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INTRODUCTION

Multiple myeloma (MM) is a malignancy of  terminally-
differentiated, immunoglobulin (Ig)-secreting plasma
cells. Approximately 14400 patients are diagnosed with
MM each year in the United States of  America.1

Currently, MM is incurable, even with high-dose
chemotherapy or haematopoiet ic stem cel l
transplantation (HSCT).2,3 Recently, a number of
clinical trials using cytolytic T lymphocytes (CTL) as a
for m of  cel l-based immunotherapy have been
conducted on patients with MM with promising
results.2-4 In this review, we compare the different
approaches to developing CTLs for use in therapeutic
strategies in the treatment of MM, and analyse their
ease of  administration in the clinical setting. Although
several of  these therapies are still in the early stages
of  laboratory and clinical development, and conclusive
data have not been published, it is hoped that
discussion of  these topics will provide a greater insight
to the practising clinician on the potential use of CTL-
based immunotherapy for MM in the future.

TUMOUR ANTIGENS (AG)

The process of  tumour recognition by CD8+ T
lymphocytes involves the presentation of  tumour-
associated Ags (TAA) as well as tumour-specific Ags
(TSA) by Ag-presenting cells (APC). Presentation of
both TAAs and TSAs requires the loading of  antigenic
peptides onto the human leukocyte Ag (HLA)
molecules on APCs. Subsequently, engagement of  TAA
and/or TSA peptide fragments expressed on HLA
molecules by CD8+ T cells induces tumour-specific
cytolytic function in responding CTLs.

Tumour-Associated Ags

Numerous TAAs have previously been described.
These include carcinoembryonic Ag (CEA) in colon
cancer, alpha-fetoprotein (AFP) in liver cancer and
prostate-specific Ag (PSA) in prostate cancer. Tumour
associated antigens are presented via the HLA or major
histocompatibility complex (MHC) class I pathway to
induce tumour-specific CD8+ CTLs. Unlike TSAs,
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TAAs are not specific to the malignant cell as they are
also expressed in non-malignant cells, albeit frequently
at lower levels (1 to 2-log-fold difference).5

Tumour-Specific Ags

In contrast to TAAs, TSAs are theoretically only
expressed in malignant cells and not in non-malignant
cells. However, this is observed only for anti-idiotypic
(Id) antibodies (Ab) in chronic lymphocytic leukaemia
and monoclonal immunoglobulins (Igs; M-protein) in
MM, which are both highly-specific proteins secreted
only by the malignant cells. When the definition of
TSAs is more loosely applied, TSAs include tumour
Ags that can be found even in normal cells.6 It has
been widely considered that for true TSAs, the
differential expression of tumour Ags in malignant
cells is significantly greater than in normal cells, as
compared to TAAs.6,7 Hence, it is the pronounced lack
of  expression of  the Ag in normal cells as compared
to the relative abundance of  expression of  the Ag in
malignant cells that defines the TSA. As TSAs are
produced and/or secreted by the tumour cell that
marks the malignant clone, the ability to identify and
target true TSAs is important as this may result in
effective immunotherapeutic regimens.

OVERVIEW OF IMMUNOTHERAPY

In the purest sense, immunotherapy is a form of
therapy that uses the host immune system to eradicate
a particular disease. Therapy is directed at either
enhancing attenuated immunity or suppressing
excessive immunity, rather than at directly eradicating
the disease.  For example,  in immunotherapy,
monoclonal antibodies (mAb) may be used to opsonise
viral particles (for example, influenza A virus), making
these pathogens more readily recognisable to the host
immune system, and thereby redirecting specific
immunity against the virus.8 Cancer immunotherapy
(or anti-cancer vaccines) can broadly be considered
under two major categories � humoral and cellular.
The potential efficacy of  existing anti-cancer vaccines
may be limited when the therapy is directed at either
the cellular or humoral arm of  the immune responses
at the expense of  the other. Ideally, vaccines should
be designed to optimally activate both arms of  the
immune system so as to generate an effective anti-
tumour immune response.9

Humoral Immunotherapy

Humoral immunotherapy involves the use of  non-
cellular immunological reagents (the so-called biologics
or biopharmaceuticals) to induce host immunological
response. This can be further divided into Ig-based
therapies (for example, mAbs) and non-Ig-based

therapies (for example, chimeric fusion proteins and
small peptides with blocking function). An example
of an Ig-based therapy is the use of anti-CD20 mAb
immunotherapy (or serotherapy) for the treatment of
B cell non-Hodgkin�s lymphoma (NHL).10 The Abelson
kinase inhibitor STI571 (Glivec®, Novartis) is a good
example of  non-Ig based therapy.

