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Abstract The immunoglobulin E (IgE) is a class of antibody that is capable of
mounting a robust immune response resulting in anaphylaxis, which plays a cen-
tral role in allergic reactions against environmental agents and immunity against
parasites. Multiple studies also suggest that IgE plays a role in cancer immuno-
surveillance, which implies that this class of antibody can be exploited for the
treatment of cancer. While most therapeutic antibodies developed for cancer ther-
apy are of the IgG class, IgE has several advantages including the exceptionally
high affinity for its Fc receptors (FceRs) and its low serum concentration that pro-
vides less competition for Fc receptor occupancy. In addition, FceRs are expressed
on relevant effector cells involved in antibody-dependent cell-mediated cyto-
toxicity (ADCC) and/or antibody-dependent cell-mediated phagocytosis (ADCP)
including antigen-presenting cells (APC). In fact, multiple IgEs targeting different
tumor-associated antigens (TAA) have been developed and shown to be effective
against cancer cells in vitro and in animal models. Further advances of current
technologies and experimental models, coupled with a better understanding of
IgE-mediated immune effector mechanisms against targeted tumors, are expected
to help elucidate the full potential of tumor-specific IgE antibodies for cancer
immunotherapy.

7.1 IgE and Its Relevance in Cancer Therapy

7.1.1 Immunoglobulins

Immunoglobulins (Ig, also known as antibodies) are glycoproteins and are central
effector molecules of the humoral immune response [1-3]. They are highly selective
for a broad spectrum of antigens including pathogens as well as tumor-associated

M.L. Penichet ()

Division of Surgical Oncology, Department of Surgery and Department of Microbiology,
Immunology, and Molecular Genetics, Molecular Biology Institute, Jonsson Comprehensive
Cancer Center, David Geffen School of Medicine, University of California, Los Angeles (UCLA),
Los Angeles, CA, USA

e-mail: penichet@mednet.ucla.edu

M.L. Penichet, E. Jensen-Jarolim (eds.), Cancer and IgE, 159
DOI 10.1007/978-1-60761-451-7_7, © Springer Science+Business Media, LLC 2010



160 T.R. Daniels et al.

antigens (TAA) and potentiate the immune response by activating host effector sys-
tems against the targeted antigen. Antibodies are composed of heavy (H) and light
(L) chains and exhibit a HyL, heterotetramer configuration. In humans there are
five classes of antibodies that are distinguished by their heavy chain structure des-
ignated by lower-case Greek letters: o (IgA), 8§ (IgD), € (IgE), y (IgG), and p. (IgM)
[1-3]. There are two subclasses of IgA (IgAl and IgA2) and four subclasses of
IgG (IgGl1, 1gG2, 1gG3, and 1gG4). The light chains are designated k and \ and
are shared by all heavy chain classes. IgD, IgE and IgG are monomeric, while IgA
can also be dimeric and IgM is usually pentameric (Fig. 7.1). Multimeric antibodies
contain a joining (J) chain, which is a 15-kilodalton (kDa) polypeptide that pro-
motes polymerization [1]. The IgM molecule exists as a pentamer with the J chain
or occasionally as a hexamer without the J chain. In addition, polymeric antibodies
contain an 18-amino acid extension, known as the “tailpiece,” in the carboxy-
terminus that contains a cysteine residue that is also required for polymerization.
The approximate molecular weights (m.w.) of the different classes are as follows:
180kDa for IgD; 190kDa for IgE; 150kDa for IgG1, IgG2 and IgG4; 170 kDa for
IgG3 due to an extended hinge region; 160 kDa for both subclasses of monomeric
IgA in serum and 300-360kDa for secretory dimeric IgA and 900-970kDa for
IgM [1]. Similar to humans, mice also have five classes of antibodies (IgA, IgD,
IgE, IgG and IgM) [4]. However, there is only one murine subclass of IgA that
is approximately 160kDa as a monomer and 350—400kDa as a secretory dimer.
The murine IgG subclasses are also different when compared to the human IgG
subclasses. The murine IgG subclasses are IgG1, IgG2a, IgG2b and IgG3 (which
are all approximately 160 kDa). Murine IgM is about 900 kDa, while the IgD and
the IgE are comparable in size to their human counterparts (180 and 190kDa,
respectively) [4].
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Fig. 7.1 Comparative
structure of the human
antibody classes. All five
classes of antibodies share the
basic HoL, heterotetrameric
structure that is organized
into discrete domains.
Antibodies of the IgE, IgG
and IgD class are monomeric,
while IgA (dimer) and IgM
(pentamer) are polymeric.
The polymeric antibodies
contain a J chain, a
polypeptide that promotes
polymerization
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7.1.2 The Structure of the IgE Antibody and Its Binding
Properties

The heavy chains of IgE are composed of five domains: four constant domains (Cel,
Ce2, Ce3, and Ce4) and one variable domain (V) (Fig. 7.2) [5]. The light chains are
composed of two domains: one variable (VL) and one constant domain each (Cp)
(Fig. 7.2). Like the other classes of antibodies, the variable regions are responsible
for antigen binding while the constant region is responsible for effector functions.
IgG, the most abundant Ig in human serum and the most widely used in clinical
applications [5-7], has a structure similar to that of IgE but lacks the fourth con-
stant domain of the heavy chain (Fig. 7.2). Thus, the IgG heavy chain contains only
three constant domains (Cy1, Cy2, and Cy3). Moreover, IgE has six N-linked gly-
cosylation sites compared to only one for IgG. The additional domain of the IgE
(Ce4) increases the overall size of the molecule compared to that of IgG; however,
the crystallographic structure of the molecule has revealed a bent conformation in
solution, and when bound to its high-affinity receptor Fc epsilon receptor (FceRI),
implying that the constant heavy region of the molecule may fold on itself to reduce
its overall hydrodynamic radius [8, 9]. It has been suggested that the Ce2 domain of
the IgE takes the place of the hinge region in IgG [8]. The effect of this domain on
the structure and function of the molecule remains to be clearly established.

