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‘You apprehend the complex interrelations.hip W tween

AGEING and the IMMUNE SYSTEM and its CONSEQUENCES.

‘In ather words, to show you how the immune system with )
advancing age is progressively switching from the GOOD
SIDE of the FORCE towards a less powerful DARK SIDE. -

To finally, to just cross your mind with potential.implications
Si




THE IMMUNE SYSTEM

PREAMBLE

«..Theartofwar...»

Aspinall R & Lang PO. Expert Rev Vaccines. 2014;13:885-94




Our Immune system is ...
A COMPLEX BIOLOGICAL SYSTEM

« Composed by coordinated elements

-

OF RECONNAISSANCE

 For which the main goal is to differentiate
« SELF » from « NON-SELF ».

* And, what is recognized as « non-self » is immediately and
properly destroyed.




The Immune system Is composed

By ORGANS And CELLS

1 les amygdales
et les végétations
adénoides

2 les ganglions

\\.

That communicate
and interact together via

SOLUBLE MEDIATORS

cytokines, interleukines, ...




The Immune system Is devided...

Into 2 entities with 2 modalities of response

« Complement system * Dendritic cells
INNATE « Defensins » Monocytes/Macrophages

 Granulocytes

e Natural antibodies
IMMUNITY « Cytokines » Natural killer (NK) cells
o Cytotoxic T Lymphocytes

ADAPTATIVE
IMMUNITY




These 4 squadrons are interconnected

TRAINED
IMMUNITY

IMMUNE
MEMORY

IN ORDER TO BETTER PROTECT US AGAINST
ANY PATHOGENS AND FOREING ANTIGENS




These 4 squadrons are interconnected

TRAINED
IMMUNITY

The trained immunity

IMMUNE
MEMORY

IN ORDER TO BETTER PROTECT US AGAINST
ANY PATHOGENS AND FOREING ANTIGENS




These 4 squadrons are interconnected

PRIMARY
ANTIGEN CHALLENGE

PRIMARY

o104 immune
e . ftolOdays response




These 4 squadrons are interconnected

SECONDARY
Immune response

PRIMARY SECONDARY |
ANTIGEN CHALLENGE ANTIGEN CHALLENGE

PRIMARY
Immune

7to 10 days . response




& SR R R R SRR e SRR SEE R

S S R 5 i i S i R

s o S D S D B B

R i N SRR R R R R i SRR S R SRR R R

S

e R R o R MR R
e i e Ss e
S AR SRS R A SR SRR SRR 5
S S e S S
hn o e s o e

SR SR R SR SHEE e s

Sk e R e e S nna e

e e

EEa 5 P FEa 5 e

R

Shma e e e ,

SR s EEmmss R S

i R i R 1 i R

B e e

s AR S R S S S S S R i

SRR SEATRRERG R R R i SRR TR LRI R R R R SRR S R SRR R R

SRR R R s R R Lniue thrsiua SRR SRR R e R R

S e - e e Ss

S S R R i S s AR SRR SRR

e n SR . SE N

S L L S o

S S : S e o

AT e S S e S AT e i
S i " S
£ e SRR R SEtarae

g8 EEa 5 S 5 s

SR Do S S

Shma L o e S e

SR SRl SRR S i

i SRR s i o i

e S e S S e B B e

s o SRt A T S S R

PR SRR R R LSRR R SRR R LSRR R SRR R R

e SR SERA LIRS e R
e i SRR SarE

i R S AR i S S R SRR S i

SR TR e SR e S

S SR SR S SR S S i

B SR s e e S g e S S

e e

2
2
2

g8 FRa 5 i 5 i
SR SEmnmn Do i
S S Emaa S :
SRR s HEaa

i L i SR S A L .
s e e e
s o S R o S RS

S R S i i R e G G S R

i
i
i
i

R e R A B




Nowhere on earth, !
- you will find a sterlle
environment ..

Thus, we can easily perceive that for surviving longer,
v' People have had to deal with many pathogens

v'People have had to build a powerful immunity against diverse pathogens
v'People have had to acquire an strong and large immune repertoire




With advancing In age...

There is effectively an accumulation of memory T-cells

20-30 years 60-75 years >75 years

Which originally defined the “Immune Risk Profile”




With advancing In age...

