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Allergies and T-cell receptor signaling:
Insights into immunological sensitivity
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ABSTRACT

An allergy occurs when the immune system reacts to substances that are typically harmless under normal circumstances. These reactions are
triggered when antibodies respond specifically to these substances upon their entry into the body. Allergens such as pollen, dust, mites, and
animal dander can be inhaled or ingested, such as food items. Symptoms of an allergic reaction may include hives, itching, allergic rhinitis, asthma,
sneezing, runny nose, and nasal congestion. Removing or avoiding contact with the allergen can often resolve these symptoms. Allergies vary
widely among individuals, manifesting differently in different age groups and affecting various parts of the body with varying severity. For instance,
one person exposed to an allergen might experience nasal congestion, while another might suffer from sweating and itching. During an allergic
response, T cells produced by our body come into play. T cells, a subset of lymphocytes, play a crucial role in the immune response by activating
other immune system cells against foreign allergens. This review aims to provide an overview of the relationship between allergies and T cells.
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The primary goal of all living organisms is
to ensure the continuation of their species. In
striving to achieve this goal, they cannot always
remain in safe environments and thus need to
learn how to defend themselves against external
factors perceived as threats. It is at this point that
the immune system comes into play, responding
to and combating foreign pathogens.! These
globally widespread allergic reactions reduce
the quality of life when the immune system is
not sufficiently strong, which underscores their
significance from a health perspective. Current
treatment methods do not completely eliminate
allergic reactions but aim to shorten the duration
of symptoms and are not able to fully eradicate
them.®? T-cell receptors (TCRs) come into play
to stimulate other immune systems against
organisms present in the body that cause these
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allergic symptoms. Since the primary function
of TCRs is to initiate immune responses to
allergens, they are of significant importance in
allergic diseases.®”! In the processes that form
the cornerstone of allergic diseases, TCRs first
recognize the allergen and, after differentiating
in T helper (Th) cells, initiate the production of
allergen-specific immunoglobulin E (IgE). When
the system encounters the allergen again, it
binds to the produced IgE.¥ Therefore, we can
say that in allergic reactions, both the innate and
adaptive immune systems play a role in a manner
specific to the individual.

Allergy is a term that refers to one of the
origins of human diseases and the different
types of reactions resulting from their variations.
Derived from the Greek word ‘Allos,’ this term has
been defined as changes affecting the organism.
Allergic reactions are quite common diseases
that significantly impact both our physical and
psychological health.” Allergies can begin at
some point in life and persist for a long time,
sometimes lasting a lifetime. A weakness in
the immune system is known to be among
the common causes of allergies. When faced
with a weakened immune system, the intensity
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and prevalence of allergens in our environment
increase, making us more susceptible to frequent
illnesses.'® Allergic diseases, such as anaphylaxis,
food allergies, asthma, rhinitis, conjunctivitis,
hereditary angioedema, urticaria, eczema,
and eosinophilic diseases, are the cause of
many chronic conditions. This condition arises
from the body’s response to an allergen and
requires treatment. Measures should be taken to
avoid exposure to allergens that cause allergic
reactions. Nutritional disorders, external factors,
and genetic predisposition also play a role in the
development of allergic changes. With allergy tests
and appropriate treatment plans, it is possible
to manage symptoms effectively. Additionally,
providing the correct intervention against
reactions is of vital importance.””’ It is crucial to
accurately identify which foods individuals with
specific food allergies are sensitive to. Despite
the difficulty in abstaining from consuming these
foods, it is necessary, and individuals should be
prepared to administer adrenaline injections if
needed. Although common allergenic products
such as milk and eggs are widely used today, it
is essential to read food packaging and labels
carefully and, if necessary, avoid consuming
them altogether.®! Allergy symptoms typically
include hives or itching, redness, sneezing, and
nasal congestion or runny nose. If a person
shows reactions to specific substances, avoiding
these substances can help resolve the issue.”

