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Lecture 1-2.

Vaccinology

1. Introduction into
vaccinoligy.
2. Vaccine antigens.

2022



Immunization -the administration of an antigen
to an individual in order to confer immunity.

« There are two basic methods by which any animal
may be made immune to an infectious disease:
passive and active immunization.

« Passive iImmunization produces temporary immunity
by transferring antibodies from a resistant to
a susceptible animal. These passively transferred
antibodies give immediate protection, but since they
are gradually catabolized, this protection wanes, and
the recipient eventually becomes susceptible again.

« Active Immunization using vaccines containing live
or dead organisms produces slowly developing but
long-lasting immunity.




A classification of the different types of adaptive immunity

and of the methods employed to induce protection.
Acquired immunity

= =




Passive iImmunization

Passive iImmunization requires that antibodies be produced in
donor animals by active immunization and that these
antibodies be given to susceptible animals to confer
Immediate protection.

Serum containing these antibodies (antisera) may be
produced against a wide variety of pathogens. For instance,
they can be produced in cattle against anthrax, in dogs
against distemper, in cats against panleukopenia, and in
humans against measles.

They are most effective protecting animals against toxigenic
organisms such as Clostridium tetani or Clostridium
perfringens, using antisera raised in horses. Antisera

made in this way are called immune globulins and are
commonly produced in young horses by a series of
Immunizing injections.

The clostridial toxins are proteins that can be denatured and
made nontoxic by treatment with formaldehyde.




Passive iImmunization

 Although immune globulins give immediate
protection, some problems are associated with their
use. For instance, when horse tetanus immune
globulin is given to a cow or dog, the horse proteins
will be perceived as foreign, elicit an immune
response, and be rapidly eliminated.

* To reduce antigenicity, immune globulins are usually
treated with pepsin to destroy their Fc region and
leave intact only the portion of the immunoglobulin
molecule required for toxin neutralization — the
F(ab)'2 fragment




The levels of serum antibody (and hence the degree of
protection) conferred by active and passive methods of
Immunization.

Passively administered
homologous antibody

Actively induced
antibody

Degree of protection (antibody fiter)
|

Weeks

Antigen or Antigen Antigen
antibody



Primary vs. Secondary Immune
Responses

Primary response Secondary response

Small number of pathogen-specific cells Large number of pathogen-specific cells
respond at the start respond immediately

Delay before pathegen-spedfic antibedies Pathogen-specific antibodies already present
are produced

Non-isotype-switched antibody having a mixture Antibodies are isotype-switched and have high
of affinities for the pathogen is produced at the start affinity for the pathogen

High threshold of activation Lower threshold of activation X

Delay before effector T cells are generated and Effector T cells are present and can enter

are able to enter infected tissues infected tissue immediately

Innate immunity works alone until an adaptive Close cooperation between innate and adaptive
response is generated immunity from the start

Parham Figure 11.13
https://www.youtube.com/watch?v=Uw8i-n8Uclo
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VACCINES

Vaccine is a preparation of microbes or
toxoids that can no longer induce disease
but can still stimulate active immunity
against the corresponding pathogen or its
toxin

Vaccine is any preparation intended for active
immunological prophylaxis, preparation of killed microbes of
virulent strains or living microbes of attenuated (variant or
mutant) strains, or microbial, plant, metazoan or products

[Stedman's Concise Medical Dictionary]
It is an antigen

Vaccine can induce antibacterial, antiviral or
antitoxic immunity, or immunity against parasites

Vaccine (latin “vacca” = cow, vaccinus=relating to a cow)



The numbers of deaths vaccines avert is remarkable, especially in
lower and middle income countries.

* Recent estimate effect of vaccination
against ten pathogens globally:

* Averted 37 million deaths between 2000
and 2019.

* Among children under 5 years, a 57%
reduction, most notably from measles.

Juliene
Harneis/
UNICEF/
CDC

* Xiang Li et al Lancet 2021.

https://www.gresham.ac.uk/watch-now/vaccination
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Global intensity map of five major emerging and re-
emerging diseases (dengue, rabies, cysticercosis,
Chagas’ disease, trypanosomiasis)
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Tim K. Mackey et al. Clin. Microbiol. Rev. 2014;27:949.979

https://www.youtube.com/watch?v=zfHn0163zRo
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Smallpox

The mortality of the severe
form of smallpox — variola
major — was very high
without vaccination, up to
35% in some outbreaks.

The smallpox vaccine is
the first vaccine to be
developed against a
contagious disease.

« A method of inducing immunity known as inoculation ("variolation®)
was practiced before the development of a modern vaccine and

likely occurred in Africa and China well before the practice arrived
In Europe.