There is effectively an accumulation of memory T-cells

20-30 years 60-75 years >75 years

Result from the clonal expansion of :

T-cells with shortened memory repertoire (CMV specific)
T-cells which become resistant to apoptosis
Preferentially with cytotoxic phenotype (inverted CD4+/CD8+ ratio)
d  Which produce pro-inflammatory cytokines (Inflamm-aging)

Which originally defined the “Immune Risk Profile”




More specifically at the cellular and molecular level...
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Altered T Cell Development

Thymic Development

« | Thymic output
* Thymic involution
¢ Increased adiposity in thymus

2 « T Inflammatory cytokines

« | Seeding from BM

Bone Marrow

+ | Common lymphoid progenitor
output

« | Lymphoid capable HSC

« | Self-renew

« T DNA damage

Myeloid
\Q: ) lineages

@< (o

Lymphoid
lineages

3 Function

of Old T Cells in the Periphe

Spleen and Lymph Nodes

« | Naive T cell pool

« T Virtual memory T cell pool

» | Follicular reticular cell
network

* T Inflammatory cytokines

« T TGF-B, IL-6

» | DC maturation and antigen
presentation

CD80/86 cpog

¢ Failure to get armed

\

Tissues (Skin, Gut, Lung) V

+ | Immune protection

« | Poly-function

+ | Proliferation

» | Effector molecule expression
« | T-BET, other TF?

* Altered trafficking

NP

AN TheJournal of
o Immunology

It occurs multiple defects in the T-cell compartment




More specmcally at the cellular and molecular level...

B-cell pool

Red bone marrow

« High levels of early

B-cell progenitors Neonate or infant
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It occurs multiple defects in the B-cell compartment




More specifically at the cellular and molecular Ievel...

E—— ﬂﬂa\f







Immunosenescence It is...
AT THE INDIVIDUAL LEVEL

A chronic state of low-grade inflammation
(commonly nammed Inflamm-aging)

* 7 Intensity of iInflammatory reaction

Lang PO et al. Immunological pathogenesis of main age-related disease and frailty: role of immunosenescence.
Eur Geriatr Med 2010;1:112-21




Immunosenescence It is...
AT THE INDIVIDUAL LEVEL

* A chronic state of low-grade inflammation
(commonly nammed Inflamm-aging)

* 7 Intensity of inflammatory reaction

* /7 susceptibility to common pathogens

Lang PO et al. Immunological pathogenesis of main age-related disease and frailty: role of immunosenescence.
Eur Geriatr Med 2010;1:112-21




¥]

Into statistics...
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Immunosenescence It is...
AT THE INDIVIDUAL LEVEL

* A chronic state of low-grade inflammation
(commonly nammed Inflamm-aging)

* 7 Intensity of inflammatory reaction

* 7 susceptibility to common pathogens
* /7 susceptibility to emerging pathogens

Lang PO et al. Immunological pathogenesis of main age-related disease and frailty: role of immunosenescence.
Eur Geriatr Med 2010;1:112-21
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FIGURE 1

Small bites — Big problems

The love story of Ixodes ricinus and one of the encephalitogenic flaviviruses

Annual inci

tzerland, 1984 to 20

FIGURE 2

Epidemiology of Tick-borne encephalitis in Switzerland, 2005 to 2011.
M. Schuler, et al, Eurosurveillance, 2014;19

Incidence of tick-born encephalitis by age and sex, Switzerland, 2005 to 2011 (n=1,053)

Incidence (n/100,000)
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Immunosenescence It is...
AT THE INDIVIDUAL LEVEL

* A chronic state of low-grade inflammation
(commonly nammed Inflamm-aging)

* 7 Intensity of inflammatory reaction

* 7 susceptibility to common pathogens
« 7 susceptibility to emerging pathogens
* \ vaccine Immunogenicity and efficacy

Lang PO et al. Immunological pathogenesis of main age-related disease and frailty: role of immunosenescence.
Eur Geriatr Med 2010;1:112-21
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137 e A reduced humoral immune response to
vaccine | PPSV-23 is observed with advancing age.

eThis reduction is also observed with the
5 new PCV-13
Vila-Corcoles A et al, Drugs Aging, 2013
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Immunosenescence It is...
AT THE INDIVIDUAL LEVEL

* A chronic state of low-grade inflammation
(commonly nammed Inflamm-aging)

* 7 Intensity of inflammatory reaction

* 7 susceptibility to common pathogens

« 7 susceptibility to emerging pathogens
* \ vaccine Immunogenicity and efficacy
7 incidence of auto-Iimmune disorders

* /7 incidence of cancers

/7 incidence of main age-related diseases

Lang PO et al. Immunological pathogenesis of main age-related disease and frailty: role of immunosenescence.
Eur Geriatr Med 2010;1:112-21







If Ageing is Universal, Intrinsec, Progressive and somehow Deleterious

Ageing is
Environment— HETEROGENEOUS «— _>o1o¢

(comorbidites) Epigenetic

80% OF >80 Y POP. AT HOME WITHOUT ANY DISABILITY




AGEING Is heterogeneous...
\ NS —

Frailty phenotype

P RE_ F RA I L Response to external stressor(s
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Homeostatic mechanisms

CO M P Ll CATl O N STATE Negative outcomes

Performance and homeostatic reserve are gradually
getting WEAKER with advancing age




AGEING Is heterogeneous...

