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The fundamental definition of immunity is the organism’s ability to resist the invasion of micro-organisms and
dangerous substances and even unaltered host components. The immune system defends our bodies against the
danger of the threat by communicating with chemicals and cells, which are incredibly complex to separate, kill
and eliminate potential threats and also can cause disease under some circumstances. The immune system made
up of certain and non-certain systems. The non-certain immune system is consisting of two different types of
mechanisms (cellular and non-cellular). A certain immune system is completely assisted by lymphocytes and
agranular leukocytes. Immune dysfunction or reduced immune competence may be caused by a number of factors
such as fatigue, malnutrition and simultaneous infections. Immune-related disorders include allergy, asthma,
autoimmune conditions, auto-inflammatory syndromes, and immune deficiency syndromes. Different functions
of different immune systems seem to have been the primary driving force in the development of immune systems
as a pathogenic diversity defense mechanism. Evolution of immunity exists over various occasions of the host
population lifespan and related to the evolution of pathogen and the frequency shifts in a person’s lymphocyte
clone during an infection. The data bases, books and the research published papers in indexed medical and
immunological are our references to write the review.This article provides an overview guide in immunity, and
describes the properties and classification of the immune system and different types of host defense mechanisms.
Focusing on auto-immune diseases, immuno-inflammatory disorders can be categorized as auto-inflammatory
or auto-immune inflammasome processes that differ in the presentation of the disease. Therefore, each disease
has its properties based on how the immune cells function under certain conditions that result in the cell output
becoming abnormal.
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The immune system is the most important system that
reinforces the immunity and saves humans from all
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infections, which use a large number of immune cells to
function successfully. Immunity operates in a coordinated
manner to tackle multiple environmental risks. In order
to produce an immune response against disease and
certain types of cancer, an adaptive immune system
can be activated. The adaptive immune system protects
the body against certain external invaders through T
and B cell receptors on T and B lymphocyte surfaces
(Chaplin 2010). As a result of the recombination of
gene fragments, these receptors capable of recognizing
different antigens. With contrast, the innate immune
response is not antigen-specific, and molecular patterns
of a possible future pathogen can be detected using
innate immune cells and their mediators (Nicholson,
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2016).Bone marrow is primary hematopoietic organ
which are responsible for preservation and continuously
renewed and differentiation into mature white blood cells
(Koliaraki et al., 2020).

Some of them then undergo important high-school
training before being released to patrol the body. Five
different white blood cell types will be derived into the
bloodstream (Table 1). These population groups can be
further subdivided on the basis of proteins expressed
in their cell membranes by an immunologist or
hematologist. On their surface, the cells express several
hundred different receptor forms that can bind to soluble
molecules like cytokines. Pattern recognition receptors
(PRR) such as duty-like receptors track molecular
pathogen patterns and induce specific signaling pathways
to trigger the immune system response (Lee, 2016).The
natural immunity generated after the first encounter
and resists of a particular species of microorganisms.
The immunizations of dead or life microorganisms will
trigger acquired (adaptive or specific) immunity for the
individual. However, acquired immunity can occur in a
natural or artificial way (Varadé et al., 2020).

Immune cells: The role of various types of white blood
cells is fighting infections. The most common forms of
these are cell macrophages and neutrophils of the innate
immune system (Figure 1). Macrophages are a specific
type involved in the detection. Both macrophages and
neutrophils respond rapidly to infectious pathogenic
agents producing cytokines that recruit and activate
immune cells. They secrete enzymes and chemicals that
digest protein. Then they swallow up and digest the
damage, a process that is called phagocytosis. Such cells
embody adaptation and memory functions, which enable
the immune system to respond increasingly specifically
and remember individual infection types (Prame et al.,
2018).

Natural killer cells (NK) play an important role in
managing viral infections and cancers as well as in the
regulation of macrophages and dendritic cells(Table 1).
Granulocyte cells (basophils, Mast cells, and eosinophils)
are able to protect the human body from parasites and
modulate immune responses(Brodin, 2017). Furthermore,
B lymphocytes’ functional role is the production
of "antibody (Ab)” as an effector tool, which is an
immunoglobulin molecule biochemically. Memory B
cells are key to quick evelopment after re-infection
with protective immunity(Laidlaw and Cyster 2020). T
lymphocytes are divided into two subclasses according
to their surface markers: CD4 and CD8 lymphocytes
(Karim et al 2015).

