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CELLS INVOLVED IN IMMUNE SYSTEM

The immune system is a complex network of cells, tissues, and organs that work together to
defend the body against infections and diseases. Here are the main types of cells involved in the
Immune system:

T-LYMPHOCYTES:

T-lymphocytes, or T cells, are a type of white blood cell that play a central
role in the adaptive immune response. They are called T cells because they mature in the thymus,
a specialized organ of the immune system. T cells are crucial for identifying and responding to
specific antigens presented by infected or abnormal cells. Here’s a detailed look at the different
types of T cells and their functions:

Types of T-Lymphocytes

1. Helper T Cells (Th cells or CD4+ T cells)

o Function: Helper T cells do not directly kill infected cells. Instead, they assist
other immune cells by releasing cytokines, which are signaling molecules that
enhance the immune response. They activate and coordinate the activities of B
cells, cytotoxic T cells, and macrophages.

o Subtypes: There are several subsets of helper T cells, including Thl, Th2, Thl7,
and Tfh cells, each producing different cytokines and supporting different types of
immune responses.

2. Cytotoxic T Cells (Tc cells or CD8+ T cells)

o Function: Cytotoxic T cells directly kill infected, cancerous, or damaged cells.
They recognize antigens presented by Major Histocompatibility Complex (MHC)
class I molecules on the surface of target cells and induce apoptosis (programmed
cell death) in these cells.

o Mechanism: They release perforin and granzymes, which create pores in the
target cell's membrane and induce cell death.

3. Regulatory T Cells (Treg cells)

o Function: Regulatory T cells maintain immune system homeostasis and prevent
autoimmunity. They suppress the immune response by inhibiting the activation
and proliferation of other T cells.

o Importance: Treg cells are crucial for preventing autoimmune diseases, where
the immune system mistakenly attacks the body's own tissues.

4. Memory T Cells

o Function: Memory T cells are long-lived cells that provide a rapid and robust
response upon re-exposure to a previously encountered antigen. They can be
either CD4+ or CD8+.

o Types: Memory T cells are divided into central memory T cells (Tcm) and
effector memory T cells (Tem), each with distinct roles in providing long-term
immunity.

B-LYMPHOCYTES:
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B-lymphocytes, or B-cells, are a type of white blood cell essential for the adaptive immune
system. They play a critical role in the body's defense against pathogens by producing
antibodies, presenting antigens, and forming immunological memory. Here are the key features
and functions of B-lymphocytes:

Development and Maturation

e Origin: B-cells originate from hematopoietic stem cells in the bone marrow.
e Maturation: They mature in the bone marrow. During maturation, B-cells undergo
processes like V(D)J recombination, which generates diverse antibody specificities.

Functions

1. Antibody Production:
o Upon activation by an antigen, B-cells differentiate into plasma cells that produce
antibodies.
o Antibodies bind to specific antigens, neutralizing pathogens or marking them for
destruction by other immune cells.
2. Antigen Presentation:
o B-cells can present antigens to T-cells, specifically to helper T-cells (CD4+ T-
cells). This interaction is crucial for the activation of both B-cells and T-cells.
3. Memory Formation:
o Some activated B-cells become memory B-cells. These cells persist in the body
and can respond more rapidly and effectively if the same antigen is encountered
again.

Activation

e Primary Activation:
o B-cells are activated when their B-cell receptor (BCR) binds to a specific antigen.
o This process often requires additional signals from helper T-cells.
e Secondary Signals:
o These come from helper T-cells in the form of cytokines and direct cell-to-cell
contact via molecules like CD40 and CD40L.

Types of B-cells

Naive B-cells: Have not yet encountered their specific antigen.

Plasma Cells: Specialized for antibody production.

Memory B-cells: Provide a rapid and robust response upon re-exposure to the antigen.
Regulatory B-cells (Bregs): Involved in modulating immune responses and maintaining
tolerance.

NATURAL KILLER CELLS:
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Natural Killer (NK) cells are a type of lymphocyte critical to the innate immune system, playing
a vital role in the body's defense against tumors and virally infected cells. Here are detailed

aspects of NK cells:

Origin and Development

e Origin: NK cells originate from hematopoietic stem cells in the bone marrow.
o Development: They mature in the bone marrow, lymph nodes, spleen, tonsils, and
thymus.

Functions

1. Cytotoxicity:
o NKcells can kill target cells directly without prior sensitization.
o They release perforin and granzymes, which induce apoptosis in the target cell.
2. Cytokine Production:
o NK cells produce cytokines like IFN-y (interferon-gamma), TNF-a (tumor
necrosis factor-alpha), and IL-10 (interleukin-10), which help modulate the
immune response.

3. Immune Regulation:
o They can influence the adaptive immune response by interacting with dendritic

cells, macrophages, and T cells.
o NKcells help maintain pregnancy by interacting with trophoblast cells.

MACROPHAGES:

Macrophages are versatile cells of the immune system that play critical roles in both innate and
adaptive immunity. Here are detailed aspects of macrophages:

Origin and Development

e Origin: Macrophages originate from hematopoietic stem cells in the bone marrow.
o Development: They develop from blood monocytes, which migrate into tissues and
differentiate into macrophages in response to various signals.

Functions

1. Phagocytosis:
o Engulfand digest pathogens, dead cells, and cellular debris.
o Phagocytosis is mediated by pattern recognition receptors (PRRS) like Toll-like
receptors (TLRs), mannose receptors, and scavenger receptors.
2. Antigen Presentation:
o Process and present antigens to T-cells via MHC class 11 molecules.
o Serve as antigen-presenting cells (APCs) to activate helper T-cells (CD4+ T-
cells).
3. Cytokine Production:
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o Produce cytokines (e.g., TNF-a, IL-1, IL-6, IL-12) that modulate immune
responses and inflammation.

o Cytokines can recruit and activate other immune cells, including neutrophils,
dendritic cells, and T-cells.

Neutrophils:

o Function: Rapidly respond to infection, especially bacteria, by phagocytosis and
degranulation.
e Characteristics: Short-lived, most abundant white blood cell in circulation.

Dendritic Cells:

e Function: Capture antigens and present them to T-cells, initiating adaptive immune
responses.
o Characteristics: Act as a bridge between innate and adaptive immunity.

Eosinophils:

e Function: Combat multicellular parasites and participate in allergic reactions.
o Characteristics: Granulocytes with bi-lobed nuclei and granules containing toxic
proteins.

Basophils and Mast Cells:

e Function: Release histamine and other mediators during allergic reactions and
inflammation.
o Characteristics: Basophils circulate in the blood, while mast cells are found in tissues.

ANTIGEN-ANTIBODY INTERACTIONS

Antigen-antibody interactions are fundamental to the immune response. These interactions are
highly specific and involve the binding of an antibody to a particular antigenic determinant
(epitope) on an antigen. Here's a detailed overview:

Antigens

o Definition: Antigens are molecules or molecular structures that are recognized by the
immune system, specifically by antibodies, B-cell receptors (BCRs), or T-cell receptors
(TCRs).

o Types:

o Proteins: Often the most immunogenic.
o Polysaccharides: Found on the surface of bacteria.
o Lipids and Nucleic Acids: Usually require a protein carrier to be immunogenic.
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o Haptens: Small molecules that become antigenic only when attached to a larger
carrier protein.

Antibodies (Immunoglobulins)

e Structure:
o Variable Regions (Fab): Contain the antigen-binding sites; high variability
allows for the specific recognition of millions of different antigens.
o Constant Region (Fc): Determines the class of the antibody (IgG, IgA, IgM, IgE,
IgD) and mediates effector functions by binding to cell receptors and complement
proteins.

Antigen-Antibody Binding

1. Specificity:
o The antigen-binding site of an antibody (paratope) specifically recognizes and
binds to an epitope on an antigen.
o This specificity is due to the unique shape and charge distribution of the paratope
and epitope.
2. Binding Foreces:
o Non-Covalent Interactions: Include hydrogen bonds, ionic bonds, van der Waals
forces, and hydrophobic interactions.
o These interactions are reversible and depend on the fit between the paratope and
epitope.
3. Affinity and Avidity:
o Affinity: The strength of the interaction between a single antigen-binding site of
an antibody and a single epitope.
o Avidity: The overall strength of binding when an antibody binds to multiple
epitopes on an antigen; especially relevant for multivalent antigens and
antibodies.