The binding affinity of human IgE for FceRI (K, = 10'° M~!) is two orders
of magnitude higher than that of IgG for its high-affinity receptor FcyRI (CD64;
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Fig. 7.2 Schematic diagram comparing the domain structures of human IgE and IgG1. Antibodies
are composed of two pairs of identical heavy (H) and light (L) chain proteins linked by disulfide
bonds forming HyL, heterotetramers. The Fab region consists of one constant and one variable
domain from each heavy and light chain. The variable region (Fv), composed of both the heavy
and light chain variable domains, is responsible for antigen binding and is located at the amino-
terminus of the antibody. The remaining constant region includes the Fc portion of the antibody and
is responsible for its effector functions. Black circles denote N-linked glycosylation sites. Note the
hinge region in the IgG1 joining the Cy1 and Cy2 domains. This region, which provides flexibility,
is absent in the IgE
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K, = 108 M~1) [10-12]. This high-affinity interaction is attributed in part to a
conformational change observed upon binding to its receptor [9, 13, 14]. In fact,
Kon and Ko rates of IgE binding to its high-affinity receptor suggest that the main
difference between IgE and IgG binding is in the Ky rate of their interactions,
where the IgE FceRI Ky rate is four orders of magnitude lower than that of IgG
for FcyRIII (CD16) [15-17]. The region of the IgE associated with FceRI bind-
ing resides within the Ce2 and Ce3 domains and involves two distinct sites [18].
The human IgE Ce3 domain is also responsible for binding to the low-affinity IgE
receptor, FceRII (CD23). Membrane-bound CD23 has three lectin domain “heads”
that are connected to the membrane via a triple a-helical coiled-coil “stalk” [19].
CD23 is known as the “low-affinity” FceR since the affinity of human IgE for a
single lectin domain “head” is about 10°-107 M~! [19-22]. However, the avidity
of human IgE for the naturally occurring CD23 molecule with its three “heads” is
about 108-10° M~!, which approaches the affinity of human IgE for FceRI [19,
21, 22]. Each Ce3 region contains a glycosylated asparagine residue (N394), which
allows two branched glycosylated chains to reside at the center of the IgE. The struc-
ture of the branching sugars consists of two N-acetyl-glucosamine and five mannose
units per chain [8]. These branching chain glycosylations are not essential for the
binding of IgE to its low-affinity receptor CD23. Instead a lysine residue (K352)
also present in the Ce3 domain facilitates the interaction to a large extent [23]. In
addition to binding FceRI and CD23, IgE antibodies can bind CD21 (a CD23 co-
receptor) and galectin-3 (a carbohydrate-rich lectin also known as epsilon-binding
protein) [19]. The effects of IgE interactions with these molecules are yet to be fully
understood.

7.1.3 The Function of IgE and Its Relevance in Cancer Therapy

IgE plays a central role in allergic reactions against environmental agents and immu-
nity against parasites [19]. Additionally, several studies strongly suggest a potential
role of IgE in cancer surveillance. Relevant epidemiological studies on the asso-
ciation of allergies with cancer support a lower cancer risk among people with a
history of allergies. In fact, an inverse correlation between the incidence of atopic
conditions and high levels of serum IgE and the risk of some cancers has been
demonstrated [24]. These epidemiological studies are discussed in Chapters 4 and 5.
Furthermore, antibodies of the IgE class isolated from pancreatic cancer patients
were shown to mediate cytotoxicity against targeted cancer cells [25]. Moreover,
levels of polyclonal IgE are directly correlated with the overall survival in patients
with multiple myeloma [26]. Taken together, these studies suggest a natural role
of IgE in the immunosurveillance of cancer. Interestingly, treatment of patients
affected with moderate to severe asthma with omalizumab (Xolair®), a recom-
binant humanized IgG1 specific for the constant region of human IgE, has raised
some concerns regarding the safety of anti-IgE therapy. Omalizumab interacts with
the IgE molecule in the region where it binds to the FceRI and thus binds to all cir-
culating IgE regardless of antibody specificity, leading to the downregulation of IgE
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levels and FceRI expression [27-29]. However, in patients treated with omalizumab,
0.5% (20 out of 4,127) developed cancer compared to 0.2% (5 out of 2,236) treated
with placebo [29]. These results are supported by an earlier study that revealed 1 in
200 patients treated with the antibody developed breast, prostate, melanoma, non-
melanoma skin, or parotid gland malignancies during the median observation period
of 1 year [30]. Due to a possible increase in cancer risk, it has been suggested that
omalizumab should not be used in asthma patients with a personal or family his-
tory of cancer [29]. It is tempting to speculate that the general interference of the
interaction between IgE and FceRI caused by omalizumab may be blocking the can-
cer immunosurveillance activity of endogenous IgE leading to an increased risk of
cancer development.

The potential role of IgE in cancer immunosurveillance strongly suggests that
this class of antibody should be exploited as a therapeutic for the treatment of cancer.
However, regardless of whether IgE plays a role in cancer surveillance, this antibody
has several intrinsic advantages that increase its therapeutic potential compared to
the commonly used IgG in cancer therapy. One of the major advantages of IgE
over IgG that can be exploited for the treatment of human cancers is the low serum
levels of IgE. The average serum concentration of IgE is less than 0.0003 mg/ml
in non-atopic adults [31]. The level of IgE in circulation is lowest of all the anti-
body classes, consisting of only 0.02% of total circulating Igs, whereas IgG is the
most abundant at 85% [31]. The low serum levels of IgE compared to IgG provides
less competition for FcR occupancy. In fact, the loss of specific IgG from effec-
tor cells due to the high levels of competing serum IgG for host FcyR-expressing
cells is a limitation of IgG antibody-dependent cell-mediated cytotoxicity (ADCC)
[32], a critical mechanism of anti-tumor protection. The extremely low levels of
IgE in the serum have been attributed both to its low synthesis rate and to its short
serum half-life (2.5 days, when not bound to FceRs) [31]. Chapter 2 describes the
tight regulatory mechanisms involved in maintaining the low serum concentrations
of IgE.

Another advantage of IgE-mediated cancer therapeutics is that IgE binds its
FceRs with exceptionally high affinity. As mentioned above, FceRI binds IgE with
an affinity (K,) of 10'° M~!, which is two orders of magnitude higher than that of
IgG for the FcyRI (CD64) [10-12]. Human FceRI is expressed on human mono-
cytes, macrophages, eosinophils, basophils, mast cells, Langerhans cells, dendritic
cells (DC), and platelets [33]. In contrast to the human receptor, murine FceRI
is expressed only on mast cells and basophils [33]. Even though FceRII (CD23)
is the low-affinity FceR, its affinity for IgE is as high as that of IgG for its
high-affinity receptor FcyRI (CD64) [24, 33]. CD23 is expressed on eosinophils,
monocytes, lymphocytes, follicular DC, Langerhans cells, and platelets [34, 35].
Additionally, there is no known inhibitory FceR for IgE, while IgG binds to the
inhibitory FcyRIIB (CD32b) that decreases ADCC and antibody-mediated anti-
gen presentation for IgG molecules [36, 37]. The fact that IgE does not elicit
complement-dependent cytotoxicity (CDC) like IgG does should not dampen its
therapeutic efficacy since CDC does not seem to be a major player in the anti-tumor
activity of many therapeutic antibodies targeting cancer cells, such as rituximab [38]
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and trastuzumab [39, 40], and it has been reported that complement activation may
interfere with ADCC activity [41].

