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Objectives

* Definition of antigens and epitopes

* Types and sources of antigens

* Antigen processing and presentation

* The roles of Major Histocompatibility Complex (MHC)

* Discuss the role of antigen presentation in generating
iImmunity



Definitions
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Definitions

Antigens can be proteins, polysaccharides,
conjugates of lipids with proteins (lipoproteins)
and glycolipids.

*An antigen may be a foreigh substance from the

environment such as chemicals, bacteria, viruses,
or pollen

*An antigen may also be formed within the body,

as with bacterial toxins or tissue cells
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Definitions
high molecular a¢l! 322l 5 2ebise

* Complete Antigen or Immunogen weigh

* Posses antigenic properties denovo, i.e. there are able to
generate an immune response by themselves.
* High molecular weight (more than 10,000)

* May be proteins or polysaccharides

*Incomplete Antigen or Hapten— c="'=zlu-
* These are the foreign substance, usually non-protein
substances protien substance OsS: (3 (Y (Sas

* Unable to induce an immune response by itself, they require
carrier molecule to act as a complete antigen.
e Serum Protein such as Albumin or Globulin.

* Low Molecular Weight (Less than 10,000)



Properties that make molecules more effective
antigens include: effective antigen 43 Sa¥ antigendls o2 s sall (sladll

1.

(naive lymphocyte Sa: AS) di (s 13 antigend! gl (e a3 e puall Jixs forignnessd) (5 Js)
el 0SSz respondd) (< first exposure O sSs Lald

Foreignness: foreignness means substances that
never contact with lymphocytes in embryo period.

Stable molecules, ie, molecules that assume and
maintain a definite shape.

Larger molecules with molecular masses between
5000 and 100,000 daltons. 2o o o e el S e
o1 TESPON:

Molecules that are structurally complex; “"With
distinctive shapes and novel subunit combinations

Route of administration: Parenteral routes are more
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Antigenic Determinants-epitopes

* Epitope is immunologically active regions of an
immunogen (or antigen) that binds to antigen-specific
membrane receptors on lymphocytes or to secreted
antibodies. It is also called antigenic determinants.
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Diagram showing an antigen with epitopes (antigenic determinants).
Two attached antibodies are also shown.\



Determinants of Antigenicity

* The whole antigen does not evoke immune response and
only a small part of it induces B and T cell response.

\\T/—)
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* The small area of chemical grouping on the antigen
molecule that determines specific immune response and
reacts specifically with antibody
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Antigenic Determinants-epitopes

Epitopes

* The body recognizes antigens by the three-
dimensional shapes or regions called

antigenic determinants or epitopes. Sites Y

Discontinuous

on or within antigen with which antibodies Epitope

react

* 2 types of antigenic determinants Continuous
Epitope
1. Conformational determinants: amino N\
acid residues that aren’t in a sequence Torovog
but become spatially juxtaposed in the ohjtobe
folded protein. They are recognized by B .

usSled J amino acidd)

2. Sequential (or linear) determinants: rcomic s . scquences

S o mainly N5 T cell <
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Chemical Nature of Antigens ===

& G35 sa ) IS) 568 protein antigen J)
* Proteins wSmtitgveomoten o tdpopoon
* The vast majority of immunogens
* Pure proteins or glycoproteins or lipoproteins.

* VVery good immunogens.

* Polysaccharides
* Pure polysaccharides and lipopolysaccharides are good
immunogens.
* Nucleic Acids — nmunepse S 4 <55 e
* Poorly immunogenic.
* Become immunogenic when single stranded or when complexed

WM(ML Mo = <X,
* Lipids
* Non-immunogenic, although they may be haptens.



Types of Antigens

* Exogenous antigens —+Bactira,viruse...etc
* Endogenous antigens
* Autoantigens



1. Exogenous Antigens &b g (Sas from outside puall JAn

injection(pl) aansi 5 3),,inhalation,ingistion

O Antigen
(Somatic Antigen)

* Exogenous antigens are antigens
that have entered the body from
the outside, for example by
inhalation, ingestion, or injection

Z, )H Antigen
Flagellar Antigen)
A. Bacterial antigens:

. Antigens related to bacterial
cells: Somatic antigen (O),
Capsular antigen, Flagellar Ag o,
(H), etc Capsule (K antigen, or
V, in Salmonella)

. Antigen secreted by bacteria: 4
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/ cell wall antigen)

Flagellar (H antigen)



1. Exogenous Antigengi; ciculation s et s vinse

phagocyted! ¢ trapped 4} yuay (paxa

B. Viral antigens:

* These antigens enters the body or system and start circulating in the
body fluids and trapped by the APCs (Antigen processing cells such as
macrophages, dendritic cells, etc.)

