Chapter 2
Novel Antigenic Targets for Imnmunotherapy
in Myeloma

Qing Yi

2.1 Introduction

The American Cancer Society estimates that 20,180 patients will have been diagnosed
with multiple myeloma (MM) in year 2010 and 10,650 will die of this disease.
These statistics indicate that MM is the second most commonly diagnosed hemato-
logic malignancy after non-Hodgkin lymphoma. Moreover, over the past 25 years,
the number of new cases has increased by more than twofold, supporting the impor-
tance of this disease as a public health concern [1]. Over the last decade, MM has
emerged as a paradigm within the hematologic malignancies for the success of
translational medicine. With the bench-to-bedside approaches used by the leaders of
this field, four novel drugs have been approved for this disease in the past 5 years,
including bortezomib, thalidomide, pegylated liposomal doxorubicin, and lenalido-
mide. These agents initially were used in the relapsed/refractory setting, and are
now being adopted as part of front-line therapy [2], where they appear likely to have
even greater benefits. Despite these advances, however, MM remains incurable, and
the vast majority of patients eventually relapse with disease that is typically more
resistant to therapy than in prior lines of treatment. This indicates that there is a
greater need than ever to focus on this disease and to develop more effective thera-
pies. Immunotherapy is an appealing option for this purpose [3].
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There is ample evidence to indicate that myeloma cells are susceptible to T
cell-mediated cytolysis. In the post-allograft relapse setting, in which myeloma
patients are chemotherapy refractory, long-lasting disease remission has been
achieved after infusion of donor lymphocytes, a phenomenon termed graft-versus-
myeloma effect [4, 5]. This graft-versus-myeloma effect is closely associated with
graft-versus-host disease, and donor-derived alloreactive and tumor-specific T cells
are believed to mediate these effects [6]. These observations strongly suggest that
chemotherapy and immunotherapy kill myeloma cells by different modes of action
that are non-cross-resistant; therefore, they should work synergistically.

2.2 Myeloma-Specific Antigen: Idiotype Proteins

Idiotype proteins are derived from monoclonal myeloma cells and are considered
tumor-specific antigen. Active immunization against idiotypic determinants on
malignant B cells has produced resistance to tumor growth in transplantable murine
B-cell lymphoma and plasmacytoma [7—11]. The presence of idiotype-specific T
cells in the peripheral blood of patients with MM or with the benign form of the
disease, monoclonal gammopathy of undetermined significance (MGUS), has been
studied by detecting idiotype-induced T-cell proliferation and cytokine secretion by
using the enzyme-linked immunospot (ELISPOT) assay [12].

