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ABSTRACT

Monoclonal antibodies (MADbs), also called immunoglobulins, present substantial merits in
biotechnology, immunology, and biochemistry. They are typically referred to as murine
antibodies due to their origin in mice. Compared with polyclonal antibodies, the
sophisticated production of MAbs render them more practical and therefore expensive. In
the groundbreaking hybridoma technology discovered by Georges Kohler and Cesar
Milstein, mice are immunized and then plasma cells are obtained from the spleen and
merged with myeloma cells (cancer cells) to yield hybridoma cells. During mouse
vaccination, prudent awareness is paid to animal welfare. MAbs have become instrumental
in diagnosing livestock diseases after being incorporated into diagnostic procedures
(immunohistochemistry, Immunofluorescence test, ELISA, and immunoblotting). The
detection of microbial antigens or antibodies in diagnostic tests greatly relies on MADbs.

At the forefront of medical progress towards a new era of personalized therapy lies the
utilization of MAbs to treat a wide spectrum of illnesses. With the birth of the first clinically
certified MADb in 1975, the MADb market has undergone a surge in growth, now boasting an
assessment in the billions. The continual development of MAbs confirms their permanent
role within the treatment landscape, supported by their unique features. MAbs offer
promising possibilities for addressing an expansive spectrum of ailments, varying from viral
infections and septicemia to poisoning, asthma, autoimmune diseases, cancer, drug
addiction, and beyond. The market for therapeutic antibody therapies has encountered a
surge, pushed by the approval of new medicines to treat diseases that infect humans.

Introduction:

Open Access

The immune system is a critical line of defense
against a wide range of microbial pathogens responsible
for causing numerous illnesses. Its various components
work together to identify and eliminate these harmful
agents, thereby maintaining the body's overall health and
well-being. Its two main elements are humoral (antibody-
mediated) and cellular (cell-mediated) immune
responses. The humoral immune system comprises B
lymphocytes, which detect foreign antigens and generate
certain antibodies against them. Particularity and
capability to supply long-term resistance to a certain
antigen. Antibodies possess two fundamental properties
that are vital for their function. Researchers leverage
these unique characteristics to safeguard human health
against various diseases.[1].
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Antibodies, likewise known as immunoglobulins,
are large, Y-shaped proteins primarily produced by
plasma cells. Each tip of the “Y” of an antibody
comprises a paratope specific for one particular epitope
on an antigen, which the antibody recognizes via Fab’s
variable region [2] to identify a unique molecule of the
pathogen termed as an antigen. Antibodies are classified
based on affinity. Monoclonal antibodies (MAbs) are
produced by identical immune cells, whole clones of a
distinctive parent cell. Polyclonal antibodies bond to
multiple epitopes, and MADbs can only have monovalent
affinity, linking to the same epitope [3].

MADbs are generated via a traditional
immunological method, boasting important utility in
various domains such as biotechnology, biochemistry,
and immunology. Operating as a defensive mechanism,
antibodies can identify and neutralize invading agents
such as viruses and bacteria. Antigen-binding sites, each
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with a paratope (similar to a lock) located at the upper
ends of the “Y”-shaped antibody molecules, can detect a
certain antigen unique to its target. In particular, a
paratope binds to one epitope on a unique antigen (similar
to a key), allowing these frames to link adequately. An
antibody can tag either a microbe or an infected cell,
thereby permitting other immune system components to
target it and instantly suppress its goal [4].

Antibodies are vital to the immune response as they
bind to soluble toxins, neutralizing their effects, and
target pathogenic antigens on cell surfaces, preventing
infection or marking them for destruction. Immune cells
then eliminate pathogens through two complementary
processes,antibody-dependent  cellular  cytotoxicity
(ADCC) and antibody-dependent cellular phagocytosis
(ADCP). The target particularity of antibodies is imparted
by an antigen-binding fragment (Fab), and their
biological activity is guided by a crystallizable
component (Fc) (5). The specificity, persistence, and
result of the antibody-dependent response are influenced
by changes in the Fab and Fc sections. Georges Kohler
and Cesar Milstein [5] developed the hybridoma
technology for MAb production. In hybridoma
production, a mixture of antigens can be utilized to
generate certain antibodies, comprising one unique merit
of this technique [6]. It also allows the selection of
preferred antibodies from a purified antigen-derived
mixture of antibody populations, with the possibility to
isolate single-cell clones [7]. In immunodiagnostic
procedures, MABs serve as reagents for determining the
antigens of causative agents that directly or indirectly
detect antibodies against the causative agents in
serological assays [8]. They have also been employed for
practical use, such as in the molecular detection of
antigenic epitopes and development of monoclonal anti-
idiotype antibodies for vaccine production to stimulate
protective immunity. Since then, multiple MAbs have
been forged for diagnostic  procedures and
immunotherapy applications [9].