* In China, powdered smallpox scabs were blown up the noses of
the healthy. The patients would then develop a mild case of the
disease and from then on were immune to it. The technique did
have a 0.5-2.0% mortality rate, but that was considerably less
than the 20—-30% mortality rate of the disease itself.



https://en.wikipedia.org/wiki/Artificial_induction_of_immunity
https://en.wikipedia.org/wiki/Variolation
https://en.wikipedia.org/wiki/Vaccine

Smallpox vaccine
e In 1796, the British s
doctor Edward
Jenner demonstrated
that an infection with
the relatively

mild cowpox virus
conferred immunity

against the
deadly smallpox virus.
« Cowpox served as a Dr Edward Jenner performing his first
natural vaccine until vaccination on James Phipps, a boy of age
h d I 8. 14 May 1796. Painting by Ernest Board
the modern sma POX (early 20th century).

vaccine emerged In
the 20th century.


https://en.wikipedia.org/wiki/Edward_Jenner
https://en.wikipedia.org/wiki/Edward_Jenner
https://en.wikipedia.org/wiki/Cowpox
https://en.wikipedia.org/wiki/Smallpox
https://en.wikipedia.org/wiki/File:Jenner_phipps_01.jpg
https://en.wikipedia.org/wiki/Edward_Jenner
https://en.wikipedia.org/wiki/James_Phipps

Smallpox vaccine

An 1802 caricature by James Gillray depicting the early
controversy surrounding Jenner's vaccination theory



https://en.wikipedia.org/wiki/File:The_cow_pock.jpg

Dr. Jenner’s legacy.

Many of the most feared diseases largely
gone- where vaccines are available.

Substantial protection against multiple
childhood infections.

New and relatively rapid approaches for
responding to epidemics.

Major drops in adult disease continuing,
including cancers.

Vaccine science advancing rapidly.

Edward Jenner, 1749-1823

https://www.gresham.ac.uk/watch-now/vaccination
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This observation by Jenner is important. Many vaccines are not
all-or-none. And may need revaccination.

Vaccines can:
* Prevent infection.

* Prevent significant disease if
infected.

* Prevent death even in significant
disease.

Many vaccines reduce severity of
disease even if not able to stop

infection.
. . Two 13 year old boys, one vaccinated, infected same
EffECtS may wane Wlth time. source. Dr Allan Warner, Leicester 1901.

https://www.gresham.ac.uk/watch-now/vaccination
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Eradication of smallpox

 From 1958 to 1977, the World Health
Organization (WHQO) conducted a global vaccination
campaign that eradicated smallpox, making it the only
human disease to be eradicated.

 Although routine smallpox vaccination is no longer
performed on the general public, the vaccine is still
being produced to guard against bioterrorism, biological
warfare, and monkeypox.

« By 1984, the only known stocks were kept at the CDC in
the U.S. and the State Research Center of Virology and
Biotechnology (VECTOR) in Koltsovo, Russia. These
states report that their repositories are for possible anti-
bioweaponry research and insurance if some obscure
reservoir of natural smallpox is discovered in the future.



https://en.wikipedia.org/wiki/World_Health_Organization
https://en.wikipedia.org/wiki/World_Health_Organization
https://en.wikipedia.org/wiki/Smallpox#Eradication
https://en.wikipedia.org/wiki/Bioterrorism
https://en.wikipedia.org/wiki/Biological_warfare
https://en.wikipedia.org/wiki/Biological_warfare
https://en.wikipedia.org/wiki/Monkeypox
https://en.wikipedia.org/wiki/State_Research_Center_of_Virology_and_Biotechnology
https://en.wikipedia.org/wiki/State_Research_Center_of_Virology_and_Biotechnology
https://en.wikipedia.org/wiki/Koltsovo,_Novosibirsk_Oblast
https://en.wikipedia.org/wiki/Koltsovo,_Novosibirsk_Oblast
https://en.wikipedia.org/wiki/Koltsovo,_Novosibirsk_Oblast
https://en.wikipedia.org/wiki/Biological_warfare

Live vaccinia vaccine led to smallpox eradication by 1980.
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e Eradication attempt agreed by World Health Assembly 1959, when
2m a year dying; declared 1980.

e Last continuous case — Somalia October 1977 (last case from lab in
Birmingham, 1978).

eEstimated over 300 million deaths during the 20th century.

https://www.gresham.ac.uk/watch-now/vaccination
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Monkeypox

Monkeypox is a viral zoonotic disease that occurs primarily in
tropical rainforest areas of central and west Africa and is
occasionally exported to other regions.

Monkeypox is transmitted to humans through close contact
with an infected person or animal, or with material
contaminated with the virus.

Monkeypox is less contagious than smallpox and
causes less severe illness.

Vaccines used during the smallpox eradication programme
also provided protection against monkeypox. Newer
vaccines have been developed of which one has been
approved for prevention of monkeypox.

An antiviral agent developed for the treatment of smallpox
has also been licensed for the treatment of monkeypox.



Monkeypox

Human monkeypox was first identified in humans in 1970 in
the Democratic Republic of the Congo.

Since 2017, Nigeria has experienced a large outbreak, with
over 500 suspected cases and over 200 confirmed cases
and a case fatality ratio of approximately 3%. Cases continue
to be reported until today.

Vaccination against smallpox was demonstrated through
several observational studies to be about 85% effective in
preventing monkeypox. Thus, prior smallpox vaccination may
result in milder illness.

Scientific studies are now underway to assess the feasibility
and appropriateness of vaccination for the prevention and
control of monkeypox.



Monkey pox: WHO has declared a global emergency

Locations with cases

A .

