Immunosenecence in MS
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The 2 main processes in MS :
Inflammation and degeneration
Relapsing-remitting

Secondary Progressive

Time
Siffrin et al. Trends Neurosci. 2010; 33: 202
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MS: a complex disease
➢ Disease
susceptibility
➢ Disease
phenotye or
severity
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➢ Somatic
mutations
➢TCR / BCR
rearrangment
➢ Epigenetic
modifications
➢ mRNA splicing,
microRNA,…

Environmental
factors
➢ Commensal gut flora
➢ Non-commensal microbes: Epstein-Barr virus,…
➢ Vitamine D levels

➢Smoking - Diet (Salt)

Selected adverse events of DMTs and correlation with age
Schweitzer et al 2019

Immunosenescence: The aging of the immune system
Immunosenescence is a concept that describes the quantitative and functional changes that occur in the
innate and adaptive compartments of the immune system during the course of normal human aging.
A functional decline and remodeling in cellular subsets have significant impacts on:
- the course of neuro-inflammatory conditions,
- risk of infections,
- tumor surveillance, and
- response to vaccines.

These changes may be particularly relevant in patients whose immune systems are iatrogenically altered
by immunosuppressive and immunomodulatory medications used to treat inflammatory conditions, such
as
- MS,
- neuromyelitis optica (NMO),
- connective tissue disorders, or
- sarcoidosis.
Over the past decade, the emergence of several novel immunotherapeutic agents and their association with
infections highlighted the relevance of immunosenescence to the risk of infection in older patients.
Pera A et al 2015, Nikolich-Zugich J et al 2012, Goronzy and Weyand 2013, Franceschi C et al 2014,

Alterations impacting immune status in humans with
advancing age

Ponnappan S, Ponnappan U. Aging and immune function: molecular mechanisms to interventions.Antioxid Redox Signal. 2011 Apr 15;14(8):1551-85.

The effect of age in autoimmunity: immunosenescence
biological ageing: genome instability, mitochondrial dysfunction1
Immunosenescence (ISC): an on-going decline in immune integrity
and efficiency, affecting the innate and adaptive immune
systems2,3
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Age-associated alterations in innate and adaptive immunity

Ponnappan S, Ponnappan U. Aging and immune function: molecular mechanisms to interventions.Antioxid Redox Signal. 2011 Apr 15;14(8):1551-85.

The effect of age in MS: immunosenescence in the CNS

Rawji KS et al; Brain. 2016 Mar;139(Pt 3):653-61

Thymic cellularity declines with age
• it is essential for the host, particularly while young, to have a diverse and functional T-cell repertoire to fight
infection
• the thymus is an energy-expensive organ: the majority (>90%) of thymocytes fail to meet the selection criteria in
becoming self-tolerant and functional T cells

Shanley DP, Aw D, Manley NR, Palmer DB. An evolutionary perspective on the mechanisms of immunosenescence. Trends Immunol. 2009 Jul;30(7):374-81. George, A.J.T. and Ritter, M.A. (1996) Thymic involution with
aging: obsolescence or good housekeeping? Immunol. Today 17, 267–272

Immunosenescence contributes to aging-related
neurodegenerative diseases.
• microglial cells become senescent: lose
their neuroprotective function and
become prone to abnormal inflammatory
activation.
• Dysfunctional mitochondria produce ROS
and DAMPs that activate the NLRP3
inflammasome

Liang Z et al; Impact of aging immune system on neurodegeneration and potential immunotherapies. Progress in Neurobiology; 04 Aug 2017, 157:2-28; Deleidi M, Jäggle M, Rubino G. Immune aging, dysmetabolism, and
inflammation in neurological diseases. Front Neurosci. 2015 Jun 3;9:172.

The effect of age in MS: evidence of premature immunosenescence
• Immunosenescence (ISC): age-dependent decrease in immunological competence that involves both the host’s capacity to
respond to infections and the development of long-term immune memory
• late presentation in older MS patients who experience a primary progressive clinical course and a more rapid transformation to
secondary progressive symptoms1,2
• the conversion to and onset of progressive MS appears to be influenced by chronological age rather than disease-related factors3

