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Abstract

Antibody based targeted therapy has considered more than other immunotherapeutic methods for cancer treatment due to extensive capacity of antibodies for
targeting specific antigens. Antibodies and antibody fragments can target particular antigens that are expressed by cancer cells and lead them to apoptosis.
However, conjugation of antibodies to cytotoxic agents such as drugs, radionuclides, and toxins improves the efficacy of antibody-based targeted therapy. The use
of antibodies as carriers to deliver cytotoxic agents to the target cells has led to the emergence of immunoconjugates. The immunoconjugates not only are more
effective than naked antibodies but also prevent the side effects of cytotoxic agents by delivering them only to the target cells. Targeted therapy has received more
attention due to its fewer side effects on normal cells. This review provides a brief definition of various antibody therapies which are in development and in clinical

use for different cancers treatment, as well as describes the mechanism of action of each method.
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Introduction

Cancer is one of the leading causes of death worldwide and according
to studies by the American Cancer Society, has been known as second
leading cause of death in the United States. Moreover, this organization
has predicted that by 2020, more than 1.8 million new cases of cancer will
occur in the USA [1]. Various types of cancer can affect different tissues. In
this regard, the World Health Organization (WHO) has listed lung, breast,
colorectal, prostate, skin cancer (non-melanoma), and stomach as the most
common types of cancer in the world in 2018, respectively [2]. Considering
this global burden for cancer, there are many conventional therapeutic
methods such as tumor surgery, chemotherapy, radiotherapy and hormone
therapy, that usually two or more of these are recommended depending
on the patient's conditions. Despite these methods' effectiveness,
these treatments have some limitations. For instance, in hematological
malignancies, tumor surgery is not possible, and chemotherapy damages
non-cancerous cells by introducing too much toxin into the body and its
side effects are unacceptable. The main limitation of all these conventional
methods is their inability to prevent metastasis and recurrence of cancer [3].
Therefore, limitation of traditional methods, cause cancerimmunotherapy as
anew treatment method that has been widely considered in the past decade
[4]. Antibody based targeted therapy is one of the cancer immunotherapy
methods, which has been extensively discussed by researchers.

Antibody based targeted therapy as one of the immunotherapy methods
for treating cancer has devised since 40 years ago. It was the time when
researchers found the expression of antigens by tumor cells by the use
of serological techniques in 1960 [5]. Subsequently, Cesar Milstein and
George J.F. Kohler produced monoclonal antibodies for the first time in
1975 using the hybridoma technology [6]. However, the use of antibodies
and then antibody based targeted therapy as a successful method for
the treatment of hematological malignancies and solid tumors became

popular with the identification and introduction of Rituximab as the first
full length chimeric antibody for the treatment of Patients with Relapsed
Low-Grade Non-Hodgkin's Lymphoma in 1997 [7]. Antibodies usually act
by targeting specific antigens expressed on the surface of tumor cells. For
instance Rituximab kills cancer cells by targeting CD20 in non-Hodgkin B
cell lymphoma, Trastuzumab targets HER2 and Cetuximab targets EGFR in
breast cancer and colorectal cancer, respectively [8].

Antibody based targeted therapy is highly regarded due to one of the
important features of this method, which is selectivity. It means the ability
to detect tumor cells by the use of antibody based targeted therapy not
only makes treatment faster, but also reduces the side effects. However,
the use of naked antibodies is limited due to some factors such as antigen
heterogeneity, interference by inhibitory receptors and etc. various modifying
methods have been proposed to improve the effectiveness of this treatment
method, among them the use of immonoconjugated antibodies has been
extremely considered [9]. Antibodies can conjugate with radionuclides,
toxins and drugs. Thus, combining conventional therapies such as
chemotherapy with immunotherapy can lead to a significant efficiency. The
present article will discuss antibody based targeted therapy on the basis of
evaluation of current data from clinical trials.

