
 

 

INTRODUCTION 
 
Multiple myeloma (MM) is a plasma cell neo-
plasm, characterized as malignant plasma cell 
infiltrating and growing in the bone marrow (BM) 
and development of a progressive osteolytic 
bone disease [1]. This disease is one of the 
most common hematological malignancies 
among people older than 65 years in the United 
States and is more prevalent than lymphocytic 
leukemia, myelocytic leukemia or Hodgkin dis-
ease [2]. Estimated by the American Cancer 
Society, approximately 20,580 new cases were 
diagnosed and about 10,580 patients died from 
this disease in 2009 [3]. Although advances in 
the treatment of MM by new therapeutic agents, 
such as thalidomide, lenalidomide, and the pro-
teasome inhibitor bortezomib, has been re-
ported to prolong patient survival to 5-7 years 
over the past decades [4], this disease still re-
mains a largely incurable and fetal, and patients 
are prone to quickly relapse after high-dose che-

motherapy, stem cell transplantation and other 
novel therapies [4]. Therefore, development of a 
novel therapeutic approach to eradicate tumor 
cells is necessary, and will be helpful to improve 
overcomes of patients with MM. 
 
Application of monoclonal antibodies (mAbs) is 
one of the successful approaches and has been 
utilized in current cancer therapy. Although the 
mechanism of mAb action to initiate and induce 
tumor cell death is not entirely known so far, it 
has been proposed that mAbs are able to bind 
to and cross-link target molecules and subse-
quently, elicit antibody-dependent cell-mediated 
cytotoxicity (ADCC) and activate complement-
dependent cytotoxicity (CDC), and/or directly 
induce tumor cell apoptosis [5]. For induction of 
mAb-mediated ADCC, binding of the Fc portion 
of mAbs to Fcγ receptors on immune cells is 
necessary. The immune cells including mono-
cytes, natural killer cells, and granulocytes can 
destruct mAb-bound tumor cells either by 
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able efficacy to induce myeloma cell apoptosis in tumor cell lines and primary myeloma cells from patients in vitro 
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nisms of MM-targeted mAbs and especially, anti-β2M mAbs. We will also discuss the potential application of the mAbs 
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phagocytosis or by release of cytotoxic granules 
contained in immune effector cells. To induce 
antibody-mediated CDC, cross-linking of mAbs 
activates complement cascades, which trigger 
assembly of membrane attack complex and 
subsequently, osmotic cell lysis. Moreover, a 
few of mAbs can directly induce tumor cell 
apoptosis through transduction of an apoptotic 
signal to cells, which triggers intracellular apop-
totic signaling pathways and cleaves caspase 
and poly (ADP-ri-bose) polymerase (PARP), lead-
ing to tumor cell apoptosis [5].  
 
Thus far, several mAbs have been successfully 
used in solid tumors, such as trastuzumab for 
breast cancer [6]; bevacizumab for renal cell 
carcinoma and colorectal cancer [7, 8] and 
cetuximab  for squamous-cell carcinoma of the 
head and neck [9, 10]. Because therapeutic 
efficacy of mAbs can be achieved at low doses 
and response can be achieved rapidly, mAbs 
also have been extensively used in hematologi-
cal malignances. One successful example is 
rituximab, a chimeric human-mouse mAb spe-
cific for CD20, a cell surface glycoprotein ex-
pressed on the majority of B cells. This mAb so 
far has been used as a frontline therapy for dif-
fuse large B-cell lymphoma and other B-cell tu-
mors [11-13] [14], even though its therapeutic 
efficacy may vary in individual patients. Derived 
from rituximab, several novel anti-CD20 mAbs 
have been developed, such as ofatumumab, 
ocrelizumab, veltuzumab, GA101, AME-133v 
and PRO131921 [5, 15]. The potential of their 
therapeutic efficacy is currently under investiga-
tion in preclinical and early clinical studies. Un-
fortunately, the majority of myeloma patients 
are not sensitive to anti-CD20 mAb treatment, 
because only 20% of malignant plasma cells 
from patients with MM express CD20 [15]. To 
develop specific and potential therapeutic mAbs 
for MM, several novel mAbs have been gener-
ated recently. In this review, we will focus on 
mAbs that have been developed in the past 
years and may become potential therapeutic 
agents in MM in the near future.   
 