After the discovery of heterologous MAbs for
therapeutic usage, a great deal of research has been
launched to develop several antibodies suitable for human
use. The important achievement of creating MADbs in
transgenic plants and animals cannot be understated.
Glycoprotein-based MAbs are proficient in specifically
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binding to an epitope on an antigen; their usage in therapy
has significantly increased, with several compounds
obtaining regulatory acceptance [9].

Investigative efforts and progress in MAD research
represent an innovative methodology for targeting certain
mutations and irregularities in protein structure and
expression across different diseases and contexts.
Humanized MADbs represent the most rapidly expanding
category  of  biotechnology-derived  substances
experiencing clinical trials, owing to the substantial
progress in genetic sequencing and the application of
foundational medical research to clinical settings. The
annual worth of the global antibody industry is calculated
to be $20 billion. MAbs have received FDA permission
for human application, targeting diverse conditions such
as cancer, cardiovascular conditions, infectious diseases,
inflammatory disorders, and transplantation [10].

MADb Sources

In general, the formulation of an mAb entails the
sequential progression through these phases: (a)
extraction of an antibody with the requested
characteristics, (b) protein modification to improve its
targeting characteristics, (c) cultivating producers with
stable antibody production stability, and (d) improving
parameters for mAb purification and producer cultivation
[11].

Antiviral MADbs are commonly sourced from the
blood of vaccinated or infected grantors or synthetic
libraries, including variable immunoglobulin fragments
[10].

When a host (whether human or animal) becomes
infected with a pathogen, their immune system will
produce an enormous quantity of antibodies targeting the
most conceivable epitopes; these antibodies will ripen
within the body, thereby ascending their specificity and
affinity [11]. Antibodies from infected donors have
successfully been isolated using memory B cells. Despite
these advancements, failure to develop a vigorous
immune response upon virus infection always requires
seeking alternative donors, with the prospect of no
suitable donors being available. Under this condition,
intentional immunization is carried out on the donor with
either the pathogen itself or its antigens. A secondary
immune response can be evoked by booster
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immunizations, leading to the production of antibodies
with heightened affinity [11].

Despite the preference for immune libraries, the
antibodies’ naive repertoire is important for other
purposes, such as obtaining antiviral MADbs, primarily due
to the extensive variety of antibodies. As a consequence,
it has become a global antibody source against any
antigen, facilitating the detection of antibodies against
antigens that do not trigger a robust immune response.
Also, significant advantages can be obtained from
synthetic antibody fragments through antibody libraries
over natural antibody sources in terms of designing and
selecting antibodies [12]. Antibody generation is
facilitated by a specific technology, which stimulates the
production of a diverse range of antibodies beyond the
capacity of a host’s immune system. This option,
however, has a risk of generating antibodies that are
unusable in vivo and harmful to the body. Despite these
shortcomings, the MAbs acquired from artificial libraries
show potential to overcome viruses and bacterial toxins
[13].

Method of MAb Production

Selection and isolation procedure of an antibody,
various factors, including the source, desired affinity
level, intended applications, budget restrictions, and time,
must be considered, and each method has its benefits and
drawbacks.

