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Idiotypic structures expressed on the myeloma immunoglobulin (Ig) protein (M-component) might be regarded as tumor-specific antigens.
Naturally occurring, idiotype-specific type I T-cell immunity has been observed preferentially in patients with early stage myeloma. The
idiotypic structures on the clonal myeloma B-cells (B lymphocytes and plasma cells) may serve as targets for active immunization.
Vaccination using the autologous monoclonal Ig as a vaccine has conferred resistance to tumor cell challenge in murine myeloma. The
autologous myeloma Ig protein was used for immunization in patients with progressive stage I and early stage I multiple myeloma. When
the idiotype (emulsified in aluminium phosphate) was used alone for immunization, a weak and transient idiotype-specific T-cell response
was observed with no clinical effects. In our second series, the idiotype (in alum) was combined with GM-CSF. In all five patients, a
specific T-cell response was induced consisting preferentially of MHC class I restricted (CD8 + ) T-cells. Ig-specific CD4 + T-cells were
also induced. A clinical response (> 50% reduction of the M-component concentration) was observed in one patient. These results
indicate that idiotype-specific T-cell immunity may be induced or enhanced by idiotype Ig vaccination in patients with early stage multiple
myeloma, in which the tumor load is relatively low and the immune system is functionally less compromized than in patients with
chemotherapy-treated, advanced stages of the disease. The use of GM-CSF seems to be mandatory for the frequency and magnitude of
the induced T-cell response. The optimal route, schedule and cytokine combination for idiotype immunization remains to be established.
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Tumor cells express on the cell surface tumor-associated
protein antigen molecules as well as peptides of the protein
presented in the groove of MHC complexes. Although the
vast majority of antigens are shared self antigens, opera-
tionally these structures can be regarded as tumor-specific
antigens and used as targets for immunotherapy.

The tumor clone in multiple myeloma consists of plasma
cells and clonogenic B lymphocytoid precursors. Plasma
cells express usually only MHC class I molecules on their
surface while B lymphocytes exhibit both MHC class I and
class II antigens. In myeloma, clone-specific idiotypic im-
munoglobulin structures are expressed on the surface
membrane of the malignant tumor cells and these struc-
tures might be an antigen for targeting (1). Idiotypic
immunoglobulin molecules are unique antigens, normally
involved in immune regulation. The surface-localized, tu-
mor-derived idiotypes may elicit a humoral and cellular
anti-idiotypic response (2, 3) that may control the growth
of the myeloma B-cell clone. Active immunization using
the autologous monoclonal Ig as a vaccine may confer
resistance to tumor cell challenge in murine myeloma and
B-cell lymphomas (4-6).
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Thus, idiotype immunization could be a feasible strat-
egy, especially in patients with early stage myeloma, in
which the tumor load is low and the immune system is
functionally less compromised than in advanced stages of
the disease.

NATURAL IDIOTYPE IMMUNITY IN EARLY
STAGE MULTIPLE MYELOMA

The presence of idiotype-specific blood T-cells in patients
with multiple myeloma or MGUS has been studied by
activating T-cells with the autologous myeloma-derived
idiotypic immunoglobulin. Specific activation has been
analysed by DNA synthesis CH thymidine incorporation)
and/or cytokine secretion (IFN-y, IL-2, IL-4) (7). The
number of specific cytokine-secreting cells can be enumer-
ated in an enzyme-linked immunospot (ELISPOT) assay
(8). Naturally occurring idiotype-specific T-cells were fre-
quently detected in patients with indolent myeloma or
MGUS (25). An idiotype-specific type 1 T-cell response
(characterized by y-interferon and IL-2 secretion), predom-
inated in MGUS and early stage myeloma patients,
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whereas a type Il response pattern (IL-4 production) was
preferentially seen in patients with a high tumor load (9).
Idiotype reactivity was confined to both CD4 + and CD8 +
T-cell subsets as well as to MHC class I- and Il-restricted
T-cells (10). The median total number of idiotype-specific
blood T-cells in patients was calculated to be about 20/10°
PBMC, corresponding roughly to 1/5000 mononuclear cells
(10). The fine specificity of idiotype-reactive T-cells was
mapped using peptides corresponding to the complete
CDRI1-3 regions of the heavy and light chains as well as to
MHC restricted sequences within the CDR2 and 3 heavy
chain regions. T-cells specifically reacting with peptides
corresponding to each of the three CDRs of the heavy chain
variable part of the idiotype were found (11). Peptides
corresponding to the CDRs of the variable part of the light
chain of the monoclonal immunoglobulin or unrelated
immunoglobulin fragments did not elicit a detectable idio-
type-specific immune response (11-13). Taken together,
these studies provide support for the existence of MHC
restricted idiotype-specific T-cells which may target im-
munogenic idiotypic CDR peptides in monoclonal gammo-
pathies. Such T-cells might be part of a naturally occurring,
anti-tumor-specific immune response.

