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Immune System in vivo in living organisms (human being)
the challenge:
fighting the cancer threat from the inside

11. The Immune System

detecting cancer as ‘non-own’
to cure cancer e.g. by the acquired/adaptive immune system

Prof. Dr. Klaus Heese

• An animal must defend itself from the many
dangerous pathogens it may encounter in the
environment

• Innate immunity is present before any exposure to
pathogens and is effective from the time of birth; it Involves
nonspecific responses to pathogens

• Two major kinds of defense have evolved that
counter these threats: Innate immunity and
acquired immunity
3µm

• Acquired immunity, also called adaptive immunity, develops
only after exposure to inducing agents such as microbes,
toxins, or other foreign substances; it involves a very specific
response to pathogens
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• Innate immunity provides broad defenses against
infection

• A summary of innate and acquired immunity
INNATE IMMUNITY
Rapid responses to a
broad range of microbes

External defenses

Invading
microbes
(pathogens)

Internal defenses

Skin

Phagocytic cells

Mucous membranes

Antimicrobial proteins

Secretions (low pH)

Inflammatory response

(physical barriers)

• A pathogen that successfully breaks through an
animal’s external defenses soon encounters several
innate cellular and chemical mechanisms that impede
its attack on the body

ACQUIRED IMMUNITY
Slower responses to
specific microbes

Natural killer cells

(cellular and chemical
mechanisms)

Humoral response
(antibodies)

External Defenses
• Intact skin and mucous membranes form physical barriers
that bar the entry of microorganisms and viruses
• Certain cells of the mucous membranes produce mucus - a
viscous fluid that traps microbes and other particles

Cell-mediated response
(cytotoxic
lymphocytes)

• In the trachea, ciliated epithelial cells sweep mucus and
any entrapped microbes upward, preventing the microbes
10µm
from entering the lungs

• Major events in the local inflammatory response

Blood clot

Pin

Pathogen

Macrophage
Chemical signals
Phagocytic cells

Blood
clotting
elements
Phagocytosis

Capillary

• Secretions of the skin and mucous membranes provide an
environment that is often hostile to microbes
• Secretions from the skin give the skin a pH between 3 and 5,
which is acidic enough to prevent colonization of many
microbes; secretions also include proteins such as lysozyme,
an enzyme that digests the cell walls of many bacteria

Red blood cell
1

Chemical signals
released by activated
macrophages and mast
cells at the injury site
cause nearby capillaries
to widen and become
more permeable.
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Fluid, antimicrobial
proteins, and clotting
elements move from the
blood to the site. Clotting
begins.
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Chemokines released by
various kinds of cells
attract more phagocytic
cells from the blood
to the injury site.

4

Neutrophils and
macrophages phagocytose
pathogens and cell debris
at the site, and the tissue
heals.
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Antimicrobial Proteins

Internal Cellular and Chemical Defenses
• Internal cellular defenses depend mainly on phagocytosis
• Phagocytes, types of white blood cells, ingest invading
microorganisms and initiate the inflammatory response
• Phagocytes attach to
their prey via surface
receptors and engulf
them, forming a vacuole
that fuses with a lysosome
• Macrophages, a specific
type of phagocyte, can be
found migrating through
the body; they can be
found in various organs of
the lymphatic system

1 Pseudopodia
surround
microbes.

Microbes

2 Microbes
are engulfed
into cell.

MACROPHAGE

3 Vacuole
containing
microbes
forms.
Vacuole

Lysosome
containing
enzymes

4 Vacuole
and lysosome
fuse.
5 Toxic
compounds
and lysosomal
enzymes
destroy microbes.

• Numerous proteins function in innate defense by attacking
microbes directly by impeding their reproduction
• About 30 proteins make up the complement system which
can cause lysis of invading cells and help trigger
inflammation
• Interferons provide innate defense against viruses and
help activate macrophages

Inflammatory Response
• In local inflammation, histamine and other chemicals
released from injured cells promote changes in blood
vessels that allow more fluid, more phagocytes, and
antimicrobial proteins to enter the tissues

6 Microbial
debris is
released by
exocytosis.

Natural Killer Cells
• Natural killer (NK) cells patrol the body and attack virusinfected body cells and cancer cells – they trigger apoptosis
in the cells they attack

The Lymphatic System
Lymph is essentially recycled blood
plasma
The lymphatic system has multiple
interrelated functions:
- It is responsible for the removal of
interstitial fluid from tissues

Invertebrate Immune Mechanisms
• Many invertebrates defend themselves from infection by many
of the same mechanisms in the vertebrate innate response

- It absorbs and transports fatty
acids and fats (lipids) as chyle from
the digestive system
- It transports white blood cells to
and from the lymph nodes into the
bones
- The lymph transports antigenpresenting cells (APCs), such as
dendritic cells, to the lymph nodes
where an immune response is
stimulated.
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Lymphatic system: Functions: 1) Remove excess interstitial fluid; 2) Transport
of dietary lipids; 3) Specific immunity (as compared to non-specific immunity).