Hybridoma

Kohler and Milstein developed the hybridoma
technology in 1976 to generate the first MAbs [14]. With
this technology, MAbs and hybridomas can be produced
from specialized cells. The donor’s spleen is used to
isolate B lymphocytes with immortal myeloma cells by
disrupting cell membranes, such as by using Sendai virus
or polyethylene glycol. A selective medium, which
contains live hybrid cells capable of unlimited
proliferation (e.g., myeloma) and antibody creation (e.g.,
B lymphocytes), is then used to seed the cells in the
laboratory [15]. Limiting dilution can be used to obtain
individual clones. Positive variants are then selected from
individual clones screened for specific antibody activity.
A novel antiviral mAb, palivizumab, has been developed
with hybridoma technology. With the use of mature B
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cells, this technology provides antibodies with natural H-
and L-chain pairings in the body and has passed selection
and affinity maturation (Figure 1) [16]. A high probability
of in vivo activity is associated with antibodies of this

type [16].
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Figure 1: Schematic of monoclonal antibody generation
with hybridoma technology [16].

Phage Display

In 1985, G.P. Smith initially suggested the idea of
peptide phage display. The procedure involves acquiring
a group of phages with filaments exhibiting the interested
proteins merged with the P3 capsid protein. Target
molecules are identified through the process of affinity
selection, which utilizes specific ligands as revealed in
Figure 2 [17].

Antibodies derived from phage presentation were
first developed in the 1990s [18]. To generate phage
libraries, researchers isolated mMRNA from lymphocytes
of donor and obtained cDNA fragments encoding various
immunoglobulins (VH and VL regions) using reverse-
transcriptase that helped inserting the mRNA into a
phagemid vector. A vector consists of the phage protein
plll gene merged with the antibody fragments’ nucleotide
sequence, including a factor of antibiotic resistance, and
the M13 phage genome's packaging site.. An infection
with a helper phage, which is produced after the
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phagemid library experiences transformation, is then
established in Escherichia coli cells. Alongside a
defective packaging signal, all phage proteins are
encoded by the helper phage, which includes the entire
M13 genome [19].
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Figure 2: Schematic for approaches to produce
monoclonal antibodies [17].

During the gathering of new particles, chimeric
plll and wild-type plll vie for integration within the
phage. This phenomenon gives a large collection of
phagemid DNA, almost entirely full of phage particles
carrying only one antibody fragment copy. The selection
of affinity is then performed using target antigens, and the
chosen variables of antibody fragments are reconstituted
in full-size MAbs. Phage display has produced a variety
of antiviral antibodies, which include M102.4, a vaccine
that prevents and treats Nipah and Hendra viral
infections; diridavumab, which targets influenza viruses;
and foravirumab, a vaccine that prevents rabies infections
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[20]. Notable drawbacks associated with phage display
include the difficulties inherent in the bacterial expression
system, inappropriate antibody molecule folding, and
deficiency of certain posttranslational alterations (such as
glycosylation and disulfide bond formation) [21].

Yeast display

Yeast display, characterized by the manifestation
of antibody fragments on the yeast cells’ surface, ranks
second in popularity among exhibition techniques.
Different antibodies are obtained using mutagenesis
protocols and precise cell sorting via flow cytometry.[22].
The eukaryotic alteration of secreted proteins following
translation is the benefit of the yeast library. Yeast cell
lines have evolved to guarantee the most accurate
glycosylation of antibodies to date. Some viruses (such as
phage ), surface display on bacterial cells, and mRNA.-
and ribosome-based cell-free display methods can also be
employed for the production of MADbs [23].

Single B-Cell VH-VL Gene Cloning

In 1996, a novel approach for the production of
monoclonal antibodies (mAb) through the sorting of
individual B cells was introduced, as illustrated in Figure
3.[24]. The separation of individual cells is typically
conducted through FACS sorting [25]. This method
involves the use of antigens tagged with a fluorescent dye.
B cells that are specific to the target bind to these labeled
proteins, allowing for their subsequent sorting. The
immunoglobulin gene sequences for the heavy chain
(VH) and light chain (VL) are extracted from the sorted
individual B cells using reverse transcription PCR (RT-
PCR), which leads to the creation of full-length
monoclonal antibodies (MADbs). By employing single-cell
RT-PCR, the unique VH-VL combinations are preserved,
facilitating the efficient and rapid development of MADs.
[25].

Microdroplets and valve systems are different
procedures used in this method (single-cell isolation) that
involve microfluidic technologies. This approach has
become popular due to its meticulous control, rapidity,
cost-effective processing, and input materials [25].
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Figure 3: Monoclonal antibodies produced from B cells
(memory cell): single B-cell culture, immortalization, and
arrangement [24].