MABS CURRENTLY UNDER INVESTIGATION FOR 
THEIR THERAPEUTIC ACTIVITY IN MM 
 
Several novel mAbs with strong anti-myeloma 
activity have been developed over the past 
years, including but not limited to mAbs specific 
for CD38 [16, 17], CS1 [18], CD40 [19], CD74 
[20, 21], CD70 [22, 23], HM1.24 [24], inter-

leukin (IL)-6 [25, 26],[27], and β2M [28]. The 
targets of these potential therapeutic mAbs in-
clude not only tumor cells alone but also tumor 
microenvironment, such as the interaction of 
tumor-BM stromal cells (BMSCs), and the com-
ponents of BM milieu, including cytokines or 
chemokines that support myeloma cell growth 
and survival.  
 
1.  MAbs Targeting Tumor Cells 
 
Anti-CD38 mAbs 
 
CD38 is a 46-KDa type II transmembrane glyco-
protein with a short 20-amino acid N-terminal 
cytoplasmic tail and a long 256-amino acid ex-
tracellular domain. The biological function of 
CD38 includes receptor-mediated adhesion [29] 
and signaling transduction and regulation of 
intracellular calcium mobilization [30]. In MM, 
malignant plasma cells express relatively high 
levels of CD38 [31]. Currently, Daratumumab, a 
human mAb specific for CD38, is in a phase I/II 
safety and dose finding study for MM therapy 
[16]. In vitro studies show that Daratumumab is 
able to effectively kill tumor cells isolated from 
patients with MM and myeloma-derived cell 
lines by ADCC and/or CDC [16]. The effects of 
Daratumumab-mediated ADCC and/or CDC are 
not affected by the presence of BMSCs. More-
over, Daratumumab has in vivo therapeutic ef-
fects in a myeloma xenograft SCID mouse 
model at low doses [32]. These results indicate 
that Daratumumab may be a therapeutic mAb 
with potential for the treatment of CD38-
positive MM. 
 
Anti-CD70 mAbs 
 
CD70 is a member of tumor necrosis factor 
(TNF) family. Interaction of CD70 and its ligand 
CD27 regulates the expansion and differentia-
tion of effector and memory T-cell populations 
[33] and promotes B-cell expansion, germinal 
center formation and plasma cell differentiation 
[34]. CD70 is only transiently expressed on acti-
vated B cells, T cells, mature dendritic cells and 
thymic medulla stromal cells, but it is not ex-
pressed in other normal, non-hematopoietic 
tissues [33]. However, aberrant CD70 expres-
sion in tumor cells has been reported in diffuse 
large B-cell lymphoma, follicular lymphomas, B-
cell lymphocytic leukemias, Burkitt and mantle 
cell lymphomas, Waldenstrom macroglobuline-
mia, Hodgkin disease Teed-Sternberg cells, and 
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MM [22]. SGN-70, a humanized mAb specific 
for CD70, has been developed recently [23]. 
SGN-70 exhibits potent anti-myeloma activity in 
vitro and significantly prolonged the survival of 
tumor-bearing mice in vivo. This mAb induces Fc
-mediated effector functions, such as ADCC, 
complement fixation and CDC [22].   
 
Anti-CD74 mAbs 
 
CD74 is a HLA-DR (MHC class II) invariant chain, 
associated with the α and β chains of HLA-DR 
and plays a role in antigen presentation [35]. It 
may interact with macrophage migration inhibi-
tory factors that are critical mediators of the 
host defense and is involved in both acute and 
chronic response [36]. Recent studies have 
shown that CD74 is frequently expressed in MM 
[37]. Malignant plasma cells from 80% of MM 
patients and from majority of myeloma cell lines 
express CD74 mRNA and protein [37]. Anti-
CD74 mAb, Milatuzumab (hLL1), has been de-
veloped and is currently in clinical evaluation for 
MM therapy [20]. Pre-clinical studies showed 
that Milatuzumab has in vitro growth inhibitory 
effects on myeloma cell lines and in vivo thera-
peutic effects on established myeloma in SCID 
mouse models [20]. Combination of Milatuzu-
mab with other drugs such as bortezomib, 
doxorubicin or dexamethasone, causes more 
tumor growth inhibition and extends longer sur-
vival time of tumor-bearing mice in vivo than 
application of the drug alone via inducing more 
apoptosis and cleaved caspase-3 [20]. 
 