Primary lymphoid organs
The central or primary lymphoid organs generate lymphocytes from
immature progenitor cells.
The thymus and the bone marrow constitute the primary lymphoid
tissues involved in the production and early selection of lymphocytes.
Secondary lymphoid organs
Secondary or peripheral lymphoid organs maintain mature naive
lymphocytes and initiate an adaptive immune response. The
secondary/peripheral lymphoid organs are the sites of lymphocyte
activation by antigen. Activation leads to clonal expansion and affinity
maturation. Mature lymphocytes recirculate between the blood and the
peripheral lymphoid organs until they encounter their specific antigen.
Secondary lymphoid tissue provides the environment for the foreign or
altered native molecules (antigens) to interact with the lymphocytes. It is
exemplified by the lymph nodes, and the lymphoid follicles in tonsils,
Peyer's patches, spleen, adenoids, skin, etc. that are associated with
the mucosa-associated lymphoid tissue (MALT).

• The lymphatic system plays an
active role in defending the body
from pathogens
1 Interstitial fluid bathing the
tissues, along with the white
blood cells in it, continually
enters lymphatic capillaries.
Interstitial
fluid

Adenoid

Lymphatic
capillary
2 Fluid inside the
lymphatic capillaries,
called lymph, flows
through lymphatic
vessels throughout
the body.

Tonsil
4

Lymphatic vessels
return lymph to the
blood via two large
ducts that drain into
veins near the
shoulders.

Lymph
nodes

Blood
capillary

Spleen
Peyer’s patches
(small intestine)

Tissue
cells

Lymphatic
vessel

Appendix

Lymphatic
vessels

Lymph
node

Masses of
lymphocytes and
macrophages

3 Within lymph nodes,
microbes and foreign
particles present in
the circulating lymph
encounter macrophages, dendritic cells,
and lymphocytes,
which carry out
various defensive
actions.

A lymph node is an organized collection of lymphoid tissue, through which the lymph passes on its way to
returning to the blood. Lymph nodes are located at intervals along the lymphatic system. Several afferent lymph
vessels bring in lymph, which percolates through the substance of the lymph node, and is drained out by an
efferent lymph vessel.
The substance of a lymph node consists of lymphoid follicles in the outer portion called the "cortex," which
contains the lymphoid follicles, and an inner portion called "medulla," which is surrounded by the cortex on all
sides except for a portion known as the "hilum." The hilum presents as a depression on the surface of the lymph
node, which makes the otherwise spherical or ovoid lymph node bean-shaped. The efferent lymph vessel directly
emerges from the lymph node here. The arteries and veins supplying the lymph node with blood enter and exit
through the hilum.
Lymph follicles are a dense collection of lymphocytes, the number, size and configuration of which change in
accordance with the functional state of the lymph node. For example, the follicles expand significantly upon
encountering a foreign antigen. The selection of B cells occurs in the germinal center of the lymph nodes.
Lymph nodes are particularly numerous in the mediastinum in the chest, neck, pelvis, axilla (armpit), inguinal
(groin) region, and in association with the blood vessels of the intestines.
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Lymphocyte Development as part of acquired immunity
• Lymphocytes arise from stem cells in the bone marrow

• In acquired immunity, lymphocytes provide
specific defenses against infection
• Acquired immunity is the body’s second major
kind of defense – it involves the activity of
lymphocytes

• Newly formed lymphocytes are all alike but they later develop
into B cells or T cells, depending on where they continue their
maturation
Bone marrow

Lymphoid
stem cell

Thymus

primary
lymphoid organ

T cell

B cell

Blood, lymph, and lymphoid tissues
(lymph nodes, spleen, and others)

secondary
lymphoid organ
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T cells
or T lymphocytes belong to a group of white blood cells known as lymphocytes, and play a central role in cell-mediated immunity. They can be distinguished from other lymphocytes, such as B cells
and natural killer cells (NK cells), by the presence of a T-cell receptor (TCR) on the cell surface. They are called T cells because they mature in the thymus. There are several subsets of T cells,
each with a distinct function.

