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- Constituted mainly by lymphoreticular system

Lymphocytes
Lymphoid ooll<
Plasma cells
Macrophages
Phagocytic ooll¢<
Microphages ( PMNs)
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Central or Primary

- Provide the appropriate
microenvironment for
development and maturation

of lymphocytes

Thymus

< Bone Marrow

Peripheral or Secondary

- Sites where mature lymphocytes
interact effectively with the
antigens.

Spleen
Lymph nodes

MALT




Lymphoid Qrgans

In primary lymphoid organs
!
Precursor lymphocytes proliferate, develop,
acquire immunological capacity

l
migrate along blood and lymph stream

!
accumulate in peripheral lymphoid organs

|

effect appropriate immune response on
encounter with antigens
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Functions : -

O Defense
0 Homeostasis
O Surveillance
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O Primary lymphoid organs-maturation

of lymphocytes.

Q Secondary lymphoid organs- trap
antigens & provide sites for mature
lymphocytes to interact with that
antigen.

Q Tertiary lymphoid tissues- cutaneous
associated lymphoid tissues.

Major lymphoid organs and tissues

primary lymphoid secondary lymphoid organs
organs and tissues

Waldeyer's ring
{tonsils and adenoids)

bronchus-associated
lymphoid tissue

lymphoid nodules

mesenteric lymph

Peyer's patch

urogenital
lymphoid tissue




O Immature lymphocytes generated in bone

marrow mature, becomes specific for a
particular antigen in central lymphoid organs.

0 Such educated cells are immunocompetent
cells.

% T cells arise in thymus .
% B cells in bone marrow.
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0 Functions:

> Production of thymic
lymphocytes.

> Major site of lymphocyte
proliferation.

> Thymus (T) dépendent

lymphocytes or T cells —
immunocompetent.

> Important in development
of CMI.

O Thymus dependent areas of
peripheral phoid organs

< White pulp of spleen.

< Paracortical areas of lymph node.

B Effects of thymectomy or congenital
thymic aplasia:
@ deficient CMI (Di George syndrome)

@ increased chance of getting infectious
diseases

e diminish antibody response towards
thymus dependent antigens.
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0 All lymphocytes originate in bone marrow.
O T lymphocytes develop in thymus.
0 B lymphocytes develop in bone marrow itself.

(In birds, bursa of Fabricius — primary site
associated with B cell maturation)

14 @w »




N

il Peripheral Lymphoid Organs

B-cell activation Afferent
Ilymphatic
vesscels

Paracortex
Initial T-cell
and B-cell
activation

proliferation
and
differentiation

Cortex

Secondary follicle

- Medulla
Efferent — -
lymphatic Plasma-cell secretion
vesael of antibody




Lymph Node

U Placed along the course [ Histology:

of lymphatic vessels. & Macrophages &

0 Phagocytose foreign dendritic cell$a
materials including
microorganisms % cortex & paracortex
especially from local % T helper cells-
tissues. paracortex

O Help in the proliferation & g cells— cortex

and circulation of T&B
cells. < Plasma cells— medulla
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O Largest lymphoid organ

0 Major role in mounting immune response to Ag in
blood stream

0 Specialises in filtering blood & trapping blood borne
antigens

0 Respond to systemic infections
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MALT GALT- Lymphoid tissues

in gut. From adenoids
& tonsils to the

follicles in the colon

BALT- Lymphoid tissues
in respiratory tract.
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O Central cells of the O Functions of other

immune system- WBCs
% LYMPHOCYTES
— They are responsible for: 1. engulf and destroy
1. adaptive immunity. micro organisms
2. immunological aspects
of diversity, specificity, 2. present antigens.
memory & self / nonself
recognition. 3. secrete cytokines.
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20 — 40 % of leukocyte
population.

