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Abstract

Conventional treatments for various diseases confront challenges associated with them such as,
Non-specific targeting, Limited efficacy, Development of resistance Immunosuppression and
Toxicity leading to thoughtful side impacts. Monoclonal antibodies (mAbs) have revolutionized the
field of pharmaceutical, offering targeted therapies for numerous diseases. This review offers a
comprehensive exploration of the development, mechanisms and uses of monoclonal antibodies
(mAbs). This review incorporates the discussion on the structural and functional properties of mAbs,
their production methodologies, various clinical applications of mAbs, and the various conjugation
strategies utilized to improve their therapeutic efficacy. The review highlights the clinical
applications of mAbs in oncology, immunology, as well as infectious diseases, as well as their
emerging roles in neurology, ophthalmology, and cardiovascular medication. Additionally, we
explore the use of mAbs in diagnostic imaging, gene therapy, and as biosensors. The challenges and
future bearings of mAb development, counting the potential of bispecific antibodies, are also
discussed. This comprehensive review points to provide a thorough understanding of the existing

state and future perspective of mAbs in medicine and beyond.

Keywords: Monoclonal Antibodies, non-specific targeting, immunosuppression, diagnostic

imaging, biosensor, gene therapy, oncology.
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Introduction

The immune system can be broadly classified
into two primary defense mechanisms: innate
immunity and adaptive immunity. Innate
immunity serves as the body's first line of
defense against invading pathogens. It is a non-
specific, antigen-independent mechanism that
responds immediately or within hours of
encountering an antigen. [1]. Antibodies, also
referred to as immunoglobins, play a crucial role
in the humoral immune Response. They exist in
different forms, ranging from natural antibodies
derived from humans or mice to engineered
versions such as chimeric, humanized, and
fragmented antibodies, developed through
protein engineering. [2]. Monoclonal antibodies
are highly specific protein molecules produced
using hybridoma technology and recombinant
DNA techniques to mimic the immune system’s
response against foreign invaders. Each
monoclonal antibody is specific antibody that
binds exclusively to its particular epitope (a short
amino acid sequence of the antigen to which the
antibody bind) [1]. Compared to polyclonal
antibodies, monoclonal antibodies offer greater
precision due to standardized production
methods and consistent affinity for their target

antigens.

In therapeutic applications, a particular
monoclonal antibody is referred to as Mab. Mabs
are derived from the vast array of antibodies

naturally produced by the immune system to

combat foreign substances. Advances in mAb

technology have enabled the large-scale

production of highly purified antibodies
designed to target specific antigens, facilitating
the development of novel diagnostic tools and
treatment strategies. When administered into the
bloodstream, these antibodies specifically seek
out their intended disease target, enhancing

precision in disease treatment. [3].

Molecular Structure

Antibodies are complex biomolecules composed
of four polypeptide chains, consisting of two
identical light chains and two identical heavy
chains. The fully assembled antibody has an
approximate molecular weight of 15kD and is
shaped like a “Y” (fig. 1) [4,7]. The light chains
weigh around 25kDa, while the heavy chains are
approximately 50kDa. Each chain consists of

distinct regions, including both variable and
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Figure 1. Structure of an Antibody
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constant regions. The most variable part of heavy

chain is the HCDR3  (heavy-chain
complementarity determining region 3) [5]. VH
(heavy chain) and VL (light chain), the variable
domains, contain complementarity- determining.
The antibody structure can be categorized into
two primary sections: The Fab (antigen- binding
fragment) and the Fc (fragment crystallizable)
regions. The Fab regions, positioned at the arms
of the “Y” contain the variable domains
responsible for antigen recognition. In contrast,
the Fc region, situated at the stem of the “Y”,
dictates the antibody’s class and is involved in
various effector functions. The Fab region
includes CDRs, which allow for high-affinity
binding to specific antigen epitopes. The heavy

chain forms the constant region at the base of the

interacts with Fcy receptors found on the immune
cells, like natural killer (NK) cells. Tafasitamab,

arecently approved monoclonal antibody, targets

CD19, a protein expressed on B-cells surface as
they mature. CD19 is also overexpressed in
certain B-cell related tumours, making it a
valuable target for treatment. To enhance its
ADCC activity, Tafasitamab has been engineered
with two amino acid changes (S239D and 1332E)
in its Fc region, improving its ability to bind to
Fcy receptors. This modification not only boosts
ADCC but also enhances antibody- dependent
cellular phagocytosis (ADCP) [10]. By utilizing
these mechanisms, Tafasitamab shows potent

anti-tumour activity.