Through the interaction with FceRI, IgE mediates many downstream events that
lead to the induction of a potent immune response characterized by immediate
hypersensitivity, an acute inflammatory response followed by a late phase reaction
6-8 hours thereafter [42]. The uniqueness of the IgE-mediated allergic (anaphylac-
tic) response is due to the presence of mast cells in the tissue that are sensitized
by IgE bound to FceRI. When these FceRs are crosslinked due to the binding of
antigens (allergens) to multiple IgE on the surface of the mast cell, these cells are
rapidly, or “explosively,” degranulated releasing a variety of factors. These factors
include enzymes such as tryptase that lead to the breakdown of tissue matrix pro-
teins, chemical mediators such as histamine that increase blood vessel permeability
and blood flow to the area, and lipid mediators such as leukotrienes that stimu-
late smooth muscle contraction and the infiltration of eosinophils, basophils, and
other lymphocytes to the tissue [42]. All of these factors together trigger tissue
damage and the acute inflammatory response. If this response occurs in the tumor
microenvironment due to the presence of a tumor-specific IgE, it is expected to
lead to massive tumor cell death and phagocytosis of these dying cells by profes-
sional antigen-presenting cells (APC) such as DC. These activated APC will then
migrate to the local lymph nodes and stimulate cognate T cells that will initiate
adaptive (cellular and humoral) immune responses against the tumor. Importantly,
this immune response will not only be against the IgE-targeted TAA but will expand
to a broad spectrum of antigens expressed by the cancer cells, a process known as
epitope spreading. In addition, tumor-specific IgE can enhance this antigen uptake
and presentation of TAA via the interaction with FceR expressed on APC such as
DC, Langerhans cells, and monocytes/macrophages, which are efficient stimulators
of both primary and secondary T-cell responses [33, 43—46]. Therefore, IgE is able
to prime naive T cells to IgE-reactive antigens as well as amplify established T-cell
responses.

It is well known that IgE can mediate ADCC of targeted cancer cells through the
interaction of its Fc region with FceRI on the surface of effector cells [47] (Fig. 7.3).
IgE can also mediate antibody-dependent cell-mediated phagocytosis (ADCP) of
cancer cells through the interaction with CD23 on the surface of effector cells [47]
(Fig. 7.3). Effector cells such as DC and macrophages can potentially phagocytose
live cancer cells as well as apoptotic cancer cells, entirely or as apoptotic bodies.
This phagocytosis can occur in the absence of IgE, but the presence of the anti-
body is expected to enhance the uptake of targeted cells resulting in better antigen
presentation. This suggests that the IgE antibody can be used as an adjuvant of can-
cer vaccines, a possibility that is discussed in detail in Chapter 9. It is important
to note that depending on the effector cell type, certain effectors can preferentially
act through ADCC (such as basophils and mast cells), while other effectors can act
preferentially through ADCP (such as DC and Langerhans cells). Moreover, other
cells such as monocytes/macrophages are capable of eliciting targeted cell cytotox-
icity through both mechanisms: ADCC and ADCP [47—49]. It is also expected that
antibodies of the IgE class would be able to target secreted or shed TAA in the
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Fig. 7.3 Scheme of the possible interactions between immune effector cells and targeted tumor
cells, mediated by an IgE specific for a tumor-associated antigen. The IgE specific for a TAA
interacts with the FceRI or the FceRII expressed on the surface of the effector cell and may trigger
cell killing through ADCC or ADCP. Antibodies bound to apoptotic cells or apoptotic bodies are
also expected to trigger phagocytosis

circulation that will make complexes with the IgE leading to internalization of these
antigens through endocytosis by professional APC expressing the FceRs [33]. In
fact, IgE-mediated soluble antigen uptake and presentation has been demonstrated
[45, 46]. However, it is important to stress that the targeted soluble antigen should be
preferentially monoepitope, resulting in the binding of one or two antigens to only
one IgE. This is particularly relevant when the IgE is administered systemically to
avoid the general crosslinking of FceRIs on the surface of basophils and mast cells
that may lead to systemic anaphylaxis. This enhanced antigen uptake and presenta-
tion is expected to activate an adaptive immune response without even targeting the
tumor microenvironment. Finally, in the specific case of murine IgE, the activation
of natural killer (NK) cells can be mediated through the binding of IgE to FcyRIII
(CD16), the Fc receptor that is responsible for IgG-mediated cellular cytotoxicity
[50]. This interaction between murine IgE and NK cells implicates IgE in ADCC
and in the induction of cytokine production by NK cells [50].

In summary, there are several potential advantages of IgE over IgG that make
this class of antibody an attractive anti-cancer agent. Antibodies of the IgE class,
even if they are administered in a passive immunotherapy setting, are expected to
be capable of a two-pronged attack against malignant cells. They are expected to
directly target and eliminate cancer cells as well orchestrate a potent secondary
and broad-spectrum anti-tumor immune response, thus linking passive and active
immunotherapy.
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7.2 Reaginic Antibodies and Local Anti-Tumor Anaphylaxis

Reaginic antibodies, namely IgE, were shown to be the primary mediators of ana-
phylaxis, and the term “atopic reagins” was coined by Arthur F. Coca and Ella F.
Grove in 1925, referring to elements of human serum that were capable of transfer-
ring immediate hypersensitivity against a particular antigen from person to person
[51, 52]. However, the acknowledgment and designation of the term “IgE” as the
fifth class of antibodies did not occur until 1968 [52, 53].

Investigators seeking to understand the sensitization of mast cells involved in the
adaptive immune response against tumor antigens during the early 1970s discov-
ered that mice were capable of eliciting antibodies against these antigens that could
be classified as reagins [52, 54]. Using a passive cutaneous anaphylaxis (PCA) test,
the activity of these reagins (IgE) against melanoma antigens was demonstrated in
vivo [54]. Sera from C57 black (C57BIl) mice bearing subcutaneous B16 murine
melanoma cells were obtained 7 or 10 days after tumor challenge. In addition,
the subcutaneous tumors were resected and fractionated to prepare extracts of pre-
sumed TAA. Splenocyte extracts were also prepared for use as negative controls
[54]. BALB/c mice were intradermally injected with the serum samples from the
B16-bearing C57BI mice. Seventy-two hours later the tumor extracts combined
with the Evans blue dye were injected intravenously. A positive PCA reaction
against B16 extracts was observed as evidenced by the leakage of the dye from the
blood vessels while no reaction was observed with splenocyte extracts. The exis-
tence of anti-tumor reaginic antibodies in both C57Bl and BALB/c mice used in
this PCA experiment was demonstrated and served as initial proof-of-principle of
the potential role of reaginic (IgE) antibodies as key effectors in local anaphylaxis
against cancer [54]. These results indicate that IgE are produced in mice in response
to tumor formation, leading the authors to suggest that basophils and mast cells
sensitized with IgE may play a role in the host immune response against cancer cells.