Idiotype-specific T cells at a low frequency were detected in 90% of patients
with MM or MGUS [13-15]. Consistent with these results, we and others have
shown that T cells in myeloma patients responded to peptides corresponding to
complementarity-determining region I-III of heavy and light chains of the autolo-
gous M-component [16-19]. We found that idiotype-induced T-cell stimulation
was mainly confined to the CD4* subset in most of the patients examined and was
MHC class II-restricted. Idiotype-specific CD8* T cells were also demonstrated,
but at a lower frequency. Idiotype-specific CD4* and CD8* T cells were mainly of
the type-1 subsets, as judged by their secretion of interferon (IFN)-y and interleukin
(IL)-2 [20, 21]. Moreover, the proportion of individuals who had an idiotype-
specific response of the T helper-1 (Thl)-type (IFN-y- and/or IL-2-secreting cells)
[22, 23] was significantly higher in patients with indolent disease (MGUS and MM
stage I) compared with those with advanced MM (stage II/III). In contrast, cells
secreting the Th2-subtype cytokine profile (IL-4 only) [22, 23] were seen more
frequently in patients with advanced MM (stage II/III) [15]. A similar pattern of
cytokine secretion was also reported by others [24]. Collectively, these findings
indicate that the existing idiotype-specific immune response is too weak to control
the growth of myeloma cells in vivo and that a shift from an idiotype-specific type-1
response, i.e., Thl and T cytotoxic-1 (Tc1) [25], in early MM to a type-2 response
(Th2 and probably Tc2; [25] in advanced disease may have occurred. These studies
provide indirect evidence that idiotype-specific T cells may have a regulatory
impact on human tumor B cells. Indeed, our recent study using a myeloma murine
model clearly showed that idiotype-specific Th1l and TC1 are cytolytic to myeloma
cells, while Th2 cells promote myeloma growth [26].
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To examine whether idiotype-specific T cells can recognize and kill myeloma
cells, we generated idiotype-specific cytotoxic T lymphocyte (CTL) lines from
myeloma patients [27]. To enhance the immunogenicity of idiotype proteins, we used
dendritic cells (DCs) as antigen-presenting cells. After repeated rounds of in vitro
T-cell stimulation with idiotype-pulsed autologous DCs, idiotype-specific T-cell
lines, which consisted of both CD4* and CDS8* T cells, were generated and propa-
gated from the peripheral blood mononuclear cells (PBMCs) of myeloma patients.
Idiotype-specific proliferative responses were observed when these T cells were
rechallenged with the autologous, but not allogeneic, idiotype-pulsed DCs. By using
a standard *'chromium-release assay, our results showed that idiotype-specific CTLs
not only recognized and lysed autologous idiotype-pulsed DCs but also significantly
killed autologous primary myeloma cells. The cytotoxicity was MHC class I- and,
to a lesser extent, class II-restricted, suggesting that myeloma cells could process
idiotype protein and present idiotype peptides in the context of their surface MHC
molecules. Taken together, these findings provide direct evidence that myeloma
plasma cells express idiotype peptides-MHC molecules on their surface and are
susceptible to idiotype-specific T cell-mediated lysis.

Idiotype proteins have been used as myeloma antigens for immunotherapies of
MM for the past 14 years [3]. Our group at the Karolinska Institutet, Stockholm,
Sweden, was the first to introduce active immunization of myeloma patients with Id
proteins [28, 29]. In our first pilot study, we recruited and immunized five previ-
ously untreated patients with stages I-III MM with the autologous Id protein pre-
cipitated in an aluminum phosphate suspension [28]. In three patients, an anti-Id
T-cell response amplified 1.9- to 5-fold during the immunization. However, the
induced T-cell response was transient and was eliminated during repeated immuni-
zation. The disease was stable in all patients, and no side effects or clinical responses
were noted. In our second series of the study, immunization was performed by sub-
cutaneous or intradermal injection of Id protein and granulocyte-monocyte colony-
stimulating factor (GM-CSF) [29]. Five patients with IgG myeloma were treated,
and an Id-specific type-1 T-cell response developed in all of them. One patient had
a clinical response, defined by a significant decrease in serum Id protein (from
20 g/L to 7 g/L) and normalization of serum Ig levels. Although these studies
involved a limited number of patients, the results clearly indicated that Id protein
vaccination, particularly in combination with GM-CSF, was able to induce specific
anti-Id cellular and humoral immune responses, which were occasionally accompa-
nied by a clinical response in treated patients.

Other clinical settings for immunotherapy could be minimal residual disease sta-
tus achieved by high-dose chemotherapy and early host immunologic recovery fol-
lowing stem cell transplantation. These are supported by a study from Massaia and
coworkers [30] showing that Id vaccination of myeloma patients with minimal
residual disease was able to induce a strong Id-specific cellular immunity in many
of the patients. In their study, 12 patients who had been treated with high-dose che-
motherapy followed by stem cell support received Id—keyhole limpet hemocyanin
(KLH) vaccines and a low dose of GM-CSF or IL-2. Generation of Id-specific T-cell
proliferative responses was documented in only two cases; however, a positive,
Id-specific, delayed-type hypersensitivity (DTH) skin test reaction was observed in



28 Q. Yi

eight out of the ten patients studied. The induction of humoral and cellular immune
responses to KLH was observed in 100% and 80% of the patients, respectively,
suggesting that the majority of patients were already able to mount immune
responses to KLH shortly after high-dose therapy and stem cell transplantation.
Collectively, these results indicate that immunization of myeloma patients with the
autologous Id protein, together with GM-CSF, might be a promising method of
immunotherapy [31].