> T L
X A
L_Z/j Uu

)
7 Y
? V\/\Iy | 1 /’

Q Q Reset Filters {
}J {

https://www.bbc.com/ukrainian/news—62279874
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Rabies

Inactivated rabies vaccine 1885 (Pasteur and Roux).

* Up to 99% of human cases from dog bites.
Globally up to 59,000 cases a year (WHO).

e Death within 10 days of symptoms is virtually
inevitable. A terrible disease.

* |nitial vaccine from infected rabbit spinal cord
after infection.

* Has got steadily safer. Now used pre-infection.
 Vaccination of dogs and foxes.
* The map of human rabies is steadily shrinking.

https://www.gresham.ac.uk/watch-now/vaccination
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Polio

Poliomyelitis remains
threat in many
countries. This
undated photo

shows polio patients

are in Sierra Leone.

https://www.chsnews.com/news/poliomyelitis-strain-spreads-
to-china-is-us-at-risk/
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Polio

Children and a teacher with polio participate in a class at Saint Marys Hospital.

https://www.mayoclinic.org/coronavirus-covid-19/history-
disease-outbreaks-vaccine-timeline/polio
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Polio

Two polio vaccines- attenuated oral and inactivated injection.

* Polio a paralysing disease. Was very
common.

* Jonas Salk inactivated vaccine-
1950s.

* Albert Sabin oral attenuated to the
3 polio strains. Replicates in the gut,
but not nerves.

* Pro oral: easy to give, acceptable,
good immunity, some spread
possible.

* Con oral: very rarely (about three
per million doses) can cause
paralysis.

Children's Hospital, Boston, Mass.
RareHistoricalPhotographs.com

https://www.gresham.ac.uk/watch-now/vaccination
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Polio

350,000 wild cases in 1988; 140 in 2020 (WHO).
Eradication tantalisingly close.
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https://www.gresham.ac.uk/watch-now/vaccination

Data in WHO HQ as of 26 Jan. 2021
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Tetanus

Tetanus, a terrible disease caused by toxin produced by C. tetani.

* In rural communities without expert midwifery high
infant mortality- up to 50% recorded.

* In some settings tetanus can be the majority of
these. Mortality in newborns almost 100%.

* In adults high mortality, exceptionally painful.

* The toxin is inactivated (toxoid), and then adsorbed.
Developed 1938, introduced widely in 1950s.

* Vaccine is highly effective.
* Does not stop infection- but stops toxin.
* No herd effect.

https://www.gresham.ac.uk/watch-now/vaccination
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Swine flu

Swine flu viruses are recombinants between three viruses

The A/H1N1 virus

An unusual cocktail
of avian, swine and human viruses \

Bird flu Human flu (,

https://www.youtube.com/watch?v=zfHn0163zRo



https://www.youtube.com/watch?v=zfHno163zRo

SIV/HIV in primates: transmissions to
humans in red

HIV infection

https://www.youtube.com/watch?v=zfHn0163zRo
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A global view of HIV infection in 2013

HIV rate among people
who inject drugs
ranges from

3%
in Volgograd
to more than

70%

Prevalence of HIV/Aids in adult population In the Russian Federation the
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35 million people living with HIV
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Vaccines and epidemics.

* Known vaccines against known
infections- eg Yellow Fever.

* Adapted vaccines against adapted
infectious threats- pandemic flu.

* New vaccines against newly
emerging threats. Ebola.

 And new threats- COVID-19.

* Epidemics we might get a vaccine-
Zika.

® Epidemics we have Struggled to get Ebola assay, Army technicians.
a vaccine- HIV.

https://www.gresham.ac.uk/watch-now/vaccination
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Antigens: Triggers of Adaptive Immunity

The adaptive Immune system is optimized to recognize
microbial macromolecules.

The best antigens are therefore large, complex, stable,
foreign proteins.

Small molecules of less than 10.000 Da are usually poor
antigens.

Small molecules may be made antigenic by linking them
to large proteins. Small molecules used as antigens in
this way are called haptens.

The cells of the adaptive immune system use receptors
that can recognize specific areas on the surface of
foreign molecules. These areas are called antigenic
determinants or epitopes.




Bacterial Antigens

The major components of the bacterial surface

thus include the cell wall and its associated protein
structures, the capsule, the pili, and the flagella. Many
bacteria are classified according to this antigenic structure.

Bacterial capsules consist mainly of polysaccharides that
are usually good antigens. Capsular antigens are
collectively called K antigens.

Pili and fimbriae are short projections that cover the
surfaces of some Gram-negative bacteria; they are
classified as F antigens.

Flagella antigens are collectively called H antigens.

Exotoxins are highly immunogenic proteins and stimulate
the production of antibodies called antitoxins.




The antigenic structure of a typical bacterium and
the location of its most important antigens.

Cell membrane

MNMucleic acid

Fili

Cell sap,
i - F antigens

enzymes, etc.

Capsule
- K antigens

Cell wall
- O antigens

Flagellum
- H antigens



Viral Antigens

Viruses are very small noncellular organisms that
can grow only inside living cells. They are thus
“obligate,” intracellular parasites.