Throughout innate and adaptive crosstalk, dendritic
cells demonstrate a key role in the initiation of adaptive
immune responses to pathogens (Waisman et al., 2017).
Mast cells able to support vascular permeability and
accelerate leukocyte recruitment by inducing pro-
inflammatory mediators within the immune system (da
Silva et al ., 2014). The natural killer cells are similar in
terms of morphology with the lymphocytes except that

the cytoplasm has granules. Natural killer cells are part
of the innate immune system and help in defend the host
by killing the foreign pathogen (Bald et al., 2020).

Figure 1: Cells of the immune system.
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Of the same progenitors natural killer cells evolve but
vary into separate sub-sets that vary in development of
cytokine, cytotoxicity, homing, and memory (Collins et
al., 2019). It was found that, there is a correlation between
NK cells and genes that encode immune checkpoint
proteins (Wu et al., 2019). Macrophages, B lymphocytes,
and dendritic cells are antigen-presenting cells (APC)
that can present antigen. Dendritic cell phagocytosis
step is the connection point between the two types of the
immune system (adaptive and innate), which present the
essential dendritic cells in the human body(de Jong et
al., 2006).The provision of pathogen defensive immune
responses involves unique niches wherein leucocytes
are trained by numerous types of cells, including
mesenchymal cells (Koliaraki et al., 2020).
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Immunoglobulins: Immunoglobulins are glycoprotein
molecules made from plasma cells, also known as
antibodies. The first antigen-specific receptor to be
identified is immunoglobulin which is usually drawn as
a cartoon in the shape of a Y (Table 2). Two identical
light and heavy chains are present in the Y shape.
Antibodies bind strongly on a target (antigen) and signal
immune cells (Figure 2). There are two physical types
of antibodies: a soluble form that is secreted from cells
free of plasma in the blood. In addition to membrane-
bound form attached to the cell surface called the B-cell
receptor. There are three effector functions of Abs:
neutralization, opsonization, and complement fixation.
Nowadays, there are five classes of Ig found in the human
body, termed as IgA, IgG, IgM, IgE, IgD (Table 2) (Janeway
et al., 2001, Senger et al., 2015).

IgG is the largest monomer circulating antibodies,
accounting for 80% and 75% of the total serum
antibodies. IgG provides the bulk of pathogens-
based antibody immunity.

IgA is a dimeric antibody found in mucous
secretions as well as respiratory, genitourinary,
gastrointestinal secretions.
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IgM is the largest antibody with pentamer
structures. It is expressed on the surface of B
lymphocyte and can also found in serum.

IgD is monovalent and is found on the
B-lymphocyte surface that serves as an antigen
receptor for activating B cells in combination with
the monomeric IgM.

IgE is a monomeric antibody and usually bound
to tissue cells, mostly mast cells and associated
with the allergic response.
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Adaptive immunity: Adaptive immunity has evolved
to give both self and non-self-antigens a broader and
finer repertoire of recognition. Immunoglobulins (Ig)
or antibodies are plasma-cell glycoproteins instructed
by specific immunogens (Sotiropoulos and Tsihrintzis
2017). The immunogen interacts with the B cell receptor
(BCR) on the cell surface and produces a signal to induce
the synthesis of antibody which are highly specific to
immunogen that stimulated the B cell. However, the
immune system remembers the antigens due to the
growth of memory B cells, which triggered a previous
reaction as a memory (Bonilla and Oettgen, 2010).

Table 1. White blood cells and their function (Handin et al 2003).

White blood cell Appearance Nucleus

Neutrophils % Multilobed

Lynmphocytes ’ Deeply staining,
- eccentric

Monocytes : ‘\ Kidney shaped
-

Basophil Bi-lobed or tri-lobed

Eosinophil R Y Bi-lobed

Figure 2: The diversity of immunoglobulin types.

Adaptive immunity involves tightly regulation between
T and B cells, which facilitate pathogenic pathways of
immune effectors, immunological memory generation
and the control of host immune homeostasis (McComb
et al., 2013).The T-cell function of the immune response
is primarily involved in the recognition and removal

Diameter Function

10-12 p Early responder

Phgocytosis Local killing

-Small lymphocytes 7-8 p
-Large lymphocytes12-15 1

Adaptive immunity
Sub-divided into T-cells
and B-cells
Early responder
Phgocytosis
Mature as macrophage
in the tissue
Bind IgE Allergy
Defense against parasites

15-30 p

12-15p

10-12 p Bind IgE Allergy

Defense against parasites

of infected cells. In addition, T cells can identify
antigen peptide fragments that engaged by APC via
a phagocytosis or pinocytosis process. The off TCR
surface expression is the dominant class of T cells. These
receptors are primarily developed to identify peptide
antigens in a complex comprising MHC proteins of class
I or class II (Lee 2019).