Since the renewed interest in using myeloid DCs as tumor vaccine, several groups
published their results of idiotype-pulsed DC vaccination studies in MM. Wen and
coworkers [19] reported vaccinating an MM patient with autologous Id protein-
pulsed DCs generated from blood adherent cells. Enhanced Id-specific cellular and
humoral responses were observed in the patient. The immune responses were asso-
ciated with a transient minor decrease in the serum Id protein level. In their subse-
quent study, six additional patients were treated according to the same protocol [32].
An immune response against Id was demonstrated in many of the patients. A minor
clinical response (25% reduction in the M-component) was observed in one patient
and stable disease in the remaining patients. Reichardt and coworkers [33] reported
their experience with Id-pulsed DC vaccination in 12 myeloma patients after autolo-
gous peripheral blood stem cell transplantation. Their results were less compelling
because only 2 out of 12 patients mounted cellular Id-specific proliferative responses
as the sole evidence for effective vaccination. Nevertheless, all myeloma patients
could mount a strong anti-KLH response despite recent high-dose therapy. Similar
results were also obtained in their subsequent study involving 26 patients treated on
the same protocol [34]. Although 24 out of 26 patients generated a KLH-specific
cellular proliferative immune response, an Id-specific proliferative immune response
developed in only four patients. No clinical benefit was observed. These results sug-
gest that DC-based Id vaccination is feasible after transplantation and can induce an
Id-specific T-cell response in certain patients.

Other clinical trials of Id-pulsed DC vaccination in myeloma patients have been
reported. Cull and coworkers [35] reported on their experience of vaccinating two
patients with advanced refractory MM with Id-pulsed DCs combined with GM-CSF.
An anti-Id T-cell proliferative response was detected in both patients, which was
associated with IFN-y production by the T cells. One patient also had an anti-Id
humoral response. Titzer and coworkers [36] treated 11 patients with advanced MM
with Id-pulsed, CD34* stem cell-derived DCs and GM-CSF. After vaccination, three
out of ten analyzed patients showed an increased anti-Id antibody titer, and four out
of the ten patients had an Id-specific T-cell response measured by ELISPOT assay.

To improve the efficacy of DC vaccination in myeloma, we investigated the use
of Id-pulsed mature DCs administered subcutaneously. Five patients with stable
partial remission following high-dose chemotherapy were vaccinated at least 4
months posttransplantation [37]. After four DC vaccinations, Id-specific T-cell
responses were elicited in four patients and anti-Id B-cell responses in all five
patients. A 50% reduction in serum Id protein was observed in one immunologically
responding patient and persisted for more than 1 year; stable disease was noted in
the other three patients. The remaining patient without an immune response to the
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vaccination experienced disease relapse. Similar results were recently reported by
Curti and coworkers [38]. In their study, 15 patients received DCs pulsed with Id
proteins or their peptides, and an Id-specific IFN-y response was seen in eight
patients. Clinically, 7 out of the 15 patients had stable disease after a median follow-
up of 26 months, one patient achieved durable partial remission after 40 months,
and seven patients progressed. Alternatively, Id-pulsed allogeneic DCs could also
be used to vaccinate myeloma patients [39]. Taken together, these results indicate
that subcutaneous DC vaccination indeed induces better antimyeloma responses
than intravenous DC vaccination.