“Y”, while the light chain forms the variable 2. 2. Complement- mediated cytotoxicity(CMC)

region on the arms, which is key to antigen

recognition [6].

Mechanism of Action of Monoclonal

Antibodies

1. Antibody- dependent cellular cytotoxicity

(ADCCO):

Antibody- dependent cellular cytotoxicity
(ADCC) is an essential process through which
antibodies help to eliminate tumour cells. During
this process, antibodies bind to both tumour cells
and immune cells, aiding in the destruction of the
targeted cells [ 8,9]. The variable regions of
antibodies specifically recognize antigens on the

surface of tumour cells, while the Fc region

Many monoclonal antibodies (mAbs) used in
cancer therapy, particularly those of the IgGl
isotype, have the ability to trigger the
complement classical pathway (CDC). This
occurs when IgG1 antibodies bind to tumour-
specific antigens on the target cell’s surface,
which in turn recruits the Clq protein to the Fc
region of the antibody. This interaction initiates
a proteolytic cascade that eventually forms the
membrane attack complex (MAC) through the
activation and assembly of complement factors,
including poly-C9 [11]. Some therapeutic mAbs,
like Rituximab, can also enhance immune
responses by prompting antibody-dependent

cellular cytotoxicity (ADCC) and antibody-
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dependent cellular phagocytosis (ADCP). In
addition to these activities, these mAbs can also
trigger CDC, contributing to the elimination of
cancer cells. Another monoclonal antibody,
Naxitamab, specifically targets the glycolipid
GD2, which is overexpressed in neuroblastoma
and other neuroectodermal tumors. In laboratory
studies, Naxitamab has been shown to bind to
GD2 on the surface of target cells, triggering both
CDC and ADCC [12].
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Figure 2. Mechanism of action of Monoclonal

antibodies

3. Antibody- dependent cellular phagocytosis
(ADCC)
ADCP is an important immune mechanism that
relies on the interaction between the Fc region of
antibodies and the FcyRI receptor found on
macrophages,

neutrophils and eosinophiles.

Through this process, antibodies bind to tumour

cells, facilitating their recognition,
internalization and subsequent degradation
within phagosomes. Studies indicate

thaantibodies known for inducing antibody-

dependent cellular cytotoxicity (ADCC), such as

Tafasitamab, also have the capacity to trigger
ADCP. This response is linked to the release of
gamma-interferon (IFN-y) by NK cells, that
enhances FcyRI expression on
polymorphonuclear cells, thereby promoting
phagocytosis activity [13,69]. Additionally,
certain antibodies like Daratumumab can initiate
multiple immune-mediated mechanisms against
including ADCC, ADCP,

(CDO),

cancer cells,

complement-dependent  cytotoxicity
apoptosis, and the regulation of CD38 enzyme
functions. Daratumumab, specifically targets the
CD38 antigen, present on multiple myeloma cells
as well as some normal lymphoid and myeloid

cells.

4. Modulating the cytokine environment
Antibodies play vital role in regulating the
immune response by modulating cytokine

production and activity. This process occurs

when antibodies bind to specific antigens on

immune or tumour cells, initiating a series of
signaling events that target immune molecules
like PD-1/PD-L1 or CTLA-4 can alter cytokine
levels, affecting immune cell activation and
proliferation. These antibodies can shift the

balance between pro-inflammatory cytokines,

including TNF- o and IL-6, and anti-
inflammatory  cytokines, such as IL-10.
Additionally, modifying the cytokine

environment can significantly impact anti-tumor
immunity. Antibodies directed at tumor necrosis
factor receptor superfamily member 9 (TNFRSF9)

can regulate cytokines that facilitate the
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recruitment and activation of immune cells like T
cells and natural killer cells, within the tumor
microenvironment. By  shaping  cytokine
production and activity, antibodies can either
enhance or suppress immune responses, ultimately

influencing the success of cancer immunotherapy.