2.  MAbs Targeting Tumor-BMSC Interaction 
 
Anti-CS1 mAbs 
 
CS1 (CD2 subset 1, CRACC, SLAMF7, CD319 or 
19A24) is a cell surface glycoprotein belonging 
to the immunoglobulin gene superfamily[38]. 
CS1 mRNA and protein are highly expressed in 
tumor cells from majority of myeloma cell lines 
and from more than 97% of patients with MM 
[39]. Moreover, low levels of circulating CS1 are 
present in myeloma patient sera [39]. Except 
activated B, natural killer (NK), CD8+ T cells, and 
mature dendritic cells with low expression lev-
els, it is not expressed in normal tissues or stem 
cells [39]. Recent studies have shown that CS1 
mediates tumor cell adhesion and supports 
tumor growth and proliferation via c-maf-
mediated interaction of tumor cells with BMSCs 
in MM [39, 40]. Moreover, it regulates NK cell 

cytolytic activity via recruiting EWS-activated 
transcript-2 and activating the PI3K/PLCg sig-
naling pathways [41, 42]. Currently, a human-
ized anti-CS1 mAb, Elotuzumab (HuLuc63), has 
been developed [18]. The studies showed that 
Elotuzumab significantly inhibits myeloma cell 
binding to BMSCs and induces ADCC in vitro in 
a dose-dependent fashion. Administration of 
Elotuzumab markedly induces tumor regression 
in myeloma xenograft mouse models [18, 43]. 
Furthermore, combination of Elotuzumab with 
bortezomib significantly enhances the in vivo 
therapeutic efficacy to eradiate patient-derived 
myeloma cells in a SCID-hu mouse model [44]. 
This mAb is currently in a phase I clinical trial in 
relapsed/refractory myeloma.  
 
Anti-CD40 mAbs 
 
CD40 is a transmembrane protein belonging to 
TNF superfamily [45]. Recent studies have 
shown that CD40 is essential to mediate a 
broad variety of immune and inflammatory re-
sponses, such as T cell-dependent immu-
noglobulin class switching, memory B cell devel-
opment and germinal center formation [46]. 
CD40 is expressed in many resting cell types 
but is highly expressed in B and dendritic cells 
[46]. In MM, CD40 is highly expressed on malig-
nant plasma cells [47]. It binds to its ligand 
CD154 and induces myeloma cell proliferation 
and migration via PI3K/Akt/NF-κB signaling 
pathways [48]. CD40 is also expressed on 
BMSCs [49]. The interaction of CD40–CD154 
increases myeloma growth factor secretion from 
BMSCs, such as IL-6 and VEGF [50]. Blockade 
of CD40-CD154 interaction by anti-CD40 mAbs 
inhibits intracellular signaling pathways in both 
tumor cells and BMSCs and displays remark-
able anti-myeloma activity. Pre-clinical studies 
observed that Dacetuzumab (SGN-40), a re-
cently generated humanized anti-CD40 mAb, 
induces strong tumor cell death in MM via 
breaking CD40-CD40L interaction and activat-
ing NK cell-mediated ADCC [19, 51, 52]. This 
mAb is currently in a phase I study in patients 
with advanced MM [51].  
 
Anti-HM1.24 mAbs 
 
HM1.24 (BST2/CD317) was originally identified 
as a plasma cell-specific antigen [53, 54]. Cur-
rently it has been proposed that HM1.24 serves 
as a target molecule for myeloma therapy [54]. 
A humanized mAb specific to HM1.24 antigen 
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has been developed. Injection of the mAb sig-
nificantly reduces M-protein levels in sera and 
tumor cell numbers in BM, and prolongs survival 
of myeloma-bearing mice in myeloma xenograft 
mouse models [55]. However, its anti-myeloma 
activity is diminished when the mice are pre-
treated with anti-Fcγ receptor III/II antibodies, 
indicating that anti-HM1.24 mAb kills myeloma 
cells via ADCC and/or CDC [56]. In vitro studies 
validated the mAb action mechanism via NK- 
and monocyte/macrophage-mediated ADCC 
[56, 57]. These results suggest the potential 
application of anti-HM1.24 mAb in MM therapy. 
 
