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What is the immunity?

Definition: All mechanisms to protect our body against external elements

—>Pathogens




* Antigens are
foreign to host

— Proteins and large
polysaccharides

Each antigen has
many epitopes =
portions of an antigen
recognized by the
Immune system
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The immune system
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Immune Response to Infection
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Principles of Immunity

Acquired Immunity

|
| I

Natural Immunity Artificial Immunity
is acquired through the normal life experiences of is that produced purposefully through
a human and is not induced through medical means. medical procedures (also called immunization).
| |
| 1 | |
Active Immunity Passive Immunity Active Immunity Passive Immunity

is the consequence of is the consequence of is the consequence of a is the consequence
a person developing his one person raceiving person developing his of one person receiving
OWnN immune response preformed immunity OWnN immune response preformed immunity

to a microbe. made by another person. to a microbe. made by another person.




Vaccines prevent disease by
stimulating our immune system




What type of immune response?

Antibodies produced by B cells (humoral immunity)

‘ CD4 T cells (helper)
Y @ CD8 T cells (cytotoxic)




How is an immune response initiated?
<> Innate immunity,
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Palucka et al, Immunity 2010



Table 2 Innate immune activation by vaccines and adjuvants

Innate immune
mechanism

Type of immune
response

Licensed vaccine
Yellow fever (YF-17D)

Smallpox (vaccinia virus)

Bacillus Calmette-Guérin

Licensed adjuvant-
vaccine combinations
Alum

MF59

ASO4

Emerging adjuvants
CpG DNA

TLR7 and TLRS8 ligands
Flagellin-protein fusions

Activates multiple DC
subsets through TLR2, TLR3,
TLR7, TLR8 and TLRY;
activates RIG-I and

Mda5

Inhibits DC activation and
causes cell death;

blocks TLR4 and

TLR3 signaling

Activates TLR2, TLR4,
TLR9Y and DC-SIGN

TLR signaling not critical

for induction of antibody
responses; induces
caspase-1 and inflammasome
activation in DCs

Mechanism unknown;
enhanced uptake by antigen
presenting cells probably
important

TLR4 agonist

TLR9Y ligand

TLR7 ligands

Activates TLR5 and the
inflammasome components
IPAF and NAIP5

CTLs; Tyl and Ty2;
neutralizing
antibody

CTLs; neutralizing
antibody

TH 1 and TH2

Ty2; antibody

Tw2; antibody

Tyl; antibody

Tyl, antibody
Tyl, antibody
THl and TH2

ADJUVANTS: agents that
increase the stimulation of
the immune system by
enhancing antigen
presentation and/or by
providing costimulation
signals.

Adjuvants activate innate
immunity in different ways,
and this will shape which kind
of adaptive immunity is
induced by vaccination

Pulendran, Nat Immunol 2011




B and T Lymphocytes

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Special bone  Sodl
marrow sites

Lymphocyte
stem cell maturation \
1 __J Location of
PN T cells
Migration to and L‘;‘

establishmentof Band T
cells in lymphoid organs

Lymph node Spleen Lymph node Spleen

B and T Cells have receptors that recognize (bind) antigens
specific to individual pathogens
B cells directly recognize T cells recognize linear

antigens as they are epitopes “presented” by
(conformational epitopes) other cells (proteins only)
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c | Antigen is processed by a phagocytic cell
D ompiex (m this case, a dendritic ceII) ,
ant:gen

Free
V soluble
antigen
Ig
receptor . MHC
markers

Dendritic cell
displays antigen
and presents it
to T helper cell

T-cell
Most B cells require receptor P
stimulation from T cells Antlgeq
l \ - presentation
T helper cell to naive T cell

Activated

Tcell  Effector cells
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B cells
Becomes a specialized
effector cell with one
.~ Plasma cells of these functions
secrete a%lbomes Memory T cells

Helper T cells (TH1 or TH2)
Cytotoxic T cells (Tg)

Humoral Immunity

Cell-Mediated Immunity
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>

effector cells +
memory cells
(differentiation)




B cells: 5 different Immunoglobulin classes

Circulating Ig
major role in
primary
immune
response

IgG IgA
: Jchain :
C’Y
70-75% 15-20%

Circulating Ig Secretory or mucosal
major role in saliva, milk, genito-
secondary urinary, respiratory

immune & intestinal tracts

response

igD

G
<1 0/0 <1 0/0
B cell Parasitic
surface immunity
molecule and allergy



Humoral Effector mechanisms triggered by vaccines

J = N < L
e D L igaaan
Neutralization Opsonization Complement activation

complement

Antibody activates
Antibody prevents Antibody promotes complement, which
bacterial adherence phagocytosis enhances opsonization

and lyses some bacteria

Figure 9-1 part 2 of 2 Immunobiology, 6/e.(© Garland Science 2005)



Antibody-dependent cell-mediated cytotoxicity
(ADCC)

Used to destroy large organisms that cannot be phagocytosed, or infected cells.

Cross-linking of Fc receptors
signals the NK cell to kill
the target cell

Antibody binds antigens on Fc receptors on NK cells
the surface of target cells recognize bound antibody

Target cell dies by
apoptosis
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Figure 9-34 Immunobiology, 7ed. (© Garland Science 2008)



Antibody Titer ——

Committed clones

Primary and Secondary response to antigen
the basis for prophylactic immunization
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Types of antigen

 T-dependent (TD) antigens

— activate via BCR but depend on additional signals from helper
T cells to cause division/differentiation

* Protein antigen

* T-independent (Tl) antigens

— induce division/differentiation by BCR signaling without MHC
class Il T help

— bacterial polysaccharides, repeating subunits (bacterial
capsules)

— Polyclonal B cell activation, but poor memory

Most pathogens contain both Tl and TD antigens
Only TD antigens can induce memory B cells



Thymus Dependent (TD) and Thymus Independent (TI)
second signals for B cell activation

Thymus-dependent antigen Thymus-independent antigen

BCR

TLR

Differentiation to resting
memory cells and antibody-
secreting plasma cells

©

o A B

memory cell plasma cell

Figure 9-2 Immunobiology, 7ed. (© Garland Science 2008)
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Different pathogens elicit different
T cell effector functions

Types of
effector T cell
Adivate infected . Enhance neutrophil
. . Provide help to
fu N B-cell h Su
mal:iw'i‘\zm K“ wnég'-lgbcted ;nrgfzmh:l%efo ?O&d;:: r :mbgglyly Pmreg;‘);n bzerrier IsotypO: wi?le‘t)ﬁng 1Pgrele|ss
immune response B cells for antibody P switchin,g ;peﬁ integrity (skin, Antibody production responses
production intestine)
Microbes that persist
in macrophage
. el vesicles Klebsiella
Pathogens rablges vaochia') (g.g mycd;acteriq. Helminth pneumoniae Al types
targeted 8 Listenia, Leishmania parasites Fungi (Candida
Some intracellular donovani abicans)
bacteria Pneumocystis carinii)
Extracellular bacteria

Knowledge about appropriate response to a pathogen helps us design
better vaccines to induce such response



The second time T-cells encounter the infection
More Powerful Response
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Which memory T cells should be
induced by vaccination?

Tomcell  (tissue resident)

)

Teg cell 4 t
/ ] N

/ Lymphoid tissues Peripheral tissues
—_— —_— e — S
Naive T cell Tsen cell Tem cell Tep cell Tegcell Death
Memory stem cells Central memory Effector memory Effector

 anvgenoxposure concenrationand engthof stmulaen)
P ————

Farber et al; Nat Rev Immunol 2013



Viral replication

CORRELATION OF ANTIGEN-SPECIFIC CD8+ T-CELL

QUALITY AND VIRAL LOAD
Xl?f;mla I ' (|-L|'II'VN]P) E ;]I’Ir\:)g]ressor)

SODOC

Number of
functions

Antigen load and duration

WHY POLYFUNCTIONAL T CELLS ARE “BETTER"”?

* A single cell is able to respond to the antigen through multiple

effector functions

e Polyfunctional T cell produce more cytokine on a per-cell basis than

double or monofunctional T cells

Seder et al, Nat Rev Immunol 2008




« Immunological memory is essential for
long-term protection against disease

 The length and amount of antigen

(vaccine) exposure influences the
functional quality of the memory T cell
response



For how long does immunological
memory last?

Smallpox vaccine

T cell memory B cell memory
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Crotty S, et al. ] Immunol. 2003; 171:4969



Live vaccines: measles
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Long-lived immunological memory after one shot of vaccine
Amanna, et al. New Engl J Med 357: 1903-15 (2007).



Protein vaccines: tetanus toxoid
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Limited immunological memory after one shot of vaccine

Amanna, et al. New Engl J Med 357: 1903-15 (2007).



Priming 3oosting

Formulation)(DeliverysystemyAdjuvant)
Antigenidose
Route
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When should we boost?

Recognition Activation Effector Decline

phase phase phase (homeostasis)| | Memory
Antibody- s |
roduci Effector T Elimination| :
goll - lymphocyte | of antigens
T Y
Humoral
immunity
: Surviving
Cell-mediated | - e
immunity | — iy ©o®
Antigen. Clonal - [Apoptosis|
Dresenting expansion B - |
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[ Wy Naive T }""9 A -
§~§:; lymphocyte @




How many times should we boost?

A Immunization
1st 2nd 3rd 4th
Q —090 —90 —0 —0
Naive 10 20 30 40

memory memory memory memory

Effector function
_ Terminal differentiation
Proliferative capacity

Sallusto et al., Immunity 2010




When should we start? ASAP
Maternal antibodies inhibit or enhance immunity

T cell Neutralization of
SENyatan ! Pathogen Pathogen and vaccine

rd
Enhanced uptake @E—%\

and Ag ) Maternal @
presentation antibody 2
|
A

)(Q

Masking of B cell
2 epitopes

P
Enhanced priming

of B cells
: CD8+
9 Cytotoxic
T cell Follicular
o dendritic
Dendritic T cell cell
cell CD4+ activation

helper
T cell



a Newborn b 14 weeks C 24 weeks and adolescence
Recombmant

w °ood rBCG or prolem with Recombmant
B(.G adjuvant w protem with

. . V\ T \ i) & adjuvant
Deallng WIth Dendritic cell %)" —
pre_existi ng’ \_/ @ Q%@ Viral vector

. @ = 74 5 ”%
suboptimal ™y . -
. . . f\ O : 'o"fQ? Nucleocaspid
Immun |ty. Xy 9\0004 in bacteria
Heterologous >
prime-boost

Expansion of Ag-specific T cells - ... o
l éo : - ? :
=0 @ —

Memory T cells | Amplification of Ag-specific T cells

Cepyright € 2006 Nature Publishing Group
Skeiky et al. Nature Reviews Microbiology 4, 469-476 (June 2( Nature Reviews | Microbiology



THE IMPACT OF VACCINE FORMULATION ON T-CELL QUALITY

CD8+ T-cell quality in response to HIV envelope elicited by different vaccine formulations

Number of

functions
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CD4+ T-cell quality in response to Leishmania major elicited by different vaccine formulations
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Darrah et al, Nat Med 2007




Age considerations

Early life Elderly people

Limited magnitude of Ab responses to polysaccarides and proteins

Shorter persistence of Ab responses to proteins

Shorter duration of immune memory Limited quality of Ab

Limited Th1 responses, and skew Limited induction of new T cell

towards Th2 responses (decline in naive cell
reservoir)

Limited innate responses Limited persistence of CD4+ responses




How can we direct the immune response
where it’s needed?

: )
Intranasal W m " Aerosolized

+ Mucosal and lung immunity ¢ + Mucosal and lung immunity

— Safety issues in humans | + Mass vaccination with nebulizer or

inhaler or by spraying animals

— Safety issues in humans
Oral N Z,

+ Cheap mass vaccination - ~
+ Mucosal immunity Intradermal
— Stability in the Gl tract : + Clinically relevant
+ Systemic immunity
| \ — Needle required (new
@ N PR :
Intramuscular needle-free ‘vaccine patch
+ Clinically relevant N transcutaneous technologies
+ Systemic immunity ‘ _ arein development)
: J
— Needle required
& 7

Route of administration influences tissue localization of recall response

Draper and Heeney, Nat Rev Microbiol, 2010
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Genes

Vaccinology: the future

Enviroment
Diet
Stress
Infection

Aging ‘

Allergy/autoimmunity
Chronic inflammation
Malnutrition
Obesity
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Microbiome

Transcriptomics
(microarrays/RNA-seq)

v’.p

_ Metabolomics

ik l l
N m Cytokine assays
; y

3 Flow cytometry
o (FACS/CyTOF)

4= J- Serology

Genomics

J :D\D Epigenomics

Systems
biology

Pulendran, PNAS 2014



w
=
<
=
P

THANK YOU

jel
SOtVI SOUTH AFRICAN
TUBERCULOSIS \