4. Agonism of immune receptors

Monoclonal antibodies can influence the immune
response by acting as agonists to immune
receptors, initiating signaling cascade that
activates immune cells. This process occurs
when these antibodies bind to specific receptors
found on immune cells, like T cells or NK cells.
By mimicking the natural ligand, the antibody
induces a structural change in the receptor,
triggering intracellular signaling cascades. This
activation promotes immune cell proliferation,
differentiation @ and  enhanced  function,
strengthening the immune response against

cancer cells, pathogens or other foreign invaders.

Types of Monoclonal Antibodies

Antibodies are of different types, ranging from
fully unaltered antibodies derived from mice
(murine) or humans to altered types such as
chimeric, humanized, and fragmented antibodies
which are produced through protein engineering

techniques (Fig.2).

1. Murine monoclonal antibodies

Murine monoclonal antibodies (mAbs), derived

from rats and mice of the Muridae family, belong

to the IgG class. Structurally, they resemble
human antibodies, consisting of two light chains
and two heavy chains arranged in a Y-shaped
structure. These were the first monoclonal
antibodies to be produced in laboratories using

hybridoma technology, first developed in 1975.

Murine mAbs have been instrumental in
advancing modern antibody  production
techniques and expanding the potential

applications of artificial immunoglobulins in

both therapeutic and analytical fields [14].

In medicine, murine mAbs have served as
foundational models for antibody engineering,
leading to advancements such as humanization,
chimerization, and the development of bispecific
antibodies derived from single-chain antibody
fragments. Preclinical studies have also explored
their use in targeting capsular polysaccharides
and enhancing the therapeutic efficacy of
amphotericin B. Therapeutic agents based on

murine mAbs are typically identified by the "-

omab" suffix in their names [5].

2. Chimeric monoclonal antibodies

Chimeric antibodies are therapeutic antibodies
created by combining genetic components from
both human and non-human sources, such as
mice. This process involves merging the variable
regions from one species, like mice, with the
constant regions of another species, such as
humans. By engineering the human constant
region alongside the mouse variable region, these

antibodies are designed to be approximately 65%
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Figure 3. Types of Monoclonal antibodies

human in composition, reducing the likelihood of
immune system reactions to foreign proteins [18].
Chimeric monoclonal antibodies are developed
to lower immunogenicity and extend serum half-
life, making them more effective for therapeutic
applications. Despite the genetic modifications,
they maintain the original antibody’s antigen
specificity and binding affinity. Medications
based on chimeric antibodies can be recognized
by the "-ximab" suffix in their names [67], with
examples including infliximab, rituximab, and

abciximab [18,68].

3. Humanized monoclonal antibodies

Humanized antibodies are genetically engineered

to i

integrate the advantages of both human and
murine antibodies. They consist mainly of human
antibody sequences, with murine hypervariable
regions incorporated into the variable domains.
Due to their compatibility with the human
immune system, humanized monoclonal
antibodies (HMAs) are considered safe for in
vivo applications and are often regarded as

natural drugs.

Building upon the foundation of chimeric
monoclonal antibodies, HMAs replace most
murine-derived regions with human sequences,
except for the complementarity-determining
regions (CDRs), which are responsible for
antigen binding. This design retains the
antibody’s specificity while minimizing immune
of foreign proteins.

system  recognition

Humanized antibodies contain only small murine
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protein components within a human protein

framework [15]. Several FDA-approved

humanized monoclonal antibodies include
daclizumab, omalizumab, and alemtuzumab, all
of which can be identified by the "-zumab" suffix

[18,70].

4. Human monoclonal antibodies

Fully human monoclonal antibodies (mAbs) are
proteins that have been engineered through
molecular biological methods so as to modify
their amino acid sequences. These alterations
improve their specificity, affinity, or biological
functions, introducing sequences not typically
occur in the human immune system. Therapeutic
human mAbs are usually recognized by the "-

umab" suffix in their names.

Producing fully human mAbs through
conventional hybridoma technology presents
challenges, as maintaining immortalized human
cell lines is stressful and difficult. Additionally,
in vivo immunization of humans with a wide
range of antigens is not practical, unlike the use
of animal models [9]. An alternative approach
involves displaying antibody fragments on
filamentous bacteriophages, allowing for the
screening of antibody [19,20]. The development
of fully human mAbs offers a viable solution for
generating  low-immunogenic  therapeutic
antibodies without the need for re-engineering
murine mAbs [16,18]. Notable FDA-approved
human mAbs include Panitumumab® and
Adalimumab®, with many others currently

undergoing clinical trials [17].