Three Rs of
rejuvenation:

» Restoration

» Replacement

* Reprogramming

Immune performance

R — Successful aging
: Normal aging

Pathological aging

N
Immunosenescence process \‘-\

Complications \
Higher susceptibility to infectious diseases .
Higher difficulty dealing with previously overcome pathogens
Difficulty in dealing with new antigens \
Poorer response to vaccination |
Higher incidence of cancers |
Higher incidence of Alzheimer’s disease, osteoporosis,

insulin resistance, sarcopenia and atherosclerosis

Age

Immune risk profile
Inverted CD4:CD8
ratio

{ Naive T cells

t Naive B cells

} Senescent T cells

CMV seropositivity

Inflammaging
Switch Thi-type
cytokine response
to Th2

} IL-6, TNF-a, IL-1B,
IL-18 and IL-12

{ TREC:T-cell ratio

{ Activation-induced
cytidine deaminase

Accumulation
of deficits

The Immune system is also gradually getting WEAKER




From a clinical point of view..

IMMUNOSENESCENCE & VACCINE RESPONSE

P 005
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Vaccine 2011; 29: 5015-5021




AGEING Is heterogeneous...

Three Rs of
rejuvenation:

» Restoration

» Replacement

* Reprogramming

Immune performance

BUT the immune system is also gradually getting WEAKER

R — Successful aging
: Normal aging

Pathological aging

N
Immunosenescence process \‘-\

Complications \
Higher susceptibility to infectious diseases .
Higher difficulty dealing with previously overcome pathogens
Difficulty in dealing with new antigens \
Poorer response to vaccination |
Higher incidence of cancers |
Higher incidence of Alzheimer’s disease, osteoporosis,

insulin resistance, sarcopenia and atherosclerosis

Age

Immune risk profile
Inverted CD4:CD8
ratio

{ Naive T cells

t Naive B cells

} Senescent T cells

CMV seropositivity

Inflammaging
Switch Thi-type
cytokine response
to Th2

} IL-6, TNF-a, IL-1B,
IL-18 and IL-12

{ TREC:T-cell ratio

{ Activation-induced
cytidine deaminase

Accumulation
of deficits




BUT... because there always Is a “but”

In a complex system such as the immune system, relié
of functions being undertaken is dependent:

(1) of the quality of the different components

(2) but also on possible any functional overlap with muie
components capable of fulfilling the same task.

“BUT” - Thus, whilst some components fail, the syste
whole can remain functional

“BUT” - Predicting individual immune responsiveness
a single and robust method able to distinguish betwee
healthy and immunosenescent state remains a sweeti
desirable dream.

AND with iImmunosenescence, there are many “BUT”




Age-associated Immune remodelling

Although an individual’'sageis a
major contributor, there is no single R o
cause of Immunosenescence. systems Aging &

heterogeneity
of immunity

i Co-morbidity factors
.o ‘ Physical exercise
Rather, it is the consequence of a ~ y N
complication of events including ... § Health status
' Social status

Living environment
Infections / vaccination

...Isa complex reality that is far to be fully understood yet




BUT... because there always Is a “but”

Healthy
and
normally effective
Immune system

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII’

TO IDENTIFY SPECIFIC TARGETS AND DIFINE THE OPTIMAL TIMING FOR NOVEL THERAPEUTIC APPROACHES

Immune system

Non-functional
Immune system




2V thatlmmunos
18 ,ness but we advocate for
Immunization progr Iines inithis population ...