T-CELL RESPONSE TO ALLERGENS

T cells are a vital component of our immune
system. T lymphocytes and TCRs are fundamental
components of the immune response. They
constitute a subset of lymphocytes and play a
significant role in immune responses. The ‘T’
abbreviation comes from the thymus, where
these cells undergo their final maturation
stages. It plays a critical role in maintaining
tolerance to harmless antigens. Type 1 allergies
arise from IgE-mediated reactions to antigens.
Allergy is known to be among the commonly
occurring chronic diseases. It can manifest
itself in formations such as allergic rhinitis,
dermatitis, food allergies, and life-threatening
anaphylaxis due to colony-associated IgE-
mediated reactions. Therefore, the role of
T lymphocytes is crucial in terms of the system’s
health, balance, and protective functionality.
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101 All multicellular organisms are engaged in a
battle against pathogenic bacteria, viruses, fungi,
and parasites. The first line of defense against
infectious pathogens consists of physical and
chemical barriers. Overcoming these barriers
allows pathogens to weaken, necessitating the
activation of the system for the clearance of
infection. The immune system is a host defense
comprising numerous biological structures and
processes that provide defense against foreign
and also damaged and transformed entities
within an organism.™ The ability of the immune
system to function optimally depends on its
components’ ability to distinguish between self
and non-self and to respond to the non-self.
In higher organisms, the system is classified as
acquired or innate, with the former emerging
later and the latter being present from birth.2

When an allergen enters the body, it triggers
an immune response involving the production
of antibodies such as IgE by B cells. It has
been documented that IgE-mediated type 1
hypersensitivity reactions may be beneficial in
defending against parasites, toxins, venoms,
and various other harmful substances.!'s! The
presence of IgE-mediated products leads
to the development of incompatible type 2
reactions and stimulates the synthesis of IgE
antibodies against specific antigens known as
allergens. Immunoglobulin E antibodies can
trigger encounters with allergens by binding
to high-affinity IgE receptors on mast cells and
basophils, thereby initiating allergic reactions.!**
Immunoglobulin E-mediated allergic diseases
arise from type 2 immune responses, which
promote the synthesis of IgE antibodies directed
against a specific class of antigens called
allergens.’™ Immunoglobulin E antibodies
bind to high-affinity IgE receptors on mast
cells and basophils, rendering them sensitized
for subsequent encounters with the same
allergen. This triggers the release of various
inflammatory mediators, including histamine,
which are responsible for the sudden onset of
hypersensitivity symptoms.!*®! The development
of type 2-mediated allergies is dependent
on the complex interaction of genetic and
environmental factors on barrier surfaces,
including the host microbiome established
early in life.'”? While IgE-mediated immediate
hypersensitivity reactions undoubtedly underlie
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the majority of allergies, it has become apparent
that similar responses and symptoms can be
triggered by other adaptive immune responses
involving IgG or other immune cells and
mediators, mediated through complement.!'8
Similarly, it has been found that various innate
triggers expressed through receptors on mast
cells can either directly initiate a hypersensitivity
reaction and/or enhance existing IgE-mediated
responses.’” Immunoglobulin G-dependent
reactions typically diverge from Th2-mediated
responses, which mediate the initiation and
maintenance of the immune response due to
antibody involvement. This divergence arises
from changes in the reaction’s dynamics. Along
with the characteristics of cytokines such as
interleukin (IL)-4, IL-5, and IL-9, eosinophils,
basophils, and mast cells also become activated.
These mechanisms play a significant role in the
initiation and continuation of allergic events.2%
Although Th2-mediated immune responses are
clearly beneficial for the host, they can also lead
to uncontrolled or inappropriate inflammatory
behaviors. In such cases, dysregulation can
occur, and the individual may experience
dissemination in various forms. Therefore, it is
important to somehow control Th2-mediated
immune responses and replicate them with
appropriate treatment methods. This can
prevent potential development and preserve
the host’s health.?!! These antibodies later
bind to mast cells and basophils, which release
histamine and other inflammatory mediators,
leading to allergic symptoms such as sneezing,
itching, and swelling.?? T cells come in various
types with different roles in the body, and T
lymphocytes are functionally divided into two
main subgroups: CD4* Th cells and CD8*
cytotoxic T lymphocytes. Cytotoxic CD8* T
cells are known as Kkiller cells. They target
and eliminate cells listed on the tumor list and
those coming with organ transplants. T helper
CD4+ cells act as intermediary cells in the
immune response. When activated, they rapidly
proliferate and release numerous cytokines to
help regulate effector lymphocyte functions.
Regulatory T cells (CD4*CD25%), also known
as suppressor T cells, suppress the activation
of the immune system and maintain immune
system homeostasis. Failure of regulatory T cells
to function properly can lead to autoimmune
diseases. Finally, T memory cells ensure rapid
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production of antibodies when encountering
the same disease after having experienced
it once.?!