Production of Monoclonal Antibodies

This method involves selecting a specific
myeloma cell line based on its ability to grow in
tissue culture capable of producing monoclonal
antibodies. As the polyclonal antibodies are
of antibodies,

mixture of various

types
monoclonal antibodies produced from a single
hybridoma line are chemically identical. These
highly targeted antibodies are derived from a
single clone of B cells. The process includes
fusing B-lymphocytes with myeloma cells in the
laboratory. While myeloma cells use the de novo

pathway for DNA synthesis, B-lymphocytes rely
on the salvage pathway for DNA replication [21].

The salvage pathway relies on Hypoxanthine-
Guanine Phosphoribosyl Transferase (HGPRT)
as its essential enzyme. When the B-lymphocytes
and mutated cells are cultured in medium
supplemented with Hypoxanthine-Aminopterin-
Thymidine (HAT), De novo synthesis gets
blocked and thus the myeloma cells may die.
Only B-lymphocytes as well as fused hybrid cells
known as hybridomas can survive and continue
to grow under these conditions. Hybridoma cells
grow because they possess the HGPRT gene
from lymphocytes obtained from fused B-cells,

which lacks in myeloma cells [21].

The myeloma cell line selected in this process is
specifically chosen for its ability to grow in tissue
culture while lacking the capacity to produce
antibodies. Monoclonal antibodies generated

from a hybridoma cell line are uniform and
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chemically  identical. = These  monoclonal
antibodies originate from a single parental B-cell
specificity. In this

fused with

clone, ensuring high

technique, B-lymphocytes are
myeloma cells in vitro. While myeloma cells rely
on de novo DNA synthesis, B-lymphocytes

utilize the salvage pathway for DNA replication.
pathway is

A crucial enzyme in this

Hypoxanthine-Guanine Phosphoribosyl
Transferase (HGPRT). When these cells are

cultured in a
Thymidine (HAT) medium, de novo DNA

synthesis is inhibited, leading to the death of

Hypoxanthine-Aminopterin-

unfused myeloma cells. Only B-lymphocytes and
successfully fused hybrid cells, known as
hybridomas, survive. Hybridoma cells continue
to grow because they inherit the HGPRT gene
from B-lymphocytes, which lacks in myeloma

cells.

Production of Monoclonal antibodies involve
following steps:

Immunization

Isolation of B-lymphocytes

Preparation of myeloma cell lines

Cell fusion

Selection of Hybridomas

Screening of Hybridoma Cells

Cloning and Propagation of Hybridoma cells.

Procedure: The production of monoclonal
antibodies follows a multi-step procedure. First,
laboratory mice are immunized with a selected
antigen to stimulate B-lymphocyte production.
After sufficient immune response is achieved, the
mice are euthanized, and the spleen is harvested
to extract B-lymphocytes that produce the

desired antibodies [20].
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Figure 4. Production of monoclonal antibodies using Hybridoma technology
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These B-lymphocytes are subsequently fused
with myeloma cells that have been pre-treated
with 8-azaguanine. The hybridoma cells formed
are incubated in a hypoxanthine-aminopterin-
thymidine (HAT) medium, which selectively
supports cells containing active hypoxanthine-
guanine phosphoribosyl transferase (HGPRT)
genes [53]. Surviving hybridoma cells are
subsequently screened using techniques such as
ELISA or RIA to identify those that generate the

target antibodies.

Once the desired hybridomas are identified, they
are cloned and expanded in large culture flasks or
vessels using either in vitro or in vivo methods.
The hybridoma cells are kept in culture media to
continue the production of monoclonal antibody.
They can be preserved by freezing in liquid
nitrogen at different cloning stages [22]. This
approach facilitates the generation of monoclonal
antibodies with precise epitope specificity,
making them valuable for both therapeutic and
diagnostic

applications.

Applications of Monoclonal antibodies

Monoclonal antibody (mAb) therapies are

emerging as a powerful tool in both diagnostics

and therapeutics due to their high specificity in .

recognizing and binding to various proteins.
They are widely utilized for detecting biomarkers
such as hormones, vitamins, cytokines, allergens,
tumour markers, and infection-related indicators.