Cellular Immunotherapy

Cellular immunotherapy involves harnessing the
effector functions of  immunocytes and can be broadly
divided into immune effector cell-based therapies (for
example, CTL vaccines) and APC-based therapies (for
example, dendritic cell (DC) vaccines). An example of
an effector cell-based therapy is the use of melanoma
Ag genes-1 (MAGE-1) peptides to prime tumour-
specific CTLs ex vivo for eventual use in adoptive
immunotherapy against malignant melanoma.11

Dendritic cells have been used as delivery vehicles for
exogenous tumour Ags, which is an example of  an
APC-based therapy,  to promote eff ic ient Ag
presentation and this has resulted in tumour regression
in some patients.12

OVERVIEW OF CTLS

Activation of  CD8+ T Cells in CTL Development

Cytolytic T lymphocytes are the principal effectors of
specific cellular immunity against cancer. They kill
target cells that express foreign Ags in the form of
peptides. Development of  CTLs involves the activation
of  CD8+ T cells by primed APCs, and this process
requires 2 signals.

Signal 1 � Recognition of  Ag by T-Cell Receptor
(TCR)

The first signal involves the recognition of  non-self
or foreign peptide Ags presented via the HLA class I/
Ags complexes expressed on the surface of  APCs
(especially DCs) by CD8+ T cells. The proteolytic
degradation of  peptides by the proteosome provides
for the continual display of  the peptide-HLA class I
complexes on the surface of  the APC. This initial signal
is important for the stimulation of  CD8+ T cells and
subsequently for the further development of  CTLs.
For example, a well-known consequence of  the first
signal is the stabilisation of the interleukin-2 (IL-2)
message in the T cell.

Signal 2 � Activation by Co-Stimulatory
Molecules

The second (co-stimulatory) signal involves, for
example, the interact ion of  B7 molecules
(B7-1 or B7-2) on the APC with the CD28 molecule
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on the T cell. Complete activation of  T cells occurs
when both signals 1 and 2 are present. In the absence
of  co-stimulation, T cells become anergic and can
subsequently become tolerised to the same Ag.13 Co-
stimulation is also mediated by the interaction of  CD40
ligand (CD40L, CD154), expressed on activated T cells,
with its receptor, CD40, which is expressed on APCs.
CD40-CD40L interaction is required for the generation
of  memory CTLs,  and more impor tantly,  is
instrumental in transforming naïve APCs into potent
cells which induce CTL-driven immunity.14,15 This
second signal is important for driving the expansion
and proliferation of  the antigen-specific CTLs. Most
notably,  this second signal is necessary for the
expression of  the IL-2 receptor and response to
IL-2 itself.

Mechanisms of  CTL-Mediated Cytolysis

Cytolytic T lymphocytes kill target cells by cytolysis
through 2 major pathways. The first one involves a
process that is mediated by 2 major classes of  proteins,
perforin and granzymes.16 Perforin allows the entry of
destructive enzymes into the cells and subsequent
disruption of  the cell�s osmotic equilibrium, thereby
lysing the cells. Granzymes enter the target cells
through perforin pores, activate caspases, and induce
cell death by apoptosis. The second pathway involves
Fas ligand (FasL) which binds the protein, Fas, on the

target cells and initiates a signalling pathway that results
in apoptosis. Both pathways are intimately regulated
by the signals through the abTCR.

The Role of  CD40 in the Generation of  CTLs for
Tumour Vaccination

Since tumours have evolved numerous mechanisms to
evade immune detection, the use of  cytokines to
enhance tumour Ag expression would be ideal. It seems
possible that autologous, tumour-specific clonal CTL-
based vaccines against cancer can be generated using
CD40-activated tumour cells as immunogens.15,17 CD40
stimulation enhances the host�s antitumour immune
response by improving Ag presentation, cytokine
secretion and CTL activity, while CTLs are able to
target and lyse cells.18

EX VIVO CTL EXPANSION IN MM

Overview

In this section, some approaches used in the generation
of  anti-MM CTL vaccines via ex vivo lymphocyte
priming are presented (Table 1 and Fig. 1). The Ag
most frequently used for in vivo CTL expansion in MM
is the MM Id protein, which may be regarded as a true
TSA.19-22 As mentioned in the section on TSAs, the
idiotype (Id) refers to the specific peptide sequence in
the hypervariable region of  the Ig molecule that is

Table 1. Ex vivo CTL expansion in MM.