In addition, a humoral immunity (anti-idiotypic antibod-
ies) has also been detected, especially in patients with
MGUS and multiple myeloma stage I (14). Such antibodies
are most likely to complex-bind in vivo to the tremendous
excess of free circulating monoclonal immunoglobulin and
may not be of importance for an immune defence against
the tumor.

Moreover, clonal expansions of CD4 + as well as CD8 +
T-cells have been noted (15-17). CD8+ clonal T-cell
populations were more frequently seen in patients with a low
tumor burden than in those with advanced disease (18). The
relevance of such clonal T-cells with regard to recognition
of malignant B-cells is not known. In one patient, two large
expansions within the CD8 + subsets displayed no reactiv-
ity against the idiotype. Idiotype recognition was confined
to a small non-expanded T-cell population but with a
monoclonal restricted TCR usage (TCRBV22) (18).

In a study by Brown et al., the presence of clonally
expanded T-cells correlated with the presence of idiotype-re-
active T-cells. A dominant TCRBYV rearrangement (CD4 or
CD8) was significantly more frequent in patients with
progressive disease, but the presence of a dominant rear-
rangement conferred a survival advantage during the pro-
gressive phase of the myeloma disease (19). The presence of
dominant T-cell clone(s) may be a good prognostic factor
in multiple myeloma patients.

IDIOTYPE IMMUNIZATION IN PATIENTS WITH
EARLY STAGE MULTIPLE MYELOMA

As indicated above, tumor-derived idiotypic immunoglob-
ulin may elicit a humoral and cellular anti-idiotypic re-
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sponse, which conferred resistance to tumor cell challenge
in animal models. A rewarding therapeutic approach
might thus be to immunize myeloma patients with the
autologous idiotype. Patients with early stage myeloma
may be particularly suitable for vaccination because, as
indicated above, a natural pre-existing idiotype-specific
immunity may be present which may be enhanced/am-
plified by the vaccine. In addition, these patients have a
relatively low tumor burden and may be less immunocom-
promised than those with advanced disease who are heav-
ily pretreated with chemotherapy.

A relatively simple procedure for vaccination of pa-
tients, which can easily be adopted in a large number of
patients, is to use the autologous idiotypic immunoglobu-
lin isolated from serum and conjugated to/emulsified in a
strong immune-enhancing adjuvant. In the first series, five
patients with stage I multiple myeloma were immunized
with the autologous serum M-component alone precipi-
tated in alum. An idiotype-specific T-cell immunity was
induced in two of the patients but the T-cell response was
of a modest magnitude and of short duration (20). No
clinical effects were seen. The addition of adjuvant cytoki-
nes may improve the results. GM-CSF may be a cytokine
of major importance for induction of immunity in cancer
vaccination. Exogenous antigens are taken up, processed
and presented in the context of MHC molecules on the cell
surface of antigen presenting cells (APC). Both class I and
II presentation pathways might be used (21). The most
important APC are dendritic cells, monocytes and B-cells.
Dendritic cells and monocytes must be activated to be able
to present antigens. GM-CSF activates these cells (22—24).
The primary cellular immune response might also be am-
plified by the addition of GM-CSF because GM-CSF may
trigger naive T-cells as well as the humoral response, which
may also be enhanced by GM-CSF - as noted in patients
immunized with hepatitis B and influenza antigens (23, T
Jones, personal communication). We have shown in col-
orectal carcinoma patients that GM-CSF was almost a
mandatory addition to the auto-antigen CEA for the
induction of a humoral and T-cell response. Moreover, the
specific T-cell response was type I MHC class II- and class
I-restricted (25). Furthermore, immunization with GM-
CSF-transfected tumor cells induced protective as well as
therapeutic immunity in animals (26).