Types of Antigen-Antibody Reactions

Precipitation reactions are a type of antigen-antibody interaction where soluble antigens bind
with their specific antibodies to form insoluble complexes that precipitate out of solution. These
reactions are useful in various diagnostic and research applications to detect and quantify
antigens and antibodies. Here's a detailed look at precipitation in antigen-antibody interactions:

Mechanism of Precipitation
1. Formation of Lattice Structures:
1. Precipitation occurs when multivalent antigens (with multiple epitopes) and

antibodies (with multiple binding sites) interact to form large, insoluble lattice-
like structures.
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2. Optimal precipitation happens when the antigen and antibody are in the right

proportions, leading to maximal lattice formation.
2. Zone of Equivalence:

1. Prozone: Excess antibodies relative to antigen prevent lattice formation, leading
to no visible precipitation.

2. Equivalence Zone: Optimal ratio of antigen to antibody; maximum precipitation
occurs.

3. Postzone: Excess antigens relative to antibody also prevent lattice formation,
leading to no visible precipitation.

AGGLUTINATION:

Agglutination is a type of antigen-antibody interaction where antibodies
cross-link particulate antigens, such as cells or beads, resulting in visible clumping or
aggregation. This reaction is widely used in diagnostic tests and blood typing due to its
simplicity, specificity, and sensitivity. Here's a detailed overview of agglutination in antigen-
antibody interactions:

Mechanism of Agglutination

1. Cross-Linking:
o Antibodies (usually IgM or 1gG) bind to epitopes on the surface of particulate
antigens.
o Each antibody can bind to multiple antigen particles, forming a lattice structure
that results in visible clumping.
2. Types of Agglutination:
o Direct Agglutination: The antigen is naturally present on the surface of particles,
such as red blood cells or bacteria.
o Indirect (Passive) Agglutination: The antigen is artificially attached to inert
particles like latex beads or red blood cells.

Types of Agglutination Reactions

1. Hemagglutination:

o Blood Typing: Used to determine ABO and Rh blood groups. Anti-A and anti-B
antibodies are used to agglutinate red blood cells with corresponding antigens.

o Hemagglutination Inhibition: Used to detect the presence of specific antibodies
against viruses (e.g., influenza). The presence of antibodies prevents the
agglutination of red blood cells by the virus.

2. Latex Agglutination:

o Antigens or antibodies are coated onto latex beads. When mixed with a sample
containing the corresponding antibodies or antigens, visible clumping occurs.

o Used in rapid diagnostic tests for pathogens (e.qg., Streptococcus, Staphylococcus)
and various biomarkers (e.g., C-reactive protein).

[1 Neutralization:
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o Antibodies bind to pathogens or toxins, neutralizing their biological activity.
o Critical for preventing infections by viruses and neutralizing bacterial toxins.

1 Opsonization:

o Antibodies coat antigens, enhancing their phagocytosis by macrophages and neutrophils.
e The Fc region of the antibody binds to Fc receptors on phagocytic cells.

-1 Complement Activation:

e Antigen-antibody complexes activate the complement system, leading to the lysis of
pathogens and enhanced phagocytosis.

o Classical pathway of complement activation is initiated by IgM or IgG antibodies bound
to antigens.

"1 Antibody-Dependent Cellular Cytotoxicity (ADCC):

o Antibodies bind to target cells, and their Fc regions are recognized by NK cells and other
cytotoxic cells, leading to the lysis of the target cell.

ANTIBODIES

Antibodies, also known as immunoglobulins (1g), are specialized proteins produced by B cells of
the immune system. They play a crucial role in identifying and neutralizing foreign objects such
as bacteria, viruses, and toxins.

General Structure

Antibodies are Y-shaped glycoproteins composed of four polypeptide chains: two identical
heavy chains and two identical light chains. These chains are held together by disulfide bonds
and non-covalent interactions.

Components of an Antibody

1. Heavy Chains (H Chains):
o Structure: Each heavy chain consists of a variable region (V_H) at the N-
terminus and multiple constant regions (C_H1, C_H2, C_H3, and sometimes
C_H4) at the C-terminus.
o Function: The variable region is involved in antigen binding, while the constant
regions determine the antibody's class and mediate effector functions.
2. Light Chains (L Chains):
o Structure: Each light chain consists of a variable region (V_L) and a constant
region (C_L).
o Types: There are two types of light chains, kappa (k) and lambda (), but each
antibody has only one type of light chain.
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o Function: The variable region contributes to antigen binding, and the constant
region aids in stability and structure.
3. Disulfide Bonds:
o Inter-Chain Disulfide Bonds: Link the heavy chains to each other and to the
light chains, maintaining the overall Y-shaped structure.
o Intra-Chain Disulfide Bonds: Stabilize the individual domains within each
chain.

Domains of Antibodies

1. Variable Domains (V_H and V_L):

o Function: Form the antigen-binding sites (paratopes). The high variability in
these regions allows antibodies to specifically recognize a vast array of antigens.

o Hypervariable Regions (Complementarity-Determining Regions, CDRS):
Located within the variable regions, these areas have the highest variability and
directly interact with the antigen.

2. Constant Domains (C_Hand C_L):

o Function: Determine the antibody class (isotype) and mediate interactions with
other components of the immune system, such as Fc receptors and complement
proteins.

o Structure: The number and arrangement of constant domains vary among
different antibody classes.

Structural Regions

1. Fab Region (Fragment, Antigen-Binding):

o Composition: Includes the variable and first constant domains of both the heavy
and light chains (V_H, C H1,V_L,C_L).

o Function: Each arm of the Y-shaped antibody contains one Fab region
responsible for binding to antigens.

2. Fc Region (Fragment, Crystallizable):

o Composition: Comprises the remaining constant domains of the heavy chains
(C_H2, C_H3, and sometimes C_H4).

o Function: Mediates effector functions by binding to Fc receptors on immune cells
and complement proteins. The Fc region determines the antibody's class and
influences its half-life and distribution.

3. Hinge Region:

o Location: Situated between the Fab and Fc regions.

o Function: Provides flexibility, allowing the Fab regions to move and bind to
antigens at various angles and distances.
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Antibodies, also known as immunoglobulins (1g), are categorized into several classes or isotypes
based on their structure, function, and distribution in the body. Here’s an overview of the main
classes of antibodies:

1. 1gG (Immunoglobulin G)

e Structure: 1gG antibodies are monomeric, meaning they consist of a single Y-shaped
molecule.
o Distribution: Found predominantly in the blood and extracellular fluid.
e Functions:
o Opsonization: Enhances phagocytosis by macrophages and neutrophils.
o Neutralization: Blocks the binding of pathogens to host cells.
o Complement activation: Initiates the classical complement pathway.
o Crosses placenta: Provides passive immunity to the fetus.
« Clinical Significance: Most abundant antibody in the bloodstream, crucial for long-term
immunity and response to bacterial and viral infections.

2. 1gA (Immunoglobulin A)

e Structure: IgA antibodies exist in two forms: monomeric in the blood and dimeric
(joined by a J chain) in mucosal secretions like saliva, tears, and breast milk.
o Distribution: Predominantly found in mucosal areas (respiratory and gastrointestinal
tracts) and secretions.
« Functions:
o Mucosal immunity: Prevents attachment of pathogens to mucosal surfaces.
o Neutralization: Blocks microbial toxins and viruses.
« Clinical Significance: Provides localized immunity at mucosal surfaces and protects
against infections at entry points to the body.

3. IgM (Immunoglobulin M)

e Structure: IgM antibodies are pentameric, consisting of five Y-shaped units connected
by a J chain.

o Distribution: Initially produced in large quantities during the primary immune response.

e Functions:
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o First-line defense: Effective in agglutination and complement activation due to
its multiple binding sites.

« Clinical Significance: Rapidly produced in response to new infections, plays a critical
role in clearing pathogens and initiating immune responses.

4. IgE (Immunoglobulin E)

Structure: IgE antibodies are monomeric, similar to 1gG.
Distribution: Present in low concentrations in the bloodstream.
Functions:

o Allergic reactions: Binds to allergens and triggers histamine release from mast

cells and basophils.

o Defense against parasites: Helps in the expulsion of parasites from the body.
Clinical Significance: Involved in allergic responses, asthma, and defense against
parasitic infections.

5. 1gD (Immunoglobulin D)

o Structure: IgD antibodies are monomeric and similar in structure to IgG and IgE.
o Distribution: Primarily found on the surface of mature B cells.
e Functions:
o B cell receptor: Plays arole in initiating B cell activation and differentiation.
« Clinical Significance: Less understood compared to other antibody classes; thought to be
involved in early stages of immune responses.

Functions Common to All Antibodies:
e Antigen Recognition: Bind specifically to antigens through their variable regions.
o Effector Functions: Mediate immune responses through interactions with complement
proteins, phagocytes (opsonization), and other immune cells.

o Neutralization: Prevent the harmful effects of pathogens and toxins by blocking their
activity or binding sites.

MONOCLONAL ANTIBODY

A monoclonal antibody (mAD) is a type of antibody that is produced by identical immune cells
that are all clones of a unique parent cell. These antibodies are highly specific because they are
derived from a single clone of B cells or hybridoma cells, which are formed by fusing a specific
antibody-producing B cell with a myeloma (cancerous) cell.

Steps to Produce Monoclonal Antibodies:

1. Antigen Selection and Preparation
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o Antigen Choice: Select an antigen that is specific and relevant to the intended
application (e.g., a protein from a virus, a surface marker on a cell type).

o Antigen Preparation: Purify or synthesize the antigen to ensure it is in a suitable form
for immunization and subsequent antibody production. The antigen should be stable and
capable of eliciting a strong immune response.

