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Cells of Immune System
Many cells work together as part of the innate (non-specific) and adaptive (specific)
immune system. Immune cells are sometimes called white blood cells or leukocytes.

Lymphocytes:
Lymphocytes are the key players of the Adaptive Immunity.

B and T Lymphocytes are one of the five kinds of white blood cells or leukocytes,
circulating in the blood. Although mature lymphocytes all look pretty much alike, they
are extraordinarily diverse in their functions.
B lymphocytes (often simply called B cells) and T lymphocytes (likewise called T cells).
B cells are produced in the bone marrow. The precursors of T cells are also produced in
the bone marrow but leave the bone marrow and mature in the thymus (which accounts
for their designation). Each B cell and T cell is specific for a particular antigen. What
this means is that each is able to bind to a particular molecular structure.
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Lymphocytes constitute 20 % – 40 % of the body’s WBCs and 99 % of the cells in the
Lymph. There are approximately 2 X1012 Lymphocytes in the human body.
Lymphocytes continuously circulate in the blood and lymph and are capable of
migrating into the tissue spaces and lymphoid organs.
Lymphoid cells are sub-divided into 3 categories. They are:

1. B – Lymphocytes
2. T – Lymphocytes
3. Natural Killer Cells (NK Cells)

HAEMATOPOIESIS:
Haematopoiesis describes the process by which the cellular components of the
blood are formed. In adults, the predominant site of haematopoiesis is the bone
marrow. Here we find the multipotent hematopoietic stem cells (HSCs). The HSCs
are able to differentiate into both myeloid or lymphoid cell lines. Furthermore, the
ability to self-renew facilitates continued production of blood cells.
Haematopoiesis is essential to the continued production of all blood cell lineages.
Three major cell types exist; red blood cells (erythrocytes), white blood cells
(leucocytes) and platelets (thrombocytes).
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B – Lymphocytes:

B Cells Are Produced by the Bone Marrow and Circulate through Body Fluids

B lymphocytes, also called B cells, detect pathogens in the blood or lymph system.
Although B cells originate in the bone marrow, their name is derived from a specialized
organ in birds in which B cells were first discovered, the bursa of Fabricius. After
release from the bone marrow, B cells mature in secondary lymphoid tissues, such as
the spleen, lymph nodes, tonsils and mucosa-associated lymphoid tissue throughout the
body.

B Cells Differentiate into Antibody Releasing Plasma Cells &Memory B Cells

B cells bind to specific parts of a pathogen, called antigens, via their B cell receptors. In
addition to antigen binding, B cells require a second signal for activation. This signal
can be provided by helper T cells or, in some cases, by the antigen itself. When both
stimuli are present, B cells form germinal centers, where they proliferate into plasma
cells and memory B cells. All cells that are derived from a common ancestral B cell
(monoclonal) respond to the same antigen. Each plasma cell secretes genetically
identical antibodies that circulate in the bloodstream. Memory B cells produce
antibodies that are bound to the cell’s surface and are highly specific against the antigen
that initially led to the production of the memory B cell. Memory B cells are long-lived
and enable the organism to react much faster and stronger upon secondary exposure to
the same pathogen.

Antibodies Kill Pathogens in Diverse Ways

Antibodies bind to antigens that they encounter in body fluids. The resulting antibody-
antigen complex activates three major defense mechanisms: neutralization,
opsonization and the complement system.

Neutralization: Antibodies “neutralize” a pathogen by interfering with its ability to
infect host cells. For example, when an antibody binds to the surface of a virus, it may
impair the ability of the virus to attach to or gain entry into target cells, effectively
inhibiting the infection.
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Opsonization: Antibodies function as opsonins, which “tag” pathogens for destruction.
Specifically, the formation of the antigen-antibody complex attracts and stimulates
phagocytic cells that engulf and destroy the pathogen.

Complement: Antibodies can activate the complement system, which plays a role in
both innate and adaptive immunity. The complement system is a sequential cascade of
more than 30 proteins. With the help of antibodies, these proteins opsonize pathogens
for destruction by macrophages and neutrophils, induce an inflammatory response with
the recruitment of additional immune cells, and promote lysis (destruction) of the
pathogen.

B – cell plays a major role in Humoral Immunity.