3.  MAbs Targeting Components of Bone Mar-
row Milieu 
 
Anti-IL-6 mAbs 
 
IL-6, mainly secreted from BMSCs, is a major 
cytokine for myeloma growth, survival, and drug 
resistance [58]. IL-6 activates several signaling 
pathways, such as JAK/STAT3, MEK/ERK and 
PI3K/Akt signaling pathways [59]. In MM, ele-
vated levels of IL-6 and soluble IL-6 receptor are 
frequently present in the BM plasma and sera 
of MM patients [60], and are considered as an 
indicator of poor prognosis [61]. Thus far, sev-
eral anti-IL-6 mAbs have been generated for 
MM therapy. Siltuximab (CNTO 328) [25], a chi-
meric human-mouse neutralizing mAb against IL
-6, has demonstrated promising antimyeloma 
activity in combination with bortezomib [26], 
dexamethasone [62] and melphalan [25] in 
preclinical studies. Combination of Siltuximab 
with chemotherapy drugs enhances the levels of 
tumor cell apoptosis [25],[26],[62]. Siltuximab 
inhibits IL-6-mediated phosphorylation of 
ERK1/2, STAT1 and STAT3 in myeloma cells 
[25]. In addition, Siltuximab also inhibits borte-
zomib-induced increase of myeloid cell leukae-
mia-1 and heat shock protein-70 [26], both of 
which may be involved in inducible drug resis-
tance. Other anti-IL-6 mAbs, such as single-
chain fragment NRI [63] and humanized mAb 
1339 [27], have also demonstrated therapeutic 
effects on myeloma.  
 
ANTI-Β2M MABS AS A NOVEL THERAPEUTIC 
AGENT IN MM 
 
1.  Human β2M and MM 
 
Human β2M, an 11.6-kDa nonglycosylated poly-
peptide, interacts with and stabilizes the tertiary 

structure of the MHC class I α-chain [64]. Be-
cause it is non-covalently associated with the α-
chain and has no direct attachment to the cell 
membrane, β2M on the cell surface can be ex-
changed with free β2M present in body fluids 
under physiologic conditions and in serum-
containing medium [65, 66]. β2M is almost ex-
clusively catabolized in the kidney, and 95% to 
100% of circulating β2M is eliminated via glome-
rular filtration, reabsorbed in the tubes, and 
degraded by proteolytic enzymes. In healthy 
individuals, the serum concentration of β2M is 
usually < 2 mg/L and urinary excretion < 400 
µg/24 h [67]. Increased synthesis and release 
of β2M, as indicated by an elevation of serum 
β2M concentration, occurs in inflammatory, 
autoimmune and infectious diseases [67]. The 
stimulation of T- and B-cell antigen or cytokines, 
such as TNF-α, IL-2, interferon (IFN)-α and IFN-γ, 
increases cellular β2M release [68]. 
 
There is a close association of free β2M with 
many hematological malignancies, such as MM 
[69, 70], leukemias [71, 72] and lymphomas 
[73]. Elevated levels of β2M in serum are pre-
sent and correlate with a poor patient outcome 
in MM [70, 74, 75]. In fact, the serum levels of 
β2M are one of the most important prognostic 
factors for patients with MM, giving a reliable 
survival prediction [70, 76]. Moreover, in long-
term survivors of MM, an elevated level of β2M 
is still an unfavorable factor [77, 78]. In vitro 
studies have shown that primary myeloma cells 
and myeloma cell lines produce β2M [79]. Mye-
loma cells are presumed to contribute to the 
high levels of serum β2M, which is considered a 
surrogate marker for tumor burdens in myeloma 
patients. In addition, β2M is also involved in 
negative regulation of immune system [80] and 
in activation of bone resorption [81]. These re-
sults point to an important yet unidentified role 
of β2M in the pathogenesis of MM. 
 