Recently we investigated the use of idiotype- and KLH-pulsed, CD40 ligand-
matured DCs administered intranodally. Nine patients with smoldering or stable
myeloma without treatment were enrolled, and DC vaccines were administered at
weekly intervals for a total of four doses. Following vaccination, all patients mounted
Id-specific IFN-y T-cell response. IL-4 response was elicited in two and skin DTH
reaction in seven patients. More importantly, idiotype-specific CTL responses were
also detected in five patients. Most if not all patients mounted a positive T-cell
response to KLH following vaccination. At 1-year follow-up, six of the nine patients
had stable disease, while three patients had slowly progressive disease even during
the vaccination period. At 5-year follow-up, four of the six patients continued with
stable disease. No major side effects were noted. These results suggest that intran-
odal administration of Id-pulsed CD40 ligand-matured DCs was able to induce
idiotype-specific T and B cell and perhaps clinical responses in patients [40]. In line
with these results, Lacy and coworkers reported that idiotype-pulsed DCs following
autologous transplantation for MM may be associated with prolonged survival [41].

2.3 Novel Antigenic Targets for Immune Targeting

2.3.1 Dickkopf-1 (DKKI)

DKKI1 is a secreted protein that specifically inhibits the Wnt/p-catenin signaling by
interacting with the co-receptor Lrp-6 [42, 43]. Previous studies have shown that the
DKK1 gene has restricted expression in placenta and mesenchymal stem cells (MSCs)
and not in other normal tissues [44, 45]. Recent studies demonstrated that DKK1 in
myeloma patients was associated with the presence of lytic bone lesions [46].
Immunohistochemical analysis of bone marrow biopsy specimens showed that only
myeloma cells contain detectable DKK 1. Recombinant human DKK1 or bone mar-
row serum containing an elevated level of DKKI1 inhibited the differentiation of
osteoblast precursor cells in vitro. Furthermore, anti-DKK1 antibody treatment was
associated with reduced tumor growth in myeloma mouse models [47-49]. These
results indicate that DKK1 is an important player in myeloma bone disease.

The identification of novel tumor-associated antigens, particularly those shared
among patients, is urgently needed to improve the efficacy of immunotherapy
for MM. For this purpose, we examined whether DKK1 could be a good candidate.
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We identified and synthesized DKK1 peptides for HLA-A*0201 and confirmed
their immunogenicity by in vivo immunization of HLA-A*0201 transgenic mice.
We detected low frequencies of DKK1 peptide-specific CD8* T cells in myeloma
patients by using peptide tetramers and generated peptide-specific T-cell lines and
clones from HLA-A*0201* blood donors and myeloma patients. These T cells
efficiently lysed peptide-pulsed but not unpulsed T2 or autologous DCs, DKK1*/
HLA-A*0201* myeloma cell lines U266 and IM-9, and more importantly, HLA-
A*0201* primary myeloma cells from patients. No killing was observed on DKK1*/
HLA-A*0201" myeloma cell lines and primary myeloma cells or HLA-A*0201*
normal lymphocytes, including B cells [50]. These T cells were also therapeutic
in vivo against established myeloma in SCID-hu mice after adoptive transfer. These
results indicate that these T cells were potent CTLs and recognized DKK1 peptides
naturally presented by myeloma cells in the context of HLA-A*0201 molecules.
Hence, our study identified DKKI1 as a potentially important antigen for immuno-
therapy in MM.

Inhibiting DKK1 activity by using specific monoclonal antibodies (mAbs) to
treat MM and myeloma-associated bone disease is also a novel approach because
DKKI1 has been shown to contribute to osteolytic bone disease in MM by inhibiting
the differentiation of osteoblasts [46]. A humanized DKKI-neutralizing mAb,
BHQS880 has been developed by Novartis and tested in preclinical studies [47—49].
In both murine [48] and xenograft human [47, 49] myeloma mouse models, this
mAb was shown to sustain or increase the numbers of osteoblasts, protect myeloma-
induced bone loss, and reduce the development of osteolytic bone lesions.
Furthermore, the mAb was also shown to inhibit the growth of xenografted human
myeloma cells in SCID-hu [47] or SCID-rab [49] mouse models. These results pro-
vide the rationale for clinical evaluation of BHQ880 to improve bone disease and to
inhibit myeloma growth.