Innate immunity: Innate signals are necessary to
activate the adaptive immune system. The adaptive
immune system takes advantage of an innate system’s
ability to discriminate between contact with dangerous
pathogens and safety or even useful microbes and
environmental factors by using innate signals to help
initiate its reactions. The innate and adaptive divisions
of the immune response should, therefore, be seen as
complementary and collaborative (Chaplin 2010). Innate
and adaptive system work side by side as a team against
invading microbes, one establish to identify and the
other one recognizes and remember specific pathogens.
These depend on a group of proteins and phagocytic
cells, which recognize and become quickly activated
for the destruction of invaders by preserved pathogen
characteristics, (Netea et al., 2020).

Major Histocompatibility Molecules: The infected cell
used to produce future offspring microbes must be
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detected and destroyed. An important role of the immune
response of T cells is the detection and destruction
of damaged cells. Moreover, T cells able to identify
peptide antigen fragments that were absorbed by APC
during phagocytosis or pinocytosis. The identification
of damage host cells will be completed using an auto-
component and a microbial structure recognized by T
cells (Tomar and De 2014).The MHC family of molecules

is the elegant way to solve both an auto-structure
and a microbial determinant. MHC molecules are cell
surface glycoproteins that attach to peptide-protein
fragments. Peptides either synthesized in the cell
(class T MHC molecules) or absorbed by the cell and
then proteolytically processed (Class II MHC molecules)
(figure 3) (Godfrey et al., 2004; Wieczorek et al.2017).

Table 2. The 5 major classes of immunoglobulin types which have different roles in the immune
response (Schroeder€t Cavacini 2010 and Vidarsson et al 2014).

Antibody Secreted Percentage Cross No. of antigen Function
form in serum | placenta binding sits
IgA Dimer 13 % No 4 Mucosal immunity
IgE Monomer 0.002 % No 2 Defense against parasites
Allergy
IgG Monomer 80 % Yes 2 Complement activation
Neonatal immunity
IgM Pentamer 6 % No 10 Native B-cell receptor
Natural antibodies
Complement activation
IgD Monomer 1% No 2 Native B-cell receptor

Figure 3: CD8 T cells usually recognize the endogenous
antigens (left panel), CD4 T cells usually recognize the
exogenous antigens (right panel) (Bonini 2012)

Viral-infected
target cell

Antigean-presenting
call (APC)

Co-stimulatory
molaculas

MHC I molecules are glycoproteins located on all
nucleated cells surface. Their function is to demonstrate
peptide fragments within the cell to cytotoxic T cells
(CD8+ T Cells). This step will trigger immediate immune
system reactions to a specific antigen present with the aid
of an I protein in MHC I (Blander 2016). MHC Il molecules
are glycoproteins, which interact with antigen-presenting
cells (APCs) such as dendritic and macrophages cells.
APCs engulf foreign particles then present antigen to
T and B cells. Phagocytosis contributes to the epitope
loading process within the MCH Class II molecule;
endocytosis is used to digest extract proteins from
lysosomes. Epitopic peptide fragments that arise from
this progression is loaded into the MHC Class Il molecules
before they leave to the cell surface (Rock et al., 2016).
Exogenous antigens which initiated extracellularly from

foreign organisms such as bacteria will easily recognize
by helper T cell lymphocytes (CD4+ T cells) inducing
antibody production and attracts immune cells to the
infection region (Aluri et al., 2018).

Complements: The complement structure is a significant
element within the immunity system. The complement
system is prepared by a wide range of separate plasma
proteins, reacting with pathogens to induce a variety of
inflammatory reactions that serve to combat infection
and improve their ability to eliminate microbes and
damaged cells from body system, (Carroll 2004). The
complements activation process follows several different
ways; 1)classical pathway which is activated by direct
attachment between complement component Clq and
the pathogen surface, or using an antibody. 2) the MB-
lectin pathway which is produced by mannan-binding
lectin, 3) the alternative pathway that activated directly
on pathogen surfaces. All of these pathways generate
a crucial enzymatic activity that, in turn, generates
the effector molecules of complement. The three key
effects of complement activation include pathogens
’ opsonization, inflammatory cell recruitment and
direct killing of pathogens (Spiering 2015 & Kolev and
Markiewski 2018).