Antibodies

Antibodies are Y-shaped proteins that are produced by the immune
system to protect the host against foreign invasion. When an antigen enters
the host, the innate immune system and adoptive immune system will become
activated. In the first step, macrophages begin to phagocytosis foreign
material (virus, bacteria, toxins and etc.). Then, antigenic subunits escorted
to the macrophage surface and this antigen presented to T cell. In the next
stage, macrophage and T cell stimulate B cells that lead B cells to produce
antibody [10]. Antibodies, commonly used in form of immunoglobulins (Igs)
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are classified into five groups: IgA, IgD, IgE, 1gG, and IgM. These classes
have differences in overall structure, and the IgG class is known as the most
common type, which is used in immunotherapy. Generally, an antibody has
made of two main parts: Antigen-binding fragments (Fab) and Fc-region,
which binds to serum proteins (complement) or cells [11]. As shown in
Figure 1, each Y-shaped antibody has been made of heavy chains and light
chains that are linked together by disulfide linkages. The unique ability of
antibodies to target a specific antigen has made them known as an effective
cancer therapeutic method.
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Figure 1. Schematic view of antibody; two heavy chains and two light chains are
linked by disulfide bonds.

In addition to antibodies, other essential components in antibody based
targeted therapy are tumor antigens. Tumor cells express different groups
of glycoproteins, lipids, and carbohydrates, called antigens, which can be
found at the surface of tumor cells. These tumor antigens are classified
into two group: (1) tumor-specific antigens (TSAs), which are expressed
only by tumor cells; (2) tumor-associated antigens (TAAs), which can be
represented by both normal and tumor cells [12]. For instance CD105 is
known as TAA, which is not only overexpressed on tumor cells as marker
of neovascularization, but also expressed in healthy cells as a specific
endothelial marker [13]. Several factors should be considered in targeting
TAAs, such as the potential of these antigens to be detected with antibodies
and the immune system. Moreover, finding specific epitopes that may be
different between the same antigens which are expressed at the surface
of normal and tumor cells, and targeting these epitopes with modification
of antibodies, is one of the foresees antibody based targeted therapy [14].

The mechanism of antibody based targeted therapy as a therapeutic
method for cancer generally works in two separate pathways, which include:
direct and indirect effect; in the direct pathway, antibodies mainly alter
intracellular signals which lead tumor cells to apoptosis. These changes
usually occur with inhabitation of growth factor receptors and dysfunction of
adhesive molecules [15]. In the indirect pathway, antibodies are not directly
responsible for the apoptosis of target cancerous target cells. But antibodies
introduce cancer cells to host immune system effectors by marking cancer
cells. The immune system attacks the labeled cells in two ways as follows:

Antibody dependent cellular cytotoxicity (ADCC); in this immune
mechanism, the Fcy receptors of the effector cells can detect and Kkill
antibody marked target cells. This pathway begins with the identification of
antibody labeled cells by the effector cells, which results in the activation
of cellular src family protein tyrosine kinases. Then, the phosphorylation
of immunoreceptor tyrosine-based activation motifs (ITAMs) leads to
downstream signaling pathways initiate in the effector cells. Finally, the
target cells are killed via predominant perforin/granzyme cell death pathway
[16] (Figure 2).
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Figure 2. Direct and indirect pathways of antibody function in exposure to tumor
cells. ADCC: Antibody Dependent Cellular Cytotoxicity; CDC: Complement
Dependent Cytotoxicity.

Complement-Dependent  Cytotoxicity (CMC); in this process,
complement proteins act as a cascade. This cascade initiates when
complement component C1q binds to the Fc region of the antibody, which is
attached to the tumor cell, and in the end, lead the target cell to be lysis or
phagocytosis. Furthermore, activation of complement due to this cascade
can lead to the formation of membrane attack complex which results in
disruption of tumor cell membrane [17,18].

