are continuing.

An attempt was made to classify TAA according to their
potential interest for MM immunotherapy. An arbitrary
score was determined as the sum of an expression score ( ⁄5)
and a CTL recognition score ( ⁄5) (see the legend to Table I).

OVER-EXPRESSED GENES

MUC1 was the first TAA described in MM. Myeloma cells
were shown to express the mucin MUC1 recognized by T
cells in a human leucocyte antigen (HLA)-unrestricted, but
also restricted, manner (Takahashi et al, 1994; Brossart
et al, 2001). MUC1 is frequently expressed by bone marrow
myeloma cells but often by a subset of cells (unpublished
observations). Anti-MUC1 T lymphocytes can kill myeloma
cells efficiently, but may also kill non-malignant cells such
as epithelial cells (Takahashi et al, 1994) or normal plasma
cells (unpublished observations) that express MUC1. MUC1
is a very good candidate for immunotherapy of myeloma
(score 9 ⁄10, Table I). It is uncertain whether anti-MUC1
vaccination would be specific in MM, although preliminary
vaccination trials with MUC1 peptides of patients bearing
breast and ovarian cancers did not show any side-effects or
autoimmune reactions (Brossart et al, 2000).

The PRAME gene encodes an antigen recognized on a
human melanoma cell line by an autologous CTL clone in
HLA-A24 restriction (Ikeda et al, 1997). This gene (located
in chromosome 22) is expressed at a high level in tumours,
such as melanomas, carcinomas and sarcomas, and at low
levels in normal tissues. In haematological malignancies,
PRAME is expressed in acute myeloblastic leukaemia
carrying the t(8;21) translocation, which fuses the AML1
and ETO genes, and in MM (van Baren et al, 1998, 1999;
Pellat-Deceunynck et al, 2000). In a recent study, Kessler
et al (2001) showed that four PRAME epitopes are presented
by HLA-A*0201 to specific CTL that lyse various tumour
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cells expressing PRAME and HLA-A*0201. The authors
identified PRAME as an attractive target for cancer immu-
notherapy despite the widespread (although weak) expres-
sion of the gene in normal tissues. PRAME could also be of
major interest in MM as it is frequently expressed (score
7 ⁄10, Table I).

Telomerase, a ribonucleoprotein involved in the home-
ostasis of chromosome length, is widely expressed by cancer
cells (also by bone marrow stem cells) and over-expressed as
compared with normal cells. The catalytic subunit (hTERT)
is a TAA recognized by CTL in the U266 myeloma cell line
(Vonderheide et al, 1999). Moreover, hTERT-specific CTL
from patients with cancer (including MM) can be generated
in vitro (Vonderheide et al, 2001). Nevertheless, the over-
expression of hTERT was not addressed in primary myeloma
cells. Clinical trials are now needed to define whether
hTERT is a suitable, safe TAA for immunotherapy of
patients with cancer, including MM.

Sperm protein 17, a spermatozoa-restricted protein
expressed by myeloma cells (Chiriva-Internati et al, 2001;
Lacy & Sanderson, 2001; Lim et al, 2001), is immunogenic,
because normal vasectomised men raise antibodies against
it (Lea et al, 1997). Moreover, HLA-I-restricted Sp17-specific

CTL kill Sp17+ HLA-A1+ myeloma cells (Chiriva-Internati
et al, 2001). Lacy & Sanderson (2001) found that Sp17 was
expressed by both normal and malignant lymphoid cells,
which suggests that Sp17 is not a true TAA. Nevertheless,
as normal lymphoid cells show lower Sp17 expression than
myeloma cells, Sp17 may constitute a suitable TAA for MM
patients. Anyway, as for hTERT, it remains to be determined
whether Sp17 would be safe for immunotherapy of patients
with MM.

The use of differentiation TAA (such as melanA) to
vaccinate patients with melanoma has shown that vitiligo is
often associated with antitumour responses. This suggests
that efficient immunological responses necessarily induce
some autoimmunity. In other words, TAA susceptible of
inducing autoimmunity are still interesting targets, pro-
vided that autoimmunity remains limited to some tissues or
is controllable (adoptive transfer of TK+ T lymphocytes,
etc.).

CANCER GERM LINE-SPECIFIC GENES

MAGE-A1, the first cloned human TAA recognized by T
cells, was isolated using T cells derived from a melanoma

Table I. Tumour-associated antigens in multiple myeloma.