Viruses usually have a relatively simple structure
consisting of a nucleic acid core surrounded by a
protein layer.

A complete viral particle is called a virion.

Capsid proteins are good antigens, highly capable
of stimulating antibody formation.

Some viruses may also be surrounded by an
envelope containing lipoproteins and glycoproteins.




The antigenic structure of a coronavirus:
1 — surface glycoproteins, 2 — surface proteins, 3 — RNA




Antigens and epitopes

Most target the spike protein the virus uses to enter the cell.

Relatively conventional:

* Whole inactivated virus and
adjuvant. Example Valneva.

* Protein and adjuvant. Example
Novavax.

More recent technology:

* Virus-vectored. Examples
Oxford-AZ, J&J-Jannsen.

* RNA vaccines. Examples Pfizer-
BioNTech, Moderna.

NIH,

https://www.gresham.ac.uk/watch-now/vaccination
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COVID-19 has seen the fastest development of vaccines ever.
Old and relatively new technologies all produced in a year.
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What Makes a Good Antigen?

Molecules vary in their ability to act as antigens (their
antigenicity). In general, foreign proteins make the best
antigens, especially if they are big (greater than 1000 Da is
best).

Simple polysaccharides, such as starch or glycogen, are not
good antigens simply. More complex carbohydrates may be
effective antigens, especially if bound to proteins.

Lipids tend to be poor antigens. Nevertheless, when linked to
proteins or polysaccharides, lipids can trigger immune
responses.

Mammalian nucleic acids are very poor antigens because of
their relative simplicity and flexibility and because they are very
rapidly degraded.

Proteins are the most effective antigens because they have
properties that best trigger an immune response.




1nm

Glucose

- A pa The relative sizes of
Atbuamin several significant
s e antigens.

Immunoglobulin G
156,000 Da

Size does matter!
Big molecules are
Flbnnu-gErn genera”y mUCh
400,000 Da . .
more antigenic than
small molecules.
Molecules as small
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Epitopes

* Foreign particles, such as bacteria, nucleated cells, and red
blood cells, are a complex mixture of proteins, glycoproteins,
polysaccharides, lipopolysaccharides, lipids, and
nucleoproteins.

« Large molecules have specific regions against which immune
responses are directed. These regions, usually on the surface
of the molecule, are called epitopes, or antigenic determinants.

* In alarge, complex protein molecule, many different epitopes
may be recognized by the immune system. The cells of the
Immune system recognize and respond to these foreign
epitopes.




The structure of the
antigen molecule

determinants)

Antibodies
(different types)




Haptens

Small molecules such as many drugs or hormones of less than
1000 Da are far too small to be appropriately processed and
presented to the iImmune system. As a result, they are

not immunogenic.

If, however, these small molecules are chemically linked to a
large protein molecule, new epitopes will be formed on the
surface of the larger molecule.

Small molecules that can function as epitopes only when bound
to other larger molecules are called haptens (in Greek, haptein
means “to grasp or fasten”).

The antigenic molecule to which the haptens are attached is
called the carrier.

Many drug allergies occur because the drug molecules,
although small, can bind covalently to normal body proteins and
So act as haptens.




SUPERANTIGEN

A molecule that, as a result of its ability to bind
to certain TCR variable regions, can cause certain T cells to
divide.

Conventional
antigen

Superantigen



Homework: answer the question

What is the difference between
antigen and epitope?



Vaccinology.

Lecture 3-4.

Immunological foundations of vaccinology
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Types of Pathogens

/

Human diseases caused\

Death cap mushroom

Type of pathogen Description by pathogens of that
type
Bacteria Single-celled organisms Strep throat, staph infections,
without Bnielaus tuberculosis, food poisoning,
Escherichia coli tetanus, pneumonia, syphilis
Viruses Thread-like particles that Common cold, flu, genital herpes,
reproduce by taking over living cold sores, measles, AIDS, genital
Herpes simplex cells warts, chiken pox, small pox
Fungi Simple organisms, including Ringworm, athlete’s foot, tinea,

mushrooms and yeasts, that
grow as single cells or thread
like filaments

candidiasis, histoplasmosis,
mushroom poisoning

Protozoa

\Giardia lamblia

Single-celled organism
with a nucleus

Malaria, “traveler's diarrhea”
giardiasis, trypanosomiasis
("sleeping sickness”)

2




Immune Response is a mechanism of how the immune system of
the host’s body responds to a harmful foreign particle or pathogen

Pathogenic agent:

Immune
Response

Main target of the
immune response:

Consequence of the
immune response:

https://microbenotes.com/immune-response/

(antigen) in the bodly.

Microbial pathogens

Macroparasites,
noxious substances

‘7/%

1

Pathogens or
infected cells

|
; ;

Mucosal epithelium, smooth
muscles, endothelium

|

Destruction Elimination of

of pathogen

infected cells

l

Expulsion of the parasite or
noxious substance
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Innate and adaptive immunity
The mechanisms of innate immunity provide the initial defense against
Infections. Adaptive immune responses develop later and consist of activation
of lymphocytes. The kinetics of the innate and adaptive immune responses are
approximations and may vary in different infections.