In clinical applications, monoclonal antibodies

serve essential roles in disease diagnosis, drug
development, and as therapeutic agents. They are
particularly significant in treating cancer, chronic
inflammatory  conditions, and infectious
diseases, making them one of the most rapidly
expanding sectors in biopharmaceuticals.
Beyond conventional uses, monoclonal
antibodies contribute to personalized medicine
by allowing healthcare providers to monitor
patient responses to treatments. They are
marketed for various diseases, including cancer,
autoimmune  disorders, asthma, multiple
sclerosis, and osteoporosis. Ongoing research is
also investigating their potential effectiveness in
treating central nervous system disorders,
metabolic diseases such as diabetes, and even
migraines.
Therapeutically, monoclonal antibodies can
target specific antigens on tumor and cancer
cells, facilitating the precise delivery of
therapeutic agents like radioactive materials,
cytokines, toxins, or drugs. These
immunoconjugates, which link antibodies to
secondary molecules, act as direct cell-killing
agents or release therapeutic compounds within
cells, treatment

improving accuracy and

effectiveness across various diseases.

1. Antibodies in pulmonary diseases:

Chronic respiratory diseases (CRDs), including
conditions such as asthma, respiratory allergies
and chronic obstructive pulmonary disease
(COPD), continue to present significant health

challenges. These conditions involve complex
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signalling pathways and various biomarkers,
leading many patients to require antibody-based
treatments. Traditional therapies often fail to
adequately control airway inflammation. With
COPD projected to become the third leading
cause of death globally, the need for targeted
treatment strategies has become increasingly
critical.

Chemokines and cytokines are essential
mediators in the development and progression of
COPD, making monoclonal antibodies (mAbs) a
promising  therapeutic  option.  Biological
treatments, especially mAbs that target specific
inflammatory pathways, have shown potential in

improving patient outcomes [23]. For instance,

omalizumab,  which  targets IgE, has
demonstrated  effectiveness in  managing
moderate-to-severe  allergic asthma  [38].

Similarly, Benralizumab, which acts on IL-5Ra,
is beneficial for patients with severe eosinophilic
asthma [24,37]. Dupliumab can target IL-4 and
IL-13, demonstrating effectiveness in individuals
with asthma and high eosinophil counts [48].

Additionally, nanomedicine is emerging as a
promising approach to enhance drug stability and
bioavailability [57,58]. Innovations in imaging,
such as MRI utilizing iron oxide nanoparticles,
allow for non-invasive tracking of macrophage
activity in the lungs. This advancement provides
valuable insights into inflammation and helps
guide treatment decisions. By integrating
advanced therapeutic options with cutting-edge

diagnostic tools, researchers aim to develop a

more effective and comprehensive strategy for

managing CRDs.

2. Antibodies in Cancer Treatment:

The discovery of novel molecular targets in
cancer therapy has driven the development of
therapies based on monoclonal antibodies. The
tumour microenvironment, consisting of tumour
cells, immune cells, and the extracellular matrix,
presents numerous potential targets for these
therapeutic antibodies. Monoclonal antibodies
can function through several mechanisms, such
as inducing direct tumor cell death, facilitating
antibody-dependent cellular cytotoxicity
(ADCC), and activating complement-dependent
cytotoxicity (CDC). Furthermore, monoclonal
antibodies can be conjugated with nanoparticles
to enable the precise delivery of therapeutic
agents, including anticancer cytostatic drugs,

enhancing specificity and therapeutic efficiency

[22].

Recent research has demonstrated the potential
of integrating nanoparticles with monoclonal
antibodies for cancer treatment. Engineered
nanoparticles can selectively target the malignant
cells, improving treatment effectiveness and
minimizing adverse effects. furthermore,
monoclonal antibodies can enhance the immune
system’s capacity to recognize and eliminate
tumour cells while also acting as targeted

delivery systems for cancer therapies [55].
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Figure 5. Core Applications of Monoclonal Antibodies

In metastatic cancers, disruptions in immune cell

signalling and proliferation can result in
immunosuppression. Monoclonal antibodies such
as nivolumab are designed to target specific
receptors involved in immune regulation, helping
to counteract immunosuppressive effects and
stimulate a robust immune response against
[56].

strategies, including antibody-drug conjugates

tumours Newly emerging therapeutic
(ADCs) and bispecific antibodies, have shown
potential in cancer treatment. For example,
trastuzumab-emtansine [40], an ADC targeting the
HER?2 receptor, has proven effective in managing
invasive breast cancer [59,60]. Rituximab has
significantly enhanced the treatment outcomes for
aggressive forms of non-Hodgkin’s lymphoma
(NHL). It was first approved by the U.S. Food and
Drug Administration in 1997 Evaluation of
Medicinal Products in 1998. through multiple

mechanisms discussed earlier [51].