T-cell receptors

T-cell receptors are essential components of
the adaptive immune system. They circulate to
the thymus gland, where they are activated upon
binding to self-peptide-major histocompatibility
complex (MHC) complexes with the TCR/
CD3 complex. Simultaneously, they are
maintained actively within cell compartments
through stimulation by a cytokine called IL-7,
in a recyclable manner. This process plays
a significant role in T cell conditioning and
functions, ensuring the smooth operation of
the system’s flexibility. Therefore, the proper
maintenance and activation of pure T cells are
critical structures with an expansive perspective
on the defense system.?¥ The activation of
TCRs triggers cell division, clonal expansion,
and differentiation. This process is initiated by
three fundamental factors: stimulation of cell
proliferation, nutrient availability, and oxygen
levels. Increased cell proliferation allows T
cells to interact with their surroundings and
become activated. Nutrient availability supports
T cell growth and proliferation by providing
the diversity and nutritional options necessary
for T cell survival. Oxygen levels regulate
the activation process by influencing cellular
metabolism. The convergence of these factors
activates the T system, allowing it to begin
performing its functions effectively.?® When
TCRs encounter single peptide-MHC (pMHC)
complexes, they spread on the cell surface as
individual proteins ready to initiate the signal.
The CD4 and CD8 molecules interact with
MHC II and MHC 1 molecules, respectively.
This interaction determines the early mode of
T-cell activation. Communication between the
pMHC complex and CD4/CD8 co-receptors is
recognized by the TCR.2

T-cell development

T-cell immunity plays a critical role in the body’s
defense mechanism. Secondary lymphoid organs
serve as central hubs of this defense system. In
these organs, mature T cells capable of defending
against various foreign antigens encountered
throughout life need to be present.?”! These cells
having a broad TCR repertoire enables the body
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to recognize a wide range of foreign antigens
and develop an appropriate defense response
to them. This diversity allows the body to be
prepared for numerous foreign threats it may
potentially encounter.?® During the development
and maturation of T cells, it is essential that
only cells capable of mounting an effective
response against foreign antigens are selected
and distributed to the periphery, meaning
various regions of the body. In this process, the
elimination of T cells that mistakenly react to
the body’s own antigens is of great importance.
This helps prevent undesired conditions like
autoimmunity, where the body attacks its own
tissues. This selective process is called central
tolerance and enables the body to develop
an immune system that is compatible with
itself. Consequently, the effectiveness of T-cell
immunity relies on mature T cells with a broad
TCR repertoire found in secondary lymphoid
organs.?”! Proper training of these cells plays a
vital role in providing a fast and effective response
against foreign antigens while preventing harm
to the body’s own antigens. This delicate balance
is one of the cornerstones of a healthy immune
system.BY T cells play a critical role in the human
body’s immune system and develop in the thymus
gland. The immune system works to protect
the body from pathogens, or disease-causing
microorganisms. There are various subtypes of
T cells, with the most well-known being alpha/
beta (o/B) T cells. These cells utilize antigen
receptors to recognize antigens and defend the
body against infections.l

Another important type of T cell is
gamma/delta (y/8) T cells. Unlike o/B T cells,
these cells carry characteristics of both natural
killer (NK) cells and T cells through their antigen
receptors. This unique combination enables y/8
T cells to play a significant protective role in
the body. Natural killer T cells, like v/8 T cells,
develop in the thymus and are a specialized type
of T cell capable of providing a rapid and effective
response to antigens. This diversity allows T cells
to play a versatile role in the immune system.!3?!
Each type of T cell provides a broad range of
defense against infections and diseases through
different mechanisms, safeguarding the body in
various ways. The development of these cells in
the thymus is crucial for the proper programming
of the immune system and maintaining the
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body’s health. The entry of bone marrow-
derived thymic progenitor cells into the thymus
and the subsequent processes are of significant
importance in immune system research.
Originating from the bone marrow, these cells
reach the thymus via the corticomedullary
junction. The thymus, as one of the key organs
of the immune system, facilitates the maturation
and education of T cells. This process enables
the body to effectively defend against pathogens
without causing harm to itself.®3! After the entry
of thymic progenitor cells into the thymus, these
cells undergo various stages to differentiate
into different subtypes of T cells. During this
transformation, the differentiation process of
Thl cells becomes crucial. The Thl cells play
a critical role, particularly in cellular immune
responses. They are at the forefront of defense
against intracellular pathogens such as viruses
and certain bacteria.l3¥