Microbe

/
$ Innate immunity

s

Cﬁ) Epithelial
| | barriers

Adaptive immunity

INFLAMMATION

Complement NK cells

']
. 1y 4

Hours Y R

0 6 12

Time after infection eEm———————




The time course of innate and adaptive immunity.
Physical barriers provide immediate protection.
Innate mechanisms provide rapid protection that keeps microbial
Invaders at bay until adaptive immunity can develop. It may take
several days or even weeks for adaptive immunity to become

effective.
Level of _
protection Physical
/ barriers
Innate
immunity

Minutes Hours Days Weeks

Time



Phagocytes

 Phagocytes — cells whose prime function is to eat
foreign particles, especially bacteria. They
Include macrophages and related cells,
neutrophils, and eosinophils.

 Phagocytosis —the ablility of some cells to ingest
foreign particles. Literally, “eating by cells.”

Types of phagocyvtes:.
a) Neutrophils,
b) Sentinel cells or macrophages (monocytes, dendritic

cells, mast cells),
c) B.lymphocytes.




Dynamics of Phagocytosis
®

Bacterium becomes attached

to membrane evaginations
called pseudopodia
@

~Bacterium is ingested,
forming phagosome

Phagosome fuses with
lysosome

& -0

\

Lysosomal enzymes digest
captured material

©

Digestion products are
released from cell




How Invaders Are Recognized

The body uses receptors that can bind and respond to
abundant, essential molecules that are common to many
different microorganisms but are absent from normal
animal tissues. They are, In effect, widely distributed
molecular patterns.

For example, the walls of Gram-positive bacteria are
largely composed of peptidoglycans and contain
lipoteichoic acids.

The cell walls of Gram-negative bacteria consist of
peptidoglycans covered by a layer of lipopolysaccharide
(LPS).

Acid-fast bacteria are covered in glycolipids.
Yeasts have a mannan- or 3-glucan-rich cell wall.

Viruses, in contrast, grow within infected host cells, so the
main targets of antiviral molecular patterns are unique viral
nucleic acids.




Stages of adaptive Immune response

(1) The macrophage or other antigen-presenting cell (APC)
encounter, processing and present the antigen;

(2) The APC interact the T-helper cell and synthesizes
mediators (interleukins) that activate T-helper and other
cells;

(2) After proliferation and differentiation the T-helper cells
activate the T-killer cells or the B cells for immune
response (with mediator - interleukins);

(3)The T-killer cells cause (3)The B cells proliferate and
cytolysis and cell death of differentiate into plasma cells,
target cells (virus-infected that respond to antigens by
cells and tumor cells). making specific antibodies

(4) A part of the cells transform into memory T-cells and
memory B-cells

(5) When antigen inactivated the T-supressor cells suppress
activity of the T-killer cells and the B cells



The role of DC

Dendritic cells (DCs) bridge both innate and adaptive arms of the
Immune system. In an innate immune role, upon stimulation with

PAMPs, DCs secrete cytokines that activate natural killer (NK) cells and
also help to differentiate CD4+ and CD8+ T cells.

Immune System

¥ Viusor
’ka Bactena

PRRs ¥

DCs

Innate
immunity

Cyto:unoj'/_.

o N\
X Naive =
CD4*
T cells

Adaptive l l
immunity

T helper cells

iy NK cells

Cytotoxic T cells

In an adaptive immune role,

upon encounter and
Internalization of antigen, DC
load antigen-derived peptides
onto Major Histocompatibility
Complex (MHC) molecules.
Peptides loaded onto MHC Il
(HLA-DR) molecules are
recognized by CD4 T cells.
Peptides loaded onto MHC |
(HLA-ABC) molecules (a
process called cross-
presentation) are recognized
by antigen-specific CD8 cells,
driving their proliferation,
activation, and cytotoxicity.



Types of monocytes

Monocyte
Classical activation: Alternative activation:
IFN-y, TNF, DAMPS (e.g. IL-4, IL-10, IL-13, TGF-p
LPS), PAMPS (e.g. ATPV
M1 MZ . M2 MQ '
- R | Efferocytosis Functions
Functions y W IL-1R ligand Anti-Inflammatory
Pro-inflammatory |+ y &%.: PGE2 Matrix Producing
Bactericidal Z O = “U Pro-angiogenesis
Phagocytic . ,f"’—""’"f"'“"\' Af‘\g Pro-wound healing
¥ " v
Secrete Secrete

Anti-inflammatory cytokines
(e.g. IL-10, IL-1RII, IL-1RA)
Chemokines
(e.g. CCL-17, CCL~18, CCL-22, CCL-24)
Growth factors
(TGF-$1, PDGEF, VEGF, EGF)
Arginine

Pro-inflammatory cytokines
(e.g. TNF, IL-1p, IL-6)
Chemokines
(e.g. CCL5,CXCL-1, CXCL-10)
Free radicals
(INOS)



Immature macrophage

CLASSICAL I ALTERNATIVE
ACTIVATION ‘ ‘ ACTIVATION
Th1 cells = JF1-Y 10 — 2 cells
TNF-a ”_:1 3 Treg cells

| |
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IL-1 IL-1RA
IL-6 IL-10
IL-12 Arginase
IL-23 TGF-p
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FIGURE 18-17 Depending on their cytokine exposure, macrophages
may be classically activated (M1 cells) or become alternatively acti-

Depending on their
cytokine exposure,
macrophages may
be classically
activated (M1 cells)

or _become
alternatively
activated (M2
cells). M2 cells
have a major
regulatory role and
are critical to
granuloma
formation and
wound healing.
They produce very
different cytokine
mixtures.