@99% of the cells of lymph.

eMajor cells involved in
immune response

Lymphocytes

Lymphocytes

g

Small Medium Large Tcells Bcells Nullcells
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0 Effector cells
% eliminate antigens
< short lived

O Memory cells

< store house for
immunological memory

% long lived
% life long immunity to
many pathogens

0 Lymphopoiesis in:

>
>
>
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Bone marrow
Central lymphoid organs
Peripheral lymphoid

organs




0 Constant traffic of lymphocytes through blood, lymph &
lymphatic organs

0 Ensures adequate lymphocytes reach the site of
antigenic invasion

0 Completes one cycle of recirculation in 1— 2 days

O Mainly T cells
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Immunocompetent Cells |

O Lymphocytes educated by Surface markers
central lymphoid organs O Reflect various stages of
maturation & differentiation of
O Stimulated T cells produce lymphocytes & other leucocytes
lymphokines 8 Each surface marker given a CD

(Cluster of Differentiation) number

O Stimulated B cells divide &
transform into plasma cells CD4- HelperT cells
which SyntheSize antibodies CD 8- Suppressor T cells or

Cytotoxic T cells
CD 19- Bcells

CD16 — natural killer cells
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Cytotoxic (Killer) T-Cells (CD8 cells)

* Respond to presence of antigens and
lymphokines produced by CD4 cells

* Seek out, bind to, and destroy:
— Cells infected by viruses

— Some tumor cells
— Cells of tissue transplants

e Can deliver lethal hits on multiple cells in
sequence



Suppressor T-Cells (CD8 cells)

 Produce interleukines that inhibit
oroliferation of B and T cells

* Downregulate or dampen immune
response



Memory T-Cells

* Have previously encountered specific
antigens

* Respond in enhanced fashion on
subsequent exposures

* Induce secondary immune response



Antigen Recognition by T Cells

Specific T cell receptor

T cells are MHC restricted; only recognize
antigen and MHC protein

T-helper cells (CD4) recognize processed
antigen and piece of self (MHC II)

Cytotoxic T cells (CD8) recognize
processed antigen and nonself (MHC I)



Distinguishing Features of T
5 jcells, B cells & Macrophages

CD3 Receptor

1
ﬂgx

Thymus specific Ag + - -
S RBC Rosette + - -
Human thymus-derived lymphocytes have the ability to form rosettes with sheep red blood cells (SRBC) in vitro.
Surface lg - + -
EAC Rosette - + -

Erythrocytes (E) coated with antibody (A) and complement (C) are incubated with test cells; if the test cells have
complement receptors, the EAC will adhere to these cells, forming rosettes.

Phagocytic Action - - +




T = Cell Maturation

L CD4 cells = MHC Il Restriction - TWO types — TH1
& TH2. TH1 - secrete y interferon & IL — 2 , which
activate macrophages & T cells promoting CMI. TH2
—secreteIL—-4,IL-5, IL — 6 = stimulate B cells to

form Abs.

0 CD8 cells = MHC | Restriction — can Kkill & lyse
target cells carrying new or foreign Ags = down
regulate immune response.
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lymphoid pro-B-cell immature
stem cell (progenitor) cell B cell

cytoplasmic
+

activated/blast memory
B cell B cell (AFC)

mature
B cell

antigen >

cytoplasmic
Iig*

surface
Gt/IgA*

surface
M+, IgD-

surface
igM*, IgD*




Plasma cell

Q Antibody secreting cell
=  Twice the size of a small lymphocyte

= Eccentric nucleus with a cartwheel
appearance

= Large cytoplasm with abundant ER

Q) Makes Ab of a

* single specificity

* single Ig class &

e single light chain only.

Q) End cells with a short life span of 2 - 3 days.
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Null Cells

O 5-10% of lymphocytes.

° Do not express membrane molecules.

o [Lack features of both T cells and B cells.
 Known as Large Granular Lymphocytes (LGL)

0 Members:

o Natural killer cells

o Antibody dependent cytotoxic cells
° Lymphokine activated killer cells
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Natural Killer Cells

NKK cells

O Cytotoxic towards malignant &
% virus infected cells

< Natural or non immune

% Destroy cells by apoptosis

< Active in severe combined
immunodeficiency diseases

O Important cells in:
= immune surveillance & natural defense
= against virus infected & malignant cells.