Expression in myeloma cells from Specific CTL lysis of
Overall

Cell lines Patients Score ⁄5 Myeloma cells Tumour cells Score ⁄5 score ⁄10

Over-expressed genes

MUC1 100% (n ¼ 8)a,b,c 63% (n ¼ 30)c 4 +d + 5 9*

hTERT 100% (n ¼ 1)e nd ⁄ +e + 5 ⁄
Sp17 89% (n ¼ 9)f,g 17% (n ¼ 41)f 1 +f + 5 6*

Prame 80% (n ¼ 16)h 43% (n ¼ 61)h,i 3 nd + 4 7*

Cancer germ line-specific genes

MAGE-A1 100% (n ¼ 16)h 37% (n ¼ 61)h,i 2 +h + 5 7

MAGE-A2 nd 27% (n ¼ 40)i 2 nd + 4 6

MAGE-A3 81% (n ¼ 16)h 24% (n ¼ 61)h,i 2 +i + 5 7

MAGE-A4 nd 15% (n ¼ 40)i 1 nd + 4 5

MAGE-A6 nd 25% (n ¼ 40)i 2 nd + 4 6

MAGE-A10 nd 7% (n ¼ 40)i 1 nd + 4 5

MAGE-A12 nd 15% (n ¼ 40)i 1 nd + 4 5

BAGE 69% (n ¼ 16)h 13% (n ¼ 61)h,i 1 nd + 4 5

GAGE-1,2 50% (n ¼ 16)h 17% (n ¼ 61)h,i 1 nd + 4 5

GAGE-3,6 nd 40% (n ¼ 40)i 3 nd nd ⁄ ⁄
LAGE-1 nd 47% (n ¼ 40)i 3 nd + 4 7

NY-ESO-1 nd 27% (n ¼ 40)i 2 nd + 4 6

Mutated genes

Ras 50% (n ¼ 16)j 53% (n ¼ 43)j 3 nd + 4 7

P53 50% (n ¼ 10)k 16% (n ¼ 82)k,l 1 nd + 4 5

FGFR3 17% (n ¼ 12)m 2% (n ¼ 53)n 1 nd nd ⁄ ⁄

*risk of autoimmunity.

a, Takahashi et al (1994); b, Noto et al (1997); c, unpublished observations; d, Brossart et al (2001); e, Vonderheide et al (1999); f, Lim et al

(2001); g, unpublished observations; h, Pellat-Deceunynck et al (2000); i, van Baren et al (1999); j, Bezieau et al (2001); k, Portier et al

(1992); l, Neri et al (1993); m Chesi et al (1997); n Intini et al (2001).

nd, not done; ⁄ , no score. Expression score in patients with MM: 0 (0%), 1 (1–19%), 2 (20–39%), 3 (40–59%), 4(60–79%), 5 (80–100%).

CTL lysis score: 4 lysis of myeloma cells not reported but lysis of tumour cells, 5 lysis of myeloma cells reported.
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patient immunized by autologous cancer cells (van der
Bruggen et al, 1991). It was determined that MAGE-A1
belongs to a family of 12 genes (MAGEA1-A12) located in
the q28 region of chromosome X (Gaugler et al, 1994;
Chomez et al, 2001). Other members of the cancer germ
line family are BAGE, GAGE, LAGE-1 and NY-ESO-1 (Van
den Eynde et al, 1995; Chen et al, 1997; Lethe et al, 1998;
De Backer et al, 1999). Chromosomal localization of these
genes, when available, indicates that they are found in
chromosome X (mainly Xq28). In adults, their expression
is restricted to cancer cells and male germ cells (with some
showing weak expression in placenta or ovary), although
peptides are not presented in testis because of a lack of
major histocompatibility complex molecules. Expression of
cancer germ line-specific genes is controlled by DNA
methylation of CpG islands of their promoter (De Smet
et al, 1999). Cancer germ line-specific genes are expressed
in various tumour cells (melanoma, carcinoma), but not
in haematological malignancies other than MM (van
Baren et al, 1999; Pellat-Deceunynck et al, 2000). In
MM, cancer germ line-specific genes are preferentially
expressed in advanced disease (up to 50%) and in almost
all cell lines. All the genes of the MAGE-A family screened
were found to be expressed in myeloma cells, although
with various incidences (Table I). As MAGE-A1- and
MAGE-A3-specific CTL lyse MM cell lines, and as both
proteins are expressed in primary myeloma cells, MAGE-
A1 and MAGE-A3 would seem to be very good candidates
for immunotherapy of patients with MM (score 7 ⁄10,
Table I). However, other members such as NY-ESO-1 or
LAGE-1 could also be of interest, although it remains to be
determined whether specific CTL are able to recognize
myeloma cells.