The epithelial defenses of the gut and the ways by
which microbial antigens can enter the body

Glycocalyx

3] Wil
, M cells

Tight junctions %*

Peyer's paich Dendritic cells




Lymphocytes are central to the adaptive immune
system and the defense of the body.

e Lymphocytes are the cells that can recognize and respond to
foreign antigens.

* Lymphocytes all look the same but can be differentiated by
their characteristic cell surface molecules — CD (cluster of
differentiation) system.

* Lymphocytes possess antigen receptors plus the signal
transducing molecules required to activate the cell.

* They also possess receptors for cytokines, immunoglobulins,
and complement.

 In domestic animal species, some cell surface molecules are
unique to each species. These are classified by the WC
(workshop cluster) system.

* The collection of cell surface molecules on a lymphocyte is
called its immunophenotype.




B
lymphocyte

Antigen recognition
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Classes of lymphocytes.

B lymphocytes recognize
antigen on the surfaces of
APCs and secrete cytokines,
which stimulate different
mechanisms of immunity and
iInflammation.

CTLs (T Killer) recognize
antigen on infected cells and
kill these cells.

Requlatory T cells suppress
and prevent immune response,
e.g.to self antigens.

NK cells use receptors with
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Killing of

infected cell

more limited diversity than

T or B cell antigen receptors to
recognize and kill their target,
such as infected cells.



T Cells and Their Response to Antigen

« T cells express antigen receptors (TCRs) consisting of
paired peptide chains, that form antigen-binding receptors
whose ligands are peptldes linked to major
nistocompatibility complex (MHC) molecules on antigen-
presenting cells.

* The antigen-binding chains of the TCR connect to a
complex signal transducing component called CD3.

« Each TCR is also associated with either CD4 or CD8. CD4
binds to MHC class Il molecules on antigen-presenting
cells. CD8 binds to MHC class | molecules expressed on all
nucleated cells.

 To respond to antigens, T cells must bind to antigenic
peptides linked to MHC molecules. They must also receive
co-stimulation from cytokines and other molecules.

* The multiple signals sent by an antigen-presenting cell are
communicated to a T cell through an immunological
synapse.




Role of CD4 and CD8 in promoting T cell responses.
These molecules link the T cell to the antigen-presenting
cell, binding the two cells together and ensuring that an
effective signal is transmitted between them. CD4 binds to

MHC class | molecules.

Antigen-presenting cell Abnormal cell

MHC
class Il

MHC
class |

Antigen . CD4 Antigen —. cDa

o

Helper T cell Cytotoxic T cell




CD80 and IL-12 CD86 and IL-1

Major
differences
between Thl
and Th?2
populations.
Note that the
co-stimuli that
trigger them are
different as are
the set
of cytokines
they secrete.




CD8+ T Cell Function and the Destruction of Cell-
Associlated Invaders

« Cytotoxic T cells use two mechanisms to Kill targets.
They may trigger the extrinsic pathway using
perforins and granzymes. Alternatively, they may
trigger the intrinsic pathway using the death receptor
Fas and its ligand.

« Some bacteria and parasites may evade destruction
by living within the endosomes of phagocytic cells,
especially macrophages.

* The elimination of these intracellular organisms is
mediated by activation of macrophages by interferon-
Y (IFN-y) produced by Th1 cells.




Perforins from human
natural killer cells on
the surface of a rabbit
erythrocyte target. The
arrowheads point to
Incomplete rings and
double rings. (From
Podack ER, Dennert G,
Assembly of two types
of tubules with putative
cytolytic function by
cloned natural killer
cells, Nature
302(5907):442—-445,
1983.)




Effector T Cell Memory

In contrast to the prolonged antibody response, the effector
phase of T cell responses is relatively brief. Indeed, cytotoxicity
IS seen only in the presence of antigen.

Naive CD8+T cells are long-lived resting cells that
continuously recirculate between the bloodstream and
lymphoid organs.

Once they encounter antigen, they multiply rapidly in

an effort to keep pace with the growth of invading pathogens.

The number of responding cells may increase more than 1000-
fold within a few days. They reach a peak 5 to 7 days after
Infection when pathogen-specific, cytotoxic T cells can make
up 50% to 70% of the total CD8+ T cells.

Once the infection has cleared, most of these cells are
superfluous.



B Cells and Their Response to Antigen
B cells express multiple identical antigen binding receptors
(BCRs) on their surface. When BCRs are shed into body fluids,
they are called immunoglobulins or antibodies.

Each B cells can only bind and respond to a single antigen.

Each B cell thus makes antibodies of the same
binding specificity as Its receptors.

B cells can recognize most antigens without prior processing
and secrete only Ig M.