2.3.2 B-Microglobulin (B,M)

,M is an 11.6-kDa non-glycosylated polypeptide composed of 100 amino acids.
It is part of the MHC class I molecule on the cell surface of nucleated cells. Its best
characterized function is to interact with and stabilize the tertiary structure of the
MHC class I a-chain [51]. Because it is non-covalently associated with the a-chain
and has no direct attachment to the cell membrane, B,M on the cell surface can
exchange with free B, M present in serum-containing medium [52]. Free M is
found in body fluids under physiological conditions as a result of intracellular
release. Elevated levels of serum 3,M are present in hematological malignancies,
including lymphomas [53], leukemias [54, 55], and MM [56, 57] and correlate with
a poor prognosis regardless of a patient’s renal function [57, 58]. This observation
suggests an important, yet unidentified, role of this protein in these malignancies.
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While examining the effects of 3,M on myeloma cells, we made a novel and exciting
discovery, namely, that mAbs against §,M have a remarkably strong apoptotic effect
on myeloma cells and on other hematological tumor cells [59]. Anti-B,M mAbs
induced apoptosis in up to 90% of cells in a 48-h culture in all tested human myeloma
cell lines (n=8) and primary myeloma cells from patients (n=10). The mAbs also
kill B,M/MHC class I-bearing lymphoma and leukemia cells. Anti-MHC class 1
mAbs (LYS5.1, IgG1 or W6/32, IgG2a), purified mouse IgG and IgG1 had no effect.
Cell death occurred rapidly, without the need for exogenous immunological effector
mechanisms (e.g., complement or NK cells) or secondary cross-linking. Anti-3,M
mAb-induced apoptosis in myeloma cells was not blocked by soluble .M (10—
100 pg/mL, 3- to 30-fold higher than the levels in most MM patients), IL-6, or other
myeloma growth and survival factors and was stronger than apoptosis observed
with chemotherapy drugs currently used to treat MM (e.g., dexamethasone).

Although the expression of B,M on normal hematopoietic cells is a potential
safety concern, the mAbs were selective to tumor-transformed cells and did not
induce apoptosis of normal cells, including T and B lymphocytes, plasma cells, and
purified CD34" stem cells. Furthermore, the mAbs selectively and effectively killed
myeloma cells without damaging osteoclasts (OCs) or PBMC:s in their cocultures
with myeloma cells. More importantly, anti-B,M mAbs are therapeutic in vivo in
xenograft SCID and SCID-hu mouse models [59], and in the HLA-A2-transgenic
NOD-SCID (A2-NOD-SCID) models of myeloma, in which every mouse tissue
expresses human MHC class I/8,M molecules and circulating human ,M could
reach the levels seen in most myeloma patients without causing damage to normal
human hematopoiesis or murine organs [60]. Interestingly, following our publica-
tion, others have reported similar results using anti-MHC class single-chain Fv dia-
body or anti-B, M antibodies, respectively, in human myeloma [61], renal cell
carcinoma [62], and prostate cancer [63]. Therefore, such mAbs offer the potential
for a therapeutic approach to hematological malignancies.

The mAbs induced apoptosis in myeloma cells by recruiting MHC class I to lipid
rafts, activated JNK, and inhibited PI3K/Akt and ERK pathways [59]. Growth and
survival cytokines such as IL-6 and IGF-I, which could protect myeloma cells from
dexamethasone-induced apoptosis, did not affect mAb-mediated cell death. We elu-
cidated the mechanisms underlying anti-B,M mAb-induced PI3K/Akt and ERK
inhibition and the inability of IL-6 and IGF-I to protect myeloma cells from mAb-
induced apoptosis. We focused on lipid rafts and confirmed that these membrane
microdomains are required for IL-6 and IGF-I signaling. By recruiting MHC class
I into lipid rafts, anti-B,M mAbs excluded IL-6 and IGF-I receptors and their sub-
strates from the rafts. The mAbs were not only redistributed to the receptors in cell
membrane, but also abrogated IL-6- or IGF-I-mediated JAK/STAT3, PI3K/Akt, and
Ras/Raf/ERK pathway signaling, which are otherwise constitutively activated in
myeloma cells [64]. Thus, our study further defines the tumoricidal mechanism of
the mAbs and provides strong evidence to support the potential of these mAbs as
therapeutic agents for myeloma.
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233 CS1

