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1. Introduction

Advanced mmunology is a banch of biology and medicinethat covers the study of
immune systemsin all organisms Immunology charts, measures, and contextualizes the
physiological functioning of the immune system in states of both health and diseases;
malfunctions of the immune system in immunological disorders (such as autoimmune
diseases, hypersensitivities, immune deficiency, transplant rejectignand the physical,
chemical, and physiological characteristics of the componentd the immune systemin
vitro, in situ, and in vivo. This advanced immunology deals withTransplantation,
Central & Peripheral Tolerancelmmune Regulation in PregnancyBreaking Tolerance:
Autoimmunity & Dysregulation, Mucosal Immunity & Immunopathology, Regulation of
Immunity & the Microbiome, Epigenetics & Modulation of Immunity Inflammation and
autoinflammation, T-cell mediated autoimmune diseases Antibody-mediated
autoimmune diseases Advances in Immunology have provided students and
researchers with the latest information in Immunology fo over 50 years. You can
continue to rely on Advances in Immunology to provide you with critical reviews that
examine subjects of vital importance to the field through summary and evaluation of

current knowledge and research.

2. Course Objectives

At the end of the course the learners will be able to
U To understand the current status of knowledge within areas of cellular and
molecular immunology
U To know aboutinnate and acquired immune responses; cellular and molecular
mechanisms of immunity; antigenprocessing and presentation; tissuespecific
immune responses; immunemediated pathologies; and vaccination
U To gather knowledge on normal regulation of immunity and ghow aberrations in

the regulation can lead to immunological diseases.



U To assessthe fundamental mechanisms underlying immunologic disease and
associate these mechanisms with strategies for therapeutic modulation of the
immune system.

U Perceive and understand the basic immunological principles underlying
biotherapeutics, recognize the commonality among diverse organrspecific
disease states, and infer the mechanisms of therapeutic effect.

U Analyze the medical literature reporting immunologic advances pertinent to
their patients, cite the rationale for use of new immunodiagnostic and
immunotherapeutic modalities in their patients, and serve as thought leaders

within their medical communities.



3. Modern Immunology: Antigen presentation; Secondary
signaling, co-stimulation, Cell signaling in immune response; DC
activation, B cells as APC, experimental models in APC.

Complements -Lectin pathway.

Objective: In this unit we will discuss about different aspects of antigen presentation,
dendrite cell activation, How B cells acts as APC. E will discuss also about complement

system.

Antigen Presentation:

Major histocompatibility complex (MHC) is a collection of genes coding for glycoprotein
molecules expressed on the surface of all nucleated cells.

MHC | molecules are expressed on all nucleated cells and are essential for presentation
T £ 11001 Al @.C0kls ARat bekdmd En@ddd by intracellular pathogens can
present foreign antigens on MHC | as well, marking the infected cell for destruction.

MHC Il molecules are expressed only on the surface of antigpresenting cells
(macrophages, dendritic cellsand B cells). Antigen presentation with MHC Il is essential
for the activation of T cells. Antigerpresenting cells (APCs) primarily ingest pathogens
by phagocytosis, destroy them in the phagolysosomes, process the protein antigens, and
select the most atigenic/immunodominant epitopes with MHC Il for presentation to T
cells.

Crosspresentation is a mechanism of antigen presentation and-Gell activation used by
dendritic cells not directly infected by the pathogen; it involves phagocytosis of the
pathogen but presentation on MHC | rather than MHC II. T cells can only recognise
antigens when they are displayed on cell surfaces. This is carried out Bptigen -
presenting cells (APCs), the most important of which are dendritic cells, B cells, and
macrophages.APCs can digest proteins they encounter and display peptide fragments
from them on their surfaces for other immune cells to recognise.

4EEO DPOIT AAOGO 1T £ AT OECAT DOAOGAT OAGETT AlIl11T x0
the body and to form an adaptie immune response against them. In this article, we

shall discuss antigen processing, presentation, and recognition by T cells.



Antigen Processing
Before an antigen carbe presented, it must first beprocessed. Processing transforms

proteins into antigenic peptides.

MHC Class | Molecules

Intracellular peptides for MHC class | presentation are made by proteases and the
proteasome in the cytosol, then transported into the endoplasmic reticulum via TAP
(Transporter associated with Antigen Processing) to be fther processed.

They are then assembled together with MHC | molecules and travel to the cell surface

ready for presentation.

Peptide on
MHC class |

protein

@Secretory

vesicle

Proteasome

SS
peptides S

Golgi

S

Nucleus |

Endoplasmic
Reticulum

Fig.: z Diagram d emonstrating the production of peptides for MHC

class | presentation .

MHC Class Il Molecules
The route of processing forexogenous antigens for MHC class Il presentation begins
with endocytosis of the antigen. Once inside the cell, they are encased within

endosomes that acidify and activate proteases, to degrade the antigen.



MHC class llmolecules are transported into endocytic vesicles where they bind

peptide antigen and then travéto the cell surface.

T cell
receplor

@The MHC proteins, now carrying
antigens, are released from the vesicle
and travel to the outer surface of the
cell membrane.

MHC |
protein

Peptide-
binding
cleft

The dendritic cell is now
presenting antigens, which will
activate T cells that bind with the
MHC proteins.

Antigen from
digested pathogen

@ The antigens bind
with MHC proteins
that enter the vesicle,

/ protein

y Lysosome
releasing digestive
enzymes
A u Anligen acquired from inside the dendritic cell

= Antigen acquired from oulside of the dendritic cell
=P Antigen presentation

Vesicles

@ A pathogen or extracellular antigen is
phagocytized by an antigen-presenting
cell (dendritic cell here) and placed into
a vesicle. Ingested pathogens are
digested by lysosomes to extract their
antigens.

Fig.: z Diagram showing processing of antigens for MHC Class Il

presentation by a dendritic cell

Antigen Presentation
The antigen presented on MHCs is recognised by T cells using a T cell receptor (TCR).

These are antigerspecific.

T Cell Receptors

Each T cell has thousands of TCRs, each with a unique spétyfithat collectively allows
our immune system to recognise a wide array of antigens.

This diversity in TCRs is achieved through a process called V(D)J recombination during
development in the thymus. TCR chains have a variable region where gene segmenés ar
randomly rearranged, using the proteins RAG1 and RAG2 to initiate cleavage and fion

homologous end joining to rejoin the chains.



The diversity of the TCRs can be further increased by inserting or deleting nucleotides
at the junctions of gene segments; tajher forming the potential to create up to 1015
unique TCRs.

TCRs are specific not only for a particular antigen but also for a specific MHC molecule.
T cells will only recognise an antigen if a specific antigen with a specific MHC molecule

is present: ths phenomenon is called MHC restriction.

Co-Receptors

As well as the TCR, another T cell molecule is required for antigen recognition and is
known as a cereceptor. These are either a CD4 or CD8 molecule:

CD4is present on T helper cells and only binds tantigen-MHC Il complexes.

CD8is present on cytotoxic T cells and only binds to antigeMHC | complexes.

This, therefore, leads to very different effects. Antigens presented with MHC Il will
activate T helper cells and antigens presented with MHC | activaftcytotoxic T cells.
Cytotoxic T cells will kill the cells that they recognise, whereas T helper cells have a
broader range of effects on the presenting cell such as activation to produce antibodies

(in the case of B cells) or activation of macrophages kill their intracellular pathogens.

Major Histocompatibility Complex Molecules

The major histocompatibility complex (MHC) is a collection of genes coding for MHC
molecules found on the surface of all nucleated cells of the body. In humans, the MHC
genes ae also referred to as human leukocyte antigen (HLA) genes. Mature red blood
cells, which lack a nucleus, are the only cells that do not express MHC molecules on their
surface.

There are two classes of MHC molecules involved in adaptive immity, MHC | andVIHC

Il (Figure below). MHC | molecules are found on all nucleated cells; they present normal
self-antigens as well as abnormal or nonself pathogens to the effector T cells involved in
cellular immunity. In contrast, MHC 1l molecules are only found on macpbages,
dendritic cells, and B cells; they present abnormal or nonself pathogen antigens for the
initial activation of T cells.