Because GM-CSF was found to be a potent stimulator
for the induction of a specific anti-tumor immunity in
several animal tumor models (26, 27), we decided to
evaluate the effect of this cytokine in our second series
(28). Five patients with indolent multiple myeloma were
immunized intracutaneously with the autologous idiotypic
immunoglobulin (precipitated in alum) at day 1 together
with 75 pg/day of GM-CSF s.c. at days 1-4 at the same
site. The immunization procedure was repeated at weeks 2,
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4, 6, 8 and 14. An idiotype-specific T-cell immunity was
induced in all five patients. In four of five patients, pre-
dominantly CD8 + MHC class I-restricted idiotype-spe-
cific T-cells were noted but CD4 + MHC Il-restricted
T-cells were also induced. Epitope mapping revealed a
reactivity against peptides corresponding to the CDR 1, 2
and 3 regions of the heavy chains but not to CDR peptides
from idiotypic proteins of other (control) myeloma pa-
tients. The magnitude of the T-cell response was higher
and the duration of the specific T-cell immunity was longer
compared with the first series (where GM-CSF was not
given). In one of these patients the M-component concen-
tration was reduced by > 50% (28).

Another cytokine that may also be of interest in the
development of a vaccine strategy is IL-12. IL-12 is mainly
produced by APC (DC, monocytes, B-cells) and is of
importance for the generation of Thl cells and for the
augmentation of CTL activity (29, 30). IL-12 is a growth
factor for preactivated T-cells and enhances cytotoxic ac-
tivity of CD8 + T-cells (31, 32). IL-12 has been used to
boost a protective as well as a therapeutic immunity in
animal tumor models (33, 34). IL-12 was also effective in
inducing a protective immunity against poorly immuno-
genic animal tumors (33). In addition to activating T
Ilymphocytes with a predominant systemic activation of
Th1 more than Th2 cells, IL-12 induced complement-fixing
anti-tumor antibodies contributing to the tumor cell de-
struction (35). Moreover, IL-12 administration prolonged
survival in tumor-bearing mice by activating pre-existing
Th1 cells (36).

These results indicate that both IL-12 and GM-CSF
might be important cytokines for the enhancement of a
specific immunity against tumor-associated antigens in-
cluding idiotypes.

A phase I-II trial has been initiated to analyse whether
1L-12 together with the autologous idiotype or whether the
combination of IL-12 and GM-CSF together with the
autologus idiotype may induce a specific T-cell response in
patients with early stage myeloma. The induction immu-
nization schedule is identical to that of our latest trial. To
maintain a long-lasting immunity for low avidity antigens
(such as idiotypes), repeated immunization should con-
tinue for a long period of time (37). In this study, vaccina-
tion will be accomplished for 2 years. Preliminary data
from this ongoing trial indicate that there may be a large
interpatient variability with regard to the time kinetics of
the induced idiotype-specific T-cell response (38). In some
patients, a rapid increment in the magnitude of the idio-
type-specific T-cell response is seen, while in others the
specific response was not detectable until the end of the
immunization period, as recently shown also by Reichardt
et al. (39). Whether repeated immunizations may lead to
maintenance and augmentation of a specific T-cell re-
sponse or, alternatively, induction of T-cell anergy, re-
mains to be shown.
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CONCLUSIONS

Taken together, these results indicate that idiotype-specific
immunity can be induced or enhanced in patients at an
early stage of the disease. Several issues remain to be
addressed in future clinical studies on idiotype vaccination
in patients with multiple myeloma. The potential dor-
mancy-inducing effect of the excess of free circulating
monoclonal Ig, which may lead to induction of tolerance
or T-cell anergy in relation to the idiotype, needs to be
taken into account (40). Idiotype-specific T-cells may also
be clonally deleted, resulting in tumor escape from im-
munosurveillance (41). This potential obstacle may speak
in favor of vaccination in a minimal residual disease
situation, where circulating idiotypic Ig is absent. On the
other hand, the immunosuppression induced by high-dose
chemotherapy may favor vaccination during the very early
course of the disease. The excess of circulating monoclonal
Ig underscores the importance of focusing on the induction
of a T-cell response rather than antibodies, which may be
simply blocked by the M-protein. It remains also to be
formally demonstrated that myeloma tumor cells express
idiotypes in an MHC-peptide complex form on the cell
surface to be targeted by T-cells. Another important ques-
tion is whether idiotype-specific T-cells provide T- to B-cell
help and drive the B-cell clone (42). In an animal model,
T-cells were described that specifically facilitated terminal
tumor B-cell differentiation, with a shift from a B-cell
lymphoma to a plasmocytoma (43). Most importantly for
further study in extended trials in human myeloma is
whether idiotype vaccination has clinical effects.
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