Cytokines: Cytokines are cell-released proteins, which
have a specific effect on cell-to-cell interactions
and communication. Pro-inflammatory and anti-
inflammatory cytokines are both available. Cytokines are
formed by various cell types, however, T cells (Th) and
macrophages are the predominant producers. Cytokines
work by binding to a receptor, which sends a signal to
the receiver cell that leads to a functional or phenotype
transition. Such signal cascades are complex and include
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a variety of environmental considerations. There are
currently many more cytokines examined as therapeutic
objectives or as therapeutic agents (Seillet et al., 2014)

Toll-Like Receptors: Toll-like receptors are a protein
class that shows a critical function in the innate
immune system. Ten human Toll-like (TLR) receptors
were identified now. They are usually expressed on
main cells include macrophages and dendritic cells that
identify pathogen-associated molecule patterns (PAMPs)
resulting from different microbes. In many respects of
the innate immune response to certain pathogens, TLR
signaling tends to be divergent and plays an important
role, (Kawasaki and Kawai ,2014 €t Liu et al., 2020).

Immune memory: The classical immune memory
assessment is based on the reaction of the antibody.
Specific antibody level rises after an infection
(or vaccination), then decreases over time to lower levels,
not as small as in a naive state. Recharging the same
stimulus results in faster development of more antibodies
and high avidity through the evolution and selection of
higher affinity antibodies (figure 4). There are also other
shifts, particularly since the prevalent antibody response
isotype would typically have shifted to IgG (and IgA or
IgE) (Paul 2015).

Figure 4: Primary response shows the initial production of
antibodies from plasma cells. Memory cells differentiate
to plasma cells after the same microbe will expose.
Differentiated plasma cells induce antibodies that will
continuously discharge a large number of antibodies
(Paul 2015).

Secondary immune response
(high affinity antibodies)

Initial
exposure

Secondary
exposure

Primary immune
response (low
affinity antibodies)

Concentration of antibody

Time

Immune system diseases: Immunological disorders are
conditions caused by an immune system deficiency or
heterogeneous aberrations that cause the system to work
against itself. In fact, this condition may occur due to
an irregular activation of the immune system because
of a regulatory function weakening that has damaged it
and triggers a strong reaction to it. Such diseases also
serve as one of the world’s leading deaths. (Aribi, 2017).
Autoimmunity is conceptually considered as a defect of
the lymphocyte selection, either in B or T, with aberrant
Iymphocytic responses. In recent years the autoimmunity
hypothesis has been renewed by an improved genetic
understanding of both common and rare diseases,
coupled with mutations that represent disturbances of
the immune system, ranging from Thyme, B, and T to T
regulatory cells (Dosanjh 2015).

Self and Non-self Discrimination: Self-tolerance is called
the capacity of the immune response to prevent damaging
self-tissues. Therefore, the wide variety of autoimmune
diseases underlie self-tolerance failure (Furusawa and
Yamaguchi 2016). As a significant aspect of the immune
system’s T-cell arm is to detect cells affected by viruses,
intracellular bacteria or other intracellular parasites,
T-cells can form an advance mechanism that identifies
foreign antigens as a complex molecule. T cells are
responsible to spot and discover both self-structuring and
external antigens when they preserve their self-tolerant
(Chaplin and David 2009).

Classifications and properties of immunological diseases:
All immunological diseases can appear as a result of
purely Autoinflammatory, autoimmune, or a combination
of Autoinflammatory-autoimmune mechanisms that
interact variably in the expression of disease (McGonagle
& McDermott, 2006).The most common immunological
diseases (Health, 2003) classified as:

Allergic Diseases: Allergic diseases can form as a result of
the response of the immune system to an inappropriate
alarm, which spots specific materials such as house dust
and grass pollen as very harmful elements to an allergic
individual.