Both types of MHC molecules are transmembrane glycoproteins that assemble as
dimers in the cytoplasmic membrane of cells, but #ir structures are quite different.
-(# ) 1T 1T1AAOIAOG AOA AT I BPITOAA T &£ A 1T1TT1TCAO
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chain of the MHC | molecule folds into three separateldi AET Od 4 ph 41¢ AT A

I T AAOI AO AOA AT ipi OAA 1T &£ Ox1 DHOT OAET AEAI
approximately similar in length. Both chains of the MHC Il molecule possess portions
that span the plasma membrane, and each chain folds into two sepa®A AT | AET Oq
ATA ych AT A tph AT A 1¢8 )1 -seliaitideds tT celB,OAOAT ¢
MHC molecules have a cleft that serves as the antigdtlET AET ¢ OEOA 1T AAO O
outermost) portion of the MHGI or MHGCII dimer. For MHC I, the antien-binding cleft
EO & Of AA AU OEA 1 p AT A ¢ AT T AET Gh OEARQAAO
AT A 1p AT 1 A8w) | &ECOO0OA
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Fig.: z MHC | are found on all nucleated body cells, and MHC Il are
found on macrophag es, dendritic cells, and B cells (along with MHC ).

The antigen-AET AET C AT AZED T &£ -(# ) EO A

Antigen -Presenting Cells (APCs)

All nucleated cells in the body have mechanisms for processing and preseg antigens

in association with MHC molecules. This signals the immune system, indicating whether
the cell is normal and healthy or infected with an intracellular pathogen. However, only
macrophages, dendritic cells, and B cells have the ability to pest antigens specifically

for the purpose of activating T cells; for this reason, these types of cells are sometimes
referred to as antigenpresenting cells (APCSs).



While all APCs play a similar role in adaptive immunity, there are some important
differences to consider. Macrophages and dendritic cells are phagocytes that ingest and
kill pathogens that penetrate the firstline barriers (i.e., skin and mucous membranes). B
cells, on the other hand, do not function as phagocytes but play a primary role in the
production and secretion of antibodies. In addition, whereas macrophages and dendritic
cells recognize pathogens through nonspecific receptor interactions (e.g., PAMPSs,-toll
like receptors, and receptors for opsonizing complement or antibody), B cells ietact
with foreign pathogens or their free antigens using antigesspecific immunoglobulin as
receptors (monomeric IgD and IgM). When the immunoglobulin receptors bind to an
antigen, the B cell internalizes the antigen by endocytosis before processing and

presentting the antigento T cells.

Antigen Presentation with MHC Il Molecules

MHC Il molecules are only found on the surface of APCs. Macrophages and dendritic
cells use similar mechanisms for processing and presentation of antigens and their
epitopes in association with MHC 1I; B cells use somewhat different mechanisms that
will be described further in B Lymphocytes and Humoral Immunity. For now, we will
focus on the steps of the process as they pertain to dendritic cells.

After a dendritic cell recognizes and attaches to a pathogen cell, the pathogen is
internalized by phagocytosis and is initially contained within a phagosome. Lysosomes
containing antimicrobial enzymes and chemicals fuse with the phagosome to create a
phagolysosome, where degradation othe pathogen for antigen processing begins.
Proteases (proteindegrading) are especially important in antigen processing because
only protein antigen epitopes are presented to T cells by MHC Il (Figure below)

APCs do not present all possible epitopes td cells; only a selection of the most
antigenic or immunodominantepitopes are presented. The mechanism by which
epitopes are selected for processing and presentation by an APC is complicated and not
well understood; however, once the most antigenic, immurdominant epitopes have
been processed, they associate within the antigelminding cleft of MHC Il molecules and

are translocated to the cell surface of the dendritic cell for presentation to T cells.



@ A bacterium is

engulfed by bacterial pathogen
phagocytosis
into a dendritic
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encased in a

phagosome.
Lysosomes
fuse with the
ti phagosome
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Fig.: Z A dendritic cell phagocytoses a bacterial cell and brings it into a
phagosome. Lysosomes fuse with the phagosome to create a
phagolysosome, where antimicrobial chemicals and enzymes degrade
the bacterial cell. Proteases process bacterial antigens, and the most
AT OECATEA APEOI PAO AOA OAI AAGAA A
conjunct ion with MHC Il molecules. T cells recognize the pres ented
antigens and are thus activatedThe antigen -binding cleft of MHC Il is
Al O AA AU AT T AET O 1 p ATA

Antigen Presentation with MHC | Molecules

MHC | molecules, found on all normal, healthy, nucleated cells, signal to the immune
OUOOAI OEAO OEA AAI1T EO A 1100 A1 OOAI &b
the cytoplasm are degraded by proteasomes (enzyme complexes resporisibfor
degradation and processing of proteins) and processed into saditigen epitopes; these
self-antigen epitopes bind within the MHC | antigerbinding cleft and are then
presented on the cell surface. Immune cells, such as NK cells, recognize thesé sel
antigens and do not target the cell for destruction. However, if a cell becomes infected

with an intracellular pathogen (e.g., a virus), protein antigens specific to the pathogen

10



are processed in the proteasomes and bind with MHC | molecules for presetida on

the cell surface. This presentation of pathogespecific antigens with MHC | signals that
the infected cell must be targeted for destruction along with the pathogen.

Before elimination of infected cells can begin, APCs must first activate the T Isel
involved in cellular immunity. If an intracellular pathogen directly infects the cytoplasm

of an APC, then the processing and presentation of antigens can occur as described (in
proteasomes and on the cell surface with MHC 1). However, if the intracdbn pathogen
does not directly infect APCs, an alternative strategy called crogsesentation is
utilized. In crosspresentation, antigens are brought into the APC by mechanisms
normally leading to presentation with MHC Il (i.e., through phagocytosis), buthe
antigen is presented on an MHC | molecule for CD8 T cells. The exact mechanisms by
which cross-presentation occur are not yet well understood, but it appears that cross

presentation is primarily a function of dendritic cells and not macrophages or Bedls.

Complement System:

Definition:

The complement system consists of a series of helatile serum proteins that are

activated in turn. The complements exist as soluble inactive precursors which once
activated; a complement component may then act as amzme. Enzymatic chain
OAAAOQOETTO 1T £ OEEO OUPA AOA ETTx1T AO AAOCAAAA

initiate the reaction chain.

Complement is a chain of enzymes whose activation eventually results in the disruption
of cell membranes and the dstruction of cells or invading microorganisms.

Complement is an essential part of the body defense system (Fig. below).

11
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Fig. 7.1 Cascade reactions: The process is started by a
trigger that initiates the conversion of an inactive
proenzyme A to an active enzyme B. Enzyme B
converts proenzyme C to active enzyme D
Enzyme D in tum converts pro-enzyme E to
active enzyme F and so forth. The net elfect is a
very rapid acceleration in these reactions

History of Complement System:
AEA T AT A OATI DBPIAIATO
Bordet.

OUOOAI 6 EO AAOEOAA

Components of Complement System:

The complement system is made up of a number (mostly 30) of distinct serum (blood
plasma) and membrane proteins which mostly assist the humoral branch of the immune
system. As after initial activation, the various complemnt components interact
sequentially to generate reaction products that facilitate antigen clearance and

inflammatory response.

Different pathways of complement finally generate a macronolecular membrane

attack complex (MAC) which helps to lyse a varietyf cells, bacteria and viruses.

12
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Fig. 7.7: Basic principle of underlying the cleavage of
complement components

The complement products amplify the initial antigerantibody reaction and convert that

reaction into a more effective defense mechanism. Continuous proteolytic cleavage and
activation of successive comigment proteins lead to the covalent bonding or fixing of
complement fragnents to the pathogen surface. Each precursor of complement is

cleaved into two major fragments T Ai AA- A0 1 AOCAO EOACIi AT O | A/
Of AT1 A0 EOACi AT O j AAGECT AOGAA AO OAd(Q

AEA T AET O TO 1AOCAO OA6 MEOACKAiebinds o@el OxT Al
membranes to the target cell towards the site of activation and the other for enzymatic
Al AAGACA T &£/ OEA TAgO AT ipl AI AT O Aiibihe AT 08 4
site and play a role in initiating a localized inflammatory response (chemotactic

activity).