Antibody Fragments

Antibody based targeted therapy has proved as an effective cancer
treatment, with various examples of clinical trials which have evaluated
the use of antibodies for the treatment of hematological malignancies and
solid tumors [19,20]. However, there are limitations in the efficacy of this
method, especially in treatment of solid tumors. Inability of the antibodies to
penetrate the tumor due to the high molecular weight of the whole antibodies
can be known as the most important limitation factor for the effectiveness
of antibody based therapies [21]. In this regard, antibody fragments have
been suggested as a solution. Antibody fragments as simple structures are
smaller than whole antibodies. Due to the structure and molecular weight,
three kinds of antibody fragments have been assessed for targeting tumor
cells, include: Antigen-binding fragments (Fab) (composed of both constant
and variable domains of each of the heavy and light chains); Single chain
variable fragments (scFV) (variable regions of light and heavy chains which
are linked together by a peptide linker); and single-domain antibodies
(sdAbs) or nanobodies (Nbs) (consist of only one variable domain of heavy
chain) [22,23], which are shown in Figure 3.
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Figure 3. Schematic view of whole antibody and different antibody fragments. Fab:
Antigen Binding Fragment; scFV: Single Chain Variable Fragment; sdAb: Single
Domain Antibody.
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As mentioned above, the main limitation of antibody based targeted
therapy for solid tumors is heterogeneous targeting which occurs due to
the high molecular size, low binding affinity, and shape of the antibodies.
The antibody entering the host must pass through various barriers such as
vessel wall and extracellular matrix (ECM) of targeted tissue, to reach the
tumor cells. Therefore, this is clear that the use of antibody fragments with
low molecular weight and high binding affinity in comparison with the whole
antibody is much more useful to penetrate these barriers and target tumor
cells [24]. Table 1 shows the correlation between the molecular weight of
the intact antibody and the molecular weight of different antibody fragments.

Table 1. Molecular weight of whole antibody and antibody fragments. Fab:
Antigen Binding Fragment; scFV: Single Chain Variable Fragment; sdAb: Single

Domain Antibody; KDa: Kilodalton.
Antibody and Antibody Molecular Weight Ref

Fragments

Whole antibody ~150KDa4 Grieger et al.[27]
Fab ~50KDa Harmsen et al.[28]
ScFV ~27KDa Sun et al.[29]
SdAb ~15KDa Schrankel et al.[30]

Despite all the advantages of antibody fragments, in comparison with
full-length antibody, the stability of Fab and scFV is less. Moreover, these
antibody fragments are more sensitive to thermal stress which leads them
to be cleared more quickly before they can be useful in destroying cancer
cells. However, the third generation of antibody fragments, which have
considered more than Fab and scFV in recent years, despite their small
size, have relatively high stability, as well as Nbs can bind to an antigen
more precisely [25]. Furthermore, this kind of antibody fragments are less
immunogenic than the other types of antibody fragments and full length
antibody [26].

Numerous clinical and pre-clinical experiments have been performed,
especially in the last decade, to investigate the efficiency of antibody
fragments to detect and kill cancer cells. In this regard, et al. have evaluated
EpCAM-F800, a novel fluorescent anti-EpCAM antibody fragment, for
detecting epithelial cell adhesion molecule (EpCAM), which overexpress
on epithelial-derived cancers. They produced this Fab and illustrated its
feasibility for intra-operative fluorescence-guided tumor detection by the use
of entering breast and colorectal cancer cells into mice animal model [31].
In another research which has conducted in 2019, Moradi Kalbolandi and
colleges invented a novel method for detecting leukemic cancer stem cells
(LSCs) by anti-CD45 scFv conjugated quantum dot. After the production of
CD45RA scFv and conjugation with carbon dots, they assessed its ability
for detecting CD45RA+ cells in vitro, besides they used CD45RA-cells as a
control cell line. The results of this study have demonstrated that CD45RA
scFv conjugated C dots can detect CD45RA+ cells with high accuracy [32].
Moreover, Chinese researchers have investigated anti-HER2 immunotoxins
based on sdAb. They have performed this in vivo test via entering human
gastric carcinoma and breast cancer cells, which overexpress human
epidermal growth factor receptor 2 (HER2), into mice. Then, they used
three different anti-HER2 sdAb molecules with improved PE24X7 toxin for
targeting HER2+ cells [33].

Immunoconjugates

The most important goal of cancer treatment methods is to destroy
tumor cells without affecting healthy cells. Although antibody based targeted
therapy with the pathways mentioned in Figure 1 has been successful to
a large extent in achieving this goal, the combination of antibodies with
agents that are used in conventional methods such as radiotherapy and
chemotherapy can maximize the efficacy of treatment. This new therapeutic
approach, which is called immunoconjugates, consists of Antibody as
carrier, cytotoxic agent, and chemical linker, which makes a connection
between cytotoxic agent and antibody. Immunoconjugates not only reduce
the side effects by lowering the dose of active cytotoxic agents, but also
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prevent the target cells from escaping and recurrence of the cancer by
delivering these agents specifically to target cells [34]. The linker section
is a significant part of immunoconjugates. The linkers must be stable in
the systemic circulation and be able to accurately control the release of
cytotoxic agents into target cells [35]. These linkers generally classified into
two groups: non-cleavable linkers and cleavable linkers that the release
mechanisms of cytotoxic agents by them as well as their degree of stability
in circulation, are different [36].

