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Outline

Immunological memory

Vaccines

— Concepts
— Methods

— Challenges

Immune evasion

— Antigenic variation (surface protein and
receptors)

— Latency



Immunological Memory
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immune response immune response
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Immunological Memory

Long-term protection after initial exposure
Specialized memory cells:

Induced during adaptive immune response
Persist in the absence of original antigen

After smallpox vaccination, antibody levels
show no significant decline, and T-cell
memory shows a half-life of 8-15 years

antibody

CD8 memory

Relative magnitude

- CD4 memory

] T T T
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Repeated Immunization Increase
Concentration and Affinity of Antibodies
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B Lymphocyte Differentiation

Naive B cell

BCR engagement

Tey cell stimulation

. Affinity Maturation
Activated B cell | .. Switching

/\

Plasma cell | « Re-infection Memory B cell

Antibody secretion




Secondary Immune Response

Memory cells are more efficiently activated than naive cells:

Higher CXCL13 Receptors

Higher Affinity of BCR

Higher Surface level of MHC Il

Source of B cells

Unimmunized donor Immunized donor
Primary response Secondary response
Frequency of antigen-specific 110% to 1:105 1102 to 1-103
B cells ' ' ' '
Isotype of antibody produced IgM > 1gG lgG, IgA
Affinity of antibody Low High
Somatic hypermutation Low High




Increased Survival of Memory B Cells

Open repertoire of mature B cells.
Tolerance induction

o =

Blood and secondary
lymphoid tissues

Additional tolerance induction.
Self-tolerant immature B cells
and anergized B cells

) C
J -
N W
No positive selection: B cells Positive selection: B cells
fail to enter lymphoid follicles successfully enter lymphoid follicles

Long-lived mature
recirculating naive B cells
(half-life about 3-8 weeks)
< =

B cells have a half-life
of about 3 days

s
Stimulation by antigen

Longer-lived mature recirculating
memory B cells. Express high-affinity
IgG, IgA, or IgE

Figure 8.39 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)



Question

* Why is antibody response in a secondary
infection more robust than the initial one?



T Lymphocyte Differentiation

Cytotoxic T (Te) cell

!

Memory |

Kill infected cells

Express CD8 |~ I

T, 1

Naive T cell

Antigen presentation

TCR engagement

Helper T (Ty) cell

Express CD4

Ty2

T

Inflammatory response

Regulatory T cell

Control immune
response

Macrophage stimulation B cell activation




Memory T cells arise from effector T cells that
maintain sensitivity to IL-7 or IL-15

Mice infected with LCMV generate a primary CD8 response; some
antigen-activated cells express high levels of IL-7Ra, while others do not

Only transfer of the IL-7Ra"-CD8 T cells into naive mice leads to
robust expansion of antigen-specifc CD8 cells after secondary challenge

_ transfer
IL-7Ra™
LCMV cells
8 IL-7Ro®
b cells

0

CD8 T cells

TCR-transgenic mouse transfer
CD8

Number of antigen-specific

I |
7 14
Days after transfer
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Memory and Naive T cells
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Memory T Cells are Distinct from Effector T Cells

CD44 Cell-adhesion molecule
CD45R0 Modulates T-cell receptor signaling
CD45RA Modulates T-cell receptor signaling
H # CD62L Receptor for homing to lymph node
omin g [ # CCR7 %hﬁl'rnn%ﬁnn% (rj%ceptor for homing
CD69 Early activation antigen

Bcl-2 Promotes cell survival

Survival

Effector cytokine; mRNA present

Interferon- ) s
v and protein made on activation

—
—
Immune response — | SammE
—

Effector molecule in cell killing

L FasL Effector molecule in cell killing
CcD122 Part of receptor for IL-15 and IL-2
CD25 Part of receptor for IL-2
1 cD127 Part of receptor for IL-7
Survival [ — :

Ly6C GPI-linked protein
Receptor for chemokine CXCL12;

CXCR4 controls tissue migration

CCR5 Receptor for chemokines CCL3 and
CCL4; tissue migration

KLRG1 Cell surface receptor

Figure 11.27 Janeway’s Imnmunobiology, 9th ed. (© Garland Science 2017)



CD4 T-Cell Help Is Required
for the Development of CD8 Memory

Wild-type mice and mice lacking MHC class Il
are infected with a bacterium (LM)
expressing an ovalbumin antigen (OVA)

After 7 days of infection, both types of mice
have expanded a similar number of
OVA-specific CD8 T cells

After 70 days, the mice are challenged again.
This time only wild-type mice can expand
OVA-specific memory cells

NI-O\IA

wild type

M-OVA
( .