1. The proteins and glycoproteins composing the complement system are synthesized
largely by liver hepatocytes, some by blood monocytes, tissue macrophagesiapithe-

lial cells of the gastreintestinal and genitourinary tracts.

2. The proteins that form the complement sym are labelled numerically with the
prefix C (e.g., @%).
3. Some complement components are desigted by letter symbols (e.g., factoB, D, P)

or by trivial names (e.g., homologous factor).

13



4. There are at least 19 of these components; they are all serum proteins and together

they make up about 10% globulin fraction of serum.

5. The molecular weights of the complement components vary tweeen 24 kDa for
factor D and 460 kDa for .

6. Serumconcentr® ET 1T ET EOI AT O OAOEAN AADxxRARATL i It CI

7. Complement components are synthesized at various sites like C2, C3, C4, C5; B, D, P

and | are from macrophages, C3, C6, C8 and B from liver

Table 7.2: The components of the complement
system and their functions

Functionally distinct classes
of complement protein
Function Protein
Binding to antigen; antibody o
’ Clq
complexes
Clr
Cls
Activating enzymes C2b
Bb
D
Membrane-binding C4db
proteins and opsonins C3b
Peptide mediators Egz
of inflammation Cda
C5b
Cé6
Membrane attack proteins C7
C8
C9

14



Pathways of Complement System:
1. The Classical Pathway of Complement:
The classical pathway of complement is itiated by the interaction of antibody with

antigen directly (soluble antigenantibody complexes or immune complexes).

The gradual progress of classical pathway can be mediated by these successive
stages called:

(i) Activation of C1 component

(ii) Production of C3 convertase

(iif) Production of C5 convertase and

(iv) Action of membrane attack complex (MAC)

() Activation of Clcomponent:

The initial stage of activdéion involves C1, C2, C3 and C4. The soluble antigamtibody
complex induces a conformational changes in the fragment crystalized (Fc) portion of
the antibody molecule that exposes a binding site for the C1 component of the

complement system.

(i) C1is a comfex macromolecular protein present in serum in inactive condition.
It is a conplex of three proteins namead Cl1q, Clr and C1s, out of which Clq
recognizes and binds to the Fc region of the antibody and C1r and C1s remain as
inactive proteases with their two subunits each. C1g and two molecules of each
C1lr and C1s held together is a complex called Cisywhich is stabilized by Cé&+

ions.

(i)  The structure of C1 is mainly exhibited by C1q; a large molecule composed of 18
polypeptide chains that associate in such way that forms six collagerike triple
helical arms. The amineterminal two -thirds of the polypeptides form the stalk
and the carboxyterminal one-third of the polypeptides form the globular flower,

which contains the binding site for antbody.

(i)  Normally, C1les, complex remains in inactive form and never binds with C1q at
OEAO OEI A AT A OETI xO OEA AiT1 EECOOAOEITT O
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domains named catalytic domain and interaction domain. Due to action of
interaction domain in presence of antign- antibody complex in the serum it
binds with C1q.

(iv) Clqg binds to an antibody Fc region by its globular heads, in terms, activates
serine proteases Clr and Cls which are proteolytic enzymes gives serine

residues at the active site after being activated.

On binding to antibody, one molecule of C1r is induced to cleave itself, becomes
enzymatically active. Gradually it cleaves and aetites the second Clr and both Cls
molecules. The activated serine protease C1s binds, cleaves and activates the next two
components of the classical pathway i.e. serine protease C4 and C2. Ultimately active CI
component is called Clags, (Fig. 7.9 and 10).

Heads

Ciq
Stalk <

|

Fig. 7.9: Diagram of C1gqr;s; complex

Fig. 7.10: Diagram of C1qr,s, complex in relax state (a)
and tense state (b) ¥
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Activation of classical pathway via IgM and IgG:

The cascade reaction of complement system is only initiated when antibody binds to
multiple sites on a cell surface, normally that of a pathogen. When IgM (pentameric) is
bound to antigen on a target surfaceit requires at least three binding sites for Clq

attachment.

In case of IgG molecule, it contains a single C1q binding site in thex@bimain of the Fc.
As C1q globular head requires at least two Fc sites for a stable-&itibody reaction, it
indicates that two IgG are required to be present on a target surface.

The structural differences between IgM and IgG exert the effect on their activation level.
At the activation of Clq binding, 1gG requires less amount of time but a good number of
IgG molecules ae to be present. Whereas IgM activation is delayed one but it is more

efficient, even a single IgM molecule can initiate the process (Fig. 7.11).

Pentameric igM molecules bind to antigens IgG molecules bind to antigens
on bacterial surface and adopt ‘staple’ form on bacterial surface

% stagtom ] S £

N N/
Binding of C1q to immunoglobulin activates C1r, which cleaves and
activates the serine protease Cis

Fig. 7.11: The classical pathway of complement activation s Initiated by binding of C1q to antibody on a
bacterial surface. The binding of C1q 1o a molecule of pentameric IgM is shown in the left panels. On esta-
blishing multipoint binding to bactenal cell-surface antigens, the IgM molecule adopts a less planar confor-
mation, the so-called staple conformation (upper panel). This distortion allows the C1q molecule to establish
multipoint attachment to the Fc regions of a single IgM molecule, using the hinges in the C1q stalks to posi-
tion the globular Fc-binding sites (lower panel). It also exposes binding sites for the C1q heads. The bind-
ing of C1qg to IgG is shown in the right paneis. The C1q molecule needs 1o find pathogen-bound IgG
molecules that are close enough to each other for the C1g molecule to span between them. As a conse-
quence, the activation of complement by IgG depends more on the amount and density of antibodies bound
to a pathogen surlace than does complement activation by IgM
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(i) Production of C3convertase:

Active serine protease enzyme Clgs: has two distinct substrates, C4 and C2. C4
component is a large globular glycoprotein containing three polypeptide chains named
Lh 1 ATA r8 #1 EO AAOEOAOAA xEAT #pO EUAOTI
terminus of the chain, exposed a binding site on the larger fganent C4b. The C4b
fragment attaches to the target surface of the C1 bound to antibody on the pathogen
surface.

Besides, active C4 component, the activated C1s protease acts on C2 serine protease, as
a result the smaller fragment C2b will be cleaved awaydm the site of action and C2a
larger fragment will remain active at the active site. After that C4b2a active complex is
formed which in turn act on the substrate C3 component. C4b2a is called C3 convertase

of the classical pathway.

(i) Production of C5convertase:
C3is almost very similar to C4. C3 compent is with two types of polypeptide chains?
1. ATA 18 #0 A1 OAOOAOA j#tAcAqQ EAI PO O Al AA

terminus of the a chain of C3 component.

Even a single C3 convertasmolecule can accelerate the production of more than 200
molecules of C3b, and the result is amplification. In due course produced C3b binds with

C4b2a to form a trimolecular complex called C4b2a3b i.e. C5 convertase.

(iv) Action of membrane attack comple x (MAC):

C5 convertase acts on C5 protein component, cleaves C5a from the action site and C5b
attaches to the antigenic surface. This bound C5b initiates formation of membrane
attack complex (MAC) by taking participation of C6, C7, C8 and C9 comeots
gradually and ultimately forms C5b6789 (MAC) which makes a large pore in the

membrane of the antigen and accelerates lysis of it (Fig. 7.12).
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CLASSICAL PATHWAY

Antigen-antibody
Activated
Clarys, —= Ciargs,
(C1) l cz2 | C2b
c4 -~ Cab LA Cab2a CdbZa3b
Cda (C3 convertase) (C5 convertase)

C3a

c3 — C3b cs C5b —s —» —s —= C5b6789-MAC
hY ) §f7 c8 C9 l

C3a Csa
Cf_; —L, C3b L_A

Microbial surfaces
ALTERNATIVE PATHWAY

Céa 5b6b7b8b9

b
(C3 conventase)

C3bBb3b
(C5 convertase)
actor D

{Stabilization)
Properdin

Fig. 7.12: Overview of the complement activation pathways (Classical and Alternative)

2. The Alternative Pathway:

Besides the classical pathway, complement system can be initiated byo#imer method
called alternative pathway. Unlike classical pathway the alternative pathway is initiated
by the cellwall constituents of both grampositive and gram negative bacteria as

foreign particles.