Cleavable linkers

These kinds of linkers utilize specific conditions to release cytotoxic
agents into the target cell environment. This is to say that these linkers
cleave when they move from bloodstream and extracellular matrix into
intracellular milieu by feeling the alternation in conditions such as hydrolysis,
pH and some enzymes levels. Chiefly, there are three kinds of cleavable
linkers, including Reducible disulfides, Acid cleavable linkers, and Cleavage
by exogenous stimuli [37].

Non-cleavable linkers

In spite of cleavable linkers, in non-cleavable linkers do not exist
any fragile region that can be cleaved by hydrolases or pH and enzyme
level alteration. These stable and degradation-resistant bonds lead whole
immunoconjugates degradation in the lysosome. Depending on the type
of antigen and the cytotoxic agent, non-cleavable linkers are preferred to
the cleavable types when the stability of the immunoconjugates are more
important than the rapid release of the cytotoxic agents [38].

Generally, there are three classes of cytotoxic agents including
chemotherapeutic drug, radionuclides and toxins (protein enzymes with
both bacterial and plant origins). these cytotoxic agents can be conjugated
to antibodies to produce various immunoconjugates [39].

Antibody Drug Conjugates (ADCs)

In this section the word “drug” is related to a chemotherapeutic drug.
Chemotherapy, as a primary conventional cancer treatment, is used for
elimination of both solid and hematological malignancies. There are more
than 100 chemotherapy drugs thathave been licensed by FDA (Food and Drug
Administration). For instance, Paclitaxel, Docetaxel, Cyclophosphamide,
and Bendamustine are common chemotherapeutic drugs that have been
used for breast cancer, non-small-cell lung cancer (OAK), Primary Central
Nervous System Lymphoma (PCNSL), and advanced chronic lymphocytic
leukaemia (CLL10) treatment respectively [40-43]. Among the numerous
chemotherapy regimens, the choice of an appropriate regimens depends
on several factors such as type and progression level of cancer, history of
other disease, age, previous treatment, hematological examination, liver
and kidney function [44]. Chemotherapy agents lead cells with high division
rates to apoptosis by destroying DNA or preventing mitotic division. But
in addition to tumor cells, some healthy cells in the bone marrow or the
cells of hair follicles which have high cell division rates, are affected by
chemotherapy [45]. Furthermore, cancer stem cells which are resistant to
chemotherapy agents despite cancer cells, survive after chemotherapy, and
can lead to a new tumor formation [46]. Therefore, side effects such as
myelosuppression and recurrence of the disease are counted as limitations
of chemotherapy.

Chemotherapy usually has a low therapeutic window that results from
poor specialization in targeting tumor cells. In this regard, drugs conjugated
to antibodies are considered to be useful by improving selectivity and
specificity. The chemotherapeutic drugs have been specially introduced into
cancer cells through the antibodies. Targeted delivery of medicine not only
prevents side effects of chemotherapy, but also approximately total amount
of injected drugs reach tumor cells, which lead to a decrease in required
dose of drugs that should be injected to the host [47]. According to the
benefits of ADCs, several ADCs were established and approved by FDA.
For instance Gemtuzumab ozogamicin which is known with Mylotarg trade



Mohammadi J, et al.

J Immuno Biol, Volume 5: 2, 2020

name is the first ADC that was approved by FDA. This ADC was used to
target CD33-positive cells in acute myeloid leukemia (AML) patients in 2001
[48]. Moreover, ADCETRIS® (brentuximab vedotin), a CD30-specific ADC,
received approval by FDA in 2011, which is used against relapsed Hodgkin
lymphoma and systemic anaplastic large cell lymphoma (ALCL) [49].
Polatuzumab vedotin is another ADC that consist of monoclonal antibody
against CD79b, monomethyl auristatin (MMAE), and a cleavable linker.
The US FDA gave approval to this ADC in combination with bendamustine
plus rituximab in 2019 for relapsed/refractory diffuse large B-cell lymphoma
(DLBCL) treatment [50].