T cells
d

Types
Helper
T helper cell (TH cells) assist other white blood cells in immunologic processes, including maturation of B cells into plasma cells and memory B cells, and activation of cytotoxic T cells and
macrophages. These cells are also known as CD4+ T cells because they express the CD4 glycoprotein on their surface. Helper T cells become activated when they are presented with peptide
antigens by MHC class II molecules, which are expressed on the surface of antigen presenting cells (APCs). Once activated, they divide rapidly and secrete small proteins called cytokines that
regulate or assist in the active immune response. These cells can differentiate into one of several subtypes, including TH1, TH2, TH3, TH17, or TFH, which secrete different cytokines to facilitate a
different type of immune response. Signalling from the APC directs T cells into particular subtypes.
Cytotoxic
Cytotoxic T cells (TC cells, or CTLs) destroy virally infected cells and tumor cells, and are also implicated in transplant rejection. These cells are also known as CD8+ T cells since they express the
CD8 glycoprotein at their surface. These cells recognize their targets by binding to antigen associated with MHC class I, which is present on the surface of all nucleated cells. Through IL-10,
adenosine and other molecules secreted by regulatory T cells, the CD8+ cells can be inactivated to an anergic state, which prevent autoimmune diseases such as experimental autoimmune
encephalomyelitis.
Memory
Memory T cells are a subset of antigen-specific T cells that persist long-term after an infection has resolved. They quickly expand to large numbers of effector T cells upon re-exposure to their
cognate antigen, thus providing the immune system with "memory" against past infections. Memory T cells comprise two subtypes: central memory T cells (TCM cells) and effector memory T cells
(TEM cells). Memory cells may be either CD4+ or CD8+. Memory T cells typically express the cell surface protein CD45RO.
Regulatory
Regulatory T cells (Treg cells), formerly known as suppressor T cells, are crucial for the maintenance of immunological tolerance. Their major role is to shut down T cell-mediated immunity toward
the end of an immune reaction and to suppress auto-reactive T cells that escaped the process of negative selection in the thymus.
Two major classes of CD4+ Treg cells have been described — naturally occurring Treg cells and adaptive Treg cells.
Naturally occurring Treg cells (also known as CD4+CD25+FoxP3+ Treg cells) arise in the thymus and have been linked to interactions between developing T cells with both myeloid (CD11c+) and
plasmacytoid (CD123+) dendritic cells that have been activated with TSLP. Naturally occurring Treg cells can be distinguished from other T cells by the presence of an intracellular molecule called
FoxP3. Mutations of the FOXP3 gene can prevent regulatory T cell development, causing the fatal autoimmune disease IPEX.
Adaptive Treg cells (also known as Tr1 cells or Th3 cells) may originate during a normal immune response.
Natural killer
Natural killer T cells (NKT cells – not to be confused with natural killer cells of the innate immune system) bridge the adaptive immune system with the innate immune system. Unlike conventional T
cells that recognize peptide antigens presented by major histocompatibility complex (MHC) molecules, NKT cells recognize glycolipid antigen presented by a molecule called CD1d. Once activated,
these cells can perform functions ascribed to both Th and Tc cells (i.e., cytokine production and release of cytolytic/cell killing molecules). They are also able to recognize and eliminate some tumor
cells and cells infected with herpes viruses.[citation needed]
Mucosal associated invariant
Mucosal associated invariant T cells (MAITs) are a special type of T cell.[citation needed]
γδ
γδ T cells (gamma delta T cells) represent a small subset of T cells that possess a distinct T cell receptor (TCR) on their surface. A majority of T cells have a TCR composed of two glycoprotein
chains called α- and β- TCR chains. However, in γδ T cells, the TCR is made up of one γ-chain and one δ-chain. This group of T cells is much less common in humans and mice( ~2% of Total T
cells); and are found in the highest abundance in the gut mucosa, within a population of lymphocytes known as intraepithelial lymphocytes (IELs). In rabbits, sheep, and chickens the number of
gamma delta T cells can be as high as 60% of total T cells. The antigenic molecules that activate γδ T cells are still widely unknown. However, γδ T cells are not MHC restricted and seem to be
able to recognize whole proteins rather than requiring peptides to be presented by MHC molecules on antigen presenting cells. Some murine γδ T cells recognize MHC class IB molecules though.
Human Vγ9/Vδ2 T cells, which constitute the major γδ T cell population in peripheral blood, are unique in that they specifically and rapidly respond to a set of non-peptidic phosphorylated
isoprenoid precursors, collectively named phosphoantigens. Phosphoantigens are produced by virtually all living cells. The most common phosphoantigens from animal and human cells (including
cancer cells) are isopentenyl pyrophosphate (IPP) and its isomer dimethylallyl pyrophosphate (DMAPP). Many microbes produce the highly active compound hydroxy-DMAPP (HMB-PP) and
corresponding mononucleotide conjugates, in addition to IPP and DMAPP. Plant cells produce both types of phosphoantigens. Drugs activating human Vγ9/Vδ2 T cells comprise synthetic
phosphoantigens and aminobisphosphonates, which up-regulate endogenous IPP/DMAPP.