MHC class Il deficient

0OVA-specific CD8 T cells

Wild type  MHC class |l

deficient

0OVA-specific CD8 T cells

—

MHC class I
deficient

Wild type

Primes effector T cells to generate CD8 memory cells

Promote reactivation of CD8 memory cells

Maintain CD8 memory cell numbers




CD4 T cells maintain CD8 Memory Cells

LCMV
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Original Antigenic Sin
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Outline

Vaccines

— Concepts
— Methods
— Challenges

Immune evasion
— Antigenic variation
— Latency



Concepts

Features of effective vaccines

Vaccine must not itself

Safe cause illness or death
Vaccine must protect
: against iliness resulting
Protective from exposure
to live pathogen
Giv?s. ’ Protection against illness
Sl must last for several years
protection
Some pathogens (such as
polio virus) infect cells that
Induces cannot be replaced
neutralizing (e.g., neurons).
antibody Neutralizing antibody is
essential to prevent
infection of such cells
Some pathogens, particularly
'”df[met‘? intracellular, are more
$r° ‘I"IC LE effectively dealt with by
el cell-mediated responses
Low cost per dose
Practical Biological stability
considerations Ease of administration
Few side-effects
The perception of whether
Perceived a vaccine is safe will
as safe influence the adoption

by the public

Immune compromised population
In a large percentage of vaccinated population

Effective memory cells: B and T cell activation

Very successful in controlling certain infections
Toxins, extracellular pathogens, viral reinfection

Problem: elicit an effective T response

Large vaccinated population will decrease the
circulation of the pathogens

Public concerns



Public Concerns

| Ingredints: Veoay, &mmmm Huaman Fetl Tsue, Monkey Kidoey & Lung ek, V% B

‘Ti:d Kennedy's | Will Michelle | == The Last Hurrah:
Battle Against | Obama Hurt Barack | f“ | Indiana Jones
Bram Cancer | In November? [ Shows His Age

TIME

Vaccines

Waorried about autism,
many parents are opting
out of immunizations.
How they're putiing
thie restof ws at risk

Y ALICE PARK




Measles Resurgent
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Measles resurgent

Measles came roaring back in the United
States this year and continued an upsurge
around the world. Poverty, displacement,
conflict, and—particularly in the United
States and Europe—vaccine misinforma-
tion are all playing a role in the resurgence
of a virus that killed an estimated 142,300
people in 2018, and for which there is a
highly effective vaccine.



Methods

Top choice: Elicit Proper Immune response
Safety issue

Live bacteria or viruses

A 1

Live bacteria or viruses (but weaker versions)

AL

Dead hacteria or viruses

Peptides

Polysaccharides from ~
bacterial cell walls

Others: Safer but harder

* Prime Dendritic cells
(Inflammation)
Avoid Tolerance

* Induce proper response
(Antigen Presentation)
CD8 or CD4 activation
Most vaccines induce CD4
and antibody response

* Mucosal or Systemic



Immunology Began with Immunization

1796 Edward Jenner cowpox vaccine against smallpox

Jenner’s drawing of cowpox lesion from
which he created his vaccine.




Shared Antigenic Elements In Vaccination

Cowpox and smallpox
viruses share some
surface antigens

Immunization with cowpox
induces antibodies against
cowpox surface antigens

Cowpox antibodies bind to
and neutralize the
smallpox virus

cowpox

smallpox

Y

cowpox

i smallpox

Figure 14.1 The Immune System, 3ed. (© Garland Science 2009)




Complete Eradication of Smallpox
Was Announced in 1980

WORLD HEALTH

THE MAGADNE OF THE WORLD HEALTH ORGANIZATION - MAY 080

http://www.cdc.gov/Features/SmallpoxEradication/SmallpoxEradication_R250px.jpg



Attenuated Vaccine

The pathogenic virus is isolated
from a patient and grown in
cultured human cells