It was not until half a decade later that a more detailed study established a
potential connection between reaginic IgE antibodies inducing passive local anaphy-
laxis (PLA), also known as PCA, and a possible mechanism of anti-tumor activity
in mice [55]. These studies found that if radioactively labeled splenocytes or an
extracellular dye (Lissamine green) were administered intravenously, only small
amounts would penetrate an established tumor. Conversely, if the labeled spleno-
cytes or the dye were administered intratumorally, they remained trapped within the
tumor for several days. These investigators concluded that C3H mice bearing syn-
geneic McC3 fibrosarcoma had reduced vascular permeability within established
tumors. This phenomenon could be reversed by the intratumoral induction of PLA
achieved by sequential injection of ovalbumin (as the antigen) and sera contain-
ing high titers of anti-ovalbumin reaginic antibodies [55]. Importantly, this PLA
resulted in anti-fibrosarcoma activity. The active agent inducing these effects fol-
lowing the PLA event was found to be histamine-related given that administration
of the histamine antagonist, cyproheptadine, into mice prior to inducing intratu-
moral PLA cancelled the beneficial effects of the procedure. The increased vascular
permeability in the tumors that resulted from PLA induction facilitated the entry
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of lymphoid cells and soluble molecules into the tumor microenvironment, a pro-
cess cited as a possible “gatekeeper” mechanism of anti-tumor activity of the PLA
reaction [55]. It is important to note that although these studies found no evidence
of tumor-reactive IgE in the serum of the protected mice, the induction of PLA
was mediated by ovalbumin antiserum with significantly high titers of IgE antibody.
This study served to highlight the beneficial role of LPA within solid tumors and
suggested that tumor-specific IgE may be effective for anti-cancer therapy.

7.3 Generating Tumor-Specific Monoclonal IgE

7.3.1 Development of Monoclonal and Recombinant IgE

Advances in the field of passive immunotherapy mediated by antibodies of the IgE
class, as with other antibody classes such as IgG, have been propelled by paral-
lel advances in the understanding of the responses elicited by these molecules and
by advances in the molecular and cellular biology techniques that have facilitated
the manipulation of these proteins. The production of monoclonal antibodies from
rodent hybridomas in 1975 by Hans Kohler and César Milstein [56] was a significant
breakthrough in the field of antibody therapy. The adaptation of these advances to
the production and purification of recombinant antibodies of desired specificity [57]
facilitated not only the development of novel IgE antibodies but also the manipula-
tion of these proteins under controlled conditions to evaluate the mechanisms that
underlie their physiological activity.

The first recombinant IgE was a mouse/human chimeric antibody composed of
murine variable chains fused to human \ light and € constant heavy chains specific
for the hapten 4-hydroxy-3-nitro-phenacetyl (NP) [58]. The aim of this study was
to produce large quantities of NP-specific IgE as a protective agent against severe
allergies but would additionally serve as the foundation for further work describing
tumor-specific recombinant IgE with human effector functions. The initial charac-
terization of this recombinant IgE demonstrated its capacity to induce degranulation
of basophils when crosslinked by the hapten (5-iodo-4-hydroxy-3-nitrophenacetyl
caproate, NIP) coupled to bovine serum albumin [58]. This degranulation included
histamine release and the passive sensitization of effector cells in vitro. Moreover,
pre-incubation of this anti-NP IgE with basophils prevented their degranulation
induced by a common house dust mite antigen combined with sera from allergic
individuals with high levels of IgE specific for this antigen. This is most likely due
to its effect as a competitor for FceR occupancy. By generating the first recom-
binant IgE, this study proved to be an important milestone in understanding the
physiological activity of IgE in the context of acute allergic reactions.

The technology for generating recombinant antibodies of different classes and
subclasses with desired specificity also facilitated the first comparisons of the
effector functions of human antibodies. A matched set of mouse/human chimeric
antibodies specific for the hapten NP was expressed in murine myeloma cells [59].
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The panel of chimeric Igs consisted of IgM, IgE, IgA2, and four IgGs (IgG1, IgG2,
IgG3, and IgG4). As a measure of their activity, the panel of antibodies was tested
for the capacity to bind the C1q complement protein, mediate the lysis of red blood
cells derivatized with the hapten through CDC, or facilitate the cytotoxic killing
(ADCC) of the hapten-derivatized human acute lymphoblastic leukemia cell line
HPB-ALL using human peripheral blood mononuclear cells (PBMC) as effector
cells [59]. The results indicated that the IgG subclasses IgG1 and IgG3 were far
superior at eliciting both CDC and ADCC under the conditions used for this study.
As expected, the recombinant chimeric IgE did not activate complement. It is impor-
tant to note that the target cells used in the ADCC assay (HPB-ALL) were artificially
labeled with the antigen. In addition, the studies were conducted in vitro and the
repertoire of effector cells was limited to PBMC. The inability of IgE to induce
complement activation along with the poor induction of ADCC compared to IgG1
and IgG3 together with the expected concern of induction of systemic anaphylaxis
has discouraged the use of antibodies of the IgE class as a possible treatment for
human cancer.

7.3.2 Use of Tumor-Specific IgE for the Passive
Immunotherapy of Cancer

Although most antibodies in clinical use are of the IgG class, the use of IgE for the
passive immunotherapy of cancer would offer some advantages over their [gG coun-
terparts (as discussed in Section 7.1.3). These advantages include the higher affinity
of IgE for its FceRs, the low serum levels of IgE (which means less competition
for binding to FcRs), the expression of the FceRs on a broad spectrum of effector
cells, and its capacity to trigger antigen processing and presentation leading to a
secondary immune response. Moreover, as discussed below, several studies suggest
that antibodies of the IgE class can be potent anti-cancer agents. Importantly, the use
of antibodies of the IgE or IgG is not necessarily mutually exclusive since they can
potentially be used in combination (simultaneously or sequentially), resulting in an
additive or synergistic effect through the recruitment and engagement of different
FcRs and effector cells.