T cells

T Cell Receptors for Antigens and the Role of the MHC
• Each T cell receptor consists of two different polypeptide chains

Th1/Th2 Model for helper T cells. An antigen is ingested and processed by an APC. It presents
fragments from it to T cells. The upper, Th0, is a T helper cell. The fragment is presented to it by
MHC2. IFN-γ, interferon γ; TGF-β, transforming growth factor β; mø, macrophage; IL-2, interleukin
2; IL-4, interleukin 4

Antigen- T cells bind to small fragments
Binding site
of antigens that are bound to
normal cell-surface proteins
Variable
regions
called MHC molecules.
V
V
- MHC molecules are encoded by
a family of genes called the major Constant
regions
C C
histocompatibility complex.
Transmembrane
- Infected cells produce MHC
region
molecules which bind to antigen
fragments and then are
transported to the cell surface in Plasma
b chain
a chain
membrane
a process called antigen
Disulfide bridge
Cytoplasm of T cell
presentation.
A T cell receptor consists of
- A nearby T cell can then detect
one a chain and one b chain
the antigen fragment displayed
linked by a disulfide bridge.
on the cell’s surface.

T cell
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T cells

T cells

• Class II MHC molecules, located mainly on
dendritic cells, macrophages, and B cells display
antigens to helper T cells

• Depending on their source peptide antigens are handled
by different classes of MHC molecules
• Class I MHC
molecules, found on
almost all nucleated
cells of the body
display peptide
antigens to cytotoxic
T cells

Antigen
fragment
1

1

1 A fragment of
foreign protein
(antigen) inside the
cell associates with
an MHC molecule
and is transported
to the cell surface.

A fragment of foreign protein
(antigen) inside the cell
associates with an MHC
molecule and is transported
to the cell surface.

Antigen
fragment

1

Class I MHC
molecule
T cell
receptor

2

2

2 The combination of
MHC molecule and
antigen is recognized
by a T cell, alerting it
to the infection.

Figure 43.9b

general overview of T (CD4/CD8) cell activation
Tc

•
•
•

Class II MHC
molecule
T cell
receptor

2

The combination of MHC
molecule and antigen is
recognized by a T cell,
alerting it to the infection.

(a) Cytotoxic T cell

Th1/Th2

Antigenpresenting
cell

Microbe
Infected cell

Helper T cell

(b)

Helper T cells produce CD4, a surface protein that enhances their binding
to class II MHC molecule–antigen complexes on antigen-presenting cells
Activation of the helper T cell then occurs
Activated helper T cells secrete several different cytokines that stimulate
other lymphocytes

• The role of helper T cells in acquired immunity
1 After a dendritic cell engulfs and degrades a bacterium, it displays
bacterial antigen fragments (peptides) complexed with a class II
MHC molecule on the cell surface. A specific helper T cell binds
to the displayed complex via its TCR with the aid of CD4. This
interaction promotes secretion of cytokines by the dendritic cell.

Helper T Cells:
A Response to Nearly
All Antigens

Cytotoxic T cell
Dendritic
cell
Bacterium

Peptide antigen
Class II MHC
molecule

Helper T cell

Cell-mediated
immunity
(attack on
infected cells)

TCR
2

3

1 CD4
Dendritic
cell

Antigen presentation stimulates T cells to become either "cytotoxic" CD8+ cells
or "helper" CD4+ cells.

Cytokines
2 Proliferation of the T cell, stimulated
by cytokines from both the dendritic
cell and the T cell itself, gives rise to
a clone of activated helper T cells
(not shown), all with receptors for the
same MHC–antigen complex.