The cultured virus is used
to infect monkey cells

The virus acquires many
mutations that allow it
to grow well in monkey cells

The virus no longer grows well

in human cells (it is attenuated)

and can be used as a vaccine
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Risks:

loose the mutations causing attenuation
Cause very strong inflammation



Attenuation Through Recombinant DNA Techniques
Create Avirulent, Non-Pathogenic Virus

Isolate pathogenic virus

N

Isolate virulence gene

receptor-binding
protein

virulence

N

core proteins

) C
Jo——=
Mutate virulence Delete virulence
gene gene

J 5 < =

Resulting virus is viable, immunogenic, but
avirulent. It can be used as a vaccine




Attenuation Through Recombinant DNA Techniques

internal ribosome protein translation
entry site of polio genome
ribosomes
domV G

stem—loop
5 [ capsid | nonstructural —AAA 3

domV of Sabin 2 OPV domV of re-engineered OPV (S15)

N
: . . : - Reduced stability due to multiple nucleotide
single nigCIfJgg?bﬁeriﬂgfg ,:3 Xg;llgnt L substitutions (red) reduces chance of
P virulent reversion




Attenuation Through Recombinant DNA Techniques

Liver-stage development of the malaria parasite

sporozoite hepatocyte liver stage merozoite

- TN e]

parasitophorous nucleus
vacuole membrane

Kills host

Genetically attenuated parasites can provoke an immune response, but infection does not progress

v B
p52-/p36- \ &

A 4

- ¢ UNe

Induces
protective
immunity

NN




Conjugate Vaccines




Adjuvants are Required for Conjugate Vaccines

Chemicals or pathogen components

Adjuvant :.'::- Vaccine
Toll-like receptor .

~. Antigen
(Signal 1)

Dendritic cell

s 3 _ )=
Effector, heiper, @™ 0)) r

and memory T cells %,
==

N B

http://www.nature.com/ki/journal/v73/n7/images/ki200857f1.jpg



Adjuvants

Adjuvants used in FDA-approved vaccines

Adjuvant Vaccine
Diphtheria/tetanus/

Alum (various whooping cough

aluminum salts) Pneumococcal

conjugate vaccine

Aluminum :
hydroxide Cervarix
D,L-alpha-tocopherol H5N
gvr:tjarsn(;EaElZ;n ) influenza vaccine
Fluad
Squalene and :

: (seasonal influenza
water emulsion vaccine)
CpG 1018 Hepatitis vaccine
(synthetic DNA) (Heplisav-B)
Quillaja saponaria Shingrix
(lipid from (shingles vaccine

evergreen tree)

for elderly)




Success of Neisseria Meningitidis C Vaccine
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Newer Methods

Live bacteria or viruses

A 1 -

Live bacteria or viruses (but weaker versions)

AL

Dead hacteria or viruses




Recombinant Peptide Vaccines

ISCOMs enclosing peptide

ISCOM-APC fusion

Peptide transport
into endoplasmic reticulum

Peptide:MHC class | complex
on the cell surface can be
recognized by CD8 T cells

A2

ovﬁufxﬂu..'fx,ﬁvg

..\o

S

N

i\f/f

—

fai

Cytosol

MHC
class|

N

Figure 14.5 The Immune

System, 3ed. (© Garland Science

2009)

ISCOM:Immune stimulatory complex (lipid micelles carrying immunogenic

peptides)
Limitations:

High polymorphism of human HLA gens

Loading of HLA-ABC genes
-Longer peptides

Not great for infectious disease: antibodies against a single epitope on a

pathogen are rarely protective. Failed in clinic

Use a whole protein--Novavax



Recombinant DNA Vaccines

Clone gene for
influenza Inject cloned gene into Infect mice L )
hemagglutinin muscle tissue withinfianea vinis Measure virus titer
in a plasmid
© ‘?:;2: uninjected mice

emagglutinin

g
-

e

= =

)

-~

>

(control)

mice
injected
with DNA

Time

Figure 15-32 Immunobiology, 7ed. (© Garland Science 2008)

Enhancement by adjuvants expressed by the DNA

Newer generation: RNA vaccine
RNA can act as an adjuvant




RNA-based Vaccines

spike  SARS-CoV-2
protein

lipid carrier

mRNA encoding
spike protein

/l

N
MRNA acts as an adjuvant



Challenges

* Generation of long lasting antibody response

IgA type
Effective protection require preexisting antibodies
(Neutralization)

* Toxin damage
* Reinfection

* Generation of robust CD8 response

Chronic intracellular infections
MHC | and dendritic cells

CD4 Cells have to be activated too
Higher dose of antigen

Strong inflammation



Question

What is NOT required for the generation of
CD8 Memory T cells?