Strategy Target Key Features + Advantage/� Disadvantage Reference

MM Id-pulsed DC MM Id protein Id is relatively weak Ag + autologous Id-specific CTLs 46

MM WCE-pulsed DC MM peptides stronger Ag than Id + polyclonal MM-specific CTLs 32

MM apoptotic bodies- MM apoptotic bodies stronger Ag than WCE + autologous, primary MM 33

pulsed DC   cell-specific CTLs

MM RNA-transduced DCs MM total RNA- HLA class I restricted + polyclonal CTL response 34

derived peptides   against MM
� risk of  insertional  mutagenesis

CD40-activated MM cells MM apoptotic bodies CD40+ MM cell restricted + anti-MM activity in vivo 35

� not all MM cells CD40 are
   responsive

Table 2. In vivo CTL expansion in MM.

Strategy Target Key Features + Advantage/� Disadvantage References

Anti-MM Id-protein plus MM Id protein anti-Id immunity induced in some � not all patients generate Id-specific 38

GM-CSF and/or IL-12 patients; and tumor mass reduced   T cell responses

Anti-MM Id-protein-pulsed MM Id protein anti-Id and/or anti-KLH � may generate unwanted 29,30

DCs plus Id-KLH conjugate immunity induced   KLH-specific CTL response

Anti-MM Id-protein/KLH- MM Id protein anti-Id immunity induced + specific immunity 25

pulsed DCs plus GM-CSF � relapse rate of  MM still undetermined
and IL-12
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unique to the clonal  mal ignant plasma cel l .
Immunisation of  MM patients with autologous Id
protein, followed by augmentation of  the immune
response using soluble granuolocyte macrophage-
colony stimulating factor (GM-CSF) effectively induces
an anti-Id-specific HLA class I-restricted type I T cell
response (Table 2 and Fig. 1).23 These responses may
be further modulated by other more complex factors,
like those mediating tumour tolerance and T cell loss,
for example, Fas and BCL2 expression.24 Hence, the
challenge to anti-cancer immunotherapy would be to
not only induce a specific anti-tumour CTL immune
response,  but a lso to prevent T cel l  loss
or suppression.25

Method 1 � Anti-MM Id-Protein CTL Vaccine

The Id protein can be used as a target for the
development of  CTL vaccine in MM.26 Both CD4+ and
CD8+ T cells can be primed using Id-pulsed DCs, and

have been shown to exert anti-MM effects, even in the
autologous setting.23,27,28 In fact, autologous Id-specific
CTLs generated from MM patients have been shown
to be efficient in killing primary MM cells from
patients, via the perforin-mediated pathway.

Method 2 � Anti-MM Whole Cell Extract (WCE)
CTL Vaccine

The MM Id protein is a weak Ag and the outcomes of
Id-based immunotherapy tr ia ls  have not been
encouraging, perhaps due to cross-reactivity with
normal cells.29-31 The use of  DCs pulsed with MM
WCEs to generate polyclonal MM-specific CTLs
permits the recognition of  a larger repertoire of
tumour Ags, potentially producing a more effective
anti-MM vaccine.32 Such CTLs have been shown to
specif ical ly lyse MM cel ls  but not autologous
lymphocytes, suggesting that MM-specificity is
preserved. The mechanism of  this effect again involves
the perforin pathway.

Fig. 1. Summary of  approaches used for generating anti-MM CTL responses. The methods used for generating anti-MM
CTLs can be divided into those that involve the ex vivo expansion of  CTLs (A), or those that involve in vivo expansion of
CTLs (B). In ex vivo CTL expansion, T cells in tissue culture are triggered by exposure to Ags borne on APCs (usually DCs)
or immunogenic MM cells (A: methods 1 to 5).  In contrast, in in vivo CTL expansion, an antigenic molecule (usually the Id
protein) is first introduced into the patient and T cell triggering occurs within the body (B: methods 1 to 3).
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Method 3 � Anti-MM Apoptotic Bodies CTL
Vaccine

Similar to WCEs, apoptotic bodies are also sources of
whole tumour cell Ags, and can be used to pulse DCs
to generate anti-MM-specific CTLs.33 These CTLs have
been shown to exert specific cytotoxicity against
autologous primary MM cells, leading to tumour
rejection. Although the majority of CTLs are CD8+ T
cells, CD56+ NK cells are also induced by this
vaccination strategy.