* The uptakes of these exogenous antigens by APCs are mainly
mediated by the phagocytosis

Viral mutations may reduce the effectiveness of antibodies

Jaxi (S viral mutationd)!

Viral antigen Antigen blocked Mutation disrupts reduce the effectevn@ss of
facilitates infection by antibody antibody binding s s D)antibody
Jhw vaccind) ba s(COVID19

Mutation in & i

. viral antigen
Viral e

antigen

Viral
antigen
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2. Endogenous Antigens

ABO blood group system

* Endogenous antigens are antigens that have
been generated within cells as a result of
normal cell metabolism, or because of viral
or intracellular bacterial infection

* Human tissue antigens:

1. Blood group antigens: A, B and Rh
antigens

2. Histocompatibility antigens: _ Hed Hond
Glchoprotem molecules on all nucleotide
cells:
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3. ce"s infected With Viruses ..............................................................................................................................................
Antigens in ? ¢
ggﬁ Bt A antigen B antigen :;1 znd B None
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* Some antigens start out as exogenous
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 An autoantigen is usually a
normal protein or complex of
proteins (and sometimes
DNA or RNA) that s
recognized by the immune
system of patients suffering
from a specific autoimmune
disease

These antigens under normal
conditions, not be targeted of
the immune system, but due

to mainly genetic and
environmental factors, the
normal immunological
tolerance for such an antigen
has been lost in these
patients
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Blocking of enzymes/
coagulation

Altered cell signaling/
acantolysis

Neutrophil activation

Direct cell lysis
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Induction of inflammation

Antibodies
Autoantigen

Neutrophil
Macrophage
Basophil
TSH
ADAMTS13

Complement
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*SAgs are a class of antigens that result in excessive
activation of the immune system. Specifically it
causes:

»non-specific activation of multiple clones of T-cells
(polyclonal T cell activation) resulting in massive
cytokine release.

*They are active at very low concentration causing
release of large amounts of cytokines

*The massive T-cell activation and release of large
amounts of cytokines cause systemic toxicity

* |t does not lead to acquired immunity i.e no memory

SAgs are produced by some pathogenic viruses and
bacteria most likely as a defense mechanism against
the immune system



Superantigens (SAgs)

*Conventional T-dependent antigen,

* only a small fraction (1 in 104 -105) of the T cell
population is able to recognize the antigen and become
activated (monoclonal/oligoclonal response).

*Superantigens

* Polyclonally activate a large fraction of the T cells (up to
25%).

* Examples of superantigens |Bacterial toxins/include:

» Staphylococcal enterotoxins (food poisoning),

» Staphylococcal aureus toxic shock syndrome toxin
(TSST)

» Staphylococcal exfoliating toxins (scalded skin
syndrome) and

» Streptococcal pyrogenic exotoxins (shock).




Requirement of T Cells Response

1. T cells present mainly in lymph and lymphoid organs,
however, microbes usually enter through epithelial cells
(like skin, respiratory sys, alimentary track..etc) where T
cells number is very low. According, microbial antigens
needs to be transported to lymph nodes to enhance
chances of encounter with T cells.

2. T cells can not interact with complex microbial
antigen, antigens need to be captured, processed, and
then presented for T cells in a specific way in order to
allow interactions

3. T cells respond only to protein antigens and not to

other types of chemical antigens.

& Ldiy a3 antigend) Jax lie 5 lymphoid organdb s2 9> s« T celld) Lua
OSall lgie S 2ae o = antigend) & 2 e g L8 axe T cell J)s lymphd)
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presentation Jexl = 5 A LAY gla

M M dendretlc celld 3 antlg,enJj
ntigen Presentin g ells i
Class ahie (S plofcssmnal OsS

non professional ¢S 452 MHC

* A group of immune cells, @ X%\ Antigen
whose role is to take up, 7 - & _
process and present \\_ L%) S presenting
antigenic peptides to T cells. @ ®

. cells
* Professional APC: |

. L n 2 |
Macrophages, dendritic cells, and "~ 2.