• juvenile MS: inappropriate ageing process, secondary progressive MS sooner than adult patients, greater axonal damage, enhanced
CNS inflammatory cell infiltrates4,5
• A premature state of ISC is operating in several autoimmune-based conditions, and consequently influence the profile of
neurological disease6,7
• patients with MS have been shown to have signatures of premature ISC, including expansion of senescent T-cells, regardless of the
therapy with DMTs8.
• Age as a risk factor for early onset of natalizumab-relatedprogressive multifocal leukoencephalopathy9
1Scalfari

et al., 2011; 2Scalfari et al., 2016; 3Tutuncu, M., et al., 2013. Onset of progressive phase is an age-dependent clinical milestone in multiple sclerosis. Mult. Scler. 19, 188–198. 4Pfeifenbring, S., et al; 2015. Extensive
acute axonal damage in pediatric multiple sclerosis lesions. Ann. Neurol. 77, 655–667. 5Chou, I.J., et al; 2016. Paediatric multiple sclerosis: update on diagnostic criteria, imaging, histopathology and treatment choices. Curr.
Neurol. Neurosci. Rep. 16, 68, 6Chalan, P., et al 2015. Rheumatoid arthritis, immunosenescence and the hallmarks of aging. Curr Aging Sci. 8, 131–146. 7 van den Hoogen, L.L., et al 2015. Aging and systemic lupus
Erythematosus–Immunosenescence and beyond. Curr Aging Sci. 8, 158–177. 8 Du Pasquier RA, Pinschewer DD, Merkler D (2014) Immunological mechanism of action and clinical profile of disease-modifying treatments in
multiple sclerosis. CNS Drugs 28:535–558; 9Luca Prosperini, Cristina Scarpazza, Luisa Imberti, Cinzia Cordioli, Nicola De Rossi, Ruggero Capra. Age as a risk factor for early onset of natalizumab-related progressive
multifocal leukoencephalopathy. J. Neurovirol. (2017) 23:742–749

Immunosenescence in MS: profound effect in disease
mechanisms

TRECs= T-cell receptor excision circles

Age (Dordr) 36, 9729.Bolton C & Smith PA. Ageing Res Rev. 2018 Jan;41:64-81.

The regulatory function of
CD4+CD25hi T cells is altered in MS patients

Viglietta et al.
J. Exp. Med.
2004, 199: 971

MS patients have normal numbers of Tregs but
with decreased suppressive capacities

Foxp3+ Tregs from untreated MS patients
are capable of producing IFNg ex vivo

Hafler et al. Nat Med. 2011; 17: 673

Multiple Sclerosis in the Elderly
• percentage of MS patients aged >65 years to be 9% - 14% [1]
• Late Onset MS (LOMS): onset of MS after the age of 50 years; 2.7–12% of MS
patients [2]
• an older age at onset has been associated with a worse prognosis [3]
• Immunosenescence (ISC) might lead to inability to produce the classical RR
stage [4]
• high percentage of PPMS in LOMS [5]: subclinical RR disease activity before
they became clinically apparent?
• Radiologically isolated MS may be a subclinical form of MS [6]
[1] Minden SL, Frankel D, Hadden LS, et al. Disability in elderly people with multiple sclerosis: an analysis of baseline data from the Sonya Slifka Longitudinal Multiple Sclerosis Study. NeuroRehabilitation 2004; 19: 55-67. [2]
Polliack ML, Barak Y, Achiron A. Late onset multiple sclerosis. J Am Geriatr Soc 2001; 49: 168-71. [3] Compston A, Cole AJ. Multiple sclerosis. Lancet 2002; 359: 1221-31. [4] Lu T, Pan Y, Kao SY, et al. Gene regulation and DNA
damage in the ageing human brain. Nature 2004; 429: 883-91. [5] Kis B, Rumberg B, Berlit P. Clinical characteristics of patients with late-onset multiple sclerosis. J Neurol 2008; 255: 697-702. [6] Okuda DT, Mowry EM,
Beheshtian A, et al. Incidental MRI anomalies suggestive of multiple sclerosis: the radiologically isolated syndrome. Neurology 2009; 72: 800-5.

Conclusions
• MS is an immune-mediated demyelinating inflammatory central nervous
system (CNS) condition.
• Disease independent, age-associated quantitative and functional changes
of the innate and adaptive immune compartments are termed
immunosenescence, and
• the resulting low-grade proinflammatory state, referred to as ‘inflammaging’ might play an important role for:
• -- efficacy as well as risks of DMTs,
• -- the course of MS in the individual (e.g., for the transition to progressive
MS).

Key points
Schweitzer et al 2019

• Studies are needed that prospectively assess the benefit–risk ratio in patients