2.  Mechanism of Anti-β2M mAb Action in Mye-
loma Cells 
 
Anti-β2M mAbs have been developed recently 
[28]. The studies showed that anti-β2M mAbs 
may be a novel agent for MM therapy, because 
the mAbs have: (1) remarkably strong tumori-
cidal activities to kill all examined myeloma, 
including tumor cell lines and primary CD138+ 
malignant plasma cells isolated from patients 
with MM, and β2M+/HLA-ABC+ hematological 
malignant cells; (2) direct induction of tumor 
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cell death without the need for exogenous im-
munological effector cells and/or molecules; (3) 
ability to kill chemotherapy-refractory myeloma; 
(4) therapeutic efficacy in vivo in xenograft 
mouse models of myeloma; and (5) effectively 
kill myeloma cells in the presence of high con-
centrations of soluble β2M or myeloma cell-
survival cytokines, such as IL-6 and insulin-like 
growth factor (IGF)-I, or BMSCs. Although the 
mechanisms of its action in myeloma cell death 
need to be further investigated, evidence has 
shown that anti-β2M mAbs directly induce tumor 
cell apoptosis without immunological effector 
mechanisms [28].  
 
Anti-β2M mAb-induced apoptotic signaling path-
ways in myeloma cells 
 
β2M/MHC class I complex has been shown to 
serve as an important signal-transducing mole-
cule, which is involved in responses ranging 
from anergy and apoptosis to cell proliferation 
and IL-2 production [82, 83]. Earlier studies 
showed that cross-linking of β2M/MHC class I 
leads to a rise of intracellular free calcium con-
centration and activation of STAT3 and/or JNK 
through phosphorylation of a signaling motif at 
tyrosine 320 residue in the cytoplasmic domain 
of MHC class I α-chain [84, 85]. However, previ-
ous studies also demonstrate that deletion of 
all but the four proximal amino acids from the 
cytoplasmic tail does not alter their signal trans-
duction capabilities [84]. Nevertheless, our 
studies demonstrate that binding of anti-β2M 
mAbs to myeloma cells results in internalization 
and down-modulation of surface β2M/MHC 
class I molecules, and induction of myeloma cell 
apoptosis [28]. Knockdown of surface β2M by 
specific small interference RNAs (siRNAs) sig-
nificantly abrogates the mAb-induced tumor cell 
apoptosis. As a result, cross-linking of β2M/MHC 
class I molecules by the mAbs activates JNK 
and inhibits PI3K/Akt and ERK, leading to com-
promised mitochondrial integrity, cytochrome-c 
release, and activation of the caspase-9 cas-
cade [28]. However, the mechanisms underlying 
the mAb-mediated binding to and cross-linking 
of surface β2M/MHC class I molecules, and 
transduction of apoptotic signals to cells needs 
further investigation.  
 
Lipid rafts as a linker mediate anti-β2M mAb-
induced tumor apoptosis 
 
Lipid rafts, cholesterol- and glycosphingolipid-

enriched dynamic patches in the plasma mem-
brane, function to organize plasma membrane 
into functional units [86] and act as platforms 
for conducting different signals into cells [87]. 
Integral proteins in the cellular membrane, such 
as caveolins and flotillins, can modify lipid rafts 
structurally and functionally, and may therefore 
affect subsequent cellular functions [88, 89]. 
Our studies showed that lipid rafts play an im-
portant role in anti-β2M mAb-induced myeloma 
cell apoptosis (Figure 1). Anti-β2M mAbs bind to 
surface β2M/MHC class I molecules and recruit 
them to lipid rafts, leading to MHC class I bind-
ing to caveolin-1 and consequently activating 
the downstream kinases of JNK [28, 90]. On the 
other hand, stimulation of myeloma cells by IL-6 
or IGF-I leads to relocation of their receptors 
gp130, or IGF-IRβ, respectively, and its sub-
strate IRS-1, to lipid rafts and an increased af-
finity of receptor binding to caveolin-1, which 
regulates the structure and function of lipid 
rafts. Treatment of anti-β2M mAbs excludes 
gp130, IGF-IRβ and IRS-1 out of lipid rafts in the 
presence of IL-6 and/or IGF-I and abrogates IL-6
- or IGF-I-mediated JAK/STAT3, PI3K/Akt, and 
Ras/Raf/ERK pathway signaling [90]. These 
findings indicate that modification of lipid rafts 
may enhance the ability of mAbs to induce tu-
mor cell apoptosis. 
 