CS1, a glycoprotein and a member of the immunoglobulin gene superfamily, has
been found to be highly expressed on tumor cells from myeloma patients, and
soluble serum CS1 correlates with active disease in myeloma patients [65]. However,
CS1 is also expressed by NK cells, NKT cells, and CD8* T cells [65].

As the above data suggest that CS1 could be a novel target for therapy, a human-
ized mAD against CS1, HuLuc63, was generated [65]. HuLuc63 inhibited myeloma
cell binding to bone marrow stromal cells and induced antibody-dependent cell-
mediated cytotoxicity (ADCC) against myeloma cells in dose-dependent and CS1-
specific manners. Furthermore, the mAb mediated autologous ADCC against
primary myeloma cells resistant to conventional or novel therapies, and pretreat-
ment with conventional or novel antimyeloma drugs markedly enhanced HuLuc63-
induced myeloma cell lysis. In vivo injection of the mAb significantly induced
tumor regression in xenograft myeloma mouse models [66]. In addition, a recent
study showed that HuLuc63 (elotuzumab) in combination with bortezomib exhib-
ited significantly enhanced in vivo antimyeloma activity in human myeloma-xeno-
grafted mouse model [67]. Based on these results, phase-I clinical trials are underway
to evaluate the safety and toxicity of the mAb in myeloma patients.

2.3.4 C(C-Reactive Protein

C-reactive protein (CRP), the first acute-phase protein described and an ancient and
highly conserved protein of the pentraxin family, has five identical subunits forming
a planar ring that confers very high stability to the protein. In healthy young adults,
the median concentration of CRP is 0.8 mg/L, but following an acute-phase stimulus,
values may increase by 10,000-fold, from less than 50 pg/L to more than 500 mg/L
[68, 69]. Plasma CRP is produced primarily in the liver, synthesized by hepatocytes
in response to intermediary inflammatory cytokines such as IL-1 and IL-6. CRP has
been shown to bind to a variety of ligands, including pneumococcal polysaccharides,
membrane phospholipids, apoptotic cells, fibronectin, and ribonuclear particles [69].
CRP also binds Clq and activates the classical complement cascade and binds Fcy
receptors (FcyRs) leading to indirect (via classical complement) and direct opsoniza-
tion (via FcyRs) [69]. Through these mechanisms, CRP can play a direct role in a
wide range of inflammatory processes and contributes to innate host immunity.
CRP is a sensitive systemic marker of inflammation and tissue damage. Elevated
levels of CRP are present in patients with infections, inflammatory diseases, necro-
sis such as myocardial infarction [70], or malignancies including MM [71, 72], lym-
phoma [73, 74], and carcinoma [75]. Accumulating evidence has strongly suggested
that in cardiovascular disease CRP is not only a marker of inflammation but also
contributes to pathogenesis of the disease [76]. Evidence includes the results that
CRP directly activated various vascular cells to secrete cytokines, enhanced their
expression of adhesion molecules, increased monocyte/macrophage chemotaxis and
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adhesion, facilitated extracellular matrix remodeling, enhanced endothelial dysfunction,
and activated coagulation [77, 78]. Furthermore, human CRP has been shown to
increase myocardial and cerebral infarct size in rats subjected to coronary or cere-
bral artery ligation, respectively, and this drastic enhancement of infarct size by
human CRP was completely abrogated by in vivo complement depletion of the rats
using cobra venom factor [79, 80].