Microbial surfaces directly affect the serine protase C3, gradually cleaving of C3 into
C3a and C3b. This conformational change extends its effect on another factor i.e. factor
B. In turn Ba removed from active site keeping Bb towards the C3b in presence of*¥g
forms C3bBb, and consiered as C3 convedse of alternative pathway.

Binding of C3b exposes a site on factor B that again serves as the substrate for an
enzymatically active serum protein called factor D. Actually factor D cleaves the C3b
bound factor B, and helps to form C3bBb. The action of (Eis very unstdle, becomes
stabilized by the presence of another exclusive serum protein properdin in this

pathway, helps to increase the convertase activity period.

Formation of C3bBb accelerates the autccatalyse of more C3 component and forms
C3bBb3 as C5 convertase. Though structural basis of C3 and C5 convertase vary in

these two pathways of complement system but their mode of action is alike.
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Here, C3bBb3b subsequently hydnases the bound C5, C6, C7, C8 and C9 respectively,
resulting in Membrane Attack Complex (MAC) formation which binds to the antigenic
surfaces of microbes (antigen). MAC gradually displaces the membrane phospholipids,
forms a large transmembrane channel and gradually destroys the membrane and lysis

of the antigen occurs.

The Lectin mediated pathway:

The third pathway of complement system is lectirmediated pathway. Lectinmediated

pathway is activated by the binding of mannoséinding protein present in blood

plasma to mannose containing proteoglycans on the surfaces of thacteria and yeast,
it forms MBP-MASP (Mannosebinding protein-mannoseassociated serum protease). In
lectin pathway MBRMASP acts on the substrate s@nd G component protein. Three

different pathways of complement actvation is shown in the Fig. 7.13.

CLASSICAL PATHWAY LECTIN PATHWAY ALTERNATIVE PATHWAY
Anlibody binds 10 specific Antibody binds 1o specific Antibody binds to specific
anligen on pathogen surface antigen cn pathogen surface antigen on pathogen surface
N g2 : < Z
N \/é*’ N/
c1 MBP-MASP Cc3
c4 Ca B
c2 c2 D

Z G, AT < Z
N7~ \/
o c Allemative
assical C3 convertase = C3 convenlase
{G4b. 26) (C3b, Bb)
= i
N
Allernative
C5 convertase
(Cab,, Bb)
B 4
N
\/ Terminal
|— | t nts
C4a,C3a Cc e oy
‘ l c6
‘ Classical c7
Csa N | C5 convertasel— cs
(C4b, 20, 3b) co
< 2 S,
A A = - v
Binds 10 complement Membrane-attack
Peplide mediators receplors on phagocytes complex,
of inflammation, lysis of certain
phagocyte recruitment I 7 pathogens and cells
- n— —
O 2
Opsonization
of pathogens
-
Removal of
immune complexes
— |

Fig. 7.13: Steps of the pathways of complement activation and action. The main dilference between the three path-
ways is the recognition event that initiates activation and the steps that immediately succeed it, The function
of the early part of all three pathways is to produce an enzyme called C3 convertase, which cleaves C3 into
C3a and C3b fragments. The C3b fragment binds covalently to the pathogen's surface. C3b bound to micro-
bial surfaces can either bind to complement receptors on phagocytic cells, which facilitates the phagocyto-
sis of the pathgen, or can activate the terminal components of complement, which attack the integrity of the
pathogen’s cell membrane. The smaller C3a fragment, together with similar fragments cleaved from C4 and
Cs, induces inflammation by recruiting inflammatory cells into the area of complement activation. MBP,
mannose-binding protein; MASP, MBP-associated serum protease
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Biological Functions of Complement System:

Complements perform different biological functions like:

1. Cytolysis:

Complement components (activated) — polymenize on cell surface _l

Cytolysis «—— disruption of bilayer «— formation of pores or integrity of phospholipid.

G—0

Antibody binding Activation of Bactenal lysis
to bactenial complement
surface antigen

Example:

Fig. 7.3: Cytolysis of Bactena

2. Opsonization:

Foreign organisms —» Complement proteins bind to ——+ Opsonins recognised specific
their surface—called opsonins receptors or by phagocytic

leukocytes 1
Phagocytosis of foreign particle
Example: promoted
Macrophage
D \e/ ®
Ab bending Activation of Binding of opsonized Phagocytosis
10 antigens oon"lplemenl bac!ori':lg to compiement
receplors on macrophage

Fig. 7 4: Steps of opsonization

3. Activation of inflammation:
Certain proteolytic fragments of complement protein —= Act on several targets —l

Mast cell activation and neutrophil
Example: recruitment and inflammation.

A J O

—
Ab binding to Compie Mast cell activation and
tissue antigen activation neutrophil recruitment
and inflammation

Fig. 7.5: Inflammatory response
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Solubilization and phagocytic clearance and immune complex:

Example:
kL 1 i
Alhvadty — A — ASAS AZA
Ab binding 10 circutating Complement Immune complexes bind 1o
antigens (immune activation erythrocyte complement
complex formation) receplors and are cleared

from the circulation in liver

Fig. 7.6: Process of phagocytic clearance

4. Molecular immunology: Peptide epitopes, T cell B cell
antigenic properties, prediction of T and B cell epitopes,
Chimeric peptides, polytope vaccines, Majo r Histocompatibility

Complex, Polymorphism transplantation.

Objective: In this unit we will discuss about different kinds of epitopes. We will also

discuss about polytope vaccination process, MHC and polymorphism transplantation.

Antigen:
Definition:
Antigens are substances which, when introduced into the body, stimuk the

production of antibodies.

Chemical Nature:
The antigens are mostly the conjugated proteins like lipoproteins, glycoproteins and

nucleoproteins.

Structure:
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Antigenic determinants or epitopes (GKk. epg upon, topos place) are components of
antigen. Each antigen carries many epitopes. Each-shaped antibody moécule has
atleast two binding sites that can attach to a specific epitope on an antigen. An antibody
can also bind to identical epitopes of two different cells at the same time which can
cause reighbouring cells to aggregate. Antigens combine with the antibody. The

combination is very much like the lock and key analogy.

ANTIBODY A

BINDING

SITES EPITOPES

(ANTIGENIC DETERMINANTS
OF CELL WALL)

mimia)

ANTIBODY B

N

\
ANTIGEN o &
/;\\ ) ""’,60\
. O\ ¢/

: o\
O
= ANTIGENS
COMPONENTS
SIRI8) OF CELL WALL

Diagram showing an antigen with epitopes (antigenic determinants)
Two altached antibodies are also shown.\
Types:
Based upon the ability of antigens to carry out their functions, antigens are of two types:
complete antigensand incomplete antigens (haptens). A complete antigen is able to
induce antibody formation and produce a specific and observable reaction with the

antibody so produced.

Haptens (Gr. hapten to grasp; partial antigens) are substances which are incapable of
inducing antibody formation by themselves, but can be capable of inducing antibodies

on combining with larger molecules (normally proteins) which serve as carriers.

' T OECAT O xEEAE AOA DPOAOGAT O 11 Gdatlgenddrdeldd O 1 x|
antigens. The antigens on the noself cells are known as foreign antigens or noeself

antigens.

H antigen:
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Red blood corpuscles of all ABO blood groups possess a common antigen, the H antigen,
which is a precursor for the formationof Aand AT OECAT 08 $OA O O1 EO/

H antigen is not ordinarily important in grouping or blood transfusion.

However, Bhende et al (1952) from Mumbai reported a very rare example in which A
AT A . AT OECAT O AT A ( AT OEGCAT @orpusBig3AThiAIA OAT O
ETT xT AO "TTAAU TO /E AITTA ¢cOi Op8 30AE EITAE

antibodies. Therefore, they can accept the blood only from their own group.