7.3.2.1 Murine IgE Specific for the Glycoprotein 36
of the Mouse Mammary Tumor Virus

The use of monoclonal antibodies of the IgE class for the passive treatment of cancer
was explored for the first time in the 1990s. Two murine monoclonal IgEs specific
for the major envelope glycoprotein 36 (gp36) of the mouse mammary tumor virus
(MMTV) were developed using the hybridoma technology [56] in which the spleens
of immunized BALB/c mice producing the anti-gp36 IgE were fused with P3 x 20
myeloma cells [60]. These hybridoma cells were then injected intraperitoneally into
BALB/c mice. Ten days following injection, ascites containing the anti-gp36 IgE
were collected. In order to evaluate the anti-cancer potential of these IgE, syngeneic
C3H/HeJ mice were subcutaneously challenged with H2712 murine mammary car-
cinoma (MMTV™) cells in combination with 20% ascites fluid containing 12.5 pg
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of the anti-gp36 IgE. These mice were subsequently treated with 25 pg of the anti-
gp36 IgE via intraperitoneal injection every fourth day for 8 weeks. This treatment
demonstrated a 50% protection rate from cancer development compared to con-
trol animals that received 20% normal mouse serum instead of the IgE-containing
ascites fluid. Interestingly, all control mice (n = 6) died within 44 days, while 66%
(4/6) treated with the anti-gp36 IgE survived during this time frame. One of these
four mice died on day 72, but the three remaining mice were tumor-free 175 days
after tumor challenge. A similar level of protection was observed when the H2712
tumor cells were injected intraperitoneally and mice were treated for 6 weeks at
4-day intervals with 25 g of the anti-gp36 IgE. All mice treated with normal mouse
serum died within 34 days while two of six mice treated with the IgE were still alive
after 139 days after tumor challenge. Importantly, the anti-gp36 IgE was unable
to protect mice from tumor development in mice challenged with murine MA16/C
mammary carcinoma (MMTV™) cells. These results demonstrate that the tumor
specificity of the antibody is required for the anti-tumor effect of the anti-gp36 IgE.

7.3.2.2 Rat/Human Chimeric IgE Specific for Murine CD8

A rat/human chimeric IgE specific for the Ly-2 antigen was constructed for the ini-
tial purpose of evaluating antibody-mediated elimination of CD8-expressing target
cells in vivo [61]. Murine CD8 is a cell surface glycoprotein that serves as a marker
of cytotoxic T lymphocytes (CTL). It is a heterodimer consisting of the Ly-2 (o
chain) and Ly-3 (B chain) [62]. The anti-tumor effects of this IgE were later explored
[63]. One obstacle facing those evaluating the in vivo anti-cancer activity of recom-
binant IgE is the fact that human IgE does not interact with the mouse FceRI [33, 64,
65]. In order to overcome this problem and to direct CTL to recognize TAA in a non-
major histocompatibility (non-MHC)-dependent manner, a unique strategy utilizing
a chimeric FceRI was used [63]. This chimeric receptor was composed of three com-
ponents: (1) the extracellular domain of human FceRI, (2) the membrane proximal
and transmembrane domains of human FcyRIIA, and (3) the cytoplasmic domain of
human CD3¢. The chimeric receptor was stably expressed in the CTLL-R8 murine
T-cell line under the control of the mouse CTL-specific perforin promoter. In vitro
assays demonstrated that the binding of human IgE to this chimeric receptor resulted
in target cell cytotoxicity. In this IgE-mediated ADCC assay, murine E3 thymoma
cells (Ly-2%) pre-incubated with the chimeric rat/human anti-Ly-2 IgE were used
as malignant target cells. Targeted cytotoxicity of the thymoma cells was observed
when combined with CTLL-R8 cells expressing the chimeric FceRI receptor on the
cell surface (3H2 cells). The ability of 3H2 cells to lyse E3 thymoma cells in vivo
was also explored using a Winn assay [63]. For this assay, 3H2 effector cells plus
E3 target cells at an effector-to-target ratio of 10:1 in the presence or absence of the
chimeric rat/human anti-Ly-2 IgE were incubated for 4 hours. E3 cells incubated in
media alone (without 3H2 cells or antibody) were used as a control. The cells were
then harvested, washed, and injected subcutaneously into C57BL/6 mice. E3 thy-
moma cells grew rapidly and caused mouse death within 5-7 days. The addition of
3H2 cells significantly prolonged survival; however, the anti-tumor effect was more
prominent in mice treated with E3 and 3H2 cells pre-incubated with the chimeric
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rat/human anti-Ly2 IgE. Only one of five of these mice developed a subcutaneous
tumor (compared to four of five with 3H2 cells alone). In addition, the only tumor
that developed in this group developed 1 week later than the tumors of the 3H2-alone
treated mice. In a second experiment where the effector-to-target ratio was reduced
to 3:1, all mice treated with only E3 tumor cells died in the first 15 days. Two of
five mice treated with the mixture of E3 target tumor cells plus 3H2 effector cells,
and a non-targeting IgE survived without the development of the tumor. Moreover,
all five mice treated with the mixture of E3 target tumor cells, 3H2 effector cells
plus the targeted anti-Ly2 IgE survived tumor-free. These results demonstrate that
cancer-specific IgE can be used to redirect CTL that express a chimeric IgE receptor
to lyse cancer cells providing further evidence for the potential use of IgE for cancer
immunotherapy in humans.

The chimeric rat/human anti-Ly2 IgE used in the above studies has also been
used in a similar approach using primary human T cells, genetically engineered
to express a recombinant human FceRI [66]. For this study, the chimeric receptor
consisted of the extracellular domain of human FceRI, the human FcyRII hinge
and transmembrane regions, the cytoplasmic signaling domain of human CD28,
and the cytoplasmic signaling domain of the human T cell receptor ¢ chain. The
anti-Ly2 IgE in combination with primary T-cells expressing the chimeric FceRI
(T-CL9) were shown to induce IgE-mediated murine E3 thymoma (Ly-2*) cell lysis
in vitro [66]. Lysis was not observed in 3LL (Ly-27) murine Lewis lung carcinoma
cells. Importantly, anti-Ly2 IgE in combination with T-CL9 and E3 thymoma cells
also resulted in the production of immune-stimulatory cytokine production (IFN-y
and GM-CSF) that was only observed with the combination of these three compo-
nents. In addition, transfer of chimeric FceRI-expressing T cells demonstrated in
vivo anti-tumor activity [66]. E3 thymoma tumors were established via intraperi-
toneal injection in non-obese diabetic severe combined immunodeficient (SCID)
mice. Mice were treated with T cells expressing the recombinant receptor (T-CL9)
or mock transduced T cells that had been previously incubated with the anti-Ly2 IgE
by intraperitoneal injection. Mice received treatment on days 0, 1, 2 and 4. T-CL9
cells significantly enhanced mouse survival from 18 to 27 days [66]. Pre-incubation
of T-CL9 cells with a non-specific IgE did not enhance survival compared to con-
trol animals. Similarly enhanced survival was observed in mice with established
tumors. Thus, the tumor-specific IgE is required for the in vivo ability of the anti-Ly2
IgE to redirect the cytotoxic effects of the recombinant T cells toward the targeted
cancer cells.

