Immunosenecence in MS
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The 2 main processes in MS :
Inflammation and degeneration

Relapsing-remitting Secondary Progressive
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Active white matter demyelination

Siffrin et al. Trends Neurosci. 2010; 33: 202
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The adaptive Iimmune system
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The signals for T cell activation
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Consequences of T cell by APCs

Cytotoxic % W Jé

TceII
‘naive . = 4 3 ( Antlgen presenting

Tbet cell (APC
Eomes 'CD8 | :’ ( )

(& /
N Tcell ) -\
GrB, IFN-g, TNF-a
Intracellular
pathogens

self-antigen
IL-6 + TGFb
IL-6 + IL-21 IL-12 IL-4 Y GFDb Retinoic Acid
Tfh Thl Th2 Thl7
IL-21 IFN-g IL-4, IL-5, IL-13 IL-17, IL-21, IL-22 IL-10, IL-35, TGFb
Humoral Intracellular Helminth Fungi Regulation of

immunity pathogens parasites immunity



MS: a complex disease
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Impact of Age in MS

* Age is a significant factor affecting late MS disease
progression!al
* Disability increases with age!]

* The more disabled a patient is, the less likely it is that
he or she will respond to treatment!!

a. Sanai SA, et al. Mult Scler. 2016;22:717-725; b. Minden SL, et al. Neuro Rehabil. 2004;19:55-67; c. Weideman AM,
et al. Front Neurol. 2017;8:598.



Patients With MS Seen in Practice Differ From
Patients in Clinical Trials

* Most trials largely exclude patients aged > 55 years!@©!
* Mean/median patient age: 30 to 39 years/3™"]

* Trial length only up to 3 years!@°]

* Thus, clinicians may be less confident when using a

DMT in a patient who is outside the typical age limit of
clinical trials

a. Calabresi PA, et al. Lancet Neurol. 2014;13:657-665; b. Cohen JA, et al. N Engl J Med. 2010;362:402-415; c. Cohen
JA, et al. Lancet. 2012;380:1819-1828; d. Coles AJ, et al. Lancet. 2012;380:1829-1839; e. Lublin FD, et al. Ann
Neurol. 2013;73:327-340; f. Fox RJ, et al. N Engl ] Med. 2012;367:1087-1097; g. Khan O, et al. Ann Neurol.
2013;73:705-713; h. Gold R, et al. N Engl ] Med. 2012;367:1098-1107; i. Mikol DD, et al. Lancet Neurol. 2008;7:903-
914; j. O'Connor P, et al. N Engl J Med. 2011;365:1293-1303; k. Kieseier BC, et al. Mult Scler. 2015;21:1025-1035; I.
Kappos L, et al. N Engl J Med. 2015;373:1418-1428; m. Comi G, et al. Mult Scler. 2013;19:1074-1083; n. Hauser SL,
et al. N Engl ] Med. 2017;376:221-234; o. Marrie RA, et al. Neurology. 2016;86:1437-1445,



Selected adverse events of DMTs and correlatiimage
Schweitzer et al 2019

Most important (Potentially) increased
Drug adverse events risk with age References
Matalizumab Occurrence of PML Dong-5i ef al., 2015 [37]
Blankenbach ef al, 2019 [38]
Bachelet ef al., 2016 [39]
Fatal cases of PAL (1
HSV1/VZV readivation 1
MNeutralizing antibodies i1
Fing olimod Bradycardia 1 lebrun efal., 2018 [6%]
Berger ef al, 2018 [40%
Ritter ef al,, 2017 [41)
Arterial hypertension ]
HSV1,/VZV readivation 1
PML (1
Skin malignancies [BCC) ]
HPY infection
Alemtuzumab H5V1/VIV readivation 1 Huhn ef al, 2018 [42]

Pleuffer ef al, 2019 [43]
Listeriosis, candidiasis, nocardiosis
Secondary avloimmune diseases
Clodribine HSV1/VZV readivation 1 EMA, Mavenclad EPAR 2017 [44]

Tuberculosis

Solid malignancies 1

Ocrelizumab H5V1/VZV readivation 1 EMA, Ocrevus EPAR 2018 [45]
HEV
Hypogommaglobulinemia imr

Breast cancer
PML [carry over) (1)




Immunosenescencd he aging of the immune system

Immunosenescences a concept that describes theantitative and functional changesthat occur in the
iInnate and adaptive compartment®f the immune system during the couasenormalhuman aging.

A functional decline ancemodeling incellular subsets hawagnificant impacts on:
- thecourseof neurgsinflammatoryconditions,

- risk of infections,

- tumor surveillance, and

- respons&o vaccines.

Thesechangesnay beparticularly relevant in patients whose immune systeare iatrogenically altered
by immunosuppressive andmmunomodulatory medications used to treat inflammatogonditions, such
as

- MS,

- neuromyelitisoptica(NMO),

- connective tissudisorders, or

- sarcoidosis

Overthe past decadé)e emergencef several novel immunotherapeutic ageants theirassociation with
infections highlighted the relevanoéimmunosenescends the risk of infection in older patients.

PeraA et al 2015NikolichZugichd et al 2012GGoronzyand Weyand2013,FranceschC et al 2014,



Alterations impacting immune status in humans with

advancing age
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PonnappanS,Ponnappany. Agingand immunefunction: molecularmechanismgo interventions.AntioxidRedoxSignal 2011Apr 15;14(8):155185.
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The effect of age in autoimmunifgnmunosenescence

biological ageinggenome instability, mitochondrialysfunctiort

Immunosenescence (IS@n ongoing decline in immune integrity
and efficiency, affecting the innate and adaptive immune
systems:3

,":::_.-_4',:!,_ .\‘. oy g0 " o
ortive factors and signalling for normal cellular activities,

i

upon activation, phagocytosis
ctors: CCL2, CX3CRI,

Cytokine/chemokines:
TNFct, IL-1f, IL-6, MHCI .
Effects: Neurodegeneration and impaired repair

Age -

1Lopez-Otin, C., et al; 2013. The hallmarks of aging. Cell 153, 11941 1217. 2Walford, R.L., 1964. The immunologic theory of aging. Gerontologist 4, 195i
197. 3Denkinger, M.D. et al; 2015. HSC aging and senescent immune remodeling. Trends Immunol. 36, 8151 824.



Ageassociated alterations in innate and adaptive immunity

INNATE IMMUNE RESPONSE : AGE-ASSOCIATED CHANGES
NK CELLS AND DENDRITIC CELLS

NK CELLS DENDRITIC CELLS

DECREASED
» CD69 expression DECREASED
*IL 2 and IL12 mediated
Chemokine production » Langerhans cell density in skin
+ Calcium Mobilization * Processing capacity
+ Cytotoxicity * Micropinocytosis
* IL2 dependant IFNy production » Phagocytosis,
* Migration
INCREASED * TLR function
* Numbers * LPS - induced IL12 production

* IFNa. production
No Change in antibody-dependant
cytotoxicity

PonnappanS,Ponnappany. Agingand immunefunction: molecularmechanismgo interventions.AntioxidRedoxSignal 2011Apr 15;14(8):155185.