Antigen Presenting Cells (APCs):
The cells that can engulf antigen angresent fragments to T cells are called antigen

presenting cells (APCs).

There are three types of antigen presenting cells in the body: macrophages, dendritic
AAT1 6 ATA . AAlIIl Os8

1. Macrophages:

Macrophages are usually found in a resting state. Their phagdic capabilities are
greatly increased when they are stimulated to become activated macropges. The
macrophages are present alongwith lymphocytes in almost all the lymphoid tissues, e.g.,

monocytes as blood macrophages and histocytes as tissue macropésg

2. Dendritic Cells:

These cells are characterized by long cytoplasmic processes. Their primary role is to
function as highly effective antigertrapping and antigen presenting cells. These cells
are nonphagocytic in nature. They are found in lymph nodespleen, thymus and skin.

The different types of dendritic cells are:

N L oA L.~

coming in contact with body surface.
b. Dendritic cells in spleen, which trap the antigen in blood.

c. Follicular dendritic cells in lymph nodes which trap the antigen in the

lymph.
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PROTOPLASMIC
-1 PROCESSES

- NUCLEUS

T~ CYTOPLASM
Dendritic Cell

Thus macrophages and dendritic cells play anmiportant role in the trapping and
preselODAOEIT T 1T £ AT OECAT O Oi 4 AT A | AAIT O O EI
Steinman was awarded Nobel Prize (2011) for his discovery of the dendritic cell and its

role in adaptive immunity.

3. B-cells:

. -cells express ontheir surface intra-membrane immunoglobulin (Ig) molecules that
£O01T ACGETT AOG |, AAI 1T Al OEcCAl OAAADPOI 008 3
EAAT OEAAT h AAAE |, AAlI 1 AAT AETA 11710 1T1TA Al
antigen-presenting cells than macrophages, which must ingest any foreign material that

comes their way.

$ AOAAT A Adel® @lasmakcells) produce antibodies.

Meaning of Cell Surface Antigens:

Cells are antigenic. This means that when cells of one species are injected imtother
species, the recipient will first identify the injected cells as being of foreign origin and
start producing antibodies to interact specifically with the alien cells. Therefore, the

foreign cell that provokes antibody production in the recipient § called antigen.

If whole cells are injected, many cell surface componeruslike protein, carbohydrates
or some combination of the twe@ may act as cellular antigen of the foreign cell. Several
cell surface antigens have been studied in detailthe ABO bloa group antigens, the MN
blood group antigens, histocompatibility antigens etc. The most commonly studied cell

surface antgens are discussed below.

25



Types of Surface Antigens:

(i) The ABOBIlood Group Antigens:

The recognition of any blood grouping or speific type within it depends on the ability

to detect the presence or absence of specific antigens on the red blood cells. Such
antigens are found in the membrane of red cells or erythrocytes. In the human,
classification of a person as blood type A, Btceis possible because of the presence of

the detectable antigens.

If a certain antigen is present in the red blood cells, these may be clumped by the
corresponding antibody when it is present. If the specific antigen is not present in the
red blood celk, the corresponding antibody antiA or anti-B is present in the blood

serum.

A person of type AB blood is born with both A and B antigens in the red blood cells but
no anti-A or anti-B antibody are found in the serum. The type O person lacks both A and
B antigens into the membrane of the red blood cells, but the serum contains both

antibodies anti-A and antiB.

All these antigens are under genetic control so that an individual may possess either A
or B antigen, or both, or neither. When neither antigen igresent, the individual is called

O type. However, individuals with O type erythrocytes possess an antigen called H
which is the structural foundation on which A and B antigens are built. The antigens of
ABO system are glycolipids, with the oligosaccharideortion of the glycolipid
responsible for antigenic properties. The oligosaccharide antigen is covalently attached
to sphingolipids which are immersed in the bimolecular lipid leaflet of the plasma
membrane. There are two types of oligosaccharide core aims which, ultimately, give

rise to two subgroups of each antigenic type.

The difference is due to the type of linkage between galactose and- N
acetylgalactosamine at the core of the oligosaccharide. In type | chain, galactose is
attached with either N-acetyl glucosamine or NAAAOUI CAIl AAQ,)3dkdgeT A AU
whereas in type Il chain galactose is attached with NN\AAOUIT Ci OAL @Al ET A
linkage. Erythrocytes that are O type, does not ctain galactose or Nacetyl

glucosamine or N acetylgalactsamine as side chain and fucose is linked-13 2
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galactose, a structure that constitutes the H antigen. From this unit the A and B antigens
are enzymatically generated by glycosyltransferases that attach either on -N

acetylgalactosamine unit (type A) or ajalactose unit (type B).

The level of genetic control is exercised by presence or absence of glycosyl transferees

that modify the H antigen; adding either an A or B determinant.

Smooth endoplasmic reticulum

desmotubule
cylusolic
annulus

orimary /“' i

celi wall

: :.‘.::-ii_E'--"' piasma membrane lining the
plasmordesma, connecting
two adjacent cells

Fig. 4.26: Diagram of plasmodesmata.

(i) The MN Blood Group Antigens:

The second major blood group system in hman is MN system. In this case, the oligosac
AEAOEAA EO 1 ETEAA O1 A DPOI OAETh <cCclI UATPEIT OET
attached through asparagine, andhe other unit (B) through serine or threonine. Vari

ations on these structures exist.

They charmcteristically contain terminal sialic acid (Nacetylneuraminic acid). Both M
and N deteminants are destroyed when erythrocytes are treated with neuraminidae,

an enzyme that removes sialic acid.

(i) Histocompatibility Antigens:
Histocompatibility antigens are tissue cell suface proteins that differ from individual to
individual. They are recognised by the mechanism of tissue graft rejection. There are

different number of antigenic combinations possible on tissue surfaces and this is the
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basis for the difficulties faced in getting a good tissue match for skin or organ

transplantation surgery.

Some of the histocompatibility antigens are strong and othersra weak. H2 antigens in
mice and HLAantigen in humans have been studied in detail. Both these systems have
many genetic variants. The F2 antigen in mice is strongly antigenic. The intact 2

antigen is made of two chains of which one is heavy or long @other is light or short.

4EA 1 ECEO Al AEiI EO AAOOamitrdsgloBulinDThé ledEdand AT A E
light chains interact but not by covalent bonds. The proteolytic enzyme papain cleaves

the heavy chain in such a way that a watesoluble portion called the kfragment, is

released and a small piece, therHragment is left in the membrane. Partial sequences

have been worked out for the heavy chains of both -8 and HLA antigens and

similarities are seen between the two types of heavy chains.

Functions of Surface Antige ns:

The chemical natures of several types of surface antigens are now known. Surface
antigens have some biological importance and are involved in many functions. For
examples, H2 antigens may function during the mechanism of immunological

surveillance.

If any change or modification in cell surface structures takes plageeither by mutation
or other mean the surface structures become abnormal. The abnormalities arising in

cell surface are ready recognised by wandering lymphocytes in the immune system.

When a defective cell is found by the lymphocytes, a message is sent to the lymph
modes where a class of lymphocytes called killer T cells are activated and, ultimately,
destroy the abnormal target cell. The target cell must have an-H antigen plus an
abnormal or modified antigen. The normal (H2) and the abnormal antigens may be
present independently, or they may form a hybrid surface structure. In any case they
are then recognised or they may attract the lymphocytes without being physically
attached to ane another. In any event, in the absence of-Bantigen, an abnormal cell

will avoid destruction and proliferate.
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Epitope:
1. An antibody that is specific for an antigen binds nenovalently to a region of the

molecule surface known as epitope.

2. Naturdly occurring epitopes are relatively small (either amineacids or sugar

residues).

3. Specific epitope should fit with the specific site present on antibody (antibody

binding site).

4. The site present on antibody called antigencombining site or paratqe is a cave

pocket shaped one to match with the epitope having a convex site
cpnupe

Idiotope

Fig. 4.8: Antigen recognition by antibody

5. Small antigens are mainly monepitopic where as large proteins and

oligosaccharides can express many different and/or identical repeating mulepitopes.

