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. Development of the Dual Lymphocyte System

. Entrance and Processing of Antigens and Clonal
Selection

. Activation of Lymphocytes and Clonal
Expansion

. Products of B Lymphocytes: Antibody Structure
and Functions: Humoral Immunity

. How T cells Respond to Antigen: Cell-Mediated




e Cell receptors or markers confer specificity and
1dentity
Major functions of receptors are

1. to perceive & attach to nonself or foreign
molecules

2. to promote the recognition of self molecules

3. toreceive & transmit chemical messages
among other cells of the system




» As a cell matures, certain genes that encode cell
receptors are transcribed & translated into protein
products with a distinctive shape, specificity and
function.

* Receptor 1s modified & packaged by the
endoplasmic reticulum & Golgi complex.

e It 1s ultimately inserted into the cell membrane,
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* Receptors found on all cells except RBCs

* Also known as human leukocyte antigen
(HLA)

* Plays a role in recognition of self by the
immune system and in rejection of foreign
tissue

* Genes for MHC are located on chromosome 6,
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* (Class I — markers that display unique
characteristics of self molecules & regulation of
Immune reactions

— Required for T lymphocytes

e (Class II — receptors that recognize & react with
foreign antigens. Located primarily on
macrophages & B cells

— Involved in presenting antigen to T cells
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{a) Antigen-Independent Period

1. During development of eary lymphocytes from
stem cells, a given stem cell undergoes rapid cell
division to form numanous progeny.

Lymphocyta

Curing this pencd of cell ditterentiation, rendom
rearrangemants of the genes thal code lor cell
surface protain receplors occur. The result is a
large array of genetcally distinct cells, called
clones, each clone bearing a different receptor that
is spacific to react with only a single typa of foraign
malacule ar antigen.

2. At this same ime, any mphocyte clonas that
devalop a specificity for saif malacules and eouwld
be harmiul are eliminated or deleted from the pool
of divarsity. This is called immune clerance.,

3. The spedificity for a single anfigen molecule is
programmed into the lymphocyte and is set for the
life of a given clone. The end result is an ancrmous
pool of immature or naive lymphocytes that are
ready to further differentiate undar tha influence of

y : ; - certain organs and immune stimuli.
Repertaire af lymphocyle clones, each with unigwe receplor display

by Antigen-Dependent Period
i ' 1 4. Lymphacytes come to populate the lymphatic
J organs, where they will finally encounter antigens.
- ,J.—""" Thasa antigens will become the stimulus for the
L~ mphocytes’ final activaton and immiune functon.

Clonal selection Entry of a spacific antigen salects only the
WF% hymphocyte clone or clones thal camies matching
in fymphatic surface receplars. This will trigger an immune
e responsa, which varnes according to the type of
hmphocyte invclved,

¥ Eniry of

e antigan

Immune responsa
against antigan




mmunoglobulin

Large glycoproteins that serve as specific
receptors of B cells

Composed of 4 polypeptide chains
— 2 1dentical heavy chains
— 2 1dentical light chains

Y shaped
Variable regions
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* Immunoglobulin genes lie on 3 different
chromosomes

e Undifferentiated lymphocyte has 150 different
genes for the variable region of light chains & 250
for the variable region and diversity region of the
heavy chain

* During development, recombination causes only
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* Once synthesized, immunoglobulin 1s
transported to cell membrane & inserted
there to act as a receptor

 First receptor on most B cells 1s a small
form of IgM & mature B cells carry IgD
receptors




* Formed by genetic recombination, having
variable and constant regions

» 2 parallel polypeptide chains

« Small, without humoral functions
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Lymphocyte System

 Starting in the embryonic & fetal stages,
stem cells 1n the yolk sac, liver, and bone
marrow release immature lymphocytes into

the circulation

 These undifferentiated cells must mature to
be able to react to antigen

* Maturation occurs differently for B and T
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* Directed by bone marrow sites that harbor
stromal cells, which nurture the lymphocyte
stem cells & provide hormonal signals

» Millions of distinct B cells develop & home
to specific sites 1n the lymph nodes, spleen,
and GALT where they come into contact
with antigens throughout life




e Maturation 1s directed by the thymus gland
and 1ts hormones

7 classes of T-cell receptors termed CD
cluster

e Mature T cells migrate to lymphoid organs
and occupy specific sites




Entrance and Processing of
Antigens and Clonal Selection



substance that provokes an immune response in
specific lymphocytes

perceived as foreign, not a normal constituent of the
body

Foreign cells & large complex molecules over 10,000
MW are most antigenic

Foreign molecules less than 1,000 MW (haptens) are
not antigenic unless attached to a larger carrier

Antigenic determinant, epitope — small molecular
group that 1s recognized by lymphocytes. An antigen
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Antigen Binding by
Antibodies

Video
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e T-cell dependent antigens must be processed by
phagocytes called antigen presenting cells (APC).

 An APC alters the antigen and attaches it to 1its MHC
receptor.

* Antigen presentation involves a direct collaboration

among an APC, a T helper cell and an antigen-specific
B or T cell.

* Interleukin -1 1s secreted by APC to activate Ty, cells

* Interleukin-2 1s produced by Ty, to activate B & other
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1. APCs are found In large numbers in lymphatic
lissugs, whare they frequently encounter complex
anfigens such as microbes, APCs engulf the

,_,.MHG Il recaptor microbas, 1ake tham into intracellular vesicles, and
- | —B7 recapior

dagrada them nto smaller, simpler peplides.