2. Immunization of Animals

e Animal Selection: Typically, mice are used due to their robust immune response and the
availability of specific strains.

e Immunization Protocol: Administer the purified antigen to mice either alone or
conjugated with an adjuvant (such as Freund’s adjuvant) to enhance the immune
response.

o Booster Doses: Administer multiple booster doses of the antigen over several weeks to
stimulate a robust immune response and ensure high antibody titers.

3. Harvesting Spleen Cells

o Sacrifice and Spleen Removal: Sacrifice the immunized mice under sterile conditions
and remove the spleen aseptically.

« Isolation of Spleen Cells: Prepare a single-cell suspension of spleen cells, primarily
enriched for B cells which are the producers of antibodies.

4. Fusion of Spleen Cells with Myeloma Cells

o Hybridoma Formation: Fuse the isolated spleen cells (B cells) with myeloma cells
(cancerous B cells that can proliferate indefinitely but do not produce antibodies).

e Fusion Techniques: Employ methods such as polyethylene glycol (PEG) or electrical
fusion to facilitate the fusion of B cells and myeloma cells.

e Selection of Hybridomas: Culture the fused cells in a selective medium (e.g., HAT
medium - Hypoxanthine-Aminopterin-Thymidine) that supports hybridoma growth while
preventing the growth of unfused myeloma cells or spleen cells.

5. Screening and Cloning

e Screening for Antibody Production: Test the culture supernatants from hybridoma cells
for the presence of antibodies specific to the antigen of interest. Common screening
methods include enzyme-linked immunosorbent assay (ELISA) or immunofluorescence
assays.

e Cloning: Isolate single hybridoma cells that produce antibodies against the desired
antigen. Clone these cells by limiting dilution or using other cloning techniques to ensure
monoclonality (production of antibodies by a single clone).

6. Expansion and Antibody Production
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Cell Culture Expansion: Expand the selected monoclonal antibody-producing
hybridoma cells in culture flasks or bioreactors to increase the production yield.
Antibody Harvesting: Collect the culture supernatant containing the monoclonal
antibodies secreted by the hybridoma cells. Alternatively, antibodies can also be purified
directly from cell lysates.

7. Antibody Purification and Characterization

Purification: Purify the monoclonal antibodies from the culture supernatant or cell lysate
to obtain highly pure antibodies. Common purification methods include protein A/G
affinity chromatography, ion-exchange chromatography, or size-exclusion
chromatography.

Characterization: Characterize the purified monoclonal antibodies to verify their
specificity, affinity, and functionality. Use techniques such as SDS-PAGE, Western
blotting, ELISA, and flow cytometry to assess antibody purity and binding properties.

..o Antigens

e ® B-cells isolation . . ‘ .

Immunization of Mice N / Myeloma Cells
“ “ - (HGPRT negative)

' Fusmn of B Lymphocytes and Myeloma Cells

. @ @  Culture in HAT media
. . . *Test Each Wells for Specific Antibodies

Screening of Hybridoma Cells
__:_ L 4

‘ . 0o ’Expansuon of positive clones
000

Monoclonal antibodies ‘ . ’

A 4 Y

I
YYYY«rQ.Q./"}QQ.O Jw "YYY
Y In-Vitro Frepagation of pasitve plone In-Vivo Monoclonal antibodies

APPLICATIONS OF MONOCLONAL
ANTIBODIES:

Monoclonal antibodies (mAbs) have revolutionized biomedical research, clinical diagnosis, and
treatment due to their specificity, reproducibility, and versatility. Here are some key applications
across these fields:

Biomedical Research

1. Target Identification and Validation:
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o mADbs are used to identify and validate specific biomarkers, receptors, or antigens
involved in disease processes or normal physiological functions.

o They help elucidate signaling pathways, protein interactions, and cellular
mechanisms, aiding in understanding disease mechanisms and drug development.

2. Diagnostic Assays:

o ELISA (Enzyme-Linked Immunosorbent Assay): mAbs are critical
components in diagnostic Kits to detect and quantify specific antigens or
antibodies in patient samples.

o Flow Cytometry: Used with fluorescently labeled mAbs to analyze and
characterize cell populations based on surface markers and intracellular proteins.

o Immunohistochemistry (IHC) and Immunofluorescence (IF): Enable
localization and visualization of target proteins in tissue samples with high spatial
resolution.

3. Therapeutic Antibodies:

o Antibody Therapy: Utilized for targeted treatment of various diseases, including
cancer, autoimmune disorders, and infectious diseases.

o Monoclonal Antibody Drugs: Examples include rituximab (anti-CD20 for B cell
lymphoma), trastuzumab (anti-HER?2 for breast cancer), and infliximab (anti-
TNF-alpha for autoimmune diseases like rheumatoid arthritis).

4. Research Tools:

o Protein Purification: Affinity chromatography using mAbs to isolate and purify
specific proteins for further study.

o Neutralization Studies: Assessing the ability of mAbs to neutralize toxins,
viruses, or pathogenic proteins.

Clinical Diagnosis

1. Cancer Biomarkers:

o Detection of tumor-specific antigens (e.g., PSA for prostate cancer) using mAbs
in diagnostic tests.

o Monitoring treatment response and disease progression through biomarker
quantification.

2. Infectious Diseases:

o Rapid detection of pathogens (viruses, bacteria) and their antigens in patient
samples using mAb-based diagnostic assays (e.g., rapid antigen tests for
influenza, HIV).

3. Autoimmune Disorders:

o Diagnosing autoimmune diseases by detecting autoantibodies against specific
antigens (e.g., ANA in systemic lupus erythematosus) using mAbs in
immunological assays.

4. Therapeutic Monitoring:

o Measuring drug levels or neutralizing antibodies (e.g., in patients receiving

therapeutic mADbs) to optimize treatment efficacy and safety.

Clinical Treatment
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Cancer Therapy:

o Targeted Therapy: mAbs bind to specific antigens on cancer cells, delivering
cytotoxic agents (e.g., antibody-drug conjugates) or blocking signaling pathways
crucial for tumor growth.

o Immune Checkpoint Inhibitors: Enhance immune response against cancer cells
by blocking inhibitory pathways (e.g., PD-1/PD-L1, CTLA-4).

Autoimmune and Inflammatory Disorders:

o Modulate immune responses and reduce inflammation by targeting cytokines

(e.g., TNF-alpha, IL-6) or cell surface markers (e.g., CD20 on B cells).
Infectious Diseases:

o Passive Immunization: Administering mAbs to provide immediate protection
against pathogens (e.g., respiratory syncytial virus, Ebola virus).

o Antiviral Therapy: Blocking viral entry or replication using mAbs specific to
viral antigens (e.g., HIV, influenza).

Transplantation:

o Preventing organ rejection by targeting immune cells involved in graft rejection

(e.g., anti-CD3 antibodies).

Advantages of Monoclonal Antibodies in Clinical Applications

Specificity: Target specific antigens or cells with high affinity, minimizing off-target
effects.

Predictability: Consistent efficacy and safety profiles due to standardized production
processes.

Diversity: Broad range of targets and applications across different diseases and
conditions.

Safety: Generally well-tolerated with low immunogenicity compared to polyclonal
antibodies

HUMORAL AND CELL-MEDIATED IMMUNITY

HUMORAL IMMUNITY:

Humoral immunity refers to the branch of adaptive immunity mediated by antibodies
(immunoglobulins) produced by B lymphocytes (B cells) and their subsequent actions in
combating pathogens and other foreign substances. Here's a detailed exploration of humoral
immunity:

Key Components and Processes of Humoral Immunity:

1. B Cell Development and Activation:

o Origination: B cells originate from hematopoietic stem cells in the bone marrow.

o Maturation: During maturation in the bone marrow, B cells undergo genetic
rearrangement to express unique B cell receptors (BCRs) on their surface, each
capable of binding to a specific antigen.
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2. Antigen Encounter and B Cell Activation:

o Antigen Recognition: When a B cell encounters its specific antigen (usually a
protein or polysaccharide molecule), the antigen binds to the BCR.

o Co-stimulation: Additional signals from helper T cells (via cytokines like
interleukin-4) and interactions with antigen-presenting cells (APCs) are required
for full activation of the B cell.

3. Clonal Expansion and Differentiation:

o Upon activation, the B cell undergoes clonal expansion, rapidly dividing to
produce a large population of identical B cells (clones).

o Some of these activated B cells differentiate into plasma cells, which are
specialized for antibody production.

4. Antibody Production (Immunoglobulins):

o Structure: Antibodies are Y-shaped glycoproteins consisting of two identical
heavy chains and two identical light chains.

o Antibody Classes: There are different classes (isotypes) of antibodies (e.g., IgM,
IgG, IgA, IgE) that perform distinct functions and are produced at different stages
of immune responses.