* A) protein antigen

* B) Dendritic cells

« C) CD4 helper cells
* D) B cells

» E) Cytokines



Outline

* Immune evasion

— Antigenic variation (surface protein and
receptors)

— Latency



Bacteria Subvert the Host Immune System

Extracellular Bacteria

Intracellular Bacteria

Bacterial strategy Mechanism Result Examples Bacterial strategy Mechanism Result Examples
Extracellular bacteria Intracellular bacteria
Capsular Block detection of : e A Modulation of expressed | “ntibodies that block
polysaccharide lipopolysaccharide (LPS) K. paedtminias Antigenic variation up”: fimbri);% bacterial attachment Salmonella spp.
’ become ineffective
Sileldnglos Hypoacylation of lipid A | Antagonism of TLR-4 P. gingivalis Production of Block detection of
inhibition of MAMP: - : ) I
iy g Inhibition of MAMP peptidoglycan hydrolase | peptidoglycan by NODs L. Iy 0gAneS
Coating of bacterium by Block detection of recognition/
host proteins (e.g., fibrin) peptidoglycan 4 BLIRBLE signaling ~ Secretion of Mfﬁoﬁﬁa'\g;ﬁ?gﬁgﬂng Y. pestis
e intracellular toxins pathways
Antigenic variation Modul;iﬂorf}r?]fbﬁ;%ressed bacterial attachment i gtz__ncérggoeae, Secretion of AMP- ol £ AMP v st
’ become ineffective : : . degrading peptidases eavage 0 S . pestis
) - Resistance to anti-
Secretion of complement- Cleavage of N. meningitidis, microbial peptides ] Prevents binding,
degrading factors complement components | P aeruginosa, S. aureus Modulation of cell tunetional insertion of Salmonelta spp.
S ) membrane phospholipids AMPs in cell membrane
Capsular Block fixation of /'_Ip g%zgggze’ " TET———
polysaccharide complement ' ’ 9o Release of bacterial cell Inhibits phago- - UDErCUIosS,

Inhibition of
opsonization

K. pneumoniae

Expression of Fc-binding
surface molecules
(e.g., Protein A)

Prevents binding of
antibody to Fc
receptors of phagocytes

S. aureus

phagosome with

wall components

lysosomal fusion

M. leprae,

Production of biofilms

Shielding of bacteria
from phagocytosis

S. epidermidis, S. aureus,
P. aeruginosa

Inhibition/scavenging

Neutralize ROS produced

lysosome L. pneumaphila
Survival within v\rlv;?)éom){girr?i%gortr):s c%?iI(I; Resistance against M. tuberculosis,
phagolysosome acids and other lipids lysosomal enzymes M. leprae
Escape from Production of hemolysins Lysis of phagosome; L. monocytogenes,
phagosome (e.g., listeriolysin 0) escape into cytosol Shigella spp.

: Secretion of catalase and S. aureus,
of reactive oxygen s by NADPH and g
species (ROS) Superoxide dismutase myeloperoxidase (MPO) B. abortus
Secretion of AMP- .
n y Cleavage of AMPs E. coli
Resistance to degrading peptidases g
antimicrobial e
- ) Prevents binding,
peptides (AMPs) Modulation of cell functional insertion of S. aureus

membrane phospholipids

AMPs in cell membrane




Biofilms Restrain Immune Clearance

glycocalyx/ ¢ cell wall
EPS ~ %T eDNA proteins
s dead cell
= )
ﬁ ; f 2
O

3?3 \% S
® ® adhesin fibronectin

Abiotic/biotic surface

Bacterial adhesion Biofilm formation Biofilm maturation

EPS: extracellular polymeric substance



Antigenic Variation Allows
Repeated Infection with the Same Pathogen

Streptococcus pneumoniae

001010102010

There are many types of S. pneumoniae, which
differ in their capsular polysaccharides