2. Tha antigen paplides ane transportad 1o the APC
membrana where they are bound 1o the MHC |1
receptor (inset A). From this favorable location tha
antigens ane readily presented o a helper T eell,
which iz specific for the anligen being presenied,

g Activated T helper cell

i = L

3, The APC and T cell cooperate in the formation of a receplor
complex thal tiggers T-cell activation (inset B). First the
MHC ll=antigen on the APC binds 1o the T-cell receplor. Next. a
coracapior on the T call (CD4) hooks itself 1o a position on the
MHC Il receplor, This combination ensures the simullansous
recagnition of the antigen (nonself) and the MHC receptor (self).

. An additonal molecular connection s mads between two othar

coracapiors: BY on tha APC binds to G028 on tha T cell. Tha
sum total of thesa stimuli provides a signal that is relayed to the
T-cell ganetic material, thus activating the T helper cell, The
activated T cell is stimulated o divide, 1o form a cytokine,
interoukin 2, and to assest othoer whate blood cells such as

B cells and macrophages in their funclions.




Activation of Lymphocytes and
Clonal Expansion

Video
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* Once B cells process the Ag, interact with
Ty cells and are stimulated by growth and
differentiation factors, they enter the cell
cycle 1n preparation for mitosis and clonal
expansion. Video

* Divisions give rise to plasma cells that
secrete antibodies and memory cells that
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e Immunoglobulins

* A large Y-shaped protein
* Consists of 4 polypeptide chains

* Contains 2 1dentical fragments (Fab) with
ends that bind to specific antigen

 Fc binds to self
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Opsonization

Neutralization

Agglutination

Complement fixation
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* Primary response — after first exposure to an
Ag immune system produces IgM and a
gradual increase in Ab titer

* Secondary response —after second contact
with the same Ag, immune system produces
a more rapid, stronger response due to
memory cells
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"Your problem is in the gene that makes

antibodies, but since the Biophase Corp.

now has a patent on that gene, I can't do
anything for vou."




* Phagocytic actions of macrophages,
monocytes, and neutrophils Video

* Macrophage process antigens and present
them to T cells

» Macrophage recognition by the T cell and
the release interleukins activate and begin
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Macrophage

Video
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1. APCs are found In large numbers in lymphatic
lissugs, whare they frequently encounter complex
anfigens such as microbes, APCs engulf the

,_,.MHG Il recaptor microbas, 1ake tham into intracellular vesicles, and
- | —B7 recapior

dagrada them nto smaller, simpler peplides.

2. Tha antigen paplides ane transportad 1o the APC
membrana where they are bound 1o the MHC |1
receptor (inset A). From this favorable location tha
antigens ane readily presented o a helper T eell,
which iz specific for the anligen being presenied,

g Activated T helper cell
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3, The APC and T cell cooperate in the formation of a receplor
complex thal tiggers T-cell activation (inset B). First the
MHC ll=antigen on the APC binds 1o the T-cell receplor. Next. a
coracapior on the T call (CD4) hooks itself 1o a position on the
MHC Il receplor, This combination ensures the simullansous
recagnition of the antigen (nonself) and the MHC receptor (self).

. An additonal molecular connection s mads between two othar

coracapiors: BY on tha APC binds to G028 on tha T cell. Tha
sum total of thesa stimuli provides a signal that is relayed to the
T-cell ganetic material, thus activating the T helper cell, The
activated T cell is stimulated o divide, 1o form a cytokine,
interoukin 2, and to assest othoer whate blood cells such as

B cells and macrophages in their funclions.




» T cells act directly against Ag and foreign
cells.

» T cells secrete cytokines that act on other
cells.

» Sensitized T cells proliferate into long-
lasting memory T cells.
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1. T helper cells (CD4 or T}) assist other T and B
cells; conductor of immune response

2. Cytotoxic T cells (CD8 or T-) destroy foreign

or abnormal cells by secreting perforins that lyse
cells Video

3. Delayed hypersensitivity cells (T,) responsible
for allergies occurring several hours or days after
contact
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1. T cells dastroy certain microbes and foreign cafls.

2. Tp calls react with allergens and cause a type of hyparsansitivity that damages self.
3. Tg colls limit the actions of B and T calls.

4, Ty cells assistin the actions of B and T colls,
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Natural immunity — acquired as part of normal life
experiences

Artificial immunity - acquired through a medical
procedure such as a vaccine

Active immunity — results when a person 1s
challenged with Ag that stimulates production of
Ab. It creates memory, takes time and 1s lasting

Passive immunity — preformed Ab are donated to
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Acquired Immunity
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MNatural Immunity Artificial Immunity
is acquired through the normal life experiences of is thal produced purposefully through
a human and is not induced through medical means. madical procedures (also called immunization).
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Active Immunity Passive Immunity Active Immunity Passive Immunity
is the consequence of is the conseguence of is the consequence of a is the conseguence
a person developing his ane person receiving person developing his of one person receiving
OWn immune response a performed immunity oWn immune response a performed immunity
to a microbe, made by another parson. to a microbe., made by another person,




Natural active immunity — acquired upon
infection and recovery

Natural passive immunity — acquired by a
child through placenta and breast milk

Artificial active immunity — acquired
through inoculation with a selected Ag

Artificial passive immunity —
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IMMONITY 70 THE SUN'S HARMFUL RAYS,



As each disease 1s finally eradicated, redundant lymphocytes
increasingly find themselves looking for other work.