7.3.2.3 Murine and Mouse/Human Chimeric IgE Specific for an Antigenic
Determinant on the Surface of Colorectal Carcinoma Cells

In order to evaluate the cytotoxic effects of a cancer-specific IgE, a murine IgE
(mIgE 30.6) was tested in parallel with a chimeric mouse/human IgE (chIgE 30.6)
[67]. Both antibodies contain the variable region of the murine IgG2b antibody 30.6
and bind an antigen expressed on the surface of human colorectal carcinoma cells,
such as COLO 205 cells. Neither of these antibodies demonstrated any direct in
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vitro cytotoxicity against COLO 205 cells [67]. To evaluate the in vivo anti-tumor
effects of the two IgE antibodies, BALB/c SCID mice subcutaneously xenografted
with COLO 205 cells were treated intravenously with a single injection of 1 g of
mlIgE 30.6, chIgE 30.6 or buffer (PBS) 5 days after tumor challenge. Only mice
treated with mIgE 30.6 significantly inhibited tumor growth; however, the effect
was transient and tumor growth returned to the same rate as control mice starting
48 hours after mIgE injection. Three consecutive treatments with 1 pg mIgE 30.6
every 2 days starting 5 days after tumor challenge did not enhance this anti-tumor
effect [67]. A previous study by this group demonstrated that milligram quantities
of a mouse/human chimeric IgG1 with the same variable regions (chIgG 30.6) are
required to inhibit COLO 205 growth in SCID mice [68]. The superior in vivo activ-
ity of mIgE compared to that of the previously reported chIgG may be to due to the
higher affinity of IgE for its FceR compared to the affinity of IgG to its FcyR, and
therefore, lower amounts of IgE are required to induce a highly tumoricidal effect
by immune effector cells. However, the mIgE and chIgG were not tested simultane-
ously. The inability of chIgE 30.6 to elicit an anti-tumor response was not attributed
to a difference in the relative affinity or serum half-life compared to the mIgE 30.6.
The lack of efficacy of chIgE 30.6 is not surprising since human IgE does not inter-
act with murine FceRI [33, 64, 65]; thus there was no activation of an anti-tumor
immune response in these mice. Neither the mechanism nor the transient nature of
the anti-tumor effect of mIgE is known. However, the transient effect is not due to
the loss of antigen expression [67]. It has been suggested that the relevance of the
cross-linking of FceR to release cytokines, such as tumor necrosis factor (TNF) or
interleukin-4 (IL-4), from mast cells may be involved in the anti-tumor effect of
mlgE 30.6 [67].

7.3.2.4 Mouse/Human Chimeric IgE Specific for Human Folate
Binding Protein

Another study has also aimed to compare the anti-tumor effect of cancer-specific
antibodies of the IgE and IgG classes. Mouse/human chimeric IgE (MOv18-IgE)
and IgG1 (MOv18-IgG1) antibodies specific for the folate binding protein (FBP)
have been developed [69]. FBP is expressed at higher densities on the surface of
ovarian cancer cells compared to normal cells making it an appropriate target for
antibody therapy. In vitro studies demonstrate that MOv18-IgE is able to induce
degranulation of human basophils as measured by histamine release [69]. In this
assay, both a non-specific IgE and MOvV18-IgE induced histamine release from
basophils when crosslinked by an anti-human IgE. Importantly, only MOv18-IgE
induced histamine release in the presence of IGROV1 (FBP™) cancer cells, demon-
strating a cancer-specific response of the MOv18-IgE. In order to test the in vivo
efficacy of the MOvV18 antibodies, C.B-17 scid/scid (SCID) mice were subcuta-
neously challenged with IGROV1 cells followed by an intravenous injection with
a mixture of human PBMC and either MOv18-IgE or MOv18-IgG1. Thirty-five
days after tumor challenge control mice showed excessive tumor growth (Fig. 7.4).
In contrast, both the MOv18-IgE and the MOv18-IgG1 inhibited tumor growth up
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Fig. 7.4 MOv18-IgE inhibits the growth of IGROV1 human ovarian adenocarcinoma cells in vivo
in the presence of human PBMC as effectors. A matched variable region set of mouse/human
chimeric IgE and IgG1 antibodies specific for FBP was tested for their ability to inhibit the sub-
cutaneous growth of cells in a SCID mouse xenograft model of human ovarian cancer. Mice were
treated intraperitoneally with anti-asialo Gy to eliminate host natural killer cells. One day later,
mice were challenged subcutaneously with 2 x 10® IGROV1 cells followed by intravenous injec-
tion of 2.5 x 10° human PBMC combined with either 100 g MOv18-IgG1, 100 ug MOv18-IgE
or 50 pg MOvV18-IgE. The mean tumor size =+ the standard error of the mean (SEM) measured on
days 19, 29 and 35 are shown (n = 4 for all groups). Reproduced with permission from Fig. 4A
Gould et al. [69]. Copyright Wiley-VCH Verlag GmbH & Co. KGaA

to day 19; however, MOv18-IgG1 did not demonstrate protection after this time.
Only MOv18-IgE (100 pg) was able to prevent tumor growth for an additional 16
days (to day 35) compared to mice treated with the same concentration of MOv18-
IgG1, which developed tumors after 19 days. It is also important to note that mice
treated with half of the concentration (50 g) of IgE compared to IgG1 (100 g)
showed 40% inhibition of tumor growth at day 35 (Fig. 7.4). Due to the inability
of human IgE to bind murine FceR, the use of human PBMC was essential for the
anti-tumor effect of MOv18-IgE [69]. This demonstrates that human effector cells
are required for the IgE-mediated anti-tumor response. It is important to note that
the anti-tumor activity of MOv18-IgE may be underestimated in this model since
the effectors are limited to human PBMC, which are exogenously administered. In
contrast, in humans there would be a permanent supply of the entire effector reper-
toire including PBMC, and thus, the anti-tumor activity of IgE is expected to be
superior compared to that observed in this mouse model. Furthermore, the capac-
ity of the IgE to elicit an adaptive immune response could not be evaluated since
immunodeficient mice were used. Despite these drawbacks, this study demonstrates
that the anti-cancer effects of MOv18-IgE were superior compared to those of its
IgG1 counterpart and that the Fc-mediated effector functions of the antibody are
essential.
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The anti-cancer effect of MOv18-IgE was confirmed using a different mouse
model [70]. Nude mice (nu/nu) were challenged intraperitoneally with human
HUA ovarian cancer cells expressing FBP. The following day, human PBMC
were injected intraperitoneally alone or in combination with 100 ug MOv18-IgE
or MOvV18-IgG1. Treatment with PBMC and MOvI18-IgE significantly increased
survival to 40 days compared to mice treated with the mixture of PBMC and
MOv18-IgG1 (22 days) or compared to mice treated with PBS (19 days). MOv18-
IgG1 in combination with PBMC in this model did not show a protective effect.
Immunohistochemistry analysis of HUA xenografts demonstrated that human
monocytes were localized around tumor lesions in MOv18-IgE-treated mice only,
suggesting that these effector cells play an important role in the anti-tumor effect
of this antibody. This was confirmed using monocyte-depleted PMBC in this tumor
model [48].