6. The forcesresponsible for binding include hydrophobic and Vander Waals forces,
which are spherical, symmetrical and hydrogen bridges, which are directional and
require matching of the reactants. Electrostatic forces might also contribute, but they

act at distance.
7. Formation of stable immune complexes normally occur only when the epitope and
DAOAOTI PA Z£EO O*ECOI x &AOEEI 1468

8. Not only the position of on epitope within a large molecule is important in
determining its ability to induce an immune response, but the posibn of each subunit
within the epitope may also be important. For e.g. each of the amino acid residues

comprising a given accessible epitope might unequally conbute to bind with an
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antibody paratope. Thus some components of an epitope are more immugl@minant

than others.

9. Any amino acid can contribute to a protein epitope. The residues that are not part of
the epitope might not bind to antibody but might influence antigen conformation and
affect epitope binding. Substitution of even a single aminocal in an epitope can affect

binding of antibody.

Polytope Vaccines:

Vaccineinduced CD8 T cells directed to tumouspecific antigens are recognised as
important components of protective and therapeutic immunity against tumours. Where
tumour antigens have pathogenic potential or where immunogenic epitopes are lost
from tumours, development of subunit vaccines consisting of multiple individual
epitopes is an attractive alternative to immunising with whole tumour antigen. In the
present study we investigate he efficacy of two DNAbased multiepitope (‘polytope’)
vaccines containing murine (H2b) and human (HLAA*0201)-restricted epitopes of the
E7 oncoprotein of human papillomavirus type 16, in eliciting tumouwprotective
cytotoxic T-lymphocyte (CTL) responses We show that the first of these polytopes
elicited powerful effector CTL responses (measured by IFijamma ELISpot) and long
lived memory CTL responses (measured by functional CTL assay and tetramers) in
immunised mice. The responses could be boosted hyimunisation with a recombinant
vaccinia virus expressing the polytope. Responses induced by immunisation with
polytope DNA alone partially protected against infection with recombinant vaccinia
virus expressing the polytope. Complete protection was affordedgainst challenge with
an E7-expressing tumour, and reduced growth of nascent tumours was observed. A
second polytope differing in the exact composition and order of CTL epitopes, and
lacking an inserted endoplasmic reticulum targeting sequence and-felper epitope,
induced much poorer CTL responses and failed to protect against tumour challenge.
These observations indicate the validity of a DNA polytope vaccine approach to human
papillomavirus E7-associated carcinoma, and underscore the importance of dgsi in

polytope vaccine construction.

Major Histocompatibility Compleex:
Definition of MHCMolecule:
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The term histocompatible refers to the individuals who the same tissues i.e. identical
twins. This term is used to determine how identical two unrelated idividuals are. In
case of two histocompatible individuals, a tissue or organ from a donor (the person
giving the organ or tissue) that will not be rejected by the recipient (the patient in

whom the tissue or organ is transplanted).

Thus, histocompatibility is the property of having the same or mostly the same alleles of
A OAO T &£ CATAO AAT T AA OEA Oi AET O EEOOT ATl | DA«

in most tissues as antigens to which the immune system makes antibodies.

Major histocompatibility complex (MHC) is a tightly linked cluster of genes present on

chromosome 6 in humans (and chromosome 17 in mice) which encodes the MHC
proteins. The MHC proteins are present on plasma membrane of almost all human
tissue/cells. The MHC proteins participate in itercellular recognition and antigen

presentation to T lymphocytes.

Generally, a group of linked MHC genes is inherited as a unit from parents. These linked
groups are called haplotypes. MHC genes are polymorphic {i.e. there are a large number
of alleles fa each gene). Also they are polygenic (i.e. there are a number of different
MHC genes). Human MHC molecules are also called human leucocyte antigens (HLA). In
the mid 1930s Peter Gorer (England) established the concept of rejection of foreign
tissue due toan immune response to cell surface molecules. This gave the birth to the
study of histocompatibility antigens. He identified four types of genes (I to IV) which
encode blood cell antigens. During 1950 George Snell (U.S.A.) pioneered the concept
that antigens encoded by the genes took part in the rejection of transplanted tumours.
He called these genes as histocompatibility genes. For this work Snell was awarded the
Nobel Prize in 1980.

Classesof MHCMolecules:

The MHC genes are organized into three classg Il and 11l which express three classes

of molecules Classes I, Il and lll, respectively (Table 22.5). Classes | MHC genes consists
of A, B and C gene loci. They secrete glycoproteins which are referred to as Class | MHC
molecule. Glycoproteins are exgessed on the surface of about all nucleated cells. Class |

MHC molecules present the peptide antigens tactells.
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The human Class | MHC gene spans about 2,000 kb (about 20 genes) at the telomeric
end of the HLA complex, whereas the Class || MHC genesofatlil,000 kb) are located at
the centromeric end of HLA. Class Il genes (flanked by about 10,000 kb long) located

between the two genes.

The DP, DQ and DR region of Class Il MHC genes in humans encode the Class Il MHC
molecules called glycoproteins. Thewre expressed on antigen presenting cells such as
macrophages, dendric cells and B cells, and present the processed antigenic peptides to
Tucells. Class Il molecules have specialised function in the immune response.

Both Class | and Class Il molecules hmeommon structural features. They have role in
antigen processing. In addition, the Class Ill MHC gene is flanked by Class | and Class I
regions and encodes molecules critical to immune function. Class Il MHC molecules
consist of complement components & C2, BF, inflammatory cytokines, including

tumour necrosis factor (TNF) and heat shock proteins.

Structure of MHCMolecules:

The Class | molecule is a transiembrane glycoprotein consisting of two chains: &hain

or heavy chain (of 42 KD molecular weightnon-covalently associated with a light chain

A A1 l-Aiéro-globulin (molecular weight 12 KD).

AEAABAET EO 1 OCAT EUAA ET O1 OehQAA ARBORAARIGA
i Al AOAT A OAci AT 66 | EUAOT PET AEAQ A 111 xAA A
OAUOI P1 AOI EA OAEI 8 | &EC8 <c¢c¢8c¢m! 8 4EAOCA AOA
and expressed on the surface of plasma membrane of almost all cells except
erythrocytes.

€ 2-micro-globulin molecule is expressed by different chromosomes. Associatiaf the

I-AEAET »mie©Flobuin is must for expression of Class | molecules on cell

i AT AOAT Ai\T 4pBoAm the antigenic-binding cleft located on top of surfaces of

molecule.
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Class | molecule Class Il molecule
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Fig. 22.20 : Structure of MHC molecules; A, Class | molecule; B-Class Il molecule.

Class Il MHC molecules aralso transmembrane glycoprotein encoded by separate
-(# CATAO8 4EAU ATT OAET Oxi1 AEAZEAOAT O
These two chains are associated necovalently (Fig. 22.20B).

Further, both the chains £l 1 A O1  CE O A, af¥ 4 dondaihd infAokhér Qomgin),
one is membrane proximal domain and the second is membrardistal domain. Like
Class I MHC molecules, the class Il molecules also contain tr@egment and a
cytoplasmic anchor segment. Each chain of Class Il molecule contaia® external
AT T AEdatdagEd 11 A A EAIEAddmaint iA other chain.

Function of MHCMolecules:

MHC provides both cell mediated and humoral immune responses, while antibodies
react only z with antigens, and most of the T cells recognise agen only when it gets
combined with an MHC molecule. Hence, MHC molecules act as antigezsenting

structure.

The MHC partly determines the response of an individual to antigens of infectious
microorganisms. Therefore, it is implicated in susceptibilityto disease and in the
development of autoimmunity. Recently, it has been explained that the natural killer
cells express receptors for MHC Class | antigens. The recepHC interaction result in

inhibition/activation.
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Both Class | and Class 1| MHC moleesl present the processed endogenous antigen to

CD8 T cells. Class Il molecules present the processed exogenous antigen to CD4 T cells.

#1 AOGO ) 111 AAOI AO EAAT OEZEAO 11001 U Al OEA
production of antibodies which introduced into host with different Class | molecules.