B-Cell Immortalization

Four decades have passed since the introduction of
Epstein—Barr virus technology for immortalizing human
B cells. For this method, the first step is to obtain memory
B cells from donors showing an effective immune
response. B cells are first exposed to the Epstein—Barr
virus, leading to the generation of antibody-producing
clones. The resulting culture fluid, which contains the
secreted antibodies, is then analyzed for its specificity and
ability to neutralize target pathogens. By employing
direct functional screening, researchers can significantly
shorten the time needed for the process while enhancing
the chances of identifying antibodies with the desired
properties. This method has successfully been used to
isolate neutralizing antibodies against various viruses,
including SARS-CoV and rabies. However, the wider
application of this technique is limited by the risks posed
by the oncogenic nature of the Epstein—Barr virus and the
reduced productivity of the immortalized B cells.. Later
progressions (such as employing a Toll-like receptor 9
agonist) have heightened the immortalized cell
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production to beyond 30%. With this technology, several
remarkably potent and extensively neutralizing MAbs
that are resistant to SARS-CoV, rabies virus, and other
viruses have been procured [28].

Single B-Cell Cultures

B cells must first be immortalized to obtain
functional B cell cultures. A substitute technique was
developed to create sustained cultures of solitary primary
B cells. The central idea of this approach revolves around
positioning B cells onto the nutrient layer of cells
harboring the primary receptor CD40L on their surface
and then supplementing the nutrient medium with
cytokines IL-21, IL-2, and IL-4. Under these
circumstances, B lymphocytes are triggered and form an
MADbs-producing cell culture. The subsequent step
involves the direct functional inspection of the culture
medium, followed by the extraction of nucleotide
sequences of the VH-VL genes from the assigned clones
using RT-PCR and the subsequent construction of MAbs
[29]. Through this approach, neutralizing antibodies
against HIN1, influenza, HIV-1, and dengue viruses have
been isolated. A reduction in threats related to other
methods is achieved through the straightforward analysis
of antibodies from normal antibody-producing cells,
which is the most important benefit of this B-cell-based
method (for example, alterations in the antibody
molecules’ structure or loss of certain antibody variables
owing to heterogeneous expression) [30]. However, this
method has some defects, such as low expression of
specific B cells in donor blood serum and low rate of
survival. Efficiency is enhanced through the use of
plasma cell cultures. These cells increase the possibility
of detection of an antibody with specificity and high
affinity and comprise at least 100 times more
immunoglobulin mRNA, and produce antibodies at the
endpoint of somatic hypermutagenesis, an antigen-
dependent response. Increasing the efficiency of
screening can be further performed by automating the
process. Modern methods include computational
techniques, high-throughput sequencing, and proteomics
[31].

Extensive details about the multiplicity of the
antibody repertoire, which is employed to detect certain
MADbs (Figure 4) [13], are provided by high-throughput
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sequencing methods. Owing to the reverse representation,
B cell clones provide material for the formation of
antibodies [13].

Researchers determined the most prevalent (VH-
VL) amino acid sequences in plasma cells from
vaccinated mice by conducting mass parallel sequencing
of those genes. These sequences were then specified
based on their proportional abundance, leading to the
creation of antibody single-chain variable fragments,
many of which display specificity toward the antigen. An
independent study used overlapping RT-PCR to acquire
VH-VL DNA fragments from individual B cells,

followed by the sequencing of the most frequent variants
[32]. Specific antibodies were successfully used to target
Ebola virus glycoprotein using different antibody
sequences [33].
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Figure 4: Monoclonal antibody creation via high-
throughput sequencing and proteomics methods
[13].

Specific MAbs from the donor’s antibody
repertoire can be identified by combining proteomics and
genomics techniques. In this case, mass spectrometry
results can be interpreted using the sequencing data as a
reference or basis [34]. Moreover, sequencing outcomes
are combined with Dbioinformatic data to detect
antibodies. For example, the sequence of the 10E8 anti-
HIV-1 antibody was used to construct evolutionary
phylogenetic trees by employing nucleotide sequences
from an HIV-positive donor’s VH-VL repertoire. The
relative genetic distance between wild type 10E8 and the
selected strand pairing was calculated in silico [35].
Through this process, 11 functional MAbs similar to
10E8 and exhibiting neutralizing activity were isolated.
From another HIV-positive donor’s repertoire, many
broadly neutralizing MAbs were isolated using this
strategy [36].