European Agency for the Denosumab, a
monoclonal antibody effectively reduces skeletal
complications associated with cancer treatments

[50].

3. Antibodies in Haematological Diseases

Monoclonal antibodies have significantly
revolutionized the treatment of haematological
disorders, particularly in haematology and
oncology. Rituximab, an innovative monoclonal
antibody targeting the CD20 antigen on B
lymphocytes, has set the foundation for further
anti-CD20 treatments.[25] Despite targeting the
same antigen, these antibodies eliminate B cells
through multiple mechanisms discussed earlier
[26].

Recent advancements

have broadened the

application of monoclonal antibodies in

haematology.  Emicizumab, a  bispecific

antibody, has revolutionized haemophilia A
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treatment by mimicking factor VIII activity,

thereby improving clot formation [41].
Additionally, the 2019 approval of crizanlizumab
marked a breakthrough in sickle cell disease
management by preventing Vaso-occlusive
crises. By blocking the adhesion of sickle cells to
vascular endothelium, crizanlizumab
significantly reduces these painful episodes
while minimizing adverse effects.

Future research is focused on enhancing the
availability and effectiveness of monoclonal
antibody therapies in haematology. Ongoing
efforts aim to refine existing treatments and
develop novel therapeutic options to improve

patient outcomes.

4. Antibodies in Cardiovascular Diseases

Cardiovascular diseases (CVD) continue to be
the leading cause of mortality globally and is
frequently associated with atherosclerosis. The
breakdown of atherosclerotic plaques can cause
blockages in arteries, raising the risk of strokes
and heart attacks. Common risk factors for
cardiovascular diseases include high blood
pressure, high cholesterol levels, diabetes, and
persistent inflammation [5,71].

Statins are widely used to manage high
cholesterol levels; however, they come with
certain drawbacks. Some patients are resistant to
statins, while their efficacy is limited in
individuals ~ with ~ homozygous  familial
hypercholesterolemia or those who are statin-

intolerant. The use of statins can cause side

effects like myalgia (muscle pain) and in rare

instances, can lead to serious muscle degradation

known as rhabdomyolysis [27]. As an
alternative, monoclonal antibody therapies have
shown promise in managing cholesterol levels
and reducing inflammation. Alirocumab, a
PCSK9 lowers LDL

inhibitor, effectively

cholesterol ~without impacting VLDL or
triglyceride levels [52]. Evinacumab, which
targets ANGPTL3, facilitates the breakdown of
triglycerides and other circulating lipids [54].
Canakinumab, an IL-1p inhibitor, helps to
control inflammation and presents a potential
therapeutic strategy for CVD management.
Furthermore,  prolonged treatment  with
canakinumab has been associated with a reduced
incidence of anaemia in patients who initially did

not have the condition [5].

5. Antibodies for Infectious Diseases

Monoclonal antibody development has garnered
widespread attention, particularly for its role in
combating infectious diseases such as HIV,
tuberculosis, and malaria. One notable
breakthrough in this field was the approval of
palivizumab, a humanized IgGl-derived
antibody, as the first monoclonal antibody
treatment for respiratory syncytial virus (RSV), a
primary contributor to lower respiratory tract

infections in infants and young children [28].

Palivizumab functions by binding to the viral F
protein, preventing the virus from attaching to
and fusing with host cells. Since no RSV

vaccines are currently available, palivizumab
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remains the only preventive treatment,

significantly reducing RSV-related
hospitalizations [29].

In the treatment of infectious diseases,
monoclonal antibody therapy offers the unique
benefit of enabling the collection of human
immunoglobulins from infected individuals,
which can then be utilized for therapeutic
interventions or research. Ansuvimab, an FDA-
approved monoclonal antibody, is used to treat
infections

Ebola virus by blocking viral

membrane fusion and entry into host cells [43].