This is the basis for MHC typing when a patient is to undergo for antigen

transplantation.

Class Il molecules comprise of the D group of MHC. They stimulate the production of
antibodies. But they ae required for T cell communication with macrophage and B cells.
Part of T cells receptor recognises Class Il molecules on the adjacent cell before cytokine

secretion by T cells. This is necessary for immune response.

Both Class | and Class Il moleculesecognise the microorganisms. They are also
involved in the susceptibility of an individual to a specific norinfectious diseases e.g.
multiple sclerosis, acute glomerulonephritis, tuberculoid leprosy, paralytic
poliomyelitis, etc. The Class Ill moleculese(g. G, Gaand Gp) participate in the classical

pathway and factor B in the alternate pathway of the immune responses.

GeneRegulation of MHCEXxpression:

Regulation of MHC genes has not been studied much. Understanding of complete
genomic map of the MHCcomplex hopefully will accelerate the identification and
coding, and regulatory sequences. Transcriptional regulation of the MHC is mediated by
both positive and negative elements e.g. MHC Il trarativator (cll TA) and

transcription factor (RFX) binds b promoter region of Class || MHC gene.

Any error in these transcription factors causes a type of disease in lymphocytes.
Expression of MHC molecules is also regulated by many kinds of cytokines. Interferons
and tumour necrosis factor increases the expregsn of Class | molecules on cells.

Interferon -gamma induces the expression of clITA.

Expression of MHC decreases after infection by certain viruses e.g. hepatitis B virus, and
adenovirus 12, cytomegalovirus, etc. Adenovirus 12 causes a decrease in transtoin

of the transporter genes (TAP1 and TAP2). When these genes are blocked, class |
iT1AAOI AO A&l El -@icro-dlodulinA DereaBed keel®ECIaps | molecules
promotes viral infection. Expression of Class Il molecules by B cells is dowegulated
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by INFgamma. Corticosteroids and rostaglandins decrease the expression of Class I
molecules. The MHC has been divided into three regions on the basis of structure,
function and alloreactivity of the gene products, whickare: 1. Clasg | at the telomeric
ends 2. Clasg Il at the centromeric ends 3. Clasz lll, which is located between clasg |
and Il regions.

The classic class | and Il genes code for the human leukocyte antigen (HLA), often
referred to as histocompatibility or transplantation antigen (described above), while the
non-classic genes encode neRILA products with various immunologic functions. Other
genes with no obvious functions in the immune system have also been mapped to the
MHC because defects in such genes include the clinicdyndromes of

haemochromatosis, congenital adrenal hyperplasia and olivopoocerebellar ataxia.

Classz | genes:

Serologic HLA typing has permitted the recognition of three highly polymorphic clasgl
genes loci that encode the heavy chains of the HLAA, B and Cw molecules. More
recently, molecular analysis of this region has identified additional non classic Clask
genes which are HLAz E, F and G, whose protein products have similar structures to

HLAZ A, B and C, but a more restricted tissue distriion.

Similarly the classz 1 pseudogenes like HLA H, J, K and L are also identified. The HEZA

'h = AT A # AT OECAT 80 jCclUATPOT OAET q bHOT 011
Weight) is encoded on chromosome 15. The nomelature of individual classz | alleles-

depend on whether they are identified and defined by serology or nucleotide sequence

analysis.

Classz Il genes:
The MHC clasg Il molecules are cell surface glycoproteins of which the protein part
consists of two chain a and P, which are enced by the class Il A and B genes in the

MHC. There are at least 7 A genes and 16 B genes which can be divided into:
(a) Functional genes
(b) Pseudogenes

(c) Genes of unknown status.
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The classic clasg Il molecules are HLAz DR, DQ and DP which are enced by the DRA,
DRB, DQA, DQB, DPA and DPB genes. The other expressed genes include DNA, DOB,
DMA and DMB. The number of genes in the DR subregion varies depending on the

haplotype.

All haplotype carry a single achaingene DRAand® | AEAET Igdhédktddr AOO
of these are expressed, while the others are pseudogenes. It has also been found that
there are high polymorphism occurs in the clasg Il molecules and which is mainly due

Ol o EUDPAOOAOE AT A donfai@Eehdoded by the sébEdiexonps of the

genes.

Classz lll genes:

The MHC clasg lll regions contains genes that encode serum proteins involved in the
effector functions of the immune system. These include components of the complement
system that mediate cytotoxicity, phagocyisis and inflanmation following exposure to
antigen- antibody complexes and the inflammatory meditors, tumor necrosis factor
i9.&q 4 AT A 8

Other immunoregulatory molecules encoded by the clasglll regions of the MHC may
include three proteins of the heat shock prtein Hsp 70 family, Hsp 761, Hsp 762 and
Hsp 70Hom which have been predicted to serve a variety of immune functions,
including protein folding and intracellular chapteroning and may play a part in antigen
processing. Several novel expressed genes in tMHC, to which functions have not yet

been attributed, may also ultimately be implicated in the immune system.

MHCand Disease Susceptibility:
Because of the important roles played by the products of the MHC genes in the immune
system, it is not surprising that these genes, have an important influence on immune

disorders.

These disorders can be divided mechanistically into two types:
1. Autosomal recessive immune deficiency caused by genetic defects that aborgate the

synthesis of MHC gene products.
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2. MHC associated disease concerns genetic susceptibility to a large number of ddsrs

that involve MHC alleles which are also present in the general population.

The most commonly occurring MHCA OO A Hisdadedade:
(a) Autoimmune disease

(b) Insulin dependent Diabetes Mellitus

(c) Adult Rheumatoid arthritis

(d) Juvenile Rheumatoid arthritis

(e) Systemic Lupus Erythematosus

() Lupus Nephritis

(9) Autoimmune Hepatitis

5. Clinical Immunology: C ytokines: properties, receptor,
antagonists, diseases, Therapeutic use of cytokines
Experimental Immunology: Vaccine dev elopment
(Recombinant, Combined and polyvalent vaccines), Antigen
Antibody reactions in diagnostics. Cancer Immunology,

Transplantation immunology.

Objective: In this unit we will discuss about properties and functions of cytokine
molecules. We will also discuss about vaccination process . Antigen antibody
interactions and cancer immunology will also be discussed along with transplantation
immunology.

Cytokines:

1. Cytokines are a group of lownolecular- weight regulatory proteins secreted by WBC

and other cells in the body.

2. Cytokine secretion is very specific and selfimited event as because they are not

usually stored as performed molecules. Cytokine synthesis is initiated by new gene
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transcription as a consequence of cellular activation. Once synthesized, cytokines are

rapidly secreted, resulting in a burst of release when needed.

3. After secretion, cytokines (almost 60 different types of cytokines) regulate immune

and inflammatory readions (Fig. 8.1A, B).
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Fig. 8.1: Functions of selected cytokines in hos! defense. In innata immunity, cytokines produced by macrophages and
NK cells mediale the early inflammatory reaclions to microbes and promote the elimination of microbes, In
adaptive immunity, cytokines stimutate prolileration and differentiation of antigen-stimulated lymphocytes and
aclivate specialized eflector cells, such as macrophages Tne properties of the cylokines shown in this ligure
are discussed later in this chapter. APC, antigen-presenting cell

4. Cytokines bind to specific receptors on the membrane of target cells, triggering
signal transduction pathways that ultimately alter gene expression in the target cells
(Fig. 8.2). The nature of the target cell for a particular ¢gkine is determined by the
presence of specific membrane receptors. Cytokines are so specific due to their high

affinity for which Pico molar concentrations of cytokines can mediate a biological effect.
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Fig. 8.2: Overview of the induction and function of cytokines

5. Cytokine actions may be local or systemi
(i) Most of the cytokines act close to where they are produced, A particular cytokine
when binds to receptors on the membrane of the same cell from where it has been

secreted is called autocrine action (Fig. 8.3A).

(i) When secreted cytokines bind to eceptors on a target cell in close proximity to the

producer cells, it is called paracrine action (Fig. 8.3B).