T-CELL STRATEGIES IN THE
TREATMENT OF ALLERGIC DISEASE

The fundamental mechanism of allergic
reactions involves the exaggerated responses
of the immune system to allergens. These
responses are characterized by the activation
of immune cells, particularly mast cells,
basophils, and eosinophils. When these cells
encounter allergens, they release inflammatory
mediators. These mediators contribute to
the occurrence of allergic reactions in the
body. Additionally, during allergic reactions,
cytokines such as IL-4 and IL-13 released
from IgE-type antibodies and Th2 cells play
a significant role. These molecules promote
class switching of antibodies produced against
allergens, making B cells more sensitive to
the allergen.®® Immunoglobulin E antibodies
play a central role in allergic reactions and
are part of the body’s response to allergens.
These antibodies are critically important in
sensitizing to allergens found particularly on
mucosal surfaces such as the respiratory tract
and digestive system, as well as on the skin.
Cytokines secreted by Th2 cells, such as
IL-5, IL-3, granulocyte-macrophage colony-
stimulating factor, IL-4, and IL-9, trigger cellular
mechanisms that support IgE production and
other key elements of the allergic response.3
Interleukin-5 specifically promotes the release,
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migration, and activation of eosinophils from
the bone marrow. Eosinophils are white blood
cells that play a significant role in fighting
parasitic infections and allergic reactions. They
are associated with conditions like allergic
asthma and rhinitis and are critically important
in sustaining inflammation.’”! T-cell epitope
peptide therapy is an innovative approach
developed based on the principles of our
immune system’s functioning. This treatment
aims to modulate the functionality of our
body’s T cells, especially the effector and
helper T cells that play a critical role in defense
mechanisms against pathogens.¥ The use of
peptides containing dominant T-cell epitopes is
designed to target a specific immune response
while inducing anergy (rendering unresponsive)
or deletion (neutralization) of T cells. This
process helps the body to control harmful T cell
responses, thereby reducing excessive and
detrimental immune reactions in conditions
such as autoimmune diseases.?’!

The concept of specific anergy relies
on the functional cytokine plasticity of T
cells, particularly Th cells. T helper cells
play a crucial regulatory role in the immune
system, determining the direction of the
immune response by controlling the release
of various cytokines. T-cell epitope peptide
therapy modulates cytokine production of
these cells, thereby downregulating (reducing)
pathogenic effector T cell responses. This
process suppresses harmful reactions while
preserving the healthy functioning of the
immune system and the ability of naive T cells
to generate protective responses. Thus, while
enhancing the body’s self-defense capability,
it also prevents detrimental autoimmune
reactions.[*® This therapy holds promise,
particularly in the treatment of autoimmune
diseases, the management of allergic reactions,
and potentially in cancer therapy. By targeting
specific T-cell responses, this therapeutic
approach aims to provide more precise control
over the immune system. However, further
research is needed to determine its efficacy
and safety. Considering the complex nature
of the immune system, T-cell epitope peptide
therapy has the potential to revolutionize the
treatment of immune-related diseases.4!
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DETERMINATION OF ALLERGENS BY
T-CELL RECEPTORS