Helper T cells stimulate B cells through an immunologic
synapse. Responding B cells may become either memory cells
or antibodysecreting plasma cells (in the germinal centers of
the secondary lymphoid organs). Plasma cells are the progeny
of B cells that have differentiated to secrete very large
amounts of antibodies (Ig M, IgG, IgA, IgE).

Plasma cells can make and secrete up to 10,000
molecules of Immunoglobulin  per second.
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Maturation and clonal selection of B lymphocytes.

Maturation, which occurs in the absence of antigen,
produces antigenically committed B cells, each of which
expresses antibody with a single antigenic specificity.

Clonal selection occurs when an antigen binds to a B
cell whose membranebound antibody molecules are
specific for epitopes on that antigen.

Clonal expansion of an antigen-activated B cell leads to
a clone of memory B cells and effector B cells, called
plasma cells; all cells in the expanded clone are specific
for the original antigen.

The plasma cells secrete antibody reactive with the
activating antigen.




Maturation and clonal selection of B lymphocytes.
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Antibody (Ab, immunoglobulin, 1g) is the large Y shaped protein.
The basic structure of all antibodies are same.

Variable region

/N

Light chain

Constant region



Affinity, Avidity, and Cross Reactivity
Not all antibodies bind with the same strength, specificity, and stabllity.
In fact, antibodies exhibit different affinities (attraction) depending on
the molecular complementarity between antigen and antibody
molecules. An antibody with a higher affinity for a particular antigen
would bind more strongly and stably.

(a) Affinity versus avidity
Ny
N AN

/

Affinity refers to the strength Avidity refers to the strength

of a single antibody—antigen of all interactions combined.
interaction. Each 1gG antigen IgM typically has low affinity
binding site typically has high antigen binding sites, but
affinity for its target. there are ten of them, so

avidity is high.



Affinity, Avidity, and Cross Reactivity
Affinity refers to the strength of single interaction between antigen
and antibody, while avidity refers to the strength of all interactions
combined. (b) An antibody may cross react with different epitopes.

(b) Cross reactivity

An antibody may react with two different epitopes.



(a) Neutralization Antibodies prevent a virus or toxic protein
from binding their target.

Diptheria toxin

(b) Opsonization A pathogen tagged by antibodies is consumed
by a macrophage or neutrophil.

Macrophage

Pathogen

(c) Complement activation Antibodies attached to the surface
of a pathogen cell activate the complement system.

Pores formed
by complement

Function of the antibodies

Neutralization of infectivity,
Phagocytosis,
Antibody-dependent cellular
cytotoxicity (ADCC),
Complement-mediated lysis
of pathogens or of infected
cells: Antibodies activate the
complement system to
destroy bacterial cells by lysis
Transcytosis, mucosal
Immunity & neonatal immunity
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Abbas et al: Cellular and Molecular Immunology, 7e.
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Classes of antibodies

e Mammals make five classes of immunoglobulins:
Immunoglobulin G (IgG), IgM, IgA, IgE, and IgD. All originate
as B cell antigen receptors (BCRs) shed into body fluids.

* |gG is the predominant immunoglobulin in serum and is
mainly responsible for systemic defense.

* IgM is a very large immunoglobulin mainly produced during
a primary immune response.

* IgA is the immunoglobulin produced on body surfaces. It is
responsible for the defense of the intestinal and respiratory
tracts.

* IgE is found in very small quantities in serum and is
responsible for immunity to parasitic worms and for allergies.
* IgD is found on the surface of immature lymphocytes. Its
function is unknown.



Classes of antibodies

The five main classes of antibodies (immunoglobulins): 19G, IgA,
IgD, IgE, and IgM.

Light (L) chain
Heavy (H) chain
w Disulfide bond

n Joining (J) chain ecretory

© Encyclopaedia Britannica, Inc.



Immunoglobulin class switching (isotype switching, class-
switch recombination, CSR)

A biological mechanism that changes
a B cell's production of
immunoglobulin from one type to

another, such as from the isotype

SAME IgM to the 1sotype IgG. During this
Z?;'::vlg z;ffn" process, the constant-region portion

of the antibody heavy chain (e.g. Fc
portion) 1s changed, but the
variable region of the heavy chain

stays the same. Since the variable

region does not change, class switching does not affect antigen specificity.
Instead, the antibody retains affinity for the same antigens, but can interact
with different effector molecules.

https://www.youtube.com/watch?v=8jxIODHOpAU



https://www.youtube.com/watch?v=8jxI0DH0pAU
https://www.youtube.com/watch?v=8jxI0DH0pAU

Immunoglobulin (Ig) isotype diversification by class switch
recombination is an essential process for mounting a
protective humoral immune response.