These findings led to our hypothesis that CRP may also have a functional role in
tumor cells since elevated levels of CRP are present in cancer patients [71-74]. We
discovered that addition of CRP to cultures at levels seen in patients with MM or
other tumors promoted myeloma cell proliferation under stressed conditions and
protected myeloma cells from chemotherapy drug-, IL-6 withdrawal-, or serum
deprivation-induced apoptosis in vitro. The protective effect was verified in vivo in
myeloma SCID and SCID-hu mouse models. These phenomena may be clinically
relevant since CRP was found accumulating on the surface of bone marrow myeloma
cells from patients with MM. Although myeloma cells expressed all three types of
FcyR, we identified FcyRII, more specifically, FcyRIIA and FcyRIIC as the primary
receptors for CRP on the tumor cells. Our results demonstrated that CRP activated
PI3K/Akt, ERK, and NF-kB in treated cells via binding to these receptors, which
led to inhibited activation of caspase cascades induced by chemotherapy drugs such
as dexamethasone and undermined the therapeutic efficacy of chemotherapy in the
myeloma mouse models [81]. Thus, our study demonstrates that CRP plays an
active role in regulating tumor cell growth and survival and suggests that targeting
CRP by CRP-neutralizing antibodies or FcyRII-blocking antibodies may sensitize
myeloma cells to chemotherapy drug-induced apoptosis.

2.3.5 Cancer-Testis Antigens

Numerous studies have shown that the Cancer-Testis (CT) antigens, such as
MAGE-A3 and NY-ESO-1, may be expressed by myeloma cells [82—-84]. DNA
microarray analysis of gene expression of >95% pure myeloma cells from more
than 300 patients showed that the genes of these antigens were expressed in the
tumor cells, particularly from patients with relapsed disease or abnormal cytogenet-
ics (in 7-20% of MGUS and newly diagnosed MM and in 40-50% of relapsed
patients or in patients with cytogenetic abnormalities) [85, 86]. With the use of
specific mAbs against MAGE-A3 or NY-ESO-1, it was evident that the proteins of
these antigens were also expressed in the tumor cells of patients with positive gene
expression. Moreover, cellular immune responses against MAGE-C1/CT7 and
humoral responses against other CT antigens, such as MAGE-A1 and SSX-1, can
be detected in MM patients [87].

Recent studies indicated that the expression of CT antigens on myeloma cells may
represent a predictor of outcome of myeloma patients. Among CT angens examined,
MAGE-C1/CT-7 is the most prevalent CT antigen, expressed in about 60% of
myeloma cells of patients [88, 89]. This CT antigen was more frequently expressed
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in myeloma cells with an elevated proliferation rate compared with myeloma cells
with a low proliferation rate and correlated well with overall survival [89, 90]. In
another study, the expression of MAGE-C1 gene represented an important indicator
of early relapse and dramatically reduced survival of patients after allogeneic stem
cell tranplantation [91].

Van Rhee and his colleague reported their study of immunization of a sibling
donor with recombinant CT protein for allogeneic/syngeneic transplantation [92].
As MAGE-A3 is frequently expressed in high-risk MM, they immunized a healthy
donor with MAGE-A3 protein formulated in ASO2B to transfer immunity to
her identical twin, diagnosed with MAGE-A3-positive MM. After a melphalan
200 mg/m syngeneic peripheral blood stem cell transplant, primed donor cells col-
lected after immunizations were transferred and followed by repeated patient
immunizations. Strong MAGE-A3-specific antibody, CTL, and T-helper responses
were induced in both twins. A humoral response was transferred to the patient with
the donor peripheral blood stem cells and increased by booster immunization. The
CTL response targeted a previously undescribed HLA-A*6801 binding
MAGE-A3115-123 peptide. MAGE-A3115-123 CTLs were detected in the patient
more than 1 year after the last immunization. Multiple T-helper cellular responses
were detected with the dominant response to an HLA-DR11-restricted MAGE-A3
epitope. The patient remained in remission 2.5 years after the second transplant.
These results show that immunization of a healthy donor with a defined cancer-
testis protein can induce immune responses that can be transferred and expanded
posttransplant in the recipient.