MUTATED GENES

Mutations in codons 12, 13 and 61 of N-ras and K-ras
genes are frequent in MM (Portier et al, 1992; Bezieau
et al, 2001; Kalakonda et al, 2001). At codon 61, a basic
amino acid such as leucine, arginine or lysine is
substituted for glutamine (Bezieau et al, 2001; Kalakonda
et al, 2001). Peptides derived from mutated ras genes bind
to HLA class I and II molecules, and specific CTL have
been induced in vitro and even isolated from a patient
with carcinoma (Gedde-Dahl et al, 1992; Juretic et al,
1996). Mutated ras-based immunotherapy could be of
interest in MM, although the mutations involve all three
codons and there is not a single amino acid substitution
for each codon (score 7 ⁄10, Table I). It remains to be
determined which mutated peptides bind to the most
frequent HLA alleles and whether specific CTL could be
generated.

Mutations in the p53 gene were observed in less than
20% of patients studied (Portier et al, 1992; Neri et al,
1993). Mutations in the FGFR3 gene were observed in 17%
of MM cell lines but in only one patient out of 53, i.e. 2%
(Chesi et al, 1997; Intini et al, 2001). This patient had a
(4;14) translocation which is found in about 20% of
patients. These two incidences are too low to take p53 or

FGFR3 mutations into account for the immunotherapy of
patients with MM.

IDENTIFICATION OF OTHER MYELOMA-SPECIFIC
GENES

Over-expressed and tumour-specific genes
The cancer germ line-specific LAGE-1 gene was cloned by
subtractive cDNA libraries between melanoma and normal
skin. In the era of DNA arrays, other normal genes, either
widely expressed, tumour-specific or lineage-specific, will be
identified (De Vos et al, 2001; Magrangeas et al, 2001).
Identification of the over-expressed genes involved in
oncogenesis or tumour expansion of MM could be the basis
for development of second-generation tumour antigens, as
proposed by Schultze & Vonderheide (2001).

Over-expressed and chimaeric genes generated by recurrent
chromosomal rearrangements
It has been clearly established that malignant plasma cells
have chromosomal translocations involving switch regions
of the IgH gene (Bergsagel & Kuehl, 2001). In contrast to
other haematological malignancies such as Burkitt’s lym-
phoma, MM is not characterized by a recurrent translo-
cation involving a single disregulated gene (Avet-Loiseau
et al, 1999). On the contrary, multiple partners have been
found on different chromosomes: cyclin D1 on chromo-
some 11 (Chesi et al, 1996), FGFR3, MMSET ⁄WHSC1 on
chromosome 4 (Chesi et al, 1998a; Stec et al, 1998), c-maf
on chromosome 16 (Chesi et al, 1998b), MUM1 ⁄ IRF4 and
cyclin D3 on chromosome 6 (Iida et al, 1997; Shaugh-
nessy et al, 2001). Translocations that do not involve Ig
loci, such as t(8;?) involving c-myc and l-myc genes were
recently described (Shou et al, 2000; Avet-Loiseau et al,
2001). Although few data are available, translocations
induce over-expression of genes (cyclin D1, FGFR3) in
most cases. However, hybrid transcripts of IgH and
MMSET ⁄WHSC1 have also been reported. The detection
of fusion protein was not considered, but it is possible that
some translocations generate at least hybrid peptides that
could be targeted as specific TAA, as recently described for
BCR ⁄ABL in chronic myeloid leukaemia (Clark et al,
2001). As translocation of one gene is involved in less
than 20% of patients and because there are no data
available concerning their over-expression, we cannot
conclude yet that one gene is or is not of particular
interest for a shared immunotherapy of patients with MM.
Nevertheless, genes involved in recurrent translocations
such as cyclinD1 or FGFR3 could be of major interest for
the subset of patients carrying the translocation t(11;14)
or t(4;14).