The humoral immune response, also known as the antibody-mediated immune response,
targets pathogens circulating in “humors,” or extracellular fluids, such as blood and
lymph. Antibodies target invading pathogens for destruction via multiple defense
mechanisms, including neutralization, opsonization, and activation of the complement
system. Patients that are impaired in the production of antibodies suffer from severe and
frequent infections by common pathogens and unusual pathogens.

Disruption of the Humoral Immune System Is Life-Threatening

Humans suffering from humoral immune system disorders are often identified early in
life, when the number of antibodies that the infant received from its mother (i.e.,
passive immunity) decreases. Given the complexity of the humoral immune system, the
causes for its malfunction are manifold. However, nearly 80% of patients with a
primary immunodeficiency disease involve an antibody disorder. For example,
hypogammaglobulinemia is the deficiency, or low number, of all classes of antibodies.
Patients have more frequent ear, sinus, and pulmonary infections and suffer from
gastrointestinal problems, such as diarrhea, malabsorption, and symptoms of irritable
bowel syndrome. In general, the frequency and severity of patient infections increase
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with age. Infections by unusual pathogens tend to be severe, and infections by common
pathogens are often both serious and recurrent.

T Lymphocytes:

T Lymphocytes play a central role in cell-mediated immune response through the use of
the surface T cell receptor to recognize peptide antigens.

T Cells Cary Out Many Functions in the Adaptive Immune System

T cells are a type of lymphocyte that are named after their location of maturation—the
thymus. In the thymus, precursor T cells differentiate into two main types, CD4+ and
CD8+ T cells. These cell types are named after the surface receptor that determines the
cell’s function. All T cells carry T-cell receptors, but the coreceptor CD4+ or
CD8+ confers specificity. A T-cell expressing the CD4+ co-receptor can interact with
the MHC class II complex on an APC. In contrast, a T cell carrying CD8+ recognizes
the antigen-MHC class I complex on an infected or cancer cell. After it identifies such a
cell, the CD8+ cell differentiates into a cytotoxic T lymphocyte (CTL) which ultimately
destroys the infected or cancer cell.

Let’s turn our attention back to the CD4+ cells. Before a CD4+ cell meets a matching
antigen presented by an APC, it is referred to as naive. Once a naive CD4+ T cell
becomes activated, it can differentiate into a memory T cell or several variants of helper
T cells. Helper T cell type 1 (Th1) produce the cytokinin interferon that triggers
pathogen digestion in APCs and stimulates CTL and B cell activity. Th2 cells produce
interleukins that primarily promote B cell activity. T-lymphocytes are involved in the
regulation of the Immune response and Cell Mediated Immunity. It also help B -
cells to produce antibody.

The Adaptive Immune System Remembers Pathogen Encounters

Memory T cells are a variant of T cells that remain in the body long after the first attack
triggered by a specific antigen. Some human memory T cells primarily rest in the bone
marrow and provide long-lasting immunity against systemic pathogens. Others
strategically locate to mucous membranes and the lymphatic fluid or bloodstream. Once
a memory T cell encounters its antigen, it mounts a faster and stronger immune
response compared to the first encounter. Each T cell is only set into action by a single,
specific antigen. Likewise, memory T cells will only activate when this particular
antigen is reencountered. The more antigens an organism encounters during its lifetime,
the larger becomes its arsenal of different T cells that fight successive infections. This
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effect is also used in vaccinations, that means the controlled introduction of an antigen
that triggers the production of B and T cells. If the real pathogen with the same antigen
enters the body, the adaptive immune system is already primed by vaccination to fight
this infection.

The cell-mediated immune system is the host’s primary response against invasive
bacteria and viruses that cause intra cellular infections. It is also essential for fighting
against and destroying cancer cells. Furthermore, the cell-mediated immune system
plays a role in the rejection of organ transplants or graft tissue.

The Innate Immune System Activates the Adaptive Immune System

Phagocytic cells of the innate immune system, such as macrophages or dendritic cells,
are the first to recognize a foreign particle. These cells engulf the foreign particle and
digest it. Small molecules of the foreign particle, called antigens, remain intact and are
presented at the surface of the phagocytic cell. The presentation is facilitated by
proteins of the major histocompatibility complex (MHC), which binds the antigen and
protrude from the cell. The phagocytic cell is therefore also called an antigen presenting
cell (APC). The MHC-antigen complex activates cells of the adaptive immune system,
which eventually fight the source of the foreign particle.