3.  Therapeutic Efficacy and Potential Toxicity of 
Anti-β2M mAbs 
 
For future clinical application of the mAbs, a 
major concern is whether anti-β2M mAbs will be 
therapeutic in patients, in whom every tissue 
expresses low densities of β2M/MHC class I 
molecules and elevated levels of soluble β2M 
are present in the circulation. In vitro studies 
showed that anti-β2M mAb treatment kill mye-
loma cells with the same efficiency even though 
they are surrounded and outnumbered by β2M/
MHC class I-expressing normal peripheral blood 
mononuclear cells (PBMCs) in the cocultures. In 
addition, cocultures with BMSCs, such as osteo-
clasts, has no effects to protect myeloma cells 
from mAb-induced apoptosis [28]. Furthermore, 
addition of higher molar concentrations of solu-
ble β2M (50–100 µg/mL), which is 3- to 10-fold 
higher than those in patients with myeloma, in 
the culture of myeloma cells does not abrogate 
the mAb effects on tumor apoptosis [28]. To 
examine the in vivo anti-myeloma effects of the 
mAbs, a human-like mouse model, i.e., mye-
loma-HLA-A2-transgenic NOD/SCID mice, has 
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been generated [91]. The mice are transgenic 
for HLA-A2 α-chain but not human β2M. How-
ever, with established myeloma, myeloma-
derived human β2M forms mature MHC class I 
molecules with the HLA-A2 α-chain on murine 

cells, and high levels of circulating human β2M 
were detected. Moreover, the human MHC class 
I molecules on murine cells were functional. 
Although there is a concern that the surround-
ing, β2M/MHC class I-expressing BMSCs would 

Figure 1. Anti-β2M mAbs recruit MHC class I into and exclude IL-6R from lipid rafts. Visualization by confocal micros-
copy shows the distribution and localization of: (A) MHC class I (MHC-I) and (B) IL-6 receptor (IL-6R) in relationship 
with lipid rafts on myeloma cells ARP-1 treated with 50 µg/mL of anti-β2M mAbs in presence or absence of IL-6 (10 
ng/mL) for 1 hour. Cells treated with mouse Ig control served as controls. After the treatment, cells were fixed with 
4% paraformaldehyde and stained with anti-MHC class I mAb W6/32 (A), or with anti-gp130 antibody for IL-6R (B), 
followed by incubation with Alexa Fluor 488-conjugated secondary antibody (green color). Cells were then stained 
with anti-CTB antibody (red color) for detection of lipid rafts and DAPI staining (blue color) to visualize nuclei. Repre-
sentative results of three independent experiments are shown.  



Therapeutic mABs for multiple myeloma 

 
 
28                                                                                                                     Am J Blood Res 2011;1(1):22-33 

prevent anti-β2M mAb-induced tumor cell apop-
tosis [91], anti-β2M mAbs still effectively sup-
pressed myeloma growth, activated caspase-9 
and -3 and induced myeloma cell apoptosis in 
this mouse model.  
 
On the other hand, as β2M is expressed in al-
most all cells, another concern is whether anti-
β2M mAb treatment will be safe to treat pa-
tients. In vitro examination of the mAb-mediated 
potential toxicity on normal hematopoietic cells 
showed that normal PBMCs, resting and acti-
vated CD3+ T cells and CD19+ B cells, CD16+ 
NK cells, and BM CD34+ stem cells are resistant 
to mAb-induced apoptosis [28]. In myeloma-HLA
-A2-transgenic NOD/SCID mice, although the 
mAbs can be detected on different organs in-
cluding the heart, lung, spleen, liver, and kidney, 
no normal tissue damage or normal cell apop-
tosis or associated caspase activation is ob-
served [91]. Treatment of anti-β2M mAbs does 
not change the body weight of the mice or im-
pair the implanted human BM tissues in SCID-
hu mice [28]. Moreover, no tissue damage are 
observed in vivo in human BM tissue implanted 
in the SCID-hu mice, in which anti-β2M mAbs 
and subsequently purified human NK cells were 
injected directly into the implanted human 
bones [28]. These findings provide evidence 
that application of the mAbs would have limited 
direct or indirect (via CDC or ADCC) toxicity on 
normal tissues and organs, and their therapeu-
tic efficacy would be high if this approach was 
translated into a therapeutic strategy, despite 
the ubiquitous expression of β2M and class I 
MHC on the majority of tissues.  
 