(i)  In most of the cases, cytokines act on cells that are in contact with the cytokine
producers but when cytokines are praluced in large amounts,timay enter the
circulation and act at a distance from the site of production (Fig. 8.3C). This is

called endocrine action.
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Endocrine action

Distant cell

Fig. 8.3: Most cytobacteria exhibit autocrine and/or paracrine action; fewer exhibit endocrine action

6. Cytokines often influence the synthesis and actions of other cytokines and different
immune cells. The ability of one cytoine to stimulate production of others, leads to cas

cade in which a second or third cytokine may mediate the biological effects of the first.
Cytokines regulate the intensity and duration of the immune response by stimulating or

inhibiting the activation, proliferation and differentiation of various cells.

7. The cytokines secreted by a single lymplegte following antigen-specific activation
can influence the activity of various cells involved in the immune response. For example,
cytokines produced by actvated T cells (T-helper cells) can influence the activity of B
cells, Tc cells, natural killer cells (NK cells), macrophages, granulocytes and haemato

poietic stem cells. This means that it activates an entire network of interacting cells.

8. Cytokines ekibit the attributes of pleiotropy, redundancy, synergy and antagonism.
Pleiotropism refers to the ability of one cytokine to act on different cell types which
action; fewer exhibit endocrine action allows a cytokine to mediate diverse biologal
effects(Fig. 8.4A).
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Redundancy refers to the property of multiple cytokines i.e. two or more cytokines
having the same functional effects. This property of cytokine makatsdifficult to explain
a particular activity to a single cytokine (Fig. 8.4B).

Synergism exibits to the phenomenon when the combined effect of two cytokines on

cellular activity is greater than the additive effects of the individual cytokines (Fig.
8.4C).

Antagonism indicates the property that is just opposite to the synergism as in this case,

the effects of one cytokine inhibit or offset the effects of another cytokine (Fig. 8.4D).
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Fig. 8.4: Properties ol cytokines. Selected examples are shown to illustrate the following properties ol cylokines:
plelotropism, one cytokine having multiple effects on diverse cell types: redundancy, mulliple cytokines
having the same or overlapping actions; synergy, two or more cylokines having greater than additive
eflecls; and antagonism, one cytokine inhibiting the action of another

9. Cytokine activity is also being regulated by external signals, the expression of

cytokine receptors vary and also the responsiveness of cgllto cytokines. As for
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example, stimulation of T or Blymphocytes by antigens leads to increased expression of

cytokine receptors.

10. Many of the changes in gene expression induced by cytokines result in
differentiation of T and Blymphocytes and activaton of effector cells such as

macrophages.

11. Besides activation, cellular responses to cyto-kines can also include feedback
inhibitory signals to the cytokine activity. These mechanisms include cytokine induction
of gene encoding inhibitors of the cytokie receptors. These inhibitors may inhibit the
function of cytokine receptors expressed on the cell sur-face, molecules that block

interactions of signalling kinases, phosphatases.

On the basis of principal biologic actions; cytokines are grouped under three
basic categories:

(i) Mediators and regulators of innate immunity:

These are produced mainly by mononuclear phagocytes in response to infectious
agents: Pathogerassociated molecular patterns; like bacterial lipopolysaccharides
(LPS) and viral double sanded RNA (dsRNA), also bind to Tolike receptors (TLRsS) on
the cell surface or in endosomes of macrophages and stimulate the synthesis of some
important cytokines of innate of Innate immunity. They act on endothelial cells and

leukocytes.

(i) Mediators and regulators of adaptive immunity:

These are produced mainly by dymphocytes in response to specific recognition of
foreign antigens. Some Tell cytokines regulate the growth and differentiation of
various lymphocyte populations and are related wh T celkdependent immune
responses. These cytokines also regulate and activate mononuclear phagocytes, neutro

phils and eosinophils.
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The comparative feature of cytokines of Innate and Adaptive immunity are placed in
Table 8.3.

Table 8.3: Comparative Features of the Cytokines of Innate and Adaptive Immunity

Features Innate immunity Adaptive immunity
Examples TNE IL-1, IL-12, IFN-y * (L-2, L4, IL-5, IFN-y *
Major cell source Macrophages, NK cells T-lymphocytes
Principal physiologic Mediators of inflammation Regulation of lymphocyte growth and
functions (local and systemic) differentiation; activation of effector cells
(macrophages, eosinophils, mast cells)
Stimuli LPS (endotoxin), bacterial peptido-  Protein antigens

glycans, viral RNA, T cell-derived
cytokines (IFN-y)

Amounts produced May be high; detectable in serum  Generally low; usually undetectable in
serum
Local or systemic cffects  Both Usually local only
Roles in disease Systemic diseases Local tissue inury
(¢.g. septic shock) (e.g., granulomatous inflammation)
Inhibitors Corticosteroids Cyclosporine, FK-506

* [FN-y plays important roles in innate and adaptive immunity.
Abbreviations: IFN, interferon: 1L, interleukin; LPS, lipopolysaccharide; NK, natural killer; TNF, tumor necrosis factor

(i) Stimulators of haematopoiesis:

These are produced by bone marrow stromal cells, leukocytes and other cells, and
stimulate the growth and differentiation of immature leukocytes. Therefore, in general,
the cytokines of innate and adaptive immunity are produced by different de
populations and act on different target cells. The functions of different cytokines are

mentioned in Table 8.4.
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Interleukin 5

Interleukin 6

Interleukin 7
(IL-7)

Interleukin 8
(IL-8)

Interleukin 9
(IL-9)

Interleukin 10
(IL-10)

Interleukin 11
(IL-11)

Inerleukin 12
(IL-12)

Interleukin 13
(IL-13)

Interleukin 15
(IL-15)

Interleukin 16
(IL-16)

T2 cells, mast cells

Monocytes,  macro-
phages, T2 cells, bone-
marrow stromal cells

Bone-marrow, thymic
stromal cells

Macrophages, endo-

thelial cells
TH cells

Ty2 cells

Bone-marrow stromal
cells

Macrophages, B-cells

TH cells

T-cells

T-cells (primarily CD8"*)
Eosinophils

Activated B-cells

Eosinophils
Proliferating B-cells

Plasma cells
Myeloid stem cells
Hepatocytes

Lymphoid stem cells
Resting T-cells

Neutrophils

Some Ty cells

Macrophages

Antigen-presenting
cells

Plasmacytomas
Progenitor B-cells
Megakaryocytes
Hepatocytes

Activated T cells

NK and LAK cells and
activated Tyl cells

Macrophages

T-cells, intestinal epi-
thelium

NK

Activated B-cells

CD4* T-cells

Stimulates proliferation and differen-
tiation; induces class switch to IgA
Promotes growth and differentiation
Promotes terminal differentiation into
plasma cells

Stimulates antibody secretion

Helps promote differentiation
Induces synthesis of acute-phase pro-
teins

Induces differentiation into progenitor
B and T-cells

Increases expression of IL-2 and its
receptor

Chemokine; chemotactically attracts;
induces adherence to vascular endo-
thelium and extravasation into tissues
Acts as mitogen, supporting prolifera-
tion in absence of antigen

Suppresses cytokine production and
thus indirectly reduces cytokine pro-
duction by Tyl cells

Down-regulates class Il MHC expre-
ssion

Supports growth

Promotes differentiation

Promotes differentiation

Induces synthesis of acute-phase pro-
tiens

Acts synergistically with IL-2 to
induce differentiation into CTLs
Stimulates proliferation

Inhibits activation and release of
inflammatory cytokines; important
regulator of inflammatory response
Stimulates growth of intestinal epithe-
lium, T-cell proliferation

Supports proliferation

Co-mitogen for proliferation and diffe-
rentiation

Chemotaxis; induces expression of
class Il MHC; induces synthesis of
cytokines; suppresses  antigen-
induced proliferation. :

Vaccines:

The immune system is a complex system of interacting cells whose primary function is

to identify foreign £OT |
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defense system of the body against this antigen usually involves the elicitation of both

innate and adaptive branch of immunity. Acquired immunity concerns the production

of protein molecules by B lymphocytes, called antibodies (or immunoglobulins), and of

specific cells, including Hymphocytes (also known as celmediated immunity) along
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