Murine myeloma-specific antigen
In the 1980s, mouse models allowed the demonstration of
CTL recognition of tumour cells, leading to the discovery of
TAA in mouse and human. The lack of a specific murine
model has long been a limiting factor in MM studies and a
true equivalent (5T2) has only been described recently
(Vanderkerken et al, 1996; Croucher et al, 2001). It would
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be of interest to isolate 5T2-specific CTL and identify genes
coding for these antigens.

Identification of genes encoding peptides recognized
by myeloma-specific CTL
Van der Bruggen et al (1991) described the cloning of a
gene-encoding peptide recognized by CTL on human mel-
anoma. This approach is the only one to enable the
identification of all types of TAA coded by cancer germ line-
specific genes, over-expressed genes, mutated genes, alter-
natively expressed genes (cryptic ORF, intron expression),
etc. This approach (now classic) has enabled the cloning of
numerous genes in different cancers, but remains partic-
ularly difficult in MM because of the inaccessibility of
biological material. Ordinarily, it is impossible for the great
majority of primary myeloma cells (> 99Æ9%) to establish a
cell line and the frequent collection of fresh bone marrow
cells is unethical. However, our group was able to derive a
CTL clone in a particular patient with solitary plasmacy-
toma that recurred in the skin (an antigenic site) and then
in pleura. Pleural effusion enabled the establishment of a
cell line and the patient was cured by pleura removal. Two
years later, he was still in remission, and it was possible to
derive CTL clones after co-culture of PBL with the tumour
cell line (Pellat-Deceunynck et al, 1999). The HLA-A*0201-
restricted clone proved of particular interest as it also
recognized U266 (in HLA-A*0201 restriction), but not
HLA-A02+ melanoma cell lines, which suggests that it
recognizes a potentially myeloma-specific TAA (unpublished
observations). With the development of dendritic cell
engineering, it is now easier to derive tumour-specific CTL
in vitro, as reported in recent studies in which dendritic cells
pulsed with myeloma cells were used to generate myeloma-
specific CTL (Yi et al, 2001; Dhodapkar et al, 2002).
Myeloma-specific CTL will necessarily allow the identifica-
tion of myeloma-expressed TAA.

CONCLUSION

To date, no ideal TAA exists for MM, although MUC1 seems
to be a very good candidate. The only well-expressed, fully
tumour-restricted TAA is monoclonal Id, although Id
vaccinations have not shown significant clinical response.
The cancer germ line-specific gene family constitutes
another fully tumour-restricted TAA, but the expression of
any given member concerns less than 50% of patients. The
other TAA described are not fully restricted to tumour cells
and could induce autoimmune disorders that have to be
evaluated. To overcome the escape of variants, trials
involving more than one TAA need to be designed, although
Brossart et al (2000) reported that vaccinations of patients
with MUC-1 or HER-2 ⁄Neu peptides (loaded on dendritic
cells) elicited not only specific CTL responses but also anti-
MAGE or anti-ACE CTL responses, indicating that an epitope
spreading occurred in vivo. Different MAGE family proteins
could be combined together or with over-expressed genes
such as PRAME. Another approach already developed for
other cancers would involve the vaccination of patients with
killed autologous myeloma cells or well-defined allogeneic

myeloma cell lines expressing different TAA. MM patients
show epidemiological, biological and clinical heterogeneity,
and the genetic bases of this heterogeneity are beginning to
be elucidated (Avet-Loiseau et al, 2002; Zhan et al, 2002). In
this context, it seems difficult to designate a single TAA
shared by all patients. In other words, it will be critical to
establish the precise TAA expression profile in each subset of
patients defined by biological and genetic parameters
(microarray profile, recurrent translocations, etc.) in order
to propose an immunological trial shared between patients
within each subset. In any event, the immunotherapy of
patients with MM, which has been limited by a lack of shared
TAA, is about to enter a new era.
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W.M. & Bergsagel, P.L. (1997) Frequent translocation

t(4;14)(p16.3;q32.3) in multiple myeloma is associated with

increased expression and activating mutations of fibroblast

growth factor receptor 3. Nature Genetics, 16, 260–264.