R Subsequent infection " Al
ndividual infecte : with a different type ew antibody
with one type of Ag};l;?'gysl:?;ﬁ?::e of S. pneumoniae response clears
S. pneumoniae is unaffected by second infection
response to first type

O




Gene Conversion Prolongs the Infection

There are many inactive trypanosome VSG
genes but only one site for expression

" : Expression
d C i .- . .
el - Bpa { %__ _ﬁ_ The clinical course of trypanosome infection
x1000 VS
< anti-vVSG"  anti-VSG®  anti-VSG'

Inactive genes are copied into the

8 8

expression site by gene conversion = S

CU o

e O

(4n) =

| T 3 8 =

Y— (4]

. - - I ‘E — - o HS
| —

x1000- — 3 0

VSG® = D

=~ = 3

v
Many rounds of gene conversion can
occur, allowing the trypanosome to
vary the VSG gene expressed

Time (weeks)

| - v Infection
‘Em 000~ E
VSG




Viruses Subvert the Host Immune System

Viral strategy Specific mechanism Result Virus examples
Viral interference in . HCV, HBV,
interferon induction Impegeess glrfggferon herpesviruses,

and signaling P adenovirus
Virally encoded Sensitizes infected cells
chemokine receptor to effects of .
homolog, e.g., B-chemokine; advantage Cytomegalovirus
B-chemokine receptor to virus unknown
Virally encoded soluble
cytokine receptor, e.g., Blocks effects of
Inhibition of IL-1 receptor homolog, cytokines by inhibiting Vaccinia
inflammatory TNF receptor homolog, their interaction with Rabbit myxoma virus
response interferon-y host receptors
receptor homolog
Viral inhibition of .
Ao Molceu'c Iyn?:)%%kciﬂaeihg)s:g?eg{ed Epstein-Barr virus
expression, e.g., LFA-3, cells
ICAM-1
Protection from NFikB Blocks inflammatory
activation by short responses elicited by Vaccinia
sequences that mimic IL-1 or bacterial
LRs pathogens
i Impairs recognition of ;

_ _ Inhibition of MHC class | infected cells by Herpes S|mp‘|ex
Blocking of antigen expression cytotoxic T cells Cytomegalovirus
processing and
presentation - ) Blocks peptide

|ngg)r:t;02r$fbpe_?At§e association Herpes simplex
portby with MHC class |
. Blocks effector functions .
Ve | ofambodestaunato | s o
infected cells
’ Blocks complement-
Inhibition of humoral Virally encoded mediated effector Herpes simplex
immunity complement receptor pathways P P
Virally encoded Inhibits complement
complement activation by Vaccinia
control protein infected cell
i o Virally encoded Inhibits Ty1 lymphocytes
o L tosupp £SS10 cytokine homolog of Reduces interferon-y Epstein-Barr virus
T IL-10 production




Antigenic Drift and Shift

Antigenic drift

Antigenic shift

Neutralizing antibodies against
hemagglutinin block binding to cells

Antigenic shift occurs when RNA
segments are exchanged between viral
strains in a secondary host

JIRSEE = ey

t

N

99 Qe

Mutations aM epitopes in
hemagglutinin so that neutralizing
antibody no longer binds

L
No cross-protective immunity to virus
expressing a novel hemagglutinin

L i Sy

¥ 7
)

_reex

Figure 13.22 Janeway's Immunobiology, 9th ed. (© Garland Science 2017)



Latent Viruses “Hide” from the Immune System

Primary infection .
Herpesvirus

Lifelong infections

trigeminal
ganglion

—

Neurons: immunoprivilliged site;
neurons carry very low levels of MHC |

Virus doesn’t proliferate, thus limited
presentation on MHC | for CD8 cells

Recurrence of infection

—




Chronic Infections Induce Exhaustion

T-cell receptor  CTLA-4  PD-1  LAG-3 TIM-3 NKG2A  PD-1  TIM-3




Three challenges

Long last antibody response
Robust CD8 T cells
Immune evasion

What can you do?
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