To date, only a limited number of monoclonal
antibodies, such as raxibacumab, obiltoxaximab,
and ibalizumab, have received FDA approval for
treating infectious diseases [5,61]. Ongoing
research seeks to expand the use of monoclonal
antibodies in vaccine development and provide
new treatment options for previously untreatable

infections.

6. Antibodies for Neurological Disorders

Monoclonal antibody-based therapies have
revolutionized the management approach of
neurological and neuro-inflammatory disorders.
Multiple sclerosis (MS) is a long-term
autoimmune disorder characterized by immune-
driven inflammation that disrupts the central
nervous system [30,44]. These therapies have
proven effective in treating MS by targeting
immune responses. For instance, natalizumab
works by binding to integrins, preventing

activated T-cells from crossing the blood-brain

barrier, thereby reducing inflammation and

slowing disease progression [31,62].

Several other monoclonal antibodies, including

alemtuzumab, daclizumab, rituximab,
ocrelizumab, and ofatumumab [32,63], have
shown efficacy in treating relapsing-remitting
multiple sclerosis (RRMS). These antibodies
target specific receptors, leading to the depletion
of lymphocytes or B-cells, which play a role in
the disease's progression [61].

Alzheimer’s disease poses a major treatment
challenge due to the buildup of amyloid-beta
(AP) plaques and the formation of neurofibrillary
tangles. Existing treatments primarily address
symptoms without altering disease progression.
Aducanumab, a human monoclonal antibody,
offers a promising approach by selectively
targeting and reducing both soluble and insoluble

AP aggregates in the brain, potentially slowing

disease advancement [33].

7. Antibodies for Renal diseases

Rituximab, a chimeric monoclonal antibody, has
been effective in treating various kidney diseases
by specifically targeting the CD20 receptor on B-
It has

cells. shown particular benefits in

conditions such as membranoproliferative
glomerulonephritis (MPGN) and lupus nephritis
[34,63]. Additionally, it has been beneficial in
reducing proteinuria in certain renal conditions
and minimizing steroid dependence in patients

with idiopathic nephrotic syndrome.
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Other monoclonal antibodies, including
adalimumab and ofatumumab, have also proven
to be useful in lowering proteinuria. However,
some monoclonal antibody therapies carry the
risk of renal complications, such as hypertension
and proteinuria. Bevacizumab, for instance, has
been associated with these adverse -effects.
Similarly, cetuximab and panitumumab, which
target the HER-family of receptors [39], can
cause electrolyte imbalances, particularly
hypomagnesemia and hypokalaemia, due to their
nephrotoxic effects on renal tubules. Cetuximab,
in particular, has been linked to renal tubular
acidosis, while rituximab has been reported to
contribute to acute kidney injury in cases of
tumour lysis syndrome. Recognizing and
managing the possible side effects of monoclonal
antibody therapies is essential, particularly for
patients with pre-existing kidney conditions [35].
Additionally, some monoclonal antibodies, such
as panitumumab and cetuximab, have been
associated with electrolyte imbalances due to
their toxic effects on renal tubules. To enhance
patient safety, it is important to closely monitor
these adverse effects and develop treatment plans
risks [63]. A

that mitigate potential

comprehensive  understanding  of  these
complications can help create safer and more

effective therapeutic approaches.

8. Antibodies for Gastrointestinal Pathologies
Elevated tumour necrosis factor (TNF) levels in
patients with inflammatory bowel disease (IBD)

contribute to intestinal inflammation, causing

tissue damage and interfering with normal
immune function. To counteract this, the FDA
has approved two TNF inhibitors, infliximab and
adalimumab, to treat moderate-to-severe Crohn’s
disease and ulcerative colitis [36,46].

Infliximab has been shown to support mucosal
healing and sustain symptom reduction in both
conditions, with a favourable safety profile for
long-term wuse [64,65]. Certolizumab pegol,
another FDA-approved therapy for Crohn’s
disease, is a pegylated anti-TNF fragment
designed to reduce immunogenicity.
Additionally, anti-IL5 monoclonal antibodies
such as mepolizumab and reslizumab, originally
developed for eosinophilic asthma, have shown
potential in managing eosinophilic esophagitis

[5,63].