Chesi, M., Nardini, E., Lim, R.S., Smith, K.D., Kuehl, W.M. &

Bergsagel, P.L. (1998a) The t(4;14) translocation in myeloma

dysregulates both FGFR3 and a novel gene, MMSET, resulting in

IgH ⁄MMSET hybrid transcripts. Blood, 92, 3025–3034.

Chesi, M., Bergsagel, P.L., Shonukan, O.O., Martelli, M.L., Brents,

L.A., Chen, T., Schrock, E., Ried, T. & Kuehl, W.M. (1998b)

Frequent dysregulation of the c-maf proto-oncogene at 16q23 by

translocation to an Ig locus in multiple myeloma. Blood, 91,

4457–4463.

Chiriva-Internati, M., Wang, Z., Xue, Y., Bumm, K., Hahn, A.B. &

Lim, S.H. (2001) Sperm protein 17 (Sp17) in multiple myeloma:

opportunity for myeloma- specific donor T cell infusion to

enhance graft-versus-myeloma effect without increasing graft-

versus-host disease risk. European Journal of Immunology, 31,

2277–2283.

Chomez, P., De Backer, O., Bertrand, M., De Plaen, E., Boon, T. &

Lucas, S. (2001) An overview of the MAGE gene family with

the identification of all human members of the family. Cancer

Research, 61, 5544–5551.

Clark, R.E., Dodi, I.A., Hill, S.C., Lill, J.R., Aubert, G., Macintyre,

A.R., Rojas, J., Bourdon, A., Bonner, P.L., Wang, L., Christmas,

S.E., Travers, P.J., Creaser, C.S., Rees, R.C. & Madrigal, J.A. (2001)

Direct evidence that leukemic cells present HLA-associated

mmunogenic peptides derived from the BCR-ABL b3a2 fusion

protein. Blood, 98, 2887–2893.

Croucher, P.I., Shipman, C.M., Lippitt, J., Perry, M., Asosingh, K.,

Hijzen, A., Brabbs, A.C., van Beek, E.J., Holen, I., Skerry, T.M.,

Dunstan, C.R., Russell, G.R., Van Camp, B. & Vanderkerken, K.

(2001) Osteoprotegerin inhibits the development of osteolytic

bone disease in multiple myeloma. Blood, 98, 3534–3540.

De Backer, O., Arden, K.C., Boretti, M., Vantomme, V., De Smet, C.,

Czekay, S., Viars, C.S., De Plaen, E., Brasseur, F., Chomez, P., Van

den Eynde, B., Boon, T. & van der Bruggen, P. (1999) Character-

ization of the GAGE genes that are expressed in various human

cancers and in normal testis. Cancer Research, 59, 3157–3165.

De Smet, C., Lurquin, C., Lethe, B., Martelange, V. & Boon, T.

(1999) DNA methylation is the primary silencing mechanism for

a set of germ line- and tumor-specific genes with a CpG-rich

promoter. Molecular and Cellular Biology, 19, 7327–7335.

De Vos, J., Couderc, G., Tarte, K., Jourdan, M., Requirand, G.,

Delteil, M.C., Rossi, J.F., Mechti, N. & Klein, B. (2001) Identifying

intercellular signaling genes expressed in malignant plasma cells

by using complementary DNA arrays. Blood, 98, 771–780.

Dhodapkar, K.M., Krasovsky, J., Williamson, B. & Dhodapkar, M.V.

(2002) Antitumor monoclonal antibodies enhance cross-pre-

sentation of cellular antigens and the generation of myeloma-

specific killer T cells by dendritic cells. Journal of Experimental

Medicine, 195, 125–133.

Flad, T., Spengler, B., Kalbacher, H., Brossart, P., Baier, D., Kauf-

mann, R., Bold, P., Metzger, S., Bluggel, M., Meyer, H.E., Kurz, B.

& Muller, C.A. (1998) Direct identification of major histo-

compatibility complex class I-bound tumor-associated peptide

antigens of a renal carcinoma cell line by a novel mass spec-

trometric method. Cancer Research, 58, 5803–5811.

Gaugler, B., Van den Eynde, B., van der Bruggen, P., Romero, P.,

Gaforio, J.J., De Plaen, E., Lethe, B., Brasseur, F. & Boon, T.

(1994) Human gene MAGE-3 codes for an antigen recognized on

a melanoma by autologous cytolytic T lymphocytes. Journal of

Experimental Medicine, 179, 921–930.