Antibodies targeting the novel coronavirus SARS-
CoV-2 were identified through the application of
bioinformatics methodologies. Advanced computational
models were constructed to investigate the interactions
between the viral spike (S) protein and antibodies
specifically derived from SARS-CoV, which possesses
the most closely related antigenic profile to that of SARS-
CoV-2. Based on the outcomes of these simulations, a
SARS-CoV-specific antibody, referred to as CR3022,
was identified for its potential to interact with the SARS-
CoV-2 S protein. The specificity of this antibody's
interaction must be rigorously validated through
laboratory experimentation. [37].

Recent advances in computational methods have
led to a reduction in time and cost for antibody detection
and the tight control of parallel screening of many
physicochemical properties. Ultimately, these methods
will enable the development of antibodies with necessary
de novo properties.

Therapeutic MADbs are regulated by the Food and
Drug Administration (FDA) [38].

The Center for Biologics Evaluation and Research
and Center for Drug Evaluation and Research regulate he
application of MAbs and antibodies, which are
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recognized as “biopharmaceuticals” by the FDA. As
stated in the FDA’s “Points to Consider” paper, guidance
is offered for producers on issues to be considered during
the development and inspection of MAbs for human
utilization and the submission of data required by the
Investigational New Drug or biologics licensing
applications [39]. Following the transformation of
antibody-producing cells with malignant morphologies
into host cells, the agency recommends measures to
preserve human health by addressing potential virus and
cellular DNA incorporation. These measures, such as
ensuring the immunoconjugates’ purity and checking
how well purification methods can remove adventitious
agents, are needed to prevent the finished product from
being contaminated by possible pathogens. Producers
must exert efforts to prevent cultured cell contamination
and follow wildlife safeguard guidelines [40].

As the main cure procedure for all sorts of illnesses
within the last 30 years, therapeutic MAbs have become
increasingly substantial. Owing to major technological
advancements, MAb treatment research has sped up and
become efficient during this period. By permitting 48
additional MAbs since 2008, the US FDA has contributed
to an accumulative global market of 61 MADbs in
therapeutic use by the end of 2017. Table 1 presents the
list of therapeutic antibodies authorized by the FDA in the
period of 2000-2010 [41]. According to numerous
sources, which involve the antibody society, corporate
pipelines, databases of therapeutic antibodies, and news
announcements, 18 novel antibodies were approved by
the US FDA in 2018-2019. In 2018, the FDA greenlit 12
new MADbs, comprising one-fifth of all medicines
authorized. By 2024, 50% of these will reach blockbuster
status, yielding minimum annual incomes of $1 billion
[42].

Production and Purification of MAbs from Plant
Systems

Metamorphosed plants cultivated in vitro serve as
bioreactors and plant systems for large-scale monoclonal
antibody (mADb) production. This approach enables the
renewal of mature plants and the propagation of cells as
part of a cell-suspension culture system. Plant systems,
which include roots, leaves, and stems from mature plants
that can grow and be transplanted into soil pots,
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contribute to the production of plant biomass in
vitro.(43Plants are more adaptable for use in vitro and in
vivo than the above cell-culture generation systems. [44].
The plant systems of alfalfa, tobacco, and some other
species have been developed as the best and most
accessible and familiar sources of leaf biomass. The seeds
of maize and soybean can create and accumulate MAbs.
All the soluble proteins in certain vegetable plants are
relatively abundant, which could be fruitful for the
expression of recombinant proteins [45].

Table 1: FDA-confirmed therapeutic antibodies for the
period of 2000-2010 [41].