Cell-Mediated Immunity

Cell-mediated immunity involves cytotoxic T cells recognizing infected cells and
bringing about their destruction.

Just as the humoral immune response has B cells which mediate its response, the
cellular immune response has T cells, which recognize infected cells and destroy them
before the pathogen inside can replicate and spread to infect other cells.

Unlike B cells, T lymphocytes (T cells) are unable to recognize pathogens without
assistance. First, an antigen-presenting cell (APC, such as a dendritic cell or a
macrophage ) detects, engulfs (via phagocytosis in the case of macrophages or by entry
of the pathogen of its own accord in the case of dendritic cells), and digests pathogens
into hundreds or thousands of antigen fragments. These fragments are then transported
to the surface of the APC, where they are presented on proteins known as Major
Histocompatibility Complexes class II (MHC II, see ). T cells become activated towards
a certain antigen once they encounter it displayed on an MHC II.

After a virus or bacteria enters a cell, it can no longer be detected by the humoral
immune response. Instead, the cellular immune response must take over. To do so, a T
cell will become activated by interacting with an antigen of the infecting cell or virus
presented on the MHC II of an APC.
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Cytotoxic T cells mediate one arm of the cellular immune response

There are two main types of T cells: helper T lymphocytes (TH) and the cytotoxic T
lymphocytes (TC). The TH lymphocytes function indirectly to tell other immune cells
about potential pathogens, while cytotoxic T cells (TC) are the key component of the
cell-mediated part of the adaptive immune system which attacks and destroys infected
cells. TC cells are particularly important in protecting against viral infections because
viruses replicate within cells where they are shielded from extracellular contact with
circulating antibodies. Once activated, the TC creates a large clone of cells with one
specific set of cell-surface receptors, similar to the proliferation of activated B cells. As
with B cells, the clone includes active TC cells and inactive memory TC cells. The
resulting active TC cells then identify infected host cells.
TC cells attempt to identify and destroy infected cells by triggering apoptosis
(programmed cell death) before the pathogen can replicate and escape, thereby halting
the progression of intracellular infections. To recognize which cells to pursue,
TC recognize antigens presented on MHC I complexes, which are present on all
nucleated cells. MHC I complexes display a current readout of intracellular proteins
inside a cell and will present pathogen antigens if the pathogen is present in the cell.
TC cells also support NK lymphocytes to destroy early cancers.

Naïve CD4+ T cells engage MHC II molecules on antigen-presenting cells (APCs) and become
activated. Clones of the activated helper T cell, in turn, activate B cells and CD8+ T cells, which

become cytotoxic T cells. Cytotoxic T cells kill infected cells.
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Cytokines released by TH cells recruit NK cells and phagocytes

Cytokines are signaling molecules secreted by a TH cell in response to a pathogen-
infected cell; they stimulate natural killer cells and phagocytes such as macrophages.
Phagocytes will then engulf infected cells and destroy them. Cytokines are also
involved in stimulating TC cells, enhancing their ability to identify and destroy infected
cells and tumors. A summary of how the humoral and cell-mediated immune responses
are activated appears in. B plasma cells and TC cells are collectively called effector cells
because they are involved in “effecting” (bringing about) the immune response of
killing pathogens and infected host cells.

Helper T cells in the immune response: A helper T cell becomes activated by binding to
an antigen presented by an APC via the MHCII receptor, causing it to release cytokines.
Depending on the cytokines released, this activates either the humoral or the cell-
mediated immune response.
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Regulatory T Cells

Regulatory T cells are a subset of T cells which modulate the immune system and keep
immune reactions in check.
Regulatory T cells are a component of the immune system that suppress immune
responses of other cells. This is an important “self-check” built into the immune system
to prevent excessive reactions and chronic inflammation. Regulatory T cells come in
many forms, with the most well-understood being those that express CD4, CD25, and
Foxp3. These cells are also called CD4+CD25+ regulatory T cells, or Tregs. These cells
are involved in shutting down immune responses after they have successfully
eliminated invading organisms, and also in preventing autoimmunity.
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