Gedde-Dahl, 3rd, T., Spurkland, A., Eriksen, J.A., Thorsby, E. &

Gaudernack, G. (1992) Memory T cells of a patient with follicular

thyroid carcinoma recognize peptides derived from mutated p21

ras (Gln fi Leu61). International Immunology, 4, 1331–1337.

Iida, S., Rao, P.H., Butler, M., Corradini, P., Boccadoro, M., Klein,

B., Chaganti, R.S. & Dalla-Favera, R. (1997) Deregulation of

MUM1 ⁄ IRF4 by chromosomal translocation in multiple myel-

oma. Nature Genetics, 17, 226–230.

Ikeda, H., Lethe, B., Lehmann, F., van Baren, N., Baurain, J.F., de

Smet, C., Chambost, H., Vitale, M., Moretta, A., Boon, T. &

Coulie, P.G. (1997) Characterization of an antigen that is

recognized on a melanoma showing partial HLA loss by CTL

expressing an NK inhibitory receptor. Immunity, 6, 199–208.

Intini, D., Baldini, L., Fabris, S., Lombardi, L., Ciceri, G., Maiolo, A.T.

& Neri, A. (2001) Analysis of FGFR3 gene mutations in multiple

myeloma patients with t(4;14). British Journal of Haematology,

114, 362–364.

Juretic, A., Jurgens-Gobel, J., Schaefer, C., Noppen, C., Willimann,

T.E., Kocher, T., Zuber, M., Harder, F., Heberer, M. & Spagnoli,

G.C. (1996) Cytotoxic T-lymphocyte responses against mutated

p21 ras peptides: an analysis of specific T-cell-receptor gene

usage. International Journal of Cancer, 68, 471–478.

Kalakonda, N., Rothwell, D.G., Scarffe, J.H. & Norton, J.D. (2001)

Detection of N-Ras codon 61 mutations in subpopulations of

tumor cells in multiple myeloma at presentation. Blood, 98,

1555–1560.

Kessler, J.H., Beekman, N.J., Bres-Vloemans, S.A., Verdijk, P., van

Veelen, P.A., Kloosterman-Joosten, A.M., Vissers, D.C., ten Bosch,

G.J., Kester, M.G., Sijts, A., Wouter Drijfhout, J., Ossendorp, F.,

Offringa, R. & Melief, C.J. (2001) Efficient identification of novel

Review 7

� 2003 Blackwell Publishing Ltd, British Journal of Haematology 120: 3–9



HLA-A (*) 0201-presented cytotoxic T lymphocyte epitopes in the

widely expressed tumor antigen PRAME by proteasome-mediated

digestion analysis. Journal of Experimental Medicine, 193, 73–88.

Lacy, H.M. & Sanderson, R.D. (2001) Sperm protein 17 is expressed

on normal and malignant lymphocytes and promotes heparan

sulfate-mediated cell–cell adhesion. Blood, 98, 2160–2165.

Lea, I.A., Adoyo, P. & O’Rand, M.G. (1997) Autoimmunogenicity of

the human sperm protein Sp17 in vasectomized men and identi-

fication of linear B cell epitopes. Fertility and Sterility, 67, 355–361.

Lethe, B., Lucas, S., Michaux, L., De Smet, C., Godelaine, D., Serrano,

A., De Plaen, E. & Boon, T. (1998) LAGE-1, a new gene with

tumor specificity. International Journal of Cancer, 76, 903–908.

Li, Y., Bendandi, M., Deng, Y., Dunbar, C., Munshi, N., Jagannath,

S., Kwak, L.W. & Lyerly, H.K. (2000) Tumor-specific recognition

of human myeloma cells by idiotype-induced CD8(+) T cells.

Blood, 96, 2828–2833.

Lim, S.H. & Bailey-Wood, R. (1999) Idiotypic protein-pulsed den-

dritic cell vaccination in multiple myeloma. International Journal

of Cancer, 83, 215–222.

Lim, S.H., Wang, Z., Chiriva-Internati, M. & Xue, Y. (2001) Sperm

protein 17 is a novel cancer-testis antigen in multiple myeloma.

Blood, 97, 1508–1510.