Lang PO & Aspinall R. Vaccination in the elderly: What can be recommended? Drugs Aging.
2014;31:581-99




Age-associated Immune remodelling

Although an individual’'sageis a
major contributor, there is no single R o
cause of Immunosenescence. systems Aging &

heterogeneity
of immunity

SUCEPTIBILITY TO
| INFECTIOUS
i Co-morbidity factors DISEASES
Rather, it is the consequence of a 4 Physliﬁ?t'rifi’;i“ﬂse |
complication of events including ... | Health status )

Social status 4
Living environment
Infections / vaccination

..Isa complex reality that is far to be fully understood yet




Age-associated Immune remodelling

Although an individual’'sageis a
major contributor, there is no single R o
cause of Immunosenescence. systems Aging &

heterogeneity
of immunity

SUCEPTIBILITY TO
| INFECTIOUS
i Co-morbidity factors DISEASES
Rather, it is the consequence of a 4 Physliﬁ?t'rifi’;i“ﬂse |
complication of events including ... | Health status )

Social status 4
Living environment
Infections / vaccination

..Isa complex reality that is far to be fully understood yet
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BUT, the story can change because of ...

100 100
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BUT, the story can change because of ...

Overall VE 60-69 y.0. 70y.0. or over
m/LV ORZV



T X Tl I R
* i Effect of AGE on AB titer

>
ol gt te), . 83 e OR = 1.054 ; 95% CI 1.009-1.099
£ 200 ::"_’_”:,a:o,_ai p=0.016
> .’ *
= o Yo 0e% "o
720 ® »ﬁot’n::gw ‘:’." N = 383 adults in Brazil
100 o 9
0'0 ' 20 - 40 ' 80 100 Wolff Machado V et al, Rev Soc Bras Med Trop 2013
Age .

e Studies have revealed a significantly lower antibody response in people more
than 50 years of age compared to that of younger individuals (< 30 years).

e Pre- and post-booster antibody concentrations as well as neutralizing
antibody titers are significantly lower among those over 50 years of age in
response to TBE vaccination.

e BUT no age-related differences are found in the avidity and functional activity
of antibodies induced by vaccination.
Lang PO et al, Curr Top Med Chem 2013 Stiasny K et al, PLos ONE 2012

e A single dose of aP vaccine induced good and effective immune response in
most older individuals (89% pertussis toxoid — 96% filamentus hemagglutinin,
and 94% pertactin).

Theeten H et al, Curr Med Res Opin 2007 Grimpel et al, Vaccine 2005

e A single dose of TdaP (Boostrix®) is immunogenic in adults aged 65 years or
older. BUT long-lasting immunity is only provided by repetitive booster doses

Van Damme P et al, Vaccine 2011 Weinberger B et al, PLos ONE 2013
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Despite the mass of information generated, neither the .
cross-sectional nor the longitudinal studies has* provided a clear mappmg
of the age-gssociated remodeling processes that impact the immune
system. <3 . o

Despité the mass of information generated, neither the
cross-sectional nor thée longitudinal studles approach has provided a
cléarly identifiable strategy for manufacturers to design specific
vaccines for older individuals. > R T

o

Conseqyently, vaccine companies :
havé taken a more pragmatic view in making changes
in order to improve, the immunogenicity of the vaccine by
conSIdermg the immune system to be gradually getting
weaker in older mdlwduals and just providing a stronger st\mu\us

o improve the ability of vaecines to protect older individuals we can no
pnger consider those over 65 years of age to be an homogenous®
bpulation termed the ‘elderly’ dlsplaymg a condltlon termed.
rmunosenescence




TO BE CONTINUED ...

MAY THE FORCE BE WITH YOU!

PLang@montchoisi.ch







Propose
novel
formulation

and strategy

Increase

vaccination
coverage

Adapt Increase the
vaccination quality of
strategies life

A focus on what it is already possible to do now




More complicated things are also possible...

Three Rs of
rejuvenation:

» Restoration

» Replacement

* Reprogramming

Immune performance

R — Successful aging
: Normal aging

Pathological aging

N
Immunosenescence process \‘-\

Complications \
Higher susceptibility to infectious diseases .
Higher difficulty dealing with previously overcome pathogens
Difficulty in dealing with new antigens \
Poorer response to vaccination |
Higher incidence of cancers |
Higher incidence of Alzheimer’s disease, osteoporosis,

insulin resistance, sarcopenia and atherosclerosis

Age

Immune risk profile
Inverted CD4:CD8
ratio

{ Naive T cells

t Naive B cells

} Senescent T cells

CMV seropositivity

Inflammaging
Switch Thi-type
cytokine response
to Th2

} IL-6, TNF-a, IL-1B,
IL-18 and IL-12

{ TREC:T-cell ratio

{ Activation-induced
cytidine deaminase

Accumulation
of deficits

To enhance the immune system more in depth




More specifically at the cellular and molecular level...

Young thymus Aged thymus
Ageing

Lymphoid
Stem ceII Development?
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Tracing thymic output in older individuals
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Increasing AGE