Autoimmune Diseases: In recent years, substantial
progress has been made towards learning how nearly
any part of the immune system leads to systemic
autoimmunity, (Tsokos 2020). The specific causes of the
autoimmune disease are not exactly known, but this
type of disease is appeared when the immune system
cells are directed against the body cells and organs due
to a break down in the immune system’s recognition
apparatus. When a break down happens, the body starts
manufacturing auto-antibodies and Misguided T cells.
T lymphocyte is the most responsible cells to different
diseases such as diabetes, rheumatoid arthritis, systemic
lupus erythematosus (SLE). Multiple factors are playing
a role in the autoimmune disease that includes certain
drugs, viruses, and sunlight. Moreover, Hormones and
Heredity seem to have a role in this disease too (Wang
et al., 2015).

Immune Complex Diseases: These diseases can develop
when Immune complexes trapped in skin tissue, the
lungs, joints, the kidneys, or blood vessels. These
complexes are a Collection of interlocking antigens.
Usually, they quickly removed from the bloodstreams
but sometimes they continue to circulate so they
trapped in the body tissues. Moreover, these complexes
generate several reactions that lead to tissue damage and
inflammation. Additionally, these complexes are having
a role in many diseases such as viral hepatitis, malaria,
and many autoimmune diseases (Carter 1973 €& Clarke
et al., 2018).

Immunodeficiency Disorders: The human can gain
immunodeficiency disorder if the immune system misses
one or more of its normal components. Usually, they
can be inherited, produced unintentionally by drugs, or
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acquired through infection. Moreover, immunodeficiency
disorder has a role in many diseases such as severe
combined immunodeficiency disease (SCID) and AIDS
(Justiz 2020).

Auto-inflammation: The inflammasome and
intracytoplasmic structure able to produce many
proteins when the cell naturally threated, which is
considered as an essential sensor. The inflammasome
sub-units come together and activate an enzyme that
then releases cytokines that encourage inflammation.
Such cytokines can cause disease and fever once in
circulation. Inflammasome activation is triggered by
changes in the environment that cause the subunits to
assemble (Libby 2007).

Cancers of the Immune System: This cancer can gain
because of the uncontrollable growth of the immune
cells such as the uncontrolled growth of leukocytes and
antibody-producing plasma cells. On the other hand, this
uncontrolled growth of immune system cells can lead to
many different kinds of cancers such as leukemia and the
cancer of the lymphoid organs (Gonzalez et al., 2018).

Evolution of immune systems: Evolution of immunity
takes place at various stages during the lifespan of the
host and the evolution of variants of pathogens and the
shifts in frequency of lymphocyte clones throughout a
person’s infection (Kaufman 2010).Particular cell types
are related to multiple conditions and they represent the
specific body defense role of that cell type. Neonates
have usually a high white blood cell count, which is
eventually lowered to adult levels. An exception are
the low count of Lymphocytes at birth, which in the
first four years of life hits its maximum level and then
eventually declines to healthy levels of adults (Katharina
et al., 2015). Practically all species provide at least one
type of protection to deter organisms that cause diseases.
Advanced vertebrate animals, a human group, protect
themselves against these microorganisms by the immune
system through a complex set of defense responses. This
defensive system emerged by basic defense mechanisms,
although it is not completely certain which evolutionary
twists and turns contributed to its development, (Broecker
and Moelling 2019).

This review has been focused in particular on the immune
system and immunological diseases as well as properties,
classifications, and evolution of immunological diseases
and immune systems. This review has the potential to shed
light on the different roles of each cell in the immunity
system and how this system plays an essential role in
immunological diseases. Starting with the significant
role of an immune system and the human body, ending
with the immunological diseases and how they affect
this system. The immune system is a complex network
of cells, proteins, and signaling that prevent infection
in the body. There are many mechanisms in the immune
system to combat microbial infection. The mechanisms
work together to eliminate many harmful effects and to

alter the reaction to specific invading pathogens within
the immune response.

The formation of immune memory is required to learn
and record different pathogens that contribute to the
body system to produce successful and rapid immune
responses after subsequent exposure to the same
pathogens. Immune system defects can lead to allergy,
asthma, immune deficiency and any other autoimmune
disorders. The response of the immune cells at these
conditions determine the type of disease. In addition,
the factors that can have a role in immunological
diseases such as heredity, unintentional production by
drugs, or the acquisition through infection can cause
an imbalance in immunity. Immunological diseases
and immunity require more future work and research
to suppress and prevent the development of these
types of diseases. Understanding the relations between
the various immune-effector pathways will allow
researchers to discover strong and effector treatment
for immunomodulation, in addition, to improve vaccine
development.
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