Antibody Radionuclide Conjugates (ARCs)

Radiotherapy, as an old cancer treatment method, is more effective in
eliminating local tumors. Radiotherapy can affects the DNA of cells and lead
them to damage through two direct and indirect pathways. It means that
radiation can directly destroy DNA or an exact indirect route by ionization of
intracellular components, which lead to formation of free radicals, destroys
DNA [51]. This DNA damage due to radiation can induce different types of
cell death, such as apoptosis, mitotic cell death, and mitotic catastrophe.
However, radiotherapy has been considered according to the fact that
radiotherapy not only affects localized irradiated tumors, but also can cause
changes in the immune response against cancer antigens. This refers to the
abscopal effect, which was introduced in 1953 [52]. According to abscopal
phenomena, the radiation produces tumor associated antigens (TAAs) in
the primary tumor. Then, These TAAs are identified by antigen presenting
cells (APCs) and are introducing to T cells. As a result, an immune-mediated
anti-tumor response will be created, which prevents the recurrence of the
disease by eliminating the secondary tumor [53].

During the last decade, attention to radiotherapy has increased
due to its capacity to prevent metastasis and recurrence of the disease.
Researchers are looking to increase the stimulation of the immune system
against malignant cells by combining this method with immunotherapy.
Conjugation of radionuclides to antibodies is one of these mixed methods
that have received more attention due to its selectivity. ARCs are used to
target radioactivity specifically to the tumor cells without affecting healthy
cells [54]. In this regard, Ryan D, Cassaday et al. in a phase | study, which
was conducted in 2019, evaluated an anti-CD45 ARC for the treatment of
lymphoma. They used BC8 antibody conjugated to iodine-131 (1311) in
patients with B-cell non-Hodgkin lymphoma (B-NHL), T-cell NHL (T-NHL),
or Hodgkin lymphoma [55]. In another clinical examination which was
conducted by Dawicki and colleagues, daratumumab conjugated to alpha-
emitter 225Actinium was used for therapy of multiple myeloma (MM) [56].

Antibody-Toxin Conjugates

In this type of immunoconjugates, the antibody conjugates to a
biological toxin with bacterial or planet origins. Among various plant and
bacterial protein toxins, diphtheria toxin and Pseudomonas exotoxin,
which are bacterial toxins as well as ricin and gelonin with plant origin
most commonly used in conjugation with antibodies [57]. DAB389IL2 or
denileukin diftitox (DD; Ontak®) was the first antibody-toxin conjugate that
was approved by FDA. This immunotoxin used for the treatment of chronic
lymphocytic leukaemia [58]. Previously, whole antibody linked full-length
toxin was used, but due to the large size, there were some crucial problems
such as not penetrating into solid tumors. Therefore, the use of antibody
fragments conjugated to toxin fragments has been considered dramatically.
For instance, Lee et al. in an in vitro examination evaluated the efficiency
of scFv of trastuzumab conjugated to PE24 fragment of Pseudomonas
exotoxin A exposed to HER2-expressing breast cancer cell lines. The
results of this study demonstrate the effectiveness of this antibody-toxin
conjugates [59]. However, according to some other limitation such as
instability, too toxicity and immunogenicity, use of antibody-toxin conjugates
is not common in clinical trials [60].
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Conclusion

The development of antibody based targeted therapy as a novel
cancer treatment has been an attractive area of research in recent years.
The specificity and selectivity of antibodies for targeting tumor cells in
combination with cytotoxic agents which are used in conventional treatments
such as chemotherapy and radiotherapy, have made this treatment method
effective. Although the use of this method leads to a considerable decline
in the side effects of cytotoxic agents, cross-reactivity of immunoconjugates
with healthy cells still exist since targeted antigens are not restricted to
cancer cells. However, considering the epitops, which can be different in the
same antigen in cancer cell and normal cell, and targeting them by antibody
fragments could be a solution.
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