B cell

Humoral
immunity
(secretion of
antibodies by
plasma cells)

3 The cells in this clone
secrete other cytokines
that help activate B cells
and cytotoxic T cells.
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Cytotoxic T Cells: A Response to Infected Cells and
Cancer Cells
• Cytotoxic T cells make CD8, which is a surface protein that
greatly enhances the interaction between a target cell and a
cytotoxic T cell
• Cytotoxic T cells bind to infected cells, cancer cells, and
transplanted tissues
• Binding to a class I MHC complex on an infected body cell
activates a cytotoxic T cell and differentiates it into an active
killer

Activation of cytotoxic T cells

• The activated cytotoxic T cell secretes proteins that
destroy the infected target cell
2

1

A specific cytotoxic T cell binds to a
class I MHC–antigen complex on a
target cell via its TCR with the aid of
CD8. This interaction, along with
cytokines from helper T cells, leads
to the activation of the cytotoxic cell.
Cytotoxic T cell

3

The activated T cell releases
perforin molecules, which form
pores in the target cell
membrane, and proteolytic
enzymes (granzymes), which
enter the target cell by
endocytosis.

The granzymes initiate apoptosis
within the target cells, leading to
fragmentation of the nucleus, release
of small apoptotic bodies, and
eventual cell death. The released
cytotoxic T cell can attack other target
cells.
Released
cytotoxic
T cell

Perforin

Cancer
cell
Granzymes
1 TCR

3

CD8
2

Class I MHC
molecule

Target
cell

infected cells, cancer cells,
and transplanted tissues

Peptide
antigen

Apoptotic
target cell

Pore

Cytotoxic
T cell
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Dendritic Cells
DCs are highly efficient antigen-presenting cells that are central
to the induction and regulation of most adaptive immune
responses. Their specialized capacities for acquiring,
processing, retaining, and finally presenting peptides on major
histocompatibility complex (MHC) molecules are critical
properties that account in part for their superior role in antigen
presentation. Unlike other antigen-presenting cells, DCs are
specialized for homing efficiently to the T cell zones of lymphoid
organs (LNs) for optimal interactions with T lymphocytes. Their
migratory capacity distinguishes them from macrophages.

Plasmacytoid Dendritic Cells (pDCs): pDCs represent a small
subset of DCs that share a similar origin with, but a different life
cycle than, cDCs. They accumulate mainly in the blood and
lymphoid tissues and enter the lymph nodes (LNs) through the
blood circulation. pDCs express low levels of major
histocompatibility complex class II (MHC-II) and costimulatory
molecules and low levels of the integrin CD11c in the steady
state. They also express a narrow range of pattern-recognition
receptors (PRRs) that include Toll-like receptors (TLRs) 7 and
9. Upon recognition of foreign nucleic acids, they produce
massive amounts of type I IFN (alpha and beta) (to activate
other immune cells e.g. to enhance MHCI) and acquire the
capacity to present foreign antigens. Upon exposure to viral
stimuli, the cells produce enormous amounts of interferon (IFN)α. Importantly, these cells also differentiate upon stimulation into
immunogenic DCs that can prime T cells against viral antigens.

Classical Dendritic Cells (cDCs) refer to all DCs other than
pDCs. cDCs form a small subset of tissue hematopoietic cells that
populate most lymphoid and non-lymphoid tissues. They exist as
CD8+ or CD8- cells. cDCs have an enhanced ability to sense tissue
injuries, capture environmental- and cell-associated antigens, and
process and present phagocytosed antigens to T lymphocytes.
Through these processes, cDCs induce immunity to any foreign
antigens that breach the tissues and enforce tolerance to selfantigens. cDCs have a unique potential to perform these functions
because of a few key attributes:
1. Their critical location in non-lymphoid tissues and in the spleen
marginal zone in the steady state, where they constantly acquire
tissue and blood antigens.
2. Their superior antigen processing and presentation machinery.
3. A superior ability to migrate loaded with tissue antigens to the T
cell zone of LNs in the steady state and inflamed state.
4. A superior ability to prime naive T cell responses.

Dendritic Cells : Center of the “Immuniverse”
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How can we use Dendritic Cells as therapeutic
Vaccines?