Magrangeas, F., Avet-Loiseau, H., Nasser, V., Dorito, B., Nguyen, C.,

Houlgatte, R., Bataille, R. & Minvielle, S. (2001) Gene expression

profiles in multiple myeloma. In: American Society of Hematology

(Blood edition), vol. 98, pp. 733a. ASH, Orlando, Florida.

Neri, A., Baldini, L., Trecca, D., Cro, L., Polli, E. & Maiolo, A.T.

(1993) p53 gene mutations in multiple myeloma are associated

with advanced forms of malignancy. Blood, 81, 128–135.

Noto, H., Takahashi, T., Makiguchi, Y., Hayashi, T., Hinoda, Y. &

Imai, K. (1997) Cytotoxic T lymphocytes derived from bone

marrow mononuclear cells of multiple myeloma patients

recognize an underglycosylated form of MUC1 mucin. Interna-

tional Immunology, 9, 791–798.

Pellat-Deceunynck, C., Jego, G., Harousseau, J.L., Vie, H. & Bataille,

R. (1999) Isolation of human lymphocyte antigens class I-re-

stricted cytotoxic T lymphocytes against autologous myeloma

cells. Clinical Cancer Research, 5, 705–709.

Pellat-Deceunynck, C., Mellerin, M.P., Labarriere, N., Jego, G.,

Moreau-Aubry, A., Harousseau, J.L., Jotereau, F. & Bataille, R.

(2000) The cancer germ-line genes MAGE-1, MAGE-3 and

PRAME are commonly expressed by human myeloma cells.

European Journal of Immunology, 30, 803–809.

Pinilla, C., Rubio-Godoy, V., Dutoit, V., Guillaume, P., Simon, R.,

Zhao, Y., Houghten, R.A., Cerottini, J.C., Romero, P. & Valmori,

D. (2001) Combinatorial peptide libraries as an alternative

approach to the identification of ligands for tumor-reactive

cytolytic T lymphocytes. Cancer Research, 61, 5153–5160.

Portier, M., Moles, J.P., Mazars, G.R., Jeanteur, P., Bataille, R.,

Klein, B. & Theillet, C. (1992) p53 and RAS gene mutations in

multiple myeloma. Oncogene, 7, 2539–2543.

Reichardt, V.L., Okada, C.Y., Liso, A., Benike, C.J., Stockerl-Gold-

stein, K.E., Engleman, E.G., Blume, K.G. & Levy, R. (1999) Idio-

type vaccination using dendritic cells after autologous peripheral

blood stem cell transplantation for multiple myeloma – a feasi-

bility study. Blood, 93, 2411–2419.

Renkvist, N., Castelli, C., Robbins, P.F. & Parmiani, G. (2001) A

listing of human tumor antigens recognized by T cells. Cancer

Immunology Immunotherapy, 50, 3–15.

Robbins, P.F. & Kawakami, Y. (1996) Human tumor antigens

recognized by T cells. Current Opinion in Immunology, 8, 628–636.

Rosenberg, S.A. (1999) A new era for cancer immunotherapy based

on the genes that encode cancer antigens. Immunity, 10, 281–

287.

Schultze, J.L. & Vonderheide, R.H. (2001) From cancer genomics to

cancer immunotherapy: toward second-generation tumor anti-

gens. Trends in Immunology, 22, 516–523.

Shaughnessy, Jr, J., Gabrea, A., Qi, Y., Brents, L., Zhan, F., Tian, E.,

Sawyer, J., Barlogie, B., Bergsagel, P.L. & Kuehl, M. (2001)

Cyclin D3 at 6p21 is dysregulated by recurrent chromosomal

translocations to immunoglobulin loci in multiple myeloma.

Blood, 98, 217–223.

Shou, Y., Martelli, M.L., Gabrea, A., Qi, Y., Brents, L.A., Roschke,

A., Dewald, G., Kirsch, I.R., Bergsagel, P.L. & Kuehl, W.M.

(2000) Diverse karyotypic abnormalities of the c-myc locus

associated with c- myc dysregulation and tumor progression in

multiple myeloma. Proceedings of the National Academy of Sciences

of the United States of America, 97, 228–233.

Stec, I., Wright, T.J., van Ommen, G.J., de Boer, P.A., van Haerin-

gen, A., Moorman, A.F., Altherr, M.R. & den Dunnen, J.T. (1998)

WHSC1, a 90 kb SET domain-containing gene, expressed in early

development and homologous to a Drosophila dysmorphy gene

maps in the Wolf–Hirschhorn syndrome critical region and is

fused to IgH in t(4;14) multiple myeloma. Human Molecular

Genetics, 7, 1071–1082.