Name Antibody Target | Year | Indication

T-cell lymphoma,
Chronic lymphatic
leukemia

Campath | Alemtuzumab | CD5 2001

Ibritumomab

tiuxetan Cb20

Zevalin 2002 | CD20

autoimmune
disorders such as
MorbusChron,
rheumatoidarthriti
S, psoriatic
arthritis

Bexxar Adalimumab TNF-a 2002

Non-Hodgkin’s

CD20
lymphoma

Bexxar Tositumomab 2003

Severe (allergic)

2003 asthma

Xolair Omalizumab IgE

metastatic breast
cancer, Metastatic
colorectal cancer,
non-smallcell lung
cancer,

Avastin Bevacizumab VGEF 2004

od
subunit
of a4P1

Chron’s disease,

2004 Multiple Sclerosis

Tysabri Natalizumab

Neck cancer,
colorectal and
head cancer

Erbitux Cetuximab EGFR 2004

Metastatic
colorectal
carcinoma

Vectibix Panitumumab EGFR 2006

VEGF- 2006 Wet macular

Ranibizumab A degeneration

Lucentis

Paroxysmal
nocturnal
hemoglobinuria

Soliris Eculizumab CD59 2007

Rheumatoid
arthritis, Crohn’s
disease

Certolizumab

peqol TNF-a

Cimzia 2008

Psoriatic and
rheumatoid
arthritis, kylosing
and active
spondylitis

Simponi Golimumab TNF-0. | 2009
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Chinese cabbage emerges among vegetable plants
as having an elevated total soluble protein threshold in its
leaf biomass, making it a promising bioreactor for
synthesizing recombinant therapeutic proteins [46]. The
major advantages of tobacco are elevated leaf biomass
product and quick scale-up via seed generation,
distinguishing it from other plant species. A modern
paper emphasized the similarity in the level of expressed
adapted proteins between tobacco stems and leaves,
indicating that the entire tobacco plant biomass can be
harnessed for creating modified therapeutic proteins,
ultimately improving the efficiency of production costs
upstream [43].

As a nonedible and non-livestock plant, tobacco
has been vastly studied as an expression platform free
from human pathogen pollution, thus mitigating biosafety
apprehensions [47]. Nonetheless, it harbors nicotine or
other harmful alkaloids that must be discarded through
further extraction. Tobacco also produces antibodies with
heterogeneous N-glycosylation owing to alterations in
antibody localization along the secretory pathway, which
might pose challenges in maintaining the produced
antibodies’ quality [48]. Alfalfa’s advantages involve a
considerable biomass yield and a uniform glycan
structure [47]. However, is utilized in animal nutrition
and as an origin of oxalic acid. Arabidopsis can be seen
as a nonfeed plant expression system, featuring a
heightened total soluble protein level in stems and leaves
[44]. Despite maize boasting a superior biomass
production, its in vitro transformation and treatment are
daunting. In summary, leaves and seeds, both within the
plant expression systems, show benefits and drawbacks,
making them suitable for expressing all intended proteins.
The active and complex metabolism of leaves provide it
with an elevated protease activity that degrades specific
proteins [48].

Antibodies purified from plants were obtained
using protein A or G affinity chromatography [49]. Plant
tissue homogenization is needed to destroy cell walls and
dispose cell remains, harmful chemicals, and pollutants,
which must be subsequently eradicated for purification
[50]. Many miscellaneous fusion protein processes have
been devised to ensure the production of high levels of
recombinant proteins and effective purification in plants.
The Zera domain can accumulate maize storage proteins
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rich in proline within the ER deposit in plant cells to form
bodies of supramolecular aggregates of the polyproline
structure. This sequence allows for the elevated accretion
of recombinant proteins in the ER, facilitating protein
restoration  through simple  centrifugation and
homogenization and empowering effective purification
[51].

Elastin-like polypeptides appear in a soluble form
below their transition temperature and gather into micron-
scale coacervates above this temperature [52]. A selective
removal of soluble and insoluble pollutants can be
accomplished without utilizing chromatography to purify
recombinant proteins fused to polypeptide tags that look
similar to elastin [53].

Hydrophobin, a surface-active fungal protein,
enhances the accumulation of its fusion recombinant
protein by creating protein bodies in plants. An aqueous
two-phase system based on surfactants facilitates
effective purification by altering the hydrophobicity.
These protein fusion techniques could dramatically
increase the accumulation of recombinant antibodies in a
plant expression system while reducing the cost of
purification [54].