Successful Therapeutic Vaccination
In a Patient with Metastatic Colon Cancer

• Methods
- obtain DC from patient
blood

- Load DC with tumor
components

- Return DC to patients

• Humoral and cell-mediated The roles of the major participants
immunity defend against
in the acquired immune response
different types of threats
Cell-mediated immune response

Humoral immune response

• Acquired immunity includes
two branches:
i) the humoral immune
response involves the
activation and clonal
selection of B cells,
resulting in the production
of secreted antibodies,
ii) the cell-mediated immune
response involves the
activation and clonal
selection of cytotoxic T-cells
mammals immature B cells
are formed in bone marrow

First exposure to antigen

Intact antigens

Antigens engulfed and
displayed by dendritic cells

Antigens displayed
by infected cells

Activate

Activate

Activate

B cell

Gives rise to

Plasma
cells

Memory
B cells

B Cells: A Response to Extracellular Pathogens

Secreted
cytokines
activate

Helper
T cell

Gives rise to

Active and
memory
helper
T cells

Secrete antibodies that defend against
pathogens and toxins in extracellular fluid

Cytotoxic
T cell

Origin of the term
The abbreviation "B" in B cell originally came from Bursa of Fabricius, an organ
in birds in which avian B cells mature. When it was discovered that in most
mammals immature B cells are formed in bone marrow, the word B cell
continued to be used, although other blood cells also originate from pluripotent
stem cells in the bone marrow. The fact that bone and bursa both start with the
letter 'B' is a coincidence.

Gives rise to

Memory
cytotoxic
T cells

Active
cytotoxic
T cells

Defend against infected cells, cancer
cells, and transplanted tissues
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B Cells produce antibodies that recognize the epitope
of the antigen
• An antigen is any foreign molecule that is specifically
recognized by lymphocytes and elicits a response from them
• A lymphocyte actually recognizes and binds to just a small,
accessible portion of the antigen called an epitope
Antigenbinding
sites

Antibody A

Antigen Recognition by Lymphocytes
• The vertebrate body is populated by two main types of
lymphocytes: B lymphocytes (B cells) and T lymphocytes (T
cells), which circulate through the blood
• The plasma membranes of both B cells
and T cells have about 100,000 antigen receptor that all
recognize the same epitope

B Cell Receptors for Antigens
Epitopes
(antigenic
determinants)

Antigen

Antibody B

• As B and T cells are maturing in the bone and thymus, their
antigen receptors are tested for possible self-reactivity
• Lymphocytes bearing receptors for antigens already present in
the body are destroyed by apoptosis or rendered nonfunctional

Disulfide
bridge
Variable
regions

Light
chain

B cell receptors bind to
specific, intact antigens,
and thus are often called
membrane antibodies or
membrane
immunoglobulins

Constant
regions

C C

Transmembrane
region

Heavy chains

B cell

Plasma
membrane

Cytoplasm of B cell

A B cell receptor consists of two identical heavy
chains and two identical light chains linked by
several disulfide bridges.

Antibody C

Testing and Removal of Self-Reactive Lymphocytes

Antigenbinding site

Antigenbinding
site

• Clonal selection of B cells generates a clone of short-lived
activated effector cells and a clone of long-lived memory
cells
Antigen molecules

B cells that
differ in
antigen
specificity

Antigen molecules
bind to the antigen
receptors of only one
of the three B cells
shown.

Antigen
receptor

Clonal Selection of Lymphocytes

The selected B cell
proliferates, forming
a clone of identical
cells bearing
receptors for the
selecting antigen.

• In a primary immune response, binding of antigen to a
mature lymphocyte induces the lymphocyte’s proliferation
and differentiation, a process called clonal selection
Some proliferating cells
develop into long-lived
memory cells that can
respond rapidly upon
subsequent exposure
to the same antigen.

Some proliferating
cells develop into
short-lived plasma
cells that secrete
antibodies specific
for the antigen.

Antibody
molecules
Clone of memory cells

Clone of plasma cells
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Regulation of B cell development
• In the secondary immune response, memory cells facilitate a
faster, more efficient response
1 Day 1: First
exposure to
antigen A

2 Primary
response to
antigen A
produces antibodies to A

3 Day 28:
Second exposure
to antigen A; first
exposure to
antigen B

4 Secondary response to antigen A produces antibodies
to A; primary response to antigen B produces antibodies to B

Antibody concentration
(arbitrary units)

104
103

102

Antibodies
to A

Antibodies
to B

101

100
0

7

14

21

28

35

42

49

56

Time (days)
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Recognition of antigen by B cells
A critical difference between B cells and T cells is how each lymphocyte
recognizes its antigen. B cells recognize their cognate antigen in its native form.
They recognize free (soluble) antigen in the blood or lymph using their BCR or
membrane bound-immunoglobulin. In contrast, T cells recognize their cognate
antigen in a processed form, as a peptide fragment presented by an antigen
presenting cell's MHC molecule to the T cell receptor.
Activation of B cells
B cell recognition of antigen is not the only element necessary for B cell
activation (a combination of clonal proliferation and terminal differentiation into
plasma cells). B cells that have not been exposed to antigen, also known as
naïve B cells, can be activated in a T cell-dependent or -independent manner.
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Mechanism of action
T cell-dependent
B cell activation