Method 4 � Anti-MM RNA-Transformed DC
CTL Vaccine

Yet another method of  introducing MM Ags into DCs
for CTL production involves the transfer of  total
tumour RNA into HLA class I-matched DCs.34 Total
RNA which potentially contains the full repertoire of
antigenic proteins, including putative TSAs, is ideal for
the induction of  polyclonal CTL responses against MM
Ags. Indeed, RNA-transfected DC-induced CTLs lysed
MM cells in an HLA class I-restricted manner.34

However, this strategy is associated with certain risks,
including the potential for self- or cross- reactivity,
toxicity due to non-specificity, and inser tional
mutagenesis. Moreover, transgene expression is often
transient and may even be lost when the transfected
DCs divide.

Method 5 � Anti-MM Induced CD40-Ligand-
Primed CTL Vaccine

CD40 ligand is known to restore the Ag presentation
function in MM. Introduction of the human CD40L
(hCD40L) gene into human MM cells via an adenoviral
vector has been found to induce anti-MM activity in
vivo .35,36 The mechanisms of  the anti-MM effect
following engagement of  CD40 by CD40L expressed
on MM cells include induction apoptosis, maturation
of  APC, and induction of  CTLs that recognise tumour
Ags engulfed and processed by the APCs.35 However,
not all MM cells express CD40 and respond to
CD40 activation.

IN VIVO CTL EXPANSION IN MM

Overview

The immunological theory of  cancer argues that cancer
develops as a consequence of  fai led tumour
immunosurveillance. Hence, it would seem unlikely that
in vivo autologous CTL expansion would itself  be
successful, since the lack of  patient CTLs is the precise
immunological defect in cancer. In reality, T cell
populations are good sources of  specific anti-tumour
effector cells, and are potentially not exhausted by
chronic tumour cell stimulation. Moreover, some MM-

specific T cells require fewer accessory signals to
express IL-2 receptor (IL-2 receptor is needed for the
expansion of  HLA class I- and II- dependent T cells),
secrete IL-2, and proliferate upon cross-linking of the
CD3/TCR complex.37

Method 1 � Anti-MM Id-Protein Plus GM-CSF
and/or IL-12

In this method, MM patients were vaccinated with MM-
Id protein, followed by GM-CSF and/or IL-12.
Although tumours were reduced in size, only some
patients demonstrated Id-specific T-cell responses.38

Method 2 � Anti-MM Id-Protein-Pulsed DCs Plus
Id-Keyhole Limpet Haemocyanin (KLH)
Conjugate29

In this method, patients with MM who received high
dose chemotherapy were intravenously infused with
Id-pulsed autologous DCs, followed by adjuvant
subcutaneous boosts of  Id-KLH conjugate.30,39 This
resulted in the induction of both Id-specific and/or
KLH-specific CTL responses; especially in patients
with early stage MM (i.e. when tumour burden is low).39

Similar findings had previously been reported in
pat ients with NHL treated with DC-based Id
vaccines.40 The longer-term results of  this study have
not been published.

Method 3 � Anti-MM Id-Protein/KLH-Pulsed
DCs Plus GM-CSF and IL-2

Conjugation of  MM Id-specific proteins with KLH,
has been used as an immunogen to vaccinate MM
patients in first remission.25 Both GM-CSF as well as
IL-2 were included as immunoadjuvants. Although
specific immunity was induced, even after high-dose
chemotherapy and HSCT, data with regards to the
relapse rate of  MM is lacking.41

CONCLUSION

As mentioned, numerous novel therapeutic strategies
are emerging for the treatment of MM, including
thalidomide in relapsed/refractory MM.42,43 Clearly
more research needs to be conducted, especially in
studying the induction of tumour Ag expression via
CD40 triggering for the purpose of  tumour Ag
discover y.44 The identif ication of  novel target
molecules will pave the way for the development of
novel anti-MM vaccines, especially polyclonal CTL
vaccines, which present the greatest promise of
improved patient survival.45 In conclusion, the current
status of  CTL vaccines in MM is at its infancy, but the
encouraging results of  recent immunotherapy clinical
trials provide sufficient hope that cure might one day
be possible for MM.
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