B cells, which can express MHC | Y Y

class Il molecules [ T A | B R
L N O Nn- p rOfess i O N a I A PC : Different Types of Antigen Presenting Cells
Ot h er ce I I ty p e ca pa b I e Of Dendritic cell Macrophage B cell N
expressing MHC class Il molecules s

eg. Endothelial cells, fibroblasts,
activated T cell.

Viruses infecting Bacteria infecting Microbial toxins bindin g
dendritic cell macrophage to B-cell re pt



Major Histocompatibility Complex (MHC)

MHC class | MHC class Il

r peptide j

e MHC molecules:

v are membrane
proteins on APCs that
displays peptide
antigen for recognition
by T cells.

* MHC molecules are the
principle determinants
of acceptance or
rejection of tissue graft

B,
s & 5
« Two main classes of “
MHC oz . - microglobulin Bz

cell membrane

x,

Fw

MHC class |

1. MHCclass |
2. MHCclass Il

OsSh transmembran (e ebe (A 5 A el 8 gl Copln lie daga LSS
&l e 035 se 0S5 sl class2 (5S4 s antigen presenting celld) e odsa sa
class1 ' 5 nucleus cell

endogenousd! class 1 <ua regilation immun respond ¢S4 2d! functiond)

B cwlldL dendritcd! s macrophages A= 585 presenting antigend! class2 s




Major Histocompatibility Complex (MHC)

nuclated celld! JS: S class] 43 LSa

L] . - 2 N . . . . . ) \ ‘ \_L\SA
i MHC CIaSS I.w}.;y\ GOS8 ld o) e JAy aldbvirused) . MHC CIaSS ": s o )Y exogenous antlgend 43 L

* Function: Regulation of immune
responses to intracellular parasites
(endogenous antigens) such as viruses

! T celld! 4le <o il processing 4l

* Regulation of immune responses to
exogenous antigens, few cells are
specialized to take up extracellular

All cells can be infected by viruses, antigens, and so the distribution of MHC
therefore all cells express MHC class | class Il expression is restricted to APCs
Structure: al, a2, a3, and 2 * Structure: 2a chains (a1, a2) and 2 B
macroglobulin (81, B2)

Contain a peptide binding cleft that * Contain peptides binding cleft of 10-30
accommodate 8-11 aa residues

Necessary for CD8+ T cells activation * Important for binding and activation of
(cytotoxic T cell) CD4+ T cells

MHC Class I m MHC Class 11

Class | Molecule Class Il Molecule
Peptide-Binding Peptide-Binding
Cleft == Cleft -

Membrane-Distal
Domains

Membrane-Proximal
Domains o
(Ig-Fold Structure)
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Difference No: 1

q

MHC Class |

v

x MHC Class |

MHC Class | MHC Class Il

Present on the surface of all Present on the surface of antigen

nucleated cells presenting cells such as
macrophages, B cells, dendritic
cells etc.




Difference No: 3

MHC Class |
T cell receptor R — T cell receptor A} b
C08 Ve T . CD‘I

&

MHC Class | MHC Class |l

Mainly interact with cytotoxic T | Mainly interact with helper T

cells cells




Features of Peptides Binding to MHC Molecules

*MHC molecules present antigenic peptides on the
surface of cells to be recognized by specific T-cells.

* Each MHC molecule displays one peptide at a time
* Peptides are acquired during intracellular assembly

Low affinity and broad specificity binding so many
different peptides can bind to the same MHC molecule,
and even can bind self peptides

*Very low off rate: MHC display bound peptides long
enough to be located by T cells

*Stable expression of MHC molecules require peptides
displaying

* MHC molecules bind only to peptides (protein antigen)
so T cells can only respond to protein antigens



Steps in Antigen Preparation for T cells

* Antigens must be prepared in order to be recognized by T cells

1. TRANSPORT: Antigen must be transported to lymph node for proper
interaction with T cells lymph noddantigend Jisi

2. UPTAKE: Access of native antigens and pathogens to intracellular
pathways of degradation

3. DEGRADATION: Limited proteolysis of antigens to peptides
4. ANTIGEN-MHC COMPLEX FORMATION: Loading of peptides onto

MHC mo I ecu IeS antigen-MHC. Complex Jexd MHC! 752 ) antigend) jmSh Lo 2ay

5. ANTIGEN PRESENTATION: Transport and expression of peptide-MHC
complexes on the surface of cells for recognition by T cells