AP{GI




Macrophages

Mononuclear phagocytes

—

Monocytes Macrophages

AB{GI




Monocytes

Largest of lymphoid
cells in peripheral
blood

Originate in bone
marrow

Half life of 3 days

Transform into
macrophages in
various tissues

Tissue macrophages
Larger than monocytes
Survive for months

Major antigen presenting
cells

Activated by lymphokines,
interferons etc

Primary function -
phagocytosis

Secrete various biologically
active substances
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Functions of Phagocytic Leukocytes
(mono, MP and PMN)

Localization and Removal of Foreign Substances
(Inflammation and wound healing)

-Chemotaxis: directed migration to site of injury;
chemical mediators (chemotactic factors)

-Phagocytosis: ingestion of foreign substances
-Metabolic destruction: digestion and killing
Oxygen-dependent (MPO, ROI, RNI)

Oxygen-independent (cationic proteins,
lysozyme, TNF, porphorins



Phagocytosis Steps

Step 1: The phagocytes get activated by the presence of certain particles
around them. As soon as they detect a foreign particle, the phagocytes
produce surface glycoprotein receptors, that increase their ability to
adhere to the surface of the particle.

Step 2: The phagocyte slowly attaches to the surface of the foreign
particle. The cell membrane of the phagocyte begins to expand and
forms a cone around the foreign particle.

Step 3: The cell membrane surrounds the foreign particle from all sides
to create a vacuole, known as phagosome or food vacuole. The
phagosome is then passed into the cell for absorption.

Step 4: Lysosomes are cell structures, that are specialized in digesting
the particles that enter the cell through the cell membrane. The
lysosomes break the food vacuole or phagosome, into its component
materials. The cell creates a peroxisome, a special structure that helps
the body to get rid of the toxins.



Antigen Processing

Phagocytosis of antigen
Partial degradation or unfolding
Binding to MHC |l (1a) proteins

Re-expression of processed antigen on
cell surface

Presentation to T-helper cells



Antigen Processing and
Presentation

Ingestion of antigen Peptide

Processing of Ag

Epitope displayed on MH



Immune Functions of Macrophages

* Antigen processing and presentation
* Tumor Cytotoxicity

* Tumor Surveillance



O Antigen presenting cells

O Pleomorphic, have long
needle like processes

Q) Present in blood &
peripheral lymphoid organs

O Little or no phagocytic il aandl®
activity el dendritic cell  dendritc <o




Major Histocompatibility Complex

Class | MHC: expressed on all somatic cells and on
cytotoxic T cells ; classic “transplantation antigens”;
determines histocompatibility acceptance or rejection of
allograft

Class Il MHC: expressed on immune cells (B,T,
macrophages, thymus epithelium); immune associated
(1,) antigens; important in immune regulation, cell-cell
communication

Class Il MHC: complement



O History
= Name histocompatibility complex = because of its
discovery based on transplantation experiments.

= Human MHC antigens are found on surface of leucocytes
hence synonymous with Human Leukocyte Antigens (HLA) &
MHC complex of genes with the HLA complex.




- HLA complex of genes located on short arm of chromosome 6.

- Itis comprised of three separate clusters of genes:
1. HLACclass | A,B & C loci.

2. Class ll or D region * DR DQ & DP loci.

3. Class lll or the complement region genes for
complement components C2 & C4 of the classical
pathway, properdin factor B of alternative pathway, heat
shock proteins, tumor necrosis factors C.




—
—

MHC class | molecule

e —

HLA Molecu

les

MHC class Il molecule

peptide-binding
groove

o

B2~
microglobulin

peptide-binding
_groove
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Immunity means protection from disease and especially
Infectious disease.

Cells and molecules involved in such protection constitute
the Immune system.

Response to introduction of a foreign agent is known as the
Immune response.

Some foreign agents, such as the allergens found in house
dust mite, cat dander or rye grass pollen, cause disease.
Some individuals mount immune responses to their own
tissues as If they were foreign agents. Thus, the iImmune
response can cause the autoimmune diseases common to
man such as multiple sclerosis, diabetes, rheumatoid
arthritis or myasthenia gravis. Most individuals do not suffer
from autoimmune disease because they have developed
tolerance towards their own (self) tissues.



Functions of the Immune System

e Defense
e Homeostasis

e Surveillance



The normal Individual has two levels of defence
against foreign agents.

The first type Is named natural or innate immunity.
This type of iImmunity is sometimes referred to as non-
specific but broadly specific.

The second type of iImmunity is adaptive or acquired
Immunity and Is confined to vertebrates.