4.  Future Perspectives of Anti-β2M mAbs in MM 
 
Our recent studies showed that IgM anti-β2M 
mAbs are more potent than IgG mAbs to induce 
myeloma cell apoptosis, due to IgM mAb pen-
tameric structure of 10 antigenic binding sites 
with stronger cross-linking capacity 
(unpublished data). Disruption of IgM pentam-
ers by beta-mercaptoethanol [92, 93] impaired 
the ability of IgM anti-β2M mAbs to induce tumor 
apoptosis. This observation indicates that en-
hancing the cross-linking ability of anti-β2M IgG 
mAbs or using IgM anti-β2M mAbs may improve 
the mAb-induced anti-myeloma activity and their 
therapeutic potential. In addition, combination 
therapy has demonstrated more efficacy to 
eradicate tumor cells than monotherapy in MM. 
Combination of the mAbs with chemotherapy 

drugs may improve antimyeloma activity of the 
mAbs. Furthermore, although anti-β2M mAbs 
induce strong tumor cell apoptosis, other 
mechanisms, such as ADCC and CDC, may be 
utilized in vivo by the mAbs. Therefore, it is nec-
essary to examine whether application of ADCC 
and/or CDC may improve the antitumor activity 
of the mAbs in MM in future studies. 
 
Nevertheless, the mechanisms why anti-β2M 
mAbs selectively kill tumor cells but not normal 
cells need further investigation. One of the po-
tential mechanisms may be partially due to 
overexpression of the antigens in tumor cells. 
Our and other studies have shown that mye-
loma cells express significantly higher levels of 
surface β2M than normal cells, even though the 
expression levels of β2M vary in myeloma cell 
lines or patient samples [28]. Additionally, it is a 
possibility that the components of MHC class I 
or class I-like complexes are different in mye-
loma and normal cells, which warrants future 
studies to find out which MHC class I or class I-
like molecules the mAbs bind to in tumor cells 
but not in normal cells. Another potential 
mechanism may involve mAb-mediated signal-
ing transduction. Our studies have shown that 
the mAbs do not recruit MHC class I molecules 
to lipid raft and activate the downstream apop-
totic signaling pathways in normal B cells [28]. 
Therefore, resistance to mAb-induced apoptosis 
in normal cells may be partially due to the in-
ability of the mAbs to cross-link β2M/MHC class 
I molecules and activate apoptotic signaling 
pathways in normal cells. Finally, our studies 
also showed that the mAbs exclude growth re-
ceptors out of lipid rafts and inhibit survival sig-
naling pathways [90]. It is possible that growth 
receptors may be physically associated with 
β2M/MHC class I molecules and higher levels of 
these receptors are expressed in tumor cells 
than in normal cells. Cross-linking of β2M/MHC 
class I molecules with the mAbs may exclude 
more growth receptors out of lipid rafts and in-
duce stronger inhibition of growth factor-
mediated anti-apoptotic signaling.  
 
CONCLUSION 
 
Advances in molecular biology and tumor biol-
ogy over the past years have enhanced our un-
derstanding of the mechanisms of MM patho-
genesis. Therefore, many potential tumor-
associated antigens or targets have been identi-
fied, which include those expressed in tumor 
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cells, involving in tumor-BMSC interaction, and 
in BM microenvironment. Based on these find-
ings, several mAbs, including anti-β2M mAbs, 
have been developed and are being examined 
in preclinical and early clinical studies. Most of 
them showed remarkable anti-myeloma activity. 
Although these mAbs have the potential to be 
therapeutic agents for MM therapy in the future, 
enhancement of the therapeutic efficacy of the 
mAbs is still necessary. Moreover, to overcome 
drug resistance and to improve patient out-
come, development of more potent and specific 
mAbs for myeloma cells and myeloma-
associated BM microenvironment are still 
needed. 
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