Further studies have helped to identify the mechanisms of the anti-cancer effects
of MOv18-IgE. In vitro assays demonstrated the ability of MOv18-IgE to lyse can-
cer cells via ADCC by human monocytes [70] or eosinophils [48]. ADCC is an
important and relevant mechanism of action of recombinant antibodies approved
for cancer immunotherapy [71]. In addition, in vitro analysis demonstrated that
MOV18-IgE is able to induce ADCP through the interaction with its low-affinity
receptor CD23 expressed on the surface of (IL-4)-activated monocytes [48]. IL-
4 was shown to induce the expression of CD23, but not FceRI, on the surface of
monocytes isolated from human PBMC. The role of CD23 in ADCP was confirmed
by using an antibody to block the binding of IgE to CD23 in which this ADCP
activity was decreased. In contrast, blocking CD23 did not affect the MOv18-IgE-
induced ADCC activity, indicating that ADCC is mediated by FceRI and not by
CD23. In addition, primary monocytes pre-stimulated with MOv18-IgE showed an
increase of surface FceRI expression, which correlated with the increase of MOv18-
IgE-mediated ADCC, confirming that the high-affinity IgE receptor is required for
IgE-mediated ADCC in vitro. These results have also been observed using U-937 (a
human monocyte cell line) as effector cells [47]. Galectin-3, a beta-galactosidase-
binding lectin that also binds human IgE, was shown not to be relevant for the ADCC
and ADCP activities of MOv18-IgE in this model [47]. These studies have helped
to define the mechanism of MOv18-IgE-mediated toxicity as well as to shed light
on the basic biological function of the FceRs. Both IgE-mediated ADCC and ADCP
are discussed in detail in Chapter 8.

7.3.2.5 Engineered IgE Specific for Human HER2/neu

HER2/neu (also known as ErbB-2 or HER-2), a member of the epidermal growth
factor family, is overexpressed on approximately 25-30% of breast cancers and
is associated with poor prognosis [72]. Its overexpression and association with
more aggressive disease along with its extracellular accessibility make this anti-
gen attractive for antibody therapy. In fact, the FDA-approved antibody trastuzumab
(Herceptin®), a humanized IgG1 specific for HER2/neu, can lead to an objec-
tive response in some patients with tumors overexpressing HER2/neu when used
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alone or an even higher response when combined with chemotherapy [73-78].
Unfortunately, most of the patients with advanced breast cancer who achieve an
initial response to trastuzumab-based treatment acquire resistance and eventually
succumb to the disease [75, 79]. Therefore, as a new treatment for HER2/neu
expressing tumors, an anti-HER2/neu IgE was developed [49]. This humanized IgE
was derived using DNA sequences corresponding to the published protein sequences
of the heavy and light chains of the trastuzumab variable regions [49]. This IgE was
expressed in HEK293 human embryonic kidney cells and its in vitro efficacy was
compared to trastuzumab. Both trastuzumab and its IgE homologue exhibited sim-
ilar direct anti-tumor effects on SK-BR-3 human breast cancer cells in vitro [49].
Both antibodies also induced U-937-mediated killing of a murine colon carcinoma
cell line expressing human HER2/neu (CT26-HER2/neu) as well as SK-BR-3 cells.
However, the mechanism of cell killing was found to be different for the two anti-
bodies. Trastuzumab was shown to mediate ADCP of target cells, while the IgE
facilitated ADCC. In addition, the IgE antibody stimulated the degranulation of
mast cells when crosslinked with HER2/neu-positive cancer cells, indicating that
an anti-tumor immune response with the characteristics of an allergic reaction can
be induced by a cancer-specific IgE.

Our group has also developed a new generation of anti-HER2/neu IgE. This anti-
body is fully human in origin and contains the variable regions of the COMH3-B1
single-chain Fv (scFv) specific for the extracellular domain of human HER2/neu
that was originally isolated from a human phage library [80]. This scFv was also
previously affinity matured in vitro by sequential mutation of the third compli-
mentary determining region (CDR) in both the variable heavy chain (Vy) and the
variable light chain (VL) regions [81]. The highest affinity mutations of both the
Vu and the Vi, were selected based on binding to HER2/neu. The affinity-matured
scFv demonstrated a 1230-fold increase in affinity compared to the parental C6.5
scFv [81]. These affinity-matured Vi, and Vg regions were cloned into either the
human k light chain or the human ¢ heavy chain expression vectors, respectively,
to yield a fully human anti-HER2/neu IgE [82]. This antibody, expressed in murine
myeloma cells, is properly assembled and secreted, binds antigen and binds FceRI.
Although the anti-cancer effect of this antibody is currently being explored, it is
important to note that a major advantage is that this molecule is totally of human
origin (not chimeric or humanized). In addition, this anti-HER2/neu IgE binds a
different epitope compared to the FDA-approved anti-HER2/neu IgG1 trastuzumab
(Herceptin®) [83]. Thus, this IgE antibody could be used in combination (simulta-
neous or sequential) with trastuzumab to activate a diverse and more potent immune
response targeting breast cancer.

7.3.2.6 Chimeric IgE Targeting Human CD20

The anti-CD20 IgG1 antibody rituximab (Rituxan®) is currently being used in the
clinic for the treatment of non-Hodgkin’s lymphoma (NHL). However, resistance
to the antibody occurs in most patients [84, 85] and alternative strategies are still
needed. We have developed a novel anti-CD20 antibody composed of the variable
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region of rituximab, the human constant k light chain and the human Fce constant
region (anti-CD20 IgE). This antibody expressed in murine myeloma cells is prop-
erly assembled and secreted and exhibits specific binding to the antigen and to
the FceRI. Preliminary studies show that anti-CD20 IgE elicited significant direct
cytotoxicity and ADCC activity against human CD20* NHL cell lines [82, 86].
Moreover, crosslinking of anti-CD20 IgE with lymphoma cells expressing CD20
triggered local cutaneous anaphylaxis in transgenic mice expressing human FceRIa
[86]. We expect that the anti-CD20 IgE, like other antibodies of the IgE class tar-
geting TAA, can be used as a direct anti-tumor agent for passive immunotherapy
as well as an adjuvant of cancer vaccines, which may potentially have a significant
impact on the treatment of NHL.