INNATE IMMUNITY

PHYSICAL CELLS CHEMICAL
BARRIERS granulocytes, BARRIERS
Skin, mucous monocytes, pH, lipids, enzymes
membrane macrophages
ACQUIRED IMMUNITY
HUMORAL CELL MEDIATED

; l
B cells ™~ Q 2 T cells
|

antibodies Interleukines



Physical barriers are the first line of defense against infection. The
skin and mucous membranes provide a continous surface which must
be breached and back this up with mechanical protection through cilia
and mucous.

Physiological factors such as pH, temperature and oxygen tension
limit microbial growth. The acid environment of the stomach combined
with microbial competion from the commensal flora inhibits gut infection.
Protein secretions into external body fluids such as lysozyme also help
resist invasion. Soluble factors within the body such as complement,
Interferons and collectins and other "broadly specific" molecules such
as C-reactive protein are of considerable importance in protection
against infection.

Phagocytic cells are critical in the defense against bacterial and simple
eukaryotic pathogens.

Macrophages and Polymorphonuclear leucocytes (PMN) can
recognise bacterial and yeast cell walls through broadly specific
receptors (usually for carbohydrate structures) and this recognition IS
greatly enhanced by activated complement (opsonin).



Cell Mediated Immunity

 Mediated by T lymphocytes which release soluble
mediators (interleukines)

 Important in host defense against viruses, certain
bacteria, fungi, transplant rejection and tumor
surveillance; Type IV (delayed type) hypersensitivity
(DTH) reactions

T Cells: derived from precursor cells in bone marrow;
mature in thymus; become educated



Antigens

Substance recognized as “foreign”

Hapten: foreign substance that binds antibody; does not
elicit immune response

Immunogen: foreign substance that binds antigen and
elicits immune response

Carrier: large protein
Hapten + Carrier = Immunogen
Epitope: part of antigen that is recognized by antibody

Immunodominant site: epitopes that are more highly
charged or more accessible



Macrophage

Activation of T Cells

processed +— MHC II
antigen (ﬁ

T cell >

receptor CD4+

Stlmulatory cytokines

G
.,
e
e

Y Yot

el )&

m \epitope
. CD8+

Cytotoxic lym



Humoral Immunity

Mediated by B lymphocytes which produce
antibodies or immunoglobulins (Ig) in
response to antigen challenge

Antibodies: glycoproteins; selective, highly
specific; found in y—globulin fraction of serum
(humoral=blood)

Five Classes: physical, chemical and antigenic
differences



Classes of Antibodies

IgM: primary immune response (7%); Type I
hypersensitivity reaction; immune complexes; B cell
receptor

IgG: secondary immune response, B memory cells
(70%)

IgA: external secretions, produced locally against
bacteria and viruses (15%)

IE:  Type | hypersensitivity reactions, minute
amounts

IgD: umbilical cord blood, primitive recognition or
regulation; B cell receptor



Antibody Structure

N-terminus Fab Variable region
Fab \ / antigen binding site
SS
Light ChaN /
€rnneianie papain (2 Fab fragments)
Heavy chain| __
€= n10nnnnsnnnnannaRRERR pepsin ( 1 Fab fragment)
C-terminus
Fc

Cellular binding site

Interchain disulfide bonds stabilize domain structure
which is tied to Ig function; differences in Ig
molecular weight due to differences in heavy chains



Immune Response: B Cells

Antibody i Clonal i Maturation/
triggering : Proliferation : Differentiation

small B

B cell Large —|> lymphoblast "

B cells
A

)
Antigen

Small
B cell




Kinetics of Antibody Production

* Primary immune response:

 Secondary immune response and
— Shorter lag
— Higher levels of specific 1gG produced
— Steady state level persists longer
— lgG predominates

— Quantitative difference between primary and
secondary immune response due to increase in the
number of potentially reactive B cells

— Adjuvants: IgG produced after primary response;
secondary IgG response sustained



Antibody titer in serum
(arbitrary units)

Kinetics of Antibody Production

Primary response Secondary response
A A\
/ ki \
1000
igG
100
Initial Second
10 éxposure exposure
to antigen to antigen IgM
1
14 21 28 35 42 49 56

Time (days)



The first encounter with an antigen is known as the primary response. Re-
encounter with the same antigen causes a secondary response that is more rapid
and powerful.