Al pad 4dal) mhas e ) oy =) copmlexd) OS5 Le 2=

T celld! 4dde <o =i ¢l 5 presentation
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1. Antigen Capture and Transport to Lymph Node

* Immature dendritic cells (DCs) in the epithelium capture microbial antigens
and leave the epithelium

* The DCs migrate to draining lymph nodes being attracted by chemokines
produced in the nodes

* During their migration the DCs mature

* Once at the lymph nodes the DCs start the processing of presenting the
antigen to T cells

* DCs at their maturation express different membrane proteins, for example
immature DCs express surface receptors essential for microbial binding and
capture, while mature DCs express MHC molecules necessary for antigen

Procesyii&obial antigen <éli 131 epitheliumdb s2 s> ssimmatire dendritic cell JI
P OSe Y 7 5 5 6 a0 g epitheliumd) (o allais oy 5 capture 4desd 7 5 5%

&' chemokin J) ¢« Jeas S attraciond ek o= 7 5% 5 lymphd! draining

J2A s migration &) Jba ¢l s lymph noded! (» production &) syas

expression _#i = ) maturationd) 2= s maturation &) yray = ) migrationd!

T cell processingd! 4alazl 3¢ Jlie express to MHC J
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2. Uptake of Antigen

* The process of entering the antigens

Endocytosis

Phagocytosis

into the cells (mainly APCs) this is *

a e . "
& 4
’ - A 2 | :
| “'—W
N\
|/ +
Psewdopodium * U O Coated pit A feceptor

important for exogenous

are already inside the cells.
e Uptake by immature DCs
—Pinocytosis: Liquid or small granule
—Receptor-mediated endocytosis

—Phagocytosis: Large molecular or
microbe

* Uptake by Macrophage

—Phagocytosis: Large solid or molecular

complex

—Pinocytosis: Receptor-mediated
pinocytosis

—Endocytosis: Low levels of particulate

or soluble antigens

antigen
processing, while endogenous antigens

Pinocytosis Receptor-mediated

endocytosis
. 8

* wlid partice a ‘ i »

Fhagasome
(food vacuole)

Coat proten

Coated vescle

Pinocytosis | Phagocytosis
Takes in fluids Takes in larger
and solute substances

(bacteriq)
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Uptake of exogenous antigens

Membrane Ig
receptor mediated O
uptake O

Complement receptor
mediated phagocytosis

¢ Pinocytosis

Y

Uptake mechanisms direct antigen into intracellular vesicles
for exogenous antigen processing

Fc receptor mediated phagocytosis



3. Antigen Processing

*Antigens must be processed in order to be
recoghized by T cells, require 2 main steps

*Degradation of externally- or internally-
derived antigen into short peptide
sequences

*Association of the peptide with MHC
mO|ECUIES ¢) s degradation Lway L 22

Js~b 7 internally or externally
L 5l short peptided antigend)
complexd) o585 MHCU



4. Antigen Presentatig)n X

Brew - <D be
* The activation of T cells via T cell receptors, which specifically recognize
antigenic peptide in association with either MHC class | or Il molecules on the

surface of APC. TD4/J ke surfaced! alls N comlexd
activation Jb= <l s Teell < s » 7 JTDS
T cell !

5. Antigen Recognition

* Antigens are recognized by and bind to:

1. B-cell receptors (BCR):
* These are membrane-bound immunoglobulins (IgM and IgD) on B-cells
* BCRs can be secreted in plasma as antibodies

2. T-cell receptors (TCR)
* a and B chains anchored to T-cells

* There is a groove which binds small peptides presented by MHC on surface of
APCs



Two antigen-processing pathways

MHC class I MHC class IT

Major antigen endogenous exogenous antigen
sources antigen

Processing proteasome lysosomal
machinery enzymes

Cell type where
active

all nucleated cells

professional APCs

Site of antigen- |endoplasmic lysosome and
MHC binding reticulum endosome
MHC utilized MHC class I MHC class IT

Presents to

CD8+ T cell (Tc)

CD4+ T cells (Th)




TCR

alpha chain

beta chain

Immunogenic protein
Antigen

Intracellular
signaling
binding site

The B Cell
Receptor

Variable e

region

Constant —

region

Ig B

antigen

achain —
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COOH COOH

Antigen binding site

Disulfide
bridge

Light chain

Heavy chain

B cell plasma
membrane

g o
Signal transduction region
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