7.3.3 Induction of an Endogenous IgE Response via Mimotope
Vaccination

The above studies are focused on the development of tumor-specific IgE antibod-
ies and their use for passive immunotherapy of cancer. An alternative strategy
is the induction of an endogenous IgE response that targets a TAA [87]. For
this purpose, a novel approach was taken to establish a vaccination protocol
that would result in the induction of an anti-cancer-specific IgE response in
vivo. Using the epitope recognized by trastuzumab (humanized anti-HER2/neu
IgGl), epitope mimics (mimotopes) were generated [88]. This mimotope con-
sisted of the 1, 12-cyclic peptide C-QMWAPQWGPD-C coupled via its carboxy
terminus to a succinimidyl-4-(N-maleinimidomethyl) cyclohexane-1-carboxylate-
activated immunogenic carrier, keyhole limpet hemocyanin (KLH), through a linker
(GPGPQG) by S-acetyl-thio-acetate (“QMW-KLH”). A non-targeted peptide 1, 12-
cyclic C-DGGWLSKGSW-C coupled to KLH in the same manner was used as a
negative control (“KLH”). Vaccination using these mimotopes yields the genera-
tion of endogenous “trastuzumab-like” antibodies in vivo [87, 88]. Moreover, it has
been shown that a specific IgE response can be induced by the combination of oral
immunization with the mimotope and antacid treatment that is known to induce food
allergy [89, 90].

The above vaccination strategies were combined in BALB/c mice to elicit an
endogenous anti-HER2/neu IgE response [87] (Fig. 7.5). For the antacid treatment,
mice were given omeprazole, a proton pump inhibitor, orally once daily for 2 days
prior to vaccination. Mice were also given omeprazole twice on the day of immu-
nization. The mimotopes were administered orally in the protective ulcer medication
sucralfate as described previously for the induction of food allergy [89, 90]. This
strategy resulted in the induction of a high-titer endogenous IgE response (Fig. 7.6).
In addition, the induced IgE recognized the mimicked oral antigen (HER2/neu) on
the surface of human SK-BR-3 breast cancer cells and resulted in both the degran-
ulation and cytotoxicity of RBL-2H3 rat basophilic leukemia cells expressing the
rodent FceRI [87]. Taken together, these studies show that this unique vaccination
strategy can lead to the induction of an endogenous anti-cancer IgE response.



176 T.R. Daniels et al.
Trastuzumab
/ HER2/neN Binding Site
Fc{
Trastuzumab

.............................................. ! Mimotope

el embrane - [T | ﬁ

+ Antacid

4 Anti-HER2/neu
IgE

Fig. 7.5 Schematic diagram outlining the strategy for the generation of mimotope peptides and
their administration during oral vaccination. HER2/neu is a transmembrane receptor consisting
of three domains: extracellular, transmembrane and cytoplasmic. The extracellular domain of
HER2/neu is recognized by the FDA-approved therapeutic antibody trastuzumab (Herceptin®).
The region of HER2/neu that is recognized by trastuzumab was used to generate a mimotope
that when used in combination with an antacid in an oral vaccination setting would lead to the
generation of an endogenous anti-HER2/neu IgE antibody response in the mouse

7.4 Conclusions

Since the early 1990s the number of antibodies of the IgE class developed for pas-
sive immunotherapy of cancer has rapidly increased, and it is expected that this
growth will continue. In order to target both epithelial and hematopoietic malig-
nancies, IgE antibodies targeting different TAA such as FBP, HER2/neu, and CD20
have been developed. Importantly, these antibodies have demonstrated significant
anti-tumor activity in vitro and in some cases in animal models. Moreover, an
endogenous IgE response that targets a TAA can be induced by a vaccination
strategy. Studies of IgE-mediated anti-tumor immunity have advanced the under-
standing of IgE biology and uncovered specific roles for its different receptors,
FceRI and FceRII (CD23). Armed with this knowledge and the tools required to
develop tumor-specific IgE antibodies, investigators are focused on addressing the
effectiveness of these approaches in light of the success and limitations of IgG-based
immunotherapy. These efforts are expected to result in the continued generation
of IgE antibodies that can harness the allergic reaction and redirect it to fight the
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Fig. 7.6 Induction of endogenous antigen-specific IgE is achieved by oral vaccination using
a mimotope peptide. BALB/c mice (seven per group) were immunized with the mimotope C-
QMWAPQWGPD-C (“QMW-KLH”) or the carrier molecule KLH by itself as described in
Fig. 7.5. Each animal received 11.6 pg of the proton pump inhibitor omeprazole intravenously on
days 1, 2 and 3 of each immunization cycle. Mice were immunized on days 3, 17, 45, 59 and 87.
Panel A: QMW-specific serum IgE titers determined by DotBlot assay. Panel B: Optical density
of the DotBlot spots determined by densitometry analysis of a 20 x 20 pixel area from three inde-
pendent spots along with standard deviations per condition and dilution. Signals from these spots
are shown as total optical density per square pixel area. Panel B of this figure was created using the
data shown in panel A, which was adapted from Fig. 2 in Riemer et al. [87] with permission from
The American Association for Cancer Research

tumor leading to the induction of a potent anti-cancer response capable of reduc-
ing tumor burden or even facilitating full tumor rejection with long-term anti-tumor
immune memory. However, a limitation in the basic and translational studies of
IgE antibodies that have human constant regions has been the lack of appropriate
animal models to properly and fully evaluate their efficacy and toxicity. Given the
involvement of IgE in anaphylaxis, toxicological studies are critical for the preclin-
ical analysis of these IgE molecules. Advances in the model systems for the study
of human IgE are expected to overcome this limitation and expedite the evaluation
of IgE immunological functions in vivo. Such advances include the development of
FceRI transgenic animals such as mice expressing the human FceRIa chain [64, 65].
Transgene expression in these mice parallels the effector cell-specific expression of
FceRI in humans, making this an attractive model to evaluate both efficacy and tox-
icity. In fact, these “humanized FceRI” transgenic mice have already been utilized
to evaluate PCA in vivo induced by IgE with human Fc fragments [64, 86], and
they open the possibility to further evaluate the potential use of human IgE for the
treatment of human cancers. Advances in the understanding of IgE-mediated anti-
tumor immune responses, protein design, and experimental models help us to better
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understand the benefits and potential drawbacks of IgE-mediated immunotherapy of
cancer paving the way to clinical trials.
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