T cell-dependent activation
Once a pathogen is ingested by an antigen-presenting cell such as a macrophage or
dendritic cell, the pathogen's proteins are then digested to peptides and attached to a
class II MHC protein. This complex is then moved to the outside of the cell membrane.
The macrophage is now activated to deliver multiple signals to a specific T cell that
recognizes the peptide presented. The T cell is then stimulated to produce autocrines,
resulting in the proliferation and differentiation to effector and memory T cells. Helper T
cells (i.e. CD4+ T cells) then activate specific B cells through a phenomenon known as
an Immunological synapse. Activated B cells subsequently produce antibodies which
assist in inhibiting pathogens until phagocytes (i.e. macrophages, neutrophils) or the
complement system for example clears the host of the pathogen(s).

B
B

B

T
B
B

B

T cell-independent activation
Many antigens are T cell-independent in that they can deliver both of the signals to the B
cell. Mice without a thymus (nude or athymic mice that do not produce any T cells) can
respond to T independent antigens. Many bacteria have repeating carbohydrate
epitopes that stimulate B cells, by cross-linking the IgM antigen receptors in the B cell,
responding with IgM synthesis in the absence of T cell help. Conjugate vaccines are
made to provide a stronger immune response against these foreign molecules. There
are two types of T cell independent activation; Type 1 T cell-independent (polyclonal)
activation, and type 2 T cell-independent activation (in which macrophages present
several of the same antigen in a way that causes cross-linking of antibodies on the
surface of B cells).

Most antigens are T-dependent, meaning T cell help is required for maximal antibody
production. With a T-dependent antigen, the first signal comes from antigen cross linking
the B cell receptor (BCR) and the second signal comes from co-stimulation provided by
a T cell. T cell-dependent antigens contain proteins that are presented on B cell Class II
MHC to a special subtype of T cell called a Th2 cell. When a B cell processes and
presents the same antigen to the primed Th cell, the T cell secretes cytokines that
activate the B cell. These cytokines trigger B cell proliferation and differentiation into
plasma cells. Isotype switching to IgG, IgA, and IgE and memory cell generation occur in
response to T-dependent antigens. This isotype switching is known as Class Switch
Recombination (CSR). Once this switch has occurred, that particular B cell will usually
no longer make the earlier isotypes, IgM or IgD.

Mechanism of action
T cell-dependent B
cell activation

T cell independent activation type 1 is when a B cell binds to an antigen and receives
secondary activation by toll-like receptors; type 2 is when the antigen is a molecule with
multiple repeating subunits which can simultaneously cross link enough B cell receptors
to fully activate the B cell.
In 2011, it was discovered that immortalized rhesus monkey B cells may be activated by
the binding of monoamine ligands to TAAR1, a recently discovered GPCR. They found
that methamphetamine, a potent TAAR1 agonist, signals PKA and PKC activation
following ligand binding to TAAR1. Although it is largely recognized as an important
regulator of monoaminergic systems, TAAR1 has only recently been characterized as
being important for T cell-independent lymphocyte activation.

T cell-dependent B cell activation, showing a Th2-cell (left), B cell
(right), and several interaction molecules
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Mechanism of action - T cell-dependent B cell activation
• Activation of B cells is aided by cytokines and antigen binding to
helper T cells; the clonal selection of B cells generates antibodysecreting plasma cells, the effector cells of humoral immunity
1 After a macrophage engulfs and degrades

a bacterium, it displays a peptide antigen
complexed with a class II MHC molecule.
A helper T cell that recognizes the displayed
complex is activated with the aid of cytokines
secreted from the macrophage, forming a
clone of activated helper T cells (not shown).

2

A B cell that has taken up and degraded the
same bacterium displays class II MHC–peptide
antigen complexes. An activated helper T cell
bearing receptors specific for the displayed
antigen binds to the B cell. This interaction,
with the aid of cytokines from the T cell,
activates the B cell.

3 The activated B cell proliferates

and differentiates into memory
B cells and antibody-secreting
plasma cells. The secreted
antibodies are specific for the
same bacterial antigen that
initiated the response.