Immunoglobulin molecule which, when secreted by the B cell, is known as an
antibody

Antibodies work in three ways.

Neutralisation. blocking the biological activity of their target molecule e.g a toxin
binding to it's receptor

Opsonisation. interact with special receptors on various cells, including
macrophages, neutrophils, basophils and mast cells allowing them to "recognise”
and respond to the antigen

Complement Activation. cause direct lysis by complement complement
recruitment also enhances phagocytosis

Neutralisation Opsonisation Complement
activation
A A A
<> <
Y Y

/ l/ 1
o Z%8 W TN



Summary of the phases of the immune response

Immediate Early Late
0-4hrs 4-96hrs >96hrs
Type Innate Innate (inducible) Specific
Key molecules Complement Complement IgM and IgG antibody
Histamine etc  IL-1,TNFalpha,IL12 IL2,IL4,1L12,IFNgamma
IFNalpha/beta
MBP, CRP
Key cells Macrophages Macrophages T cells
Mast cells Neutrophils B cells

Neutrophils NK cells Macrophages



Cytokines and NK cells combine to
provide early defense against virus infections

TNFa T cell killing
IL12 NK cell antibody
killing
IFN
virus titre

1 2 3 4 5 6 7 8 9
time after viral infection (days)



Summary of Immunity to different types of pathogens

class  subclass key immune mechanisms memory? example

Extracellular
bacterial
complement (alternative pathway) No
phagocytesis via innate receptors No
IgM/IgG antibody/ complement (CP)  Yes
IgG/IgM iICHRFR phagocytosis  Yes
helminths

IgG/ADCC (granulocytes+eosinophils)  Yes




Summary of Immunity to different types of pathogens

class subclass key immune mechanisms memory?  example
Intracellular

bacteria +

protozoa activated macrophage (by Mh cells) Mo L ister ia monocy loge nés
activated macrophage (by Tyl cells) Yes Leishmania major
evtotoxic T cell Yes Chlamydia trachomatis

viruses interferon o/ No Infleenza virus
MK cell Killing N Cytomegalovirus
Cytotoxic T cell killing Yes Smallpox ( Variola major

activated macrophage (by Tyl cells)  Yes Herpes Simplex virus
neutralising antibody Yes Infleenza virvs




[ ANTIINFECTIOUS IMMUNITY j

Nonspecific immunity Specific immunity
(innate) (acquired)

\a
* mechanical barrier (skin, i _ » _
\»  mucous membranes) specific passive specific active
- chemical factors (ph) immunity immunity
. system of uninuclear

phagocytes(macrophages)
o NK-cell DataNal natural (afte

r
>, neutrophylies, . (hroudie | the carried j

eozinophyliss, basophylies placenta and infection)

 * Humoral factors milk)
(lysosine,interferones,

Cgﬂ'terg’ci?ﬁ'e)co'e‘?“”r artificial (at, artificial
> immunoglobulins) (vaccination)




IMMUNE STATUS OF ORGANISM

1 lmmune status of organism Is quantitative and
functional descriptions of separate links of the immune
system on the certain stage of development of organism
or on the certain stage of development of disease

two-tier estimation;
-determining the connection of quantitative indexes with
their functional activity;

-determining the connection of immunological
mechanisms with the clinical features of disease;
-account of connection of individual reactivity with
genetic factors;

-comparing of indexes of immune status of organism to
the norm;

-looking after the state of immune status in dynamics




Immunological investigations

!

\‘( anamnesis j ( Laboratory investigations j

. Objective screening Specifying
Inspection

Number of lymphocytes in blood. Mfer_ act. T- & B-Lymph in
abs. & approx. number T- u B-Lymph. reaction blasttransformaton on
Subpopulation of regulatory T- mytogenes or agents.
limphocytes helpers/inductors & T- B-Lymph, carrying surface. Ig
Killers/supressors. IL. TNF-a. CIK.
Serum immunoglobulins Activation of NK-cells.

(I9A, IgM, 19G). Complement titer
@ocytlc activity of leucocytes. Wocyting cell function




Variants of changes of laboratory indexes of immunity

Syndrome

Indexes of immunogramm

Signs of infectious
syndrome

Decline of natural resistance, level of T-cell, IRI<1,5
due to T-helpers, decline of level of V-lymphocytes,
immunoglobulins.