Stevenson, F.K. & Anderson, K.C. (2000) Preparing the ground for

vaccination against multiple myeloma. Immunology Today, 21,

170–171.

Takahashi, T., Makiguchi, Y., Hinoda, Y., Kakiuchi, H., Nakagawa,

N., Imai, K. & Yachi, A. (1994) Expression of MUC1 on myeloma

cells and induction of HLA-unrestricted CTL against MUC1 from

a multiple myeloma patient. Journal of Immunology, 153, 2102–

2109.

Titzer, S., Christensen, O., Manzke, O., Tesch, H., Wolf, J., Emme-

rich, B., Carsten, C., Diehl, V. & Bohlen, H. (2000) Vaccination of

multiple myeloma patients with idiotype-pulsed dendritic cells:

immunological and clinical aspects. British Journal of Haematol-

ogy, 108, 805–816.

Trojan, A., Schultze, J.L., Witzens, M., Vonderheide, R.H., Ladetto,

M., Donovan, J.W. & Gribben, J.G. (2000) Immunoglobulin fra-

mework-derived peptides function as cytotoxic T-cell epitopes

commonly expressed in B-cell malignancies. Nature Medicine, 6,

667–672.

Tureci, O., Sahin, U. & Pfreundschuh, M. (1997) Serological ana-

lysis of human tumor antigens: molecular definition and

implications. Molecular Medicine Today, 3, 342–349.

Van den Eynde, B., Peeters, O., De Backer, O., Gaugler, B., Lucas, S.

& Boon, T. (1995) A new family of genes coding for an

antigen recognized by autologous cytolytic T lymphocytes on a

human melanoma. Journal of Experimental Medicine, 182,

689–698.

Vanderkerken, K., Goes, E., De Raeve, H., Radl, J. & Van Camp, B.

(1996) Follow-up of bone lesions in an experimental multiple

myeloma mouse model: description of an in vivo technique using

radiography dedicated for mammography. British Journal of

Cancer, 73, 1463–1465.

Vonderheide, R.H., Hahn, W.C., Schultze, J.L. & Nadler, L.M. (1999)

The telomerase catalytic subunit is a widely expressed tumor-

associated antigen recognized by cytotoxic T lymphocytes.

Immunity, 10, 673–679.

Vonderheide, R.H., Schultze, J.L., Anderson, K.S., Maecker, B.,

Butler, M.O., Xia, Z., Kuroda, M.J., von Bergwelt-Baildon, M.S.,

Bedor, M.M., Hoar, K.M., Schnipper, D.R., Brooks, M.W.,

Letvin, N.L., Stephans, K.F., Wucherpfennig, K.W., Hahn, W.C.

& Nadler, L.M. (2001) Equivalent Induction of Telomer-

ase-specific Cytotoxic T Lymphocytes from Tumor-bearing

Patients and Healthy Individuals. Cancer Research, 61, 8366–

8370.

8 Review

� 2003 Blackwell Publishing Ltd, British Journal of Haematology 120: 3–9



Yi, Q., Wen, Y.-J., Min, R., Tricot, G. & Barlogie, B. (2001) Tumor

lysate-specific cytotoxic T lymphocytes in multiple myeloma:

promising effector cells for immunotherapy. In: American Society

of Hematology (Blood edition), vol. 98, pp. 374a. ASH, Orlando,

Florida.

Zhan, F., Hardin, J., Kordsmeier, B., Bumm, K., Zheng, M., Tian, E.,

Sanderson, R., Yang, Y., Wilson, C., Zangari, M., Anaissie, E.,

Morris, C., Muwalla, F., van Rhee, F., Fassas, A., Crowley, J.,

Tricot, G., Barlogie, B. & Shaughnessy, Jr, J. (2002) Global gene

expression profiling of multiple myeloma, monoclonal gammo-

pathy of undetermined significance, and normal bone marrow

plasma cells. Blood, 99, 1745–1757.

Keywords: tumour antigen, immunotherapy, multiple
myeloma, CTL.

Review 9

� 2003 Blackwell Publishing Ltd, British Journal of Haematology 120: 3–9