9. Antibodies for Autoimmune Diseases

Autoimmune disorders such as rheumatoid

arthritis (RA) arise from immune system
dysfunction, leading to cells and tissue damage.
Rheumatoid arthritis (RA) is characterized by
chronic inflammation and synovitis, leading to
flares of polyarthritis and joint pain. Although
the exact mechanism is not clearly understood,
pro-inflammatory mediators like IL-6, IL-1, and
TNF contribute to the disease’s progression. Due
to the unique variations in immune system
dysfunction among individuals, managing RA
remains a complex challenge.

with disease-

Treatment usually begins

modifying anti-rheumatic drugs (DMARD:s)
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such as methotrexate. However, if patients fail to

respond to traditional DMARDs, biologic
DMARDs, including monoclonal antibodies,

offer an alternative therapeutic option. Clinical

trials have demonstrated that combining biologic

therapies with traditional DMARDs leads to

improved treatment outcomes. Castleman’s
disease is a rare condition characterized by
abnormal lymphocyte overgrowth with an
unclear underlying cause. However, Interleukin-
6 (IL-6) is thought to be involved in its
progression. Siltuximab, a chimeric monoclonal
antibody (IgG1x) specifically binds to IL-6 and

neutralizes its activity [47].

Since IL-6 overactivity contributes to systemic
symptoms in RA, it has become a critical target
for therapeutic intervention [5]. Monoclonal
antibodies such as tocilizumab and sarilumab,
which specifically target the IL-6 receptor, have
been shown to effectively reduce systemic
symptoms in (RA).
Additionally, TNF inhibitors like infliximab and
FDA-approved for RA

rheumatoid arthritis
adalimumab  are
treatment, though some biological DMARDs
may provide better symptom control and
improve patient adherence. Adalimumab and
used monoclonal

Infliximab are widely

antibodies for immune-related conditions,
demonstrating effectiveness in managing RA,
Crohn’s disease, and ulcerative colitis [25].
Vedolizumab, a recently FDA-approved
selective adhesion molecule inhibitor for treating

moderate to severe Ulcerative colitis and crohn’s

disease, targets a more specific molecule

compared to Natalizumab [42].

10. Antibodies for  Ophthalmological

Disorders

Ranibizumab, a monoclonal antibody, has been
found effective in treating retinopathy of
prematurity (ROP) by

endothelial growth factor (VEGF),

inhibiting vascular
thereby
preventing abnormal retinal blood vessel growth
[45].

Similarly, naxitamab, an anti-cancer monoclonal
antibody, has shown positive outcomes when
combined with granulocyte-macrophage colony-
stimulating factor (GM-CSF) for treating
relapsed or refractory neuroblastoma [72,73].
This combination has gained FDA approval for
use in pediatric patients over one year old and
adults with refractory neuroblastoma, providing

an advanced therapeutic approach [66].

Future Perspective of Monoclonal

antibodies

The rapid growth of the antibody industry
highlights its immense potential, benefiting both
patients and the companies investing in these
treatments. The future of monoclonal antibodies
appears promising, driven by advancements in
biotechnology, genetic  engineering, and
computational modeling techniques. Emerging
therapies, such as bispecific antibodies and

antibody-drug conjugates, are expected to
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improve treatment efficacy, reduce resistance,
[74, 75].
Additionally, antibody fragments offer better

and minimize adverse effects
tissue penetration, helping to address diseases

that were previously difficult to treat.

Current research is focused on addressing

challenges related to  production and
affordability, with an emphasis on developing
scalable and cost-effective manufacturing
processes. As these therapies become more
widely available, they have the potential to
revolutionize healthcare, particularly in low- and
middle-income countries. Monoclonal antibodies
are also becoming a key component of precision
medicine, enabling more targeted treatments that
patient outcomes various

improve across

conditions. With the continued growth of
personalized medicine, integrating data-driven
biomarker strategies will further enhance the
[78].

However, to fully realize their potential, it is

effectiveness of antibody therapies
essential to overcome obstacles such as high
costs, limited accessibility, and immunogenicity
concerns. As research progresses, mAbs are
poised to broaden therapeutic options and
contribute to healthcare

standards [76, 77].

improved global
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