Decline of level of T-cell, IRl >3,5 due to the increase of T-
helpers and decline of T-suppressor-cell, increase of V-

Signs of allergic | lymphocytes and level of IGE, positive tests of
syndrome hypersensitiveness of immediate or slow type.
Decline of level of T-cell, IRI>3,5 due to the considerable
: increase of level of T-helpers and decline of level T-
Signs of :
) suppressor-cell, increase of level of V-lymphocytes,
autoimmune : : : :
Circulatory immune complexes, decline of indexes of
syndrome : 78
phagacytosis and complements, presence of specific
autoantibodies.
Combined mixed changes with approximately equivalent defects .

violations




Immunogram in acute bacterial infection (pneumonia), the patient L., 22 years old

Index Result Rate
Hemoglobin 102 F - 115- 145. M- 132 - 164 g/l
Erythrocytes 3,1 F-3,7-4,7.M-4.0-5.1x1012 /|
Platelets 160 150 - 320x10%/
ESR A2 2-15 mm/h
eukocytes 10,1 4-9x10%/1
Neutrophils Stick-nuclear Segment-  [Eosinophils [Basophils |[MonocytlLymphocytes [Large Plasmocytes
43-71 % 1-4% nuclear 0,5 - 5% 0-1% es 3 25-37% granular 0-1%
2000-6500 80-400 80-370 20-80 9% 1600-3000 [lymphocytes [20-80
90-720 1-5%
80-500
84 $) 75 0 0 7 9 0 0
8480 900 7580 0 0 710 910 0 0
Immunological indexes Result Rate Immunological indexes Result Rate
T- lymph. CD3 % 49 50 - 80 lg G 26,34 3,0-18,0 g\l
The abs. number 446 1000-2200
T-help. CD4 0% 29 33-46 IgM 2,96 0,2-2,0 g\l
The abs. number 263 309-1571
T-suppress. CD8% 21 17-30 g A 5,36 0,3-3,0 g\l
The abs. number [191 282-999
Immune CD4/CD8 1,38 1,4-2,0 CIC 217 30 - 50 IU.
regulatory index density.
NK-cells 0% 25 12-23 Power activity Ph. Index 60 - 80%
CD16 The abs. number 227 72-543 Ph. Value 1,5-3,5
B-lymph. 0% 23 17-31 NBT-test Sspontaneo to 10%
CD22 us
The abs. number 209 109-532 Inductive -




Immunogram during acute viral infection. Patient 26 years old.

Index Result Rate

Hemoglobin 134 F- 115-145. M- 132 - 164 g/l

Erythrocytes 3,9 F —3,7-4,7. M-4,0-5,1x10%?/|

Platelets 270 150 - 320x109/1

ESR 18 2-15 mm/h

eukocytes 10,2 4-9x109/1

Neutrophils |Stick-nuclear Segment-EosinophilsBasophilsiMonocytes [Lymphocytes |Large granular [Plasmocytes

A3-71% |1 -4% nuclear 0,5-5% [0-1% 3-9% 05 -37% lymphocytes  |g- 19

2000-6500 [80-400 80-370  R0-80 [90-720  [1600-3000 [L-°% 20-80

80-500

36 5 31 0 0 11 43 10 0

3670 510 3160 0 0 1120 4390 1020 0

Immunological indexes Result |Rate Immunological indexes Result Rate

T-lymph. CD3p6 60 50 - 80 IgG 19,8 3,0-18,0 g/l
The abs. number 2630 1000-2200

T-help. CD4 b 24 33-46 IgM 3,25 0,2-2,0 g/l
The abs. number [1053 309-1571

T-  uppress. 36 17-30 IgA 2,07 0,3-3,0 g/l

CD8 The abs. number [1580 282-999

Immune CD4/CD8 0,67 1,4-2,0 CIC 65 30 — 50

regulatory IU Density

index

NK-cells &) 29 12-23 Power activity Ph. Index 383 60 - 80%

CD16 The abs. number [1270 72-543 Ph. value 4,2 1,5-3,5

B-lymph. 0% 16 17-31 NBT -test Spontaneous 15 to 10%

CD22 The abs. number 480 109-532 Inductive 32 -
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Oor

Comments