Applications of MADbs in Cancer

Recent advancements in cancer treatment have
made MAD therapy one of the most important routes.
However, clinical relevance and mechanisms are still
inadequately understood. Antibody therapy has had
significant clinical successes, but the problem of
therapeutic  resistance remains. Research should
concentrate on identifying new methods to increase
clinical efficacy by analyzing the mechanisms of MAbs
in the future [55].

ADCC was found to mediate mADb responses, so
engineering strategies that boost ADCC activity could be
popular in the future. Several promising avenues have
been identified for maximizing the clinical benefits of
mAb therapy when tumor-targeted MAbs are combined
with ICB. Moreover, numerous biomarkers are related to
mADb efficacy and resistance, including mutations in the
antibody target and signaling pathways. Incorporating the
inhibitors of these alternative signaling pathways in
future mAb treatment strategies will be necessary to
overcome resistance to them. Some patients with cancer
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will be offered curative treatment using MADbs as the
paradigm continues to evolve [55].

A recent trend in mAb-based strategies is to target
immune cells rather than tumor antigens to improve the
effectiveness of their antitumor activity. In the
development of MADs, bispecific T cell engager (BiTE)
antibodies were used to stimulate anti-tumor immunity
from T lymphocytes by targeting tumor antigens, such as
Cluster of Differentiation 19 (CD19) and T cell activation
receptor, CD3. Even when doses for BiTEs were three
orders of magnitude lower than those for the parent mAb
alone, the former were still able to induce tumor
regression through the combination of direct targeting of
the tumor cells and the recruitment of cytotoxic T cells
into the tumor microenvironment [56].

The significant clinical benefits of CD19-CD3
BIiTE blinatumomab were observed in a patient with
lymphoblastic leukemia, and the drug was approved by
the FDA in 2017 [57]. A clinical test is currently
underway, testing the ability of BiTEs derived from the
well-known MADbs trastuzumab and cetuximab, to treat
cells with anti-human epidermal receptors (anti-HER2)
and anti-epidermal growth factor receptor (anti-EGFR).
Figure 5 [55] illustrates how different mAb techniques
induce activating receptors such ICOS, CD40, CD27,
0X40, and 4-1BB(CD137) to boost T cell-specific
immunity against tumor cells. MAbs against OX40 and
4-1BB and agonist antibodies targeting CD40 trigger T
cells and promote antigen displaying via dendritic cells
while attenuating the function of inhibitory T regulatory
cells (Tregs) [58]. While participating with other
immunotherapy procedures or alone, MAbs conceived to
boost activating receptors undergo numerous phases of
clinical practices. Clinical tests of MAbs that target CD25
on inhibiting Tregs are also ongoing, including
daclizumab, which targets CD25 on Tregs.
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In addition to autoimmune diseases and infectious
diseases, MADbs also are used for the treatment of tumors,
metabolic disorders, and infectious diseases [40,59]
(Figure 6) [39].

nn

Figure 6: Other uses of MAbs for therapeutic purposes
[39].

In Diagnostic Histopathology

MADbs are used in histopathology to classify tissues
and organs depending on their representation of markers
reflecting cellular or tissue development. The production
of MADbs against antigens that are related to organs, such
as a-fetoprotein, human chorionic gonadotrophin,
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placental alkaline phosphatase, and prostate-specific
antigen, assist in distinguishing primary tumors [60]. In
addition to detecting undifferentiated metastases in
tissues and organs, MADbs help distinguish
morphologically similar lesions, such as pleural and
peritoneal mesotheliomas and adenocarcinomas. Through
the immunocytological analysis of bone marrow, other
tissue aspirate, lymph nodes, and other tissues, certain
MADs can detect occult metastases at a higher sensitivity
than standard histopathological staining [60,61].

Conclusions

MABs are produced by cloning one type of
immune cell to create identical copies, allowing the
targeted treatment of various diseases. These
pharmaceutical APIs are developed using hybridoma or
recombinant DNA technology. The hybridoma
technology involves merging antibody-producing cells
with immortalized cells to create hybrid cells that produce
large amounts of monoclonal antibodies. Meanwhile, the
recombinant DNA technology uses genetically modified
organisms such as bacteria or mammalian cells to produce
monoclonal antibodies.
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