Y 3
Activated human B cell = J'A-
\ | l A;
) 2.
CD39 CD73
IgA plasma cell

- |lg class switch

IgG plasma cell


https://www.sciencedirect.com/topics/immunology-and-microbiology/humoral-immunity

B Cell Maturation and Antibody Class Switching

i

B

Immature B cell

Mature B cell

Plasma cell
https://www.researchgate.net/figure/B-Cell-Maturation-and-Antibody-Class-Switching-A-The-

heavy-gene-on-chromosome-22 figl 321214290
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The Five Immunoglobulin (lg) Classes

IgM IgG Secretory IgA IgE IgD
pentamer monomer dimer monomer monomer

Secretory component

Heavy chains u ¥ o £ O
Number of
antigen 10 2 4 2 2
binding sites
Molecular weight
(Daltons) 900,000 150,000 385,000 200,000 180,000
Percentage of
total antibody in 6% 80% 13% 0.002% 19
serum
Crosses placenta no yes no no no
Fixes complement yes yes no no no
s mast cells and
Fc binds to phagocytes basophils
Main antibody of primary Main blood antibody of | Secreted into mucus, Antibody of B cell
Function responses, best at fixing secondary responses, |lears, saliva, colostrum allergy and receptor
complement; the monomer | neutralizes toxins, antiparasitic
form of IgM serves as the opsonization activity

B cell receptor




Amount of antibody in serum (titer)

The characteristic time course of the adaptive immune
response to an antigen as measured by serum antibody levels.
Note the differences between a primary and a secondary immune
response. These differences account for the success of the adaptive

Immune responses.

Secondary immune
response

Primary immune
response

-

I

Days Days

Antigen injected Second dose of antigen



Primary and secondary humoral immune responses
(Source: Cellular and Molecular Immunology, Abbas, 9th Edition)
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Primary vs Secondary Immune Response
Note how some IgG is made in the primary immune
response, whereas a small amount of IgM is made in a
secondary immune response.
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Primary vs Secondary Immune Response

Characteristics Primary Immune Response Secondary Immune Response
The primary Immune Secondary Immune Response
Response is the reaction of |is the reaction of the immune
Definition the immune system when it [system when it contacts an
contacts an antigen for the |antigen for the second and
first time. subsequent times.
Appears mainly in the lymph Appears mainly m_the bone
Appearance marrow and then, in the spleen
nodes and spleen.
and lymph nodes.
This occurs in response to  This occurs in response to the
Occurrence the primary contact of the  second and subsequent
antigen. exposure to the same antigen.
. The antibody level reaches The antibody level reaches its
Antibody Peak its peak in 7-10 days. peak in 3-5 days.
Affinity of . : . : . : :
Antibody Low affinity to their antigens.[High affinity to their antigens.
Responding

Cells

Naive B cells and T cells Memory B cells




Primary vs Secondary Immune Response

Characteristics Primary Immune Response Secondary Immune Response
Both thy_mus—dependent _and_ Only thymus-dependent antibodies
L thymus-independent antibodies . .
Antibodies : : ) are involved in the secondary
are involved in the primary .
) Immune response.
Immune response.
Lag Phase Long (4-7 days) Short (1-4 days)
Alarge amount of IgM and a  |A large amount of IgG, a small
Types of small amount of IgG are amount of IgM, IgA, and IgE are
Antibodies produced during the primary  |produced during the secondary
Immune response. Immune response.
Amount of Few antibodies are produced in 100-1000 tlme_s more antibodies
. ) : are produced in the secondary
Antibody the primary immune response.

Strength of the
Response

Immune response.

The primary immune response
Is usually weaker than the
secondary immune response.

The secondary immune response
IS stronger.

Antibody level

Antibody level declines to the
point where it may be
undetectable.

The antibody level tends to remain

high for longer.




Reqgulation of Adaptive Immunity

A key feature of the adaptive immune system is that, while
poised to launch a potent array of destructive mechanisms against
Invaders, the body maintains control of the process.

It is critically important to limit and eventually terminate a
response by inactivating or eliminating pathways that are no
longer required.

The mechanisms Regulation of Adaptive Immunity
« Antigen
* Antibody
« Tolerance
 Regulatory T Cells
 Inhibitory Receptors
« An immunoregulatory cytokines: IL-10, TGF-[3
* Regulation of Apoptosis
* Neural Regulation of Immunity and stress




Antigen Requlation of Immune Responses

 Adaptive Immune responses are antigen
driven. Antigens stimulate immune responses, although
very low or very high doses of antigen may cause
tolerance.

They commence only on exposure to an
antigen, and once Iits concentration drops below
a critical threshold, they stop. If an antigen
persists, the stimulus persists and the
Immune response Is prolonged.

The self-antigens restricted to sites such as
the brain, that never enter Ilymphoid organs,
are usually ignored by the immune

system.




Antibody Requlation of Immune Responses

Antibody responses are also regulated by antigen.
Rigid polymeric antigens such as those on a
bacterial surface or antigens linked to TCR activators such as
LPS can induce B-cell responses in the absence of T cell help
(T-independent immune response).

On the other hand, nonpolymeric, flexible antigens such as
soluble proteins induce B cell responses only in the presence
of CD4+ T cells (T-dependent immune response).

Antibodies tend to regulate antibody production through
negative feedback mechanisms. Antibodies generally
suppress B cell responses. IgG antibodies tend to suppress
the production of both IgM and IgG, whereas IgM
antibodies tend to suppress only the synthesis of IgM.

This can prevent the successful vaccination of newborn animals
as a result of maternal immunity.




Neural Requlation of Immunity

The immune system and the central n