Antibody Classes
• The five major classes
of antibodies, or
immunoglobulins differ
in their distributions and
functions within the body

Bacterium

J chain

Promotes neutralization and agglutination of
antigens; very effective in complement activation
(see Figure 43.19)

Most abundant Ig class in blood; also present in
tissue fluids

IgG
(monomer)

Only Ig class that crosses placenta, thus conferring
passive immunity on fetus

Present in secretions such as tears, saliva, mucus,
and breast milk

IgA
(dimer)

Peptide
antigen

Secretory
component

J chain

Provides localized defense of mucous membranes by
agglutination and neutralization of antigens (see
Figure 43.19)

B cell
2
1

TCR

First Ig class produced after initial exposure to
antigen; then its concentration in the blood declines

Promotes opsonization, neutralization, and agglutination
of antigens; less effective in complement activation than
IgM (see Figure 43.19)

Macrophage

Class II
MHC
molecule

IgM
(pentamer)

3

CD4
Cytokines

Presence in breast milk confers passive immunity on
nursing infant

Secreted antibody
Clone of plasma cells
molecules
Endoplasmic
reticulum of
plasma cell

IgE
(monomer)

IgD
(monomer)

Helper T cell

Activated
helper T cell

Clone of memory
B cells

The Complement System
The complement system helps or “complements” the ability of antibodies and phagocytic
cells to clear pathogens from an organism. It is part of the immune system called the
innate immune system that is not adaptable and does not change over the course of an
individual's lifetime. However, it can be recruited and brought into action by the adaptive
immune system.
The complement system consists of a number of small proteins found in the blood,
generally synthesized by the liver, and normally circulating as inactive precursors (proproteins). When stimulated by one of several triggers, proteases in the system cleave
specific proteins to release cytokines and initiate an amplifying cascade of further
cleavages. The end-result of this activation cascade is massive amplification of the
response and activation of the cell-killing membrane attack complex. Over 25 proteins
and protein fragments make up the complement system, including serum proteins,
serosal proteins, and cell membrane receptors. They account for about 5% of the
globulin fraction of blood serum.

• The five classes of
immunoglobulins

Transmembrane
region

Triggers release from mast cells and basophils of
histamine and other chemicals that cause allergic
reactions (see Figure 43.20)

Present primarily on surface of naive B cells that have
not been exposed to antigens

Acts as antigen receptor in antigen-stimulated
proliferation and differentiation of B cells (clonal
selection)

Functions of The Complement System
The following are the basic functions of the complement:
Opsonization - enhancing phagocytosis of antigens
Chemotaxis - attracting macrophages and neutrophils
Cell Lysis - rupturing membranes of foreign cells
Clumping of antigen-bearing agents

Membrane attack complex
(MAC) causing cell lysis.

Three biochemical pathways activate the complement system: the classical complement
pathway, the alternative complement pathway, and the lectin pathway.
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The Complement System

Antibody-Mediated Disposal of Antigens
•

The binding of antibodies to antigens is also the basis of several antigen
disposal mechanisms; it leads to elimination of microbes by phagocytosis
and complement-mediated lysis
Binding of antibodies to antigens
inactivates antigens by

Viral neutralization
(blocks binding to host)
and opsonization (increases
phagocytosis)

Agglutination of
antigen-bearing particles,
such as microbes

Precipitation of
soluble antigens

Bacteria

Virus

Activation of complement system
and pore formation
Complement
proteins

MAC

Pore
Soluble
antigens

Bacterium

Enhances

Antibodymediated
mechanisms of
antigen
disposal

Phagocytosis

Foreign cell

Leads to
Cell lysis

Macrophage
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• The Allergic Response

Allergies
• Allergies are exaggerated (hypersensitive) responses to
certain antigens called allergens
• In localized allergies, such as hay fever, IgE antibodies
produced after first exposure to an allergen attach to receptors
on mast cells
• The next time the allergen enters the body it binds to mast
cell–associated IgE molecules
• The mast cells then release histamine and other mediators that
cause vascular changes and typical symptoms
• An acute allergic response sometimes leads to
anaphylactic shock - a whole-body, life-threatening reaction
that can occur within seconds of exposure to an allergen

Basophil activation

IgE
Allergen

Histamine

1
3
2

Granule
Mast cell
1 IgE antibodies produced in 2
3
On subsequent exposure to the
Degranulation of the cell,
response to initial exposure
same allergen, IgE molecules
triggered by cross-linking of
to an allergen bind to
attached to a mast cell recogadjacent IgE molecules,
receptors on mast cells.
nize and bind the allergen.
releases histamine and other
chemicals, leading to allergy
symptoms.

Basophil activation

Ag
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Basophil activation: both C3a and C5a have anaphylatoxin
activity, directly triggering degranulation of mast cells /
basophils as well as increasing vascular permeability and smooth
muscle contraction.
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