2.3.6 Other Potential Targets

Another potential target is CD40, which is expressed on B-cell tumors including
MM. Two humanized anti-CD40 mAbs, SGN-40 and HCD122, have been devel-
oped and tested in preclinical studies [93, 94]. These mAb induced modest cytotox-
icity in myeloma cell lines and primary myeloma cells from patients, but can
effectively kill myeloma cell via mediating ADCC. Further, the immunomodulatory
drug lenalidomide further augmented anti-CD40 mAb-induced cytotoxicity in
human myeloma cells [95]. In addition to anti-CD40 mAbs, other mAbs currently
in clinical trials include anti-CD74, anti-CD56, and anti-HM1.24 [96].

Furthermore, other antigens, such as MUC-1 [97-99], sperm protein 17 (Sp17)
[100, 101], and HM1.24 [102—-104], may also be expressed on myeloma cells, and
MHC-restricted antigens MUC-1 [105] and Sp17 [106]-specific CTLs have been
generated from myeloma patients that were able to lyse myeloma cells. Recently, a
phase-I/II clinical trial has been initiated to examine the safety and efficacy of Sp17-
pulsed DC vaccination in myeloma patients [100]. However, there is evidence that
Spl7 is also expressed on normal T and B cells [107]; hence, although these anti-
gens may be potential targets, further research is warranted to examine their appli-
cability for immunotherapy in MM.
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2.4 Conclusion

Immunotherapy has become an important part of therapeutic strategies for
hematological malignancies including MM. Passive immunotherapies using mAbs
directed against tumor-associated surface antigens, such as CD20 (rituximab,
Rituxan), CD22 (epratuzumab, LymphoCide), CD52 (alemtuzumab, Campath), and
major histocompatibility complex (MHC) class IT (Hu1D10, Remitogen), have been
approved by the US Food and Drug Administration and are in widespread use either
alone or in combination with chemotherapy or with other biological agents. These
reagents can be applied as conjugates with toxins or isotopes as means to deliver a
toxic compound or radioactivity to tumor cells, or as unlabeled antibodies to cause
direct anticancer effects or induce a secondary immune response against tumor cells
via a number of mechanisms. Thus far, encouraging results have been obtained in
the treatment of various hematological malignancies, including non-Hodgkin’s lym-
phomas, chronic lymphocytic leukemia, Waldenstrom’s macroglobulinemia, and
MM [108-110]. Active immunotherapy, in which the patients are induced to gener-
ate a specific immune response against the tumor cells, has long been a goal of tumor
immunologists. Idiotype proteins have been used as the only tumor antigen for clini-
cal immunotherapies for the past 14 years. Although tumor-specific, idiotype pro-
teins are weak tumor antigen and need to be prepared from each patient [111].
Idiotype-based vaccines have been shown to induce or enhance idiotype-specific
immunity, indicating that the vaccines are able to elicit a specific immune response
[112]. However, clinical response is still a rare event, occurring only in a minority of
treated patients, suggesting that the elicited or enhanced immunity is still too weak
to cause significant tumor destruction. Thus far, although no active immunotherapy
maneuver has yet proven to be effective in the clinic, intensive efforts are underway
to develop such an approach. Experiments in animal models have shown that vacci-
nation against actively growing tumors is much more difficult to accomplish [113,
114]. Tt is therefore not surprising that clinical trials in patients with gross disease
will be the most difficult setting in which to demonstrate efficacy. Thus, it is conceiv-
able that immunotherapy may work better in patients in remission or with minimal
residual disease, who are more likely to be able to generate a robust immune response
against the tumor and to derive therapeutic benefit. Nevertheless, with a better under-
standing of the immune system and tumor microenvironment, as well as identification
and development of many novel targets and methods for immune targeting, there is
a realistic hope that immunotherapies will soon be a part of conventional treatment
modalities in MM and help control or even cure the disease.
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