5. Functions of Antibodies:

o Neutralization: Antibodies can neutralize pathogens by binding to their surface
antigens, preventing them from entering or infecting host cells.

o Opsonization: Antibodies coat pathogens, marking them for phagocytosis by
macrophages and neutrophils.

o Complement Activation: Antibodies can activate the complement system,
leading to the formation of membrane attack complexes that lyse pathogens.

o Antibody-Dependent Cellular Cytotoxicity (ADCC): Antibodies can also
facilitate the destruction of infected or abnormal cells by immune cells such as
natural killer (NK) cells.

6. Memory B Cells:

o Formation: After an infection or vaccination, some activated B cells differentiate
into long-lived memory B cells.

o Function: Memory B cells remain in the circulation and lymphoid tissues, ready
to mount a rapid and robust immune response upon re-exposure to the same
antigen.

7. Regulation and Coordination:

o Helper T Cells: Provide critical signals (e.g., cytokines like IL-4, IL-5) that
regulate B cell activation, differentiation, and antibody class switching.

o Cytokines and Signaling Molecules: Play crucial roles in coordinating the
humoral immune response and modulating antibody production.

Clinical Relevance and Applications:

e Vaccination: The basis of vaccination is to induce humoral immunity, enabling the body
to produce protective antibodies against specific pathogens without causing disease
symptoms.

o Diagnostic Assays: Antibodies are used in various diagnostic tests (e.g., ELISA, Western
blotting) to detect and quantify specific antigens or antibodies in patient samples.
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o Therapeutic Antibodies: Monoclonal antibodies are used as targeted therapies for
cancer, autoimmune diseases, and infectious diseases, providing precise and effective
treatment options.

Challenges and Considerations:

e Autoimmune Disorders: Dysregulation of humoral immunity can contribute to
autoimmune diseases where antibodies mistakenly attack healthy tissues.

o Immune Deficiencies: Defects in B cell function or antibody production can lead to
increased susceptibility to infections.

o Therapeutic Development: Developing effective therapeutic antibodies requires precise
targeting of disease-specific antigens while minimizing off-target effects.

CELL-MEDIATED IMMUNITY:

Cell-mediated immunity is a critical arm of the adaptive immune response that involves
specialized immune cells known as T lymphocytes (T cells). Unlike humoral immunity, which is
mediated by antibodies produced by B cells, cell-mediated immunity involves direct cell-to-cell
interactions and responses. Here's a detailed exploration of cell-mediated immunity:

Key Components and Processes of Cell-Mediated Immunity:

1. T Cell Development and Maturation:

o Origination: T cells originate from hematopoietic stem cells in the bone marrow
but mature in the thymus gland.

o Maturation Process: During maturation in the thymus, T cells undergo genetic
rearrangement to express T cell receptors (TCRS) on their surface, which are
specific for antigens presented on major histocompatibility complex (MHC)
molecules.

2. Antigen Presentation and T Cell Activation:

o Antigen Recognition: Antigens derived from pathogens (e.g., viruses,
intracellular bacteria) are processed by antigen-presenting cells (APCs), such as
dendritic cells, macrophages, and B cells.

o MHC Restriction: T cells recognize antigens presented on MHC molecules
(MHC class | for CD8+ T cells and MHC class Il for CD4+ T cells).

3. Types of T Cells Involved:

o CDA4+ T Helper (Th) Cells: Assist in coordinating immune responses by
secreting cytokines that activate other immune cells, such as macrophages and B
cells.

o CDB8+ Cytotoxic T Cells (CTLs): Recognize and kill infected or abnormal cells
by directly inducing apoptosis (programmed cell death) through release of
cytotoxic molecules like perforin and granzymes.

4. Activation and Differentiation of T Cells:

o Co-stimulation: T cell activation requires signals from APCs, including co-

stimulatory molecules (e.g., B7-CD28 interaction).
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o Clonal Expansion: Upon activation, T cells undergo clonal expansion to generate

a large population of effector T cells specific to the antigen encountered.
5. Functions of Effector T Cells:

o Cytokine Secretion: Th cells secrete cytokines (e.g., IL-2, IFN-gamma) that
regulate immune responses, activate macrophages, and stimulate B cells.

o Direct Killing: CTLs recognize infected or abnormal cells presenting antigen on
MHC class | molecules and induce apoptosis to eliminate them.

6. Memory T Cells:

o Formation: Like memory B cells, memory T cells are long-lived and persist in
the circulation and lymphoid tissues after an initial infection or vaccination.

o Function: Memory T cells rapidly respond upon re-exposure to the same antigen,
facilitating a faster and more robust immune response than during the primary
encounter.

7. Regulation and Coordination:

o Regulatory T Cells (Tregs): Suppress excessive immune responses to prevent
autoimmunity and maintain immune tolerance.

o Cytokine Network: Various cytokines (e.g., IL-12, IL-4) produced by different
cells coordinate and modulate the activity of T cells and other immune cells.

Clinical Relevance and Applications:

o Viral Infections: Cell-mediated immunity is crucial for combating intracellular
pathogens such as viruses (e.g., HIV, cytomegalovirus).

e Cancer Immunotherapy: Enhancing cytotoxic T cell responses against tumor cells
using immune checkpoint inhibitors (e.g., PD-1/PD-L1 blockade) and adoptive cell

therapy (e.g., CAR T cells).
o Transplantation: Preventing graft rejection by targeting alloantigens presented on donor

tissues and regulating T cell responses.

Challenges and Considerations:

e Immune Suppression: Certain pathogens (e.g., HIV) and cancer cells can evade or

suppress cell-mediated immune responses.
e Autoimmune Diseases: Dysregulation of T cell responses can contribute to autoimmune

disorders where T cells attack healthy tissues.
e Therapeutic Development: Developing therapies that effectively target specific T cell
responses while minimizing off-target effects is a challenge in clinical practice.

LYMPHOCYTE MEDIATED CYTOTOXICITY (CTL)
Lymphocyte-mediated cytotoxicity, specifically cytotoxic T lymphocyte (CTL) activity, is a
critical mechanism of cell-mediated immunity where specialized T cells, known as cytotoxic T
cells or CD8+ T cells, recognize and eliminate target cells that display foreign antigens on their
surface. Here’s a detailed exploration of CTL:

Key Components and Processes of CTL.:
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1. Antigen Recognition and Activation:

o Antigen Presentation: Antigens from intracellular pathogens (e.g., viruses,
intracellular bacteria) or abnormal cells (e.g., cancer cells) are processed and
presented on the surface of target cells via MHC class | molecules.

o T Cell Receptor (TCR) Recognition: Cytotoxic T cells (CD8+ T cells)
recognize specific antigens presented on MHC class | molecules of target cells.

2. Activation of CTLs:

o Co-stimulation: In addition to TCR engagement with antigen-MHC complexes,
co-stimulatory signals (e.g., CD28-B7 interaction) from antigen-presenting cells
(APCs) are required for full activation of cytotoxic T cells.

o Differentiation: Upon activation, CD8+ T cells differentiate into effector CTLs
capable of exerting cytotoxic activity.

3. Effector Mechanisms of CTLs:
o Release of Cytotoxic Molecules:
= Perforin: Forms pores in the target cell membrane, facilitating entry of
cytotoxic molecules.
= Granzymes: Serine proteases that induce apoptosis (programmed cell
death) in target cells by activating caspases and cleaving cellular
substrates.

o Fas Ligand (FasL)-Fas Interaction: CTLs express FasL on their surface, which
binds to Fas receptors on target cells, triggering apoptosis through the extrinsic
pathway.

4. Functions and Outcome:

o Target Cell Killing: CTLs directly induce apoptosis in target cells presenting the
specific antigen recognized by their TCR.

o Elimination of Infected or Abnormal Cells: CTL activity is crucial for
eliminating virus-infected cells, cancer cells, and cells presenting intracellular
pathogens.

o Regulation by Cytokines: Production of cytokines such as interferon-gamma
(IFN-y) by CTLs can enhance their cytotoxic activity and recruit other immune
cells to the site of infection or inflammation.

5. Memory CTLs:

o Formation: Similar to memory T cells in general, memory CTLs are long-lived
cells that persist after the primary immune response and provide rapid and
heightened response upon re-exposure to the same antigen.

o Role in Immune Memory: Memory CTLs contribute to long-term immunity
against specific pathogens or antigens, providing enhanced protection upon
subsequent encounters.

Clinical Relevance and Applications:

« Viral Infections: CTLs play a critical role in controlling viral infections by eliminating
virus-infected cells, thus reducing viral replication and spread.

e Cancer Immunotherapy: Exploiting CTL activity for cancer treatment, including
adoptive cell therapy (e.g., CAR T cell therapy) and immune checkpoint inhibitors (e.qg.,
PD-1/PD-L1 blockade) to enhance anti-tumor immunity.
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e Autoimmune Diseases: Dysregulation of CTL responses can contribute to autoimmune
disorders where CTLs attack healthy tissues.

ANTIBODY-DEPENDENT CELL-MEDIATED CYTOTOXICITY (ADCC)

Antibody-dependent cell-mediated cytotoxicity (ADCC) is an important mechanism of
immune defense that involves the interaction between antibodies bound to target cells and
effector cells capable of inducing their destruction. Here’s an in-depth look at ADCC:

Mechanism of Antibody-Dependent Cell-Mediated Cytotoxicity (ADCC):

1. Antigen Recognition and Antibody Binding:

o Antigen Presentation: Antigens from pathogens or abnormal cells (e.g., cancer
cells) are recognized by specific antibodies.

o Antibody Binding: Antibodies, typically of the 1gG class, bind specifically to
antigens on the surface of target cells (e.g., viral-infected cells, cancer cells).

2. Effector Cells Involved:

o Natural Killer (NK) Cells: NK cells are a key effector cell type in ADCC. They
express Fc receptors (FcyRIIla or CD16) on their surface, which bind to the Fc
portion of antibodies (specifically IgG) bound to target cells.

o Other Effector Cells: Monocytes, macrophages, and neutrophils can also
participate in ADCC, depending on the antibodies involved and the presence of
their respective Fc receptors.

3. Activation of Effector Cells:

o Crosslinking of Fc Receptors: Engagement of FcyRIIIa on NK cells by the Fc
portion of antibodies bound to target cells triggers intracellular signaling
pathways.

o Cytokine Release: Activation leads to secretion of cytokines (e.g., IFN-y, TNF-a)
and cytotoxic molecules (e.g., perforin, granzymes) by effector cells.

4. Target Cell Destruction:

o Perforin and Granzymes: NK cells release perforin, which creates pores in the
target cell membrane. Granzymes enter the target cell through these pores and
induce apoptosis (programmed cell death) by activating caspases and cleaving
cellular substrates.

o Induction of Apoptosis: Alternatively, engagement of death receptors (e.g., Fas
receptor) on target cells by Fas ligand (FasL) expressed on effector cells can
trigger extrinsic apoptosis pathways.

5. Role of Antibodies:

o Enhanced Targeting: Antibodies facilitate specific recognition of target cells and
enhance the efficiency of effector cell-mediated killing through ADCC.

o Antibody Isotypes: 1gG antibodies are most commonly involved in ADCC due to
their ability to bind to Fc receptors on NK cells and other effector cells.

6. Clinical Relevance and Applications:

o Infectious Diseases: ADCC contributes to the clearance of virus-infected cells

(e.g., HIV, influenza) and other pathogens.
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o Cancer Immunotherapy: ADCC plays a role in therapeutic antibodies targeting
cancer cells (e.g., rituximab for B cell lymphoma, trastuzumab for HER2-positive
breast cancer).

o Autoimmune Diseases: Modulating ADCC may offer therapeutic benefits in
autoimmune disorders by selectively targeting pathogenic cells.

7. Challenges and Considerations:

o FeyR Polymorphisms: Variations in FcyR expression and polymorphisms can
influence the efficacy of ADCC.

o Tumor Microenvironment: Factors within the tumor microenvironment, such as
immune suppression and checkpoint molecules, can affect ADCC efficacy in
cancer immunotherapy.

o Therapeutic Optimization: Designing therapeutic antibodies that optimize
ADCC while minimizing off-target effects remains a challenge in drug
development.

IMMUNE RESPONSE TO INFECTIOUS
DISEASES:

IMMUNE RESONSE TO VIRAL INFECTIONS:

The immune response to viral infections involves a coordinated effort between innate and
adaptive immune mechanisms aimed at detecting, controlling, and eliminating the invading
virus. Here’s an in-depth exploration of how the immune system responds to viral infections:

1. Innate Immune Response:

o Recognition of Viral Pathogens:

o Pattern Recognition Receptors (PRRs): Cells of the innate immune system
(such as dendritic cells, macrophages, and epithelial cells) express PRRs like
Toll-like receptors (TLRs) and RIG-I-like receptors (RLRS).

o Detection of Viral Components: PRRs recognize viral pathogen-associated
molecular patterns (PAMPSs), such as viral nucleic acids (DNA or RNA), viral
proteins, and viral glycoproteins.

e Antiviral Responses:

o Type I Interferons (IFNs): Following PRR activation, cells produce and release
type | IFNs (IFN-a and IFN-f), which induce an antiviral state in infected and
neighboring cells.

o Activation of NK Cells: NK cells are activated early in the immune response and
can directly kill virus-infected cells through cytotoxic mechanisms.

e Inflammatory Response:

o Cytokine and Chemokine Production: Infected cells and innate immune cells
produce cytokines (e.g., TNF-a, IL-6) and chemokines that recruit immune cells
to the site of infection and activate adaptive immune responses.

2. Adaptive Immune Response:
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e Antigen Presentation:

o Dendritic Cells: Capture viral antigens, process them, and present them on MHC
molecules to T cells.

o Macrophages and B Cells: Also participate in antigen presentation to activate T
cells.

e Activation of T Cells:

o CDA4+ T Helper Cells (Th): Differentiate into subsets (Thl, Th2, Th17) based on
cytokine signals, providing help to other immune cells and coordinating the
immune response.

o CDB8+ Cytotoxic T Cells (CTLs): Recognize viral antigens presented on MHC
class I molecules of infected cells and eliminate them through cytotoxic
mechanisms (e.g., perforin and granzymes).

e B Cell Activation and Antibody Production:

o Antibody Generation: B cells differentiate into plasma cells that secrete virus-
specific antibodies (IgM, 1gG, 1gA), which bind to viral antigens, neutralize
viruses, and promote their clearance through phagocytosis and complement
activation.

3. Memory Responses:

« Memory T and B Cells: After resolution of the infection, memory T cells (both CD4+
and CD8+) and memory B cells persist long-term.
o Rapid Recall Response: Memory cells enable a faster and more robust immune
response upon re-exposure to the same virus, preventing or reducing the severity
of reinfection.

4. Regulation and Resolution:

e Immune Regulation: Regulatory T cells (Tregs) and cytokines (e.g., IL-10) help dampen
excessive immune responses and maintain immune homeostasis.

« Resolution of Infection: As viral replication is controlled and infected cells are
eliminated, the immune response gradually subsides, leaving memory cells to provide
long-term protection.

Clinical Relevance and Challenges:

e Vaccine Development: Vaccines stimulate adaptive immune responses to induce
memory and protective immunity against specific viral pathogens.

e Antiviral Therapies: Targeting viral replication mechanisms or enhancing immune
responses (e.g., IFN therapy) can aid in controlling viral infections.

« Viral Evasion Strategies: Viruses evolve mechanisms to evade immune detection (e.g.,
antigenic variation, inhibition of IFN signaling), posing challenges for effective immune
responses and therapeutic interventions.

IMMUNE RESPONSE TO BACTERIAL INFECTIONS:
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The immune response to bacterial infections involves a complex interplay between innate and
adaptive immune mechanisms aimed at detecting, controlling, and eliminating bacterial
pathogens. Here’s a detailed exploration of how the immune system responds to bacterial
infections:

1. Innate Immune Response:

« Recognition of Bacterial Pathogens:

o Pattern Recognition Receptors (PRRs): Cells of the innate immune system
(such as macrophages, dendritic cells, and neutrophils) express PRRs like Toll-
like receptors (TLRs) and NOD-like receptors (NLRs).

o Detection of Bacterial Components: PRRs recognize bacterial pathogen-
associated molecular patterns (PAMPs), such as lipopolysaccharides (LPS),
peptidoglycans, and bacterial DNA.

e Phagocytosis and Intracellular Killing:

o Phagocytic Cells: Macrophages and neutrophils engulf bacteria through
phagocytosis, aided by opsonins (e.g., antibodies and complement proteins).

o Microbial Killing: Phagocytes use oxidative burst (production of reactive oxygen
species) and lysosomal enzymes to degrade ingested bacteria.

e Inflammatory Response:

o Cytokine and Chemokine Production: Infected cells and innate immune cells
release cytokines (e.g., TNF-a, IL-1pB) and chemokines that recruit immune cells
to the site of infection, enhance phagocytosis, and activate adaptive immune
responses.

2. Adaptive Immune Response:

e Antigen Presentation:

o Dendritic Cells and Macrophages: Capture bacterial antigens, process them, and
present them on MHC molecules to T cells.

o B Cells: Recognize bacterial antigens and differentiate into antibody-secreting
plasma cells.

e Activation of T Cells:

o CDA4+ T Helper Cells (Th): Differentiate into subsets (Thl, Th2, Th17) based on
cytokine signals, providing help to other immune cells and coordinating the
immune response against bacteria.

o CDB8+ Cytotoxic T Cells (CTLs): Although primarily involved in viral
infections, CD8+ T cells can contribute to bacterial infection control by killing
infected cells presenting bacterial antigens.

e B Cell Activation and Antibody Production:

o Antibody Generation: B cells differentiate into plasma cells that produce
antibodies (IgM, 1gG, IgA) specific to bacterial antigens.

o Antibody Functions: Antibodies neutralize bacterial toxins, opsonize bacteria for
enhanced phagocytosis, and activate the complement system to lyse bacteria.

3. Complement System Activation:
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o Opsonization: Complement proteins coat bacteria, promoting their recognition and
phagocytosis by phagocytes.

e Membrane Attack Complex (MAC): Formation of MAC leads to lysis of bacterial
membranes, contributing to bacterial killing.

4. Resolution and Memory Responses:

e Immune Regulation: Regulatory T cells (Tregs) and anti-inflammatory cytokines (e.qg.,
IL-10) help control excessive inflammation and prevent tissue damage.

« Memory T and B Cells: After infection resolution, memory T cells and memory B cells
persist, providing rapid and enhanced immune responses upon re-exposure to the same
bacterial antigens.

IMMUNE RESPONSE TO PROTOZOANS DISEASES:

The immune response to protozoan diseases involves a complex interaction between the host
immune system and the diverse strategies employed by protozoan parasites to evade immune
detection and clearance. Protozoans are single-celled eukaryotic organisms that can cause a
variety of diseases in humans, ranging from mild to severe, depending on the species and the
host's immune status. Here’s an overview of how the immune system responds to protozoan
infections:

1. Recognition and Innate Immune Response:

o Pattern Recognition Receptors (PRRs): Similar to bacterial and viral infections, cells
of the innate immune system (such as macrophages, dendritic cells, and neutrophils)
recognize protozoan-associated molecular patterns (PAMPS) using PRRs like Toll-like
receptors (TLRs), NOD-like receptors (NLRS), and others.

e Phagocytosis and Intracellular Killing: Innate immune cells engulf and digest
protozoan parasites through phagocytosis. However, some protozoans can evade
phagocytic clearance or survive within phagocytes.

o Inflammatory Response: Infected cells and innate immune cells release cytokines (e.g.,
TNF-a, IL-12) and chemokines that recruit immune cells to the site of infection, enhance
phagocytosis, and activate adaptive immune responses.

2. Adaptive Immune Response:

e Antigen Presentation: Dendritic cells and macrophages present protozoan antigens on
MHC molecules to T cells, initiating adaptive immune responses.
e Activation of T Cells:

o CDA4+ T Helper Cells (Th): Differentiate into subsets (Thl, Th2, Th17) based on
cytokine signals. Thl cells produce cytokines (e.g., IFN-y) that activate
macrophages and enhance intracellular killing of protozoans. Th2 cells produce
cytokines (e.g., IL-4, IL-5) that promote B cell activation and antibody
production.
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o CDB8+ Cytotoxic T Cells (CTLs): Recognize and kill protozoan-infected cells

presenting protozoan antigens on MHC class | molecules.
o B Cell Activation and Antibody Production:

o Antibody Generation: B cells differentiate into plasma cells that produce
antibodies (e.g., IgM, 1gG, IgA) specific to protozoan antigens.

o Antibody Functions: Antibodies can neutralize protozoan parasites, promote
their opsonization for phagocytosis, and activate the complement systemto aid in
parasite clearance.

3. Complement System Activation:

e Opsonization: Complement proteins coat protozoan parasites, enhancing their
recognition and phagocytosis by innate immune cells.

e Membrane Attack Complex (MAC): Formation of MAC leads to lysis of protozoan
membranes, contributing to parasite killing.

4. Regulation and Memory Responses:

e Immune Regulation: Regulatory T cells (Tregs) and anti-inflammatory cytokines (e.qg.,
IL-10) help control excessive inflammation and prevent immune-mediated tissue damage.

« Memory T and B Cells: After infection resolution, memory T cells and memory B cells
persist, providing rapid and enhanced immune responses upon re-exposure to the same
protozoan antigens.

HYPERSENSITIVITY REACTIONS

Hypersensitivity reactions are exaggerated or inappropriate immune responses to antigens that
are harmless or relatively harmless to most individuals. These reactions are categorized into four
types based on the underlying immunological mechanisms involved. Here's an overview of each

type:
1. Type | Hypersensitivity (Immediate Hypersensitivity):

e Mechanism: Mediated by IgE antibodies bound to mast cells and basophils.
e Trigger: Allergens such as pollen, dust mites, animal dander, certain foods, and drugs.
e Process:

o Initial exposure to allergen leads to production of allergen-specific IgE antibodies
by plasma cells.

o IgE antibodies bind to high-affinity receptors (FceRI) on mast cells and basophils.
Subsequent exposure to the same allergen cross-links IgE antibodies on mast cells
and basophils, triggering release of histamine and other mediators (e.qg.,
leukotrienes, cytokines).

« Clinical Manifestations: Immediate symptoms include itching, hives (urticaria),
sneezing, rhinorrhea (runny nose), asthma, and in severe cases, anaphylaxis.

2. Type 1l Hypersensitivity (Cytotoxic Hypersensitivity):
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e Mechanism: Mediated by 1gG or IgM antibodies binding to antigens on cell surfaces.
o Target: Typically involves destruction of host cells or tissues that express specific
antigens.
e Examples:
o Autoimmune Hemolytic Anemia: Antibodies bind to red blood cells, leading to
their destruction.
o Drug-induced Hemolytic Anemia: Drugs can induce antibodies that bind to red
blood cells.
o Goodpasture Syndrome: Antibodies target basement membrane antigens in
kidneys and lungs, leading to inflammation and damage.
o Clinical Manifestations: Tissue-specific damage, organ dysfunction, and clinical
syndromes vary depending on the target antigen.

3. Type 111 Hypersensitivity (Immune Complex-Mediated Hypersensitivity):

e Mechanism: Mediated by immune complexes (antigen-antibody complexes) deposited in
tissues.

e Formation: Occurs when antigen excess overwhelms clearance mechanisms, leading to
immune complex deposition.

e Examples:

o Systemic Lupus Erythematosus (SLE): Immune complexes deposit in various
tissues (e.g., kidneys, skin), causing inflammation and tissue damage.

o Serum Sickness: Following administration of foreign proteins (e.g., from drugs
or vaccines), immune complexes form and deposit in tissues, causing symptoms
such as rash, fever, and joint pain.

o Clinical Manifestations: Immune complex deposition leads to complement activation,
inflammation, and tissue damage. Symptoms vary depending on the affected organs.

4. Type 1V Hypersensitivity (Delayed-Type Hypersensitivity):

e Mechanism: Mediated by T cells, specifically CD4+ and CD8+ T cells.
e Trigger: Antigens are presented by antigen-presenting cells (APCs) to T cells, leading to
activation and recruitment of effector cells.
e Examples:
o Contact Dermatitis: Reaction to allergens like nickel, poison ivy, or cosmetics.
o Tuberculin Reaction (Mantoux Test): Response to Mycobacterium tuberculosis
antigens.
o Type 1 Diabetes: T cell-mediated destruction of pancreatic beta cells.
« Clinical Manifestations: Delayed onset (hours to days) after exposure to antigen.
Characterized by localized inflammation, swelling, and tissue damage at the site of
exposure.

Clinical Relevance and Management:

« Diagnosis: Based on clinical history, physical examination, and specific diagnostic tests
(e.g., skin prick tests, IgE levels, patch tests).
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o Management: Treatment involves allergen avoidance, medications (e.g., antihistamines,
corticosteroids), and in severe cases (e.g., anaphylaxis), emergency interventions (e.g.,
epinephrine).

o Prevention: Allergen-specific immunotherapy (desensitization) can modify immune
responses and reduce sensitivity over time.

AUTO IMMUNITY:

Autoimmunity refers to a condition where the immune system mistakenly targets and attacks
healthy cells, tissues, and organs of the body, resulting in autoimmune diseases. These diseases
can affect virtually any part of the body and can range from mild to severe, chronic conditions.
Here's an in-depth look at autoimmunity:

1. Mechanisms of Autoimmunity:

e Loss of Self-Tolerance: Normally, the immune system distinguishes between self (host
tissues) and non-self (foreign antigens). Autoimmunity arises when self-tolerance
mechanisms fail, allowing immune responses against self-antigens.

e Genetic Factors: There is a strong genetic component to autoimmune diseases. Certain
genes related to immune function, such as those in the Major Histocompatibility
Complex (MHC), contribute to susceptibility.

e Environmental Triggers: Environmental factors, such as infections, drugs, hormonal
changes, and environmental pollutants, can trigger or exacerbate autoimmune responses
in genetically susceptible individuals.

2. Types of Autoimmune Diseases:

e Organ-Specific Autoimmune Diseases:
o Type 1 Diabetes: Immune destruction of pancreatic beta cells.
o Hashimoto's Thyroiditis: Autoimmune thyroiditis leading to hypothyroidism.
o Multiple Sclerosis: Immune-mediated demyelination of nerve fibers in the
central nervous system.
o Celiac Disease: Immune reaction to gluten in the small intestine.
e Systemic Autoimmune Diseases:
o Systemic Lupus Erythematosus (SLE): Multi-system autoimmune disorder
affecting skin, joints, kidneys, and other organs.
o Rheumatoid Arthritis (RA): Chronic inflammation of joints and surrounding
tissues.
Sjogren's Syndrome: Immune attack on glands producing tears and saliva.
o Systemic Sclerosis (Scleroderma): Fibrosis and inflammation affecting skin,
blood vessels, and internal organs.

3. Pathogenesis of Autoimmune Diseases:

« Breakdown of Tolerance: Failure of mechanisms that maintain self-tolerance allows
activation of autoreactive T cells and B cells.
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« Autoantibodies: B cells produce autoantibodies against self-antigens, which can directly
damage tissues or form immune complexes that activate complement and induce
inflammation.

o Inflammatory Cascades: Cytokines, such as TNF-a, IL-1, and IL-6, play key roles in
promoting inflammation and tissue damage in autoimmune diseases.

o Genetic and Environmental Factors: Interplay between genetic susceptibility (e.g.,
specific HLA alleles) and environmental triggers (e.g., infections, UV light, smoking)
contributes to disease onset and progression.

4. Diagnosis and Clinical Manifestations:

e Clinical Presentation: Symptoms vary widely depending on the specific autoimmune
disease but may include fatigue, fever, joint pain, skin rashes, and organ-specific
symptoms (e.g., respiratory symptoms in autoimmune lung diseases).

o Laboratory Tests: Diagnosis often involves detecting autoantibodies (e.g., ANA in SLE,
anti-CCP in RA), assessing inflammatory markers (e.g., ESR, CRP), and sometimes
genetic testing (e.g., HLA typing).

« Imaging and Biopsy: Imaging studies (e.g., MRI, ultrasound) and tissue biopsy may be
used to assess organ damage and inflammation in specific autoimmune diseases.

5. Treatment and Management:

e Immunosuppressive Therapy: Corticosteroids, immunosuppressants (e.g.,
methotrexate, azathioprine), and biologic agents (e.g., TNF inhibitors, rituximab) are
used to suppress autoimmune responses and reduce inflammation.

e Symptomatic Treatment: Addressing symptoms and complications specific to each
autoimmune disease (e.g., pain management, hormone replacement therapy in
autoimmune thyroiditis).

o Lifestyle Modifications: Strategies such as stress management, regular exercise, and
dietary modifications may help in managing symptoms and improving quality of life.

e Monitoring and Follow-Up: Regular monitoring of disease activity, organ function, and
potential side effects of medications is essential for optimizing treatment outcomes.

TRANSPLANTATION IMMUNITY

Transplantation immunity, also known as transplant rejection, refers to the immune response
mounted by the recipient's immune system against transplanted tissues or organs. This response
can lead to rejection of the transplant if not managed properly. Here's a detailed overview of
transplantation immunity:

1. Types of Transplantation:

e Autograft: Tissue or organ transplanted from one site to another within the same
individual (e.g., skin grafts).

o |sograft: Tissue or organ transplanted between genetically identical individuals (e.g.,
identical twins).
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o Allograft: Tissue or organ transplanted between genetically different individuals of the
same species (e.g., most human transplants).

o Xenograft: Tissue or organ transplanted between different species (e.g., pig heart valve
to human).

2. Mechanisms of Transplant Rejection:

e Hyperacute Rejection: Immediate and severe rejection occurring within minutes to
hours, typically due to pre-existing antibodies (e.g., ABO blood group incompatibility)
binding to antigens on graft endothelial cells, activating complement, and causing rapid
graft destruction.

e Acute Cellular Rejection: Most common type, occurring days to months after
transplantation. Involves T cell-mediated immune responses against mismatched major
histocompatibility complex (MHC) antigens (HLA in humans) on graft cells.

e Chronic Rejection: Gradual and irreversible damage to the graft occurring over months
to years, characterized by fibrosis and vascular changes. Involves ongoing immune
responses and inflammation leading to graft dysfunction.

3. Immune Response in Transplant Rejection:

o Allorecognition: Recognition of donor tissue as foreign by the recipient's immune
system.

e Antigen Presentation: Donor-derived peptides presented by recipient's antigen-
presenting cells (APCs) to recipient T cells via MHC molecules.

e T Cell Activation: Activation of recipient CD4+ and CD8+ T cells recognizing
mismatched MHC molecules on donor cells.

o Cytokine Release: Production of pro-inflammatory cytokines (e.g., IFN-y, IL-2)
promoting T cell activation, proliferation, and recruitment of other immune cells.

o Effector Mechanisms: CD8+ cytotoxic T cells directly kill graft cells presenting donor
antigens. CD4+ T cells provide help to B cells producing antibodies against donor
antigens.

4. Immunosuppressive Strategies:

e Induction Therapy: Initial use of potent immunosuppressive agents (e.g., monoclonal
antibodies targeting T cells or cytokines) to prevent early rejection.

e Maintenance Therapy: Long-term use of immunosuppressants (e.g., calcineurin
inhibitors, corticosteroids, antimetabolites) to suppress ongoing immune responses and
prevent rejection.

o Combination Therapy: Use of multiple immunosuppressive agents with different
mechanisms of action to minimize side effects and improve efficacy.

5. Challenges and Complications:

e Infection Risk: Immunosuppressive therapy increases susceptibility to infections,
including opportunistic infections.
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o Chronic Side Effects: Long-term use of immunosuppressants can lead to complications
such as hypertension, diabetes, and renal dysfunction.

o Graft-Versus-Host Disease (GVHD): In hematopoietic stem cell transplantation, donor
T cells can attack recipient tissues, leading to GVHD.

6. Transplant Monitoring and Management:

o Biopsy and Monitoring: Regular monitoring of graft function and surveillance biopsies
to detect signs of rejection or complications.

o Patient Education: Educating patients about the importance of medication adherence,
recognizing signs of rejection, and infection prevention.

7. Advancements and Future Directions:

e Improvements in Immunotherapy: Development of targeted immunosuppressive
agents and therapies to induce transplant tolerance without long-term
immunosuppression.

e Organ Preservation Techniques: Advances in organ preservation techniques to reduce
ischemia-reperfusion injury and improve graft survival.

« Biomedical Engineering: Exploration of tissue engineering and regenerative medicine
approaches to create bioartificial organs and reduce reliance on donor organs.

TUMOR IMMUNOLOGY

Tumor immunology is the study of interactions between the immune system and cancer cells,
focusing on how the immune system recognizes and responds to tumors, as well as how tumors
evade immune detection and destruction. Here's an in-depth look at the key aspects of tumor
immunology:

1. Immune Response Against Tumors:

e Immune Surveillance: The immune system is capable of recognizing and eliminating
cancer cells through a process known as immune surveillance. This process involves
immune cells detecting tumor-specific antigens presented on the surface of cancer cells.

e Tumor Antigens: Tumors express specific antigens that can be recognized as foreign or
abnormal by the immune system. These antigens include:

o Tumor-Specific Antigens (TSAS): Unique antigens present only on tumor cells
due to mutations or viral oncogenes.

o Tumor-Associated Antigens (TAAS): Antigens that are overexpressed or
aberrantly expressed in tumor cells compared to normal cells.

o Effector Mechanisms: Immune cells such as cytotoxic T lymphocytes (CTLs), natural
Killer (NK) cells, and macrophages can directly kill tumor cells through various
mechanisms, including releasing cytotoxic molecules (perforin, granzymes), inducing
apoptosis, or activating immune responses against tumor-associated antigens.
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2. Tumor Immune Evasion Mechanisms:

e Immunosuppressive Tumor Microenvironment (TME):

o Tumor-Associated Macrophages (TAMs): TAMs can promote immune
suppression and tissue remodeling that supports tumor growth.

o Myeloid-Derived Suppressor Cells (MDSCs): MDSCs inhibit T cell responses
and promote tumor progression.

o Regulatory T cells (Tregs): Tregs suppress anti-tumor immune responses and
promote immune tolerance within the TME.

e Immune Checkpoints: Tumors can upregulate immune checkpoint molecules, such as
PD-1/PD-L1 and CTLA-4, to inhibit T cell activation and effector functions, thereby
escaping immune detection and destruction.

e Loss of Antigen Presentation: Tumors may downregulate or lose expression of MHC
class I molecules or tumor antigens, making them less recognizable to cytotoxic T cells.

3. Clinical Implications and Immunotherapy:

e Immune Checkpoint Inhibitors (ICls): Antibodies targeting immune checkpoint
molecules (e.g., PD-1, PD-L1, CTLA-4) can restore anti-tumor immune responses by
blocking inhibitory signals and enhancing T cell activation and function.

o Adoptive Cell Therapy (ACT): Infusion of autologous T cells engineered to express
chimeric antigen receptors (CAR T cells) or administration of tumor-infiltrating
lymphocytes (TILs) can enhance anti-tumor immune responses and induce tumor
regression.

e Cancer Vaccines: Vaccines designed to stimulate specific immune responses against
tumor-associated antigens can boost anti-tumor immunity and potentially prevent tumor
recurrence.

e Cytokine Therapy: Administration of cytokines (e.g., interleukin-2, interferon-alpha)
can stimulate immune cell activation and enhance anti-tumor responses.

4. Challenges and Future Directions:

e Tumor Heterogeneity: Variability in tumor antigens and immune evasion mechanisms
among different types and stages of cancer pose challenges for developing effective
immunotherapies.

e Resistance to Immunotherapy: Some tumors develop resistance to immunotherapy
through mechanisms such as loss of antigen expression, upregulation of alternative
immune checkpoints, or activation of alternative signaling pathways.

o Combination Therapies: Strategies to combine different immunotherapy agents or
combine immunotherapy with traditional treatments (e.g., chemotherapy, radiation) are
being explored to enhance treatment efficacy and overcome resistance.
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VACCINES

A vaccine is a biological preparation that provides active acquired immunity to a particular
infectious or malignant disease. The safety and effectiveness of vaccines has been widely studied

and verified

Development and Production of Vaccines:

1. Development Process:

o

Preclinical Stage: This involves initial laboratory research and testing of vaccine
candidates in animals to assess safety, immunogenicity (ability to provoke an
immune response), and efficacy (ability to protect against disease).
Clinical Trials: Vaccines progress through several phases of clinical trials in
human volunteers:
= Phase I: Small-scale trial to evaluate safety and immune response.
= Phase Il: Expanded trial to further assess safety, dosage, and initial
efficacy.
= Phase Il Large-scale trial to confirm safety, efficacy, and to monitor for
adverse reactions.
Regulatory Approval: Submission of comprehensive data to regulatory
authorities (such as the FDA in the United States, or the EMA in Europe) for
review and approval before distribution.

2. Types of Vaccines:

o

Live Attenuated Vaccines: These contain weakened forms of the virus or
bacteria that can still replicate within the body but cause a mild infection,
stimulating a strong immune response. Examples include vaccines for measles,
mumps, rubella (MMR), and varicella (chickenpox).

Inactivated Vaccines: These vaccines use killed versions of the virus or bacteria.
They cannot replicate in the body but still trigger an immune response. Examples
include vaccines for polio, hepatitis A, and rabies.

Subunit Vaccines: These vaccines contain only the antigenic parts of the virus or
bacteria that are necessary to induce an immune response. They are safer because
they do not contain whole pathogens. Examples include the hepatitis B vaccine,
which contains only the surface antigen of the hepatitis B virus.

Viral Vector Vaccines: These vaccines use a modified virus (vector) to deliver
genetic material encoding antigens from the target pathogen. The vector virus is
usually harmless or weakened so that it cannot cause disease. Examples include
the COVID-19 vaccines developed by AstraZeneca (using an adenovirus vector)
and Johnson & Johnson (using an adenovirus vector).

DNA Vaccines: These vaccines use genetically engineered DNA that encodes
proteins from the target pathogen. When the DNA is injected into the body, cells
take up the DNA and produce the antigenic proteins, which then trigger an
immune response. DNA vaccines are still in development for human use but have
shown promise in animal studies and clinical trials.
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Vaccine Expression Systems:

1. Traditional Methods:

o [Egg-Based Production: Historically, many vaccines, such as those for influenza,
were produced using chicken eggs. The virus was grown in eggs, harvested,
purified, and then inactivated for use in vaccines.

o Cell-Based Production: This method involves growing viruses or bacteria in
cultured cells instead of eggs. Cell-based production offers advantages such as
scalability, faster production times, and reduced risk of egg-related allergies.

2. Modern Approaches:

o Recombinant DNA Technology: This method involves inserting genes encoding
antigenic proteins into microbial hosts, such as bacteria or yeast. The microbes
then produce the antigenic proteins, which are harvested, purified, and used in
vaccines. Recombinant DNA technology allows for the production of subunit
vaccines that are safer because they do not contain whole pathogens.

o Viral Vector Systems: These systems use genetically modified viruses (vectors)
to deliver genetic material encoding antigens from the target pathogen into host
cells. The host cells then produce the antigenic proteins, stimulating an immune
response. Viral vector systems are used in some COVID-19 vaccines, such as
those developed by AstraZeneca and Johnson & Johnson.

o Cell-Free Systems: In vitro protein synthesis systems, also known as cell-free
expression systems, allow for the production of antigens without the use of living
cells. These systems offer advantages such as rapid production times, scalability,
and the ability to produce complex proteins.

Production of DNA Vaccines:

1. Principle: DNA vaccines are a type of genetic vaccine that use genetically engineered
DNA to encode proteins from the target pathogen. When the DNA is injected into the
body, cells take up the DNA and produce the antigenic proteins. These proteins then
stimulate an immune response, triggering the production of antibodies and activation of T
cells.

2. Steps in DNA Vaccine Production:

o Design and Construction: Scientists design DNA sequences encoding antigenic
proteins from the target pathogen. These DNA sequences are then synthesized or
cloned into plasmid vectors.

o Vector Incorporation: The DNA sequences encoding antigenic proteins are
inserted into plasmid vectors. Plasmid vectors are small, circular DNA molecules
that can replicate independently within bacterial cells.

o Purification: Plasmid vectors containing the DNA sequences encoding antigenic
proteins are purified to remove impurities and ensure high-quality DNA vaccine
constructs.

o Delivery: DNA vaccines are administered to patients via various delivery
methods, such as intramuscular injection or electroporation. The DNA is taken up
by host cells, which then produce the antigenic proteins.
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o Expression and Immune Response: Host cells translate the DNA into antigenic
proteins. The antigenic proteins are then presented to immune cells, triggering an
immune response. This immune response includes the production of antibodies
and the activation of T cells, which provide protection against future infections by
the target pathogen.

3. Advantages of DNA Vaccines:

o Safety: DNA vaccines do not contain live pathogens, so there is no risk of
causing disease in vaccinated individuals.

o Stability: DNA vaccines are more stable than traditional protein-based vaccines
because DNA is less prone to degradation.

o Flexibility: DNA vaccines can be rapidly designed and produced for emerging
pathogens or variants of existing pathogens.

4. Challenges:

o Efficiency of Delivery: Ensuring efficient delivery of DNA into host cells is
critical for the success of DNA vaccines. Methods such as electroporation or the
use of adjuvants can enhance delivery efficiency.

o Immune Response: Optimizing immune responses induced by DNA vaccines,
especially in populations with pre-existing immunity or tolerance, is a challenge
that researchers continue to address.

o Regulatory Approval: Meeting regulatory requirements for the safety and
efficacy of DNA vaccines in human use is essential for their widespread adoption.

PRINCIPLES OF IMMUNIZATION

The principles of immunization are fundamental guidelines and practices that underpin the
effective use of vaccines to prevent infectious diseases. These principles are based on scientific
evidence and public health strategies aimed at maximizing vaccine efficacy, safety, and
population coverage. Here are the key principles of immunization:

1. Primary Objective: Disease Prevention

e Preventing Disease: The primary goal of immunization is to protect individuals and
communities from infectious diseases by stimulating the immune system to recognize and
respond effectively to specific pathogens.

e Herd Immunity: Immunization programs aim to achieve herd immunity, where a
sufficient proportion of the population is immune to a disease to prevent its spread,
protecting those who cannot be vaccinated (e.g., due to medical reasons).

2. Safety and Effectiveness
e Vaccine Safety: Vaccines undergo rigorous testing for safety before approval and

continuous monitoring post-licensure. Adverse events following immunization (AEFIs)
are closely monitored and investigated to ensure vaccines are safe for widespread use.
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e Vaccine Efficacy: Vaccines are evaluated for their ability to induce protective immune
responses against specific diseases. High efficacy ensures vaccines effectively prevent
disease transmission and reduce the severity of infections.

3. Routine Immunization Schedule

o Recommended Schedule: National and international health authorities recommend
specific immunization schedules outlining when vaccines should be administered
throughout a person's life. These schedules are based on age, health status, and disease
risk factors.

e Catch-Up Vaccination: Programs provide catch-up vaccinations for individuals who
missed recommended doses or are not up-to-date with their immunizations.

4. Vaccine Coverage and Equity

o Population Coverage: High vaccination coverage across populations is essential to
achieve herd immunity and prevent outbreaks of vaccine-preventable diseases.

o Equitable Access: Efforts are made to ensure vaccines are accessible and affordable to
all individuals, regardless of socioeconomic status, geographic location, or other barriers.

5. Monitoring and Surveillance

e Vaccine Surveillance: Ongoing monitoring of vaccine-preventable diseases and vaccine
coverage helps identify outbreaks, assess vaccine effectiveness, and detect adverse
events.

e Global Surveillance Networks: Collaborative efforts between countries and
international organizations (e.g., WHO, CDC) facilitate global surveillance and response
to vaccine-preventable diseases.

6. Public Confidence and Communication

e Transparent Communication: Clear and accurate communication about vaccines, their
benefits, and potential risks fosters public trust and confidence in immunization
programs.

e Addressing Vaccine Hesitancy: Addressing concerns and misconceptions about
vaccines through education and dialogue promotes acceptance and uptake of
immunization.

7. Adaptability and Innovation
o Research and Development: Continuous research and development of new vaccines,

vaccine technologies (e.g., MRNA vaccines), and delivery strategies enhance
immunization effectiveness and address emerging infectious disease threats.
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