Immunotherapy holds a significant place in
the treatment of diseases ranging from cancer
to autoimmune disorders. The success of these
therapies largely depends on effectively mobilizing
the immune system to combat the targeted
disease. The selection of peptides used in
immunotherapy is a critical part of this process.
Recognition of peptides by T cells is crucial for
the effectiveness of these treatments. In this
context, the ability of peptides to be presented
by different human leukocyte antigen (HLA)
class 2 molecules is of great importance in terms
of addressing a wide range of populations.*?
The HLA class 2 molecules play a central role
in the human immune system, particularly in
the activation of CD4* T cells. The ability of
a peptide to form a complex with HLA class
2 molecules encoded by any of the HLA-DR,
HLA-DP, or HLA-DQ loci allows recognition of
this peptide by CD4* T cells and thus initiates the
immune response. Therefore, in the selection of
potential therapeutic peptides, consideration
should be given to their ability to interact
with a broad repertoire of HLA molecules.*?!
T-cell epitope prediction algorithms are crucial
tools in this process. These algorithms can
predict how a peptide may interact with different
HLA types, enabling the evaluation of the
potential effectiveness of candidate peptides
for therapy across genetically diverse human
populations. Success in immunotherapy thus
relies on the development of treatments that
can be applied to a broad patient base. The
selection and optimization of peptides are at
the core of this comprehensive approach, and
the future of immunotherapy is directly linked
to the development and implementation of these
scientific strategies.*¥ The differences between
allergic diseases and autoimmune conditions
provide profound insights into how the immune
system responds. In autoimmune diseases, the
body’s immune system erroneously attacks its
own tissues, whereas allergic reactions typically
develop in response to specific external factors,
known as allergens. Interestingly, while some
autoimmune diseases show a strong association
with specific HLA types, such a connection
is generally weaker in allergic diseases.*® The
underlying mechanisms behind allergic reactions
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can be better understood through the role
of T cells. Allergens can function as T-cell
epitopes, and these epitopes often exhibit broad
tolerance in binding to HLA molecules. This
means that an allergen can interact with many
different HLA class 2 molecules. Consequently,
allergen-specific CD4+ T cells can recognize a
specific epitope complexed with various HLA
class 2 molecules. This broad recognition capacity
may be one reason why allergic diseases are not
tightly associated with specific HLA types.“®
These insights point to important avenues in
the treatment and understanding of allergic
reactions. Better understanding how allergens
trigger T cell responses and interact with HLA
class 2 molecules can aid in more effectively
managing allergic diseases. The complex nature
of allergic reactions and the broad range of
interactions with HLA molecules underscore
the importance of developing personalized
approaches to treating these diseases.*”? The
immune system in the human body employs
various mechanisms to combat diseases. One of
these mechanisms involves antigen presentation
and T cell responses. T cells recognize foreign
substances (antigens) that enter the body and
develop a response against them. This process
occurs primarily on molecules called HLA
molecules. Human leukocyte antigen molecules
are responsible for enabling the immune system
to recognize antigens.“8! Research indicates that
nominal antigens are most commonly presented
on HLA-DR molecules. However, it has been
discovered that the T-cell epitopes of allergens
and other antigens can also be presented on
HLA-DQ and HLA-DP molecules.*! These
molecules exhibit more conserved features among
populations compared to HLA-DR. This means
that there are fewer variations in the structure of
these molecules across different human groups.
This situation provides a significant advantage
for therapeutic approaches related to the immune
system.®® From a therapeutic perspective, the
similarity of HLA-DQ and HLA-DP across a
broader population allows for the development
of general strategies that can be utilized in
areas such as vaccine development and the
treatment of autoimmune diseases. Additionally,
it suggests that epitopes presented on these
molecules may be effective in a wider range of
patient groups. This is particularly promising in
today’s context, where personalized medicine
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and targeted therapies are gaining importance,
spanning a broad spectrum of applications from
allergies to autoimmune diseases."®!

In conclusion, from birth onwards, the
human body is in constant interaction with both
self-antigens and foreign pathogens from the
environment. In this dynamic environment, our
immune system develops an effective defense
mechanism against foreign pathogens while
also establishing a tolerance mechanism to
prevent harm to our own cells. Maintaining
this balance is of vital importance; otherwise,
we may become vulnerable to foreign threats
or develop autoimmune diseases that harm
ourselves. T cells play a central role in this
complex process of maintaining balance
within the immune system. Initially thought
to primarily trigger the immune response to
antigens, recent research has revealed that
effector T cells have a much broader range
of functions. Effector T cells assume negative
regulatory roles within the adaptive and innate
immune systems, preventing immune responses
from becoming excessive and aiding in the
establishment of immune tolerance. With these
characteristics, effector T cells have become a
critical balancing factor for the body to mount
an effective defense against pathogens without
harming its own cells. Understanding the
various functions and regulatory mechanisms of
these cells may contribute to the development
of new immunotherapies and vaccines. The
differentiation of T cells enables the body to
develop a more effective response to these
pathogens. The migration and differentiation
of thymic progenitor cells are crucial for
understanding the complex regulation and
dynamics of the immune system. A better
understanding of these processes may open new
doors for the treatment of various diseases such
as allergies, autoimmune diseases, infections,
and cancer. Furthermore, enhancing Thl cell
responses may assist in the development of
therapeutic strategies in some cases, indicating
that this area is highly promising for research.
Additionally, it may lead to innovative
approaches in the treatment of many diseases
such as autoimmune diseases, allergies, and
cancer. Therefore, research on these important
players of the immune system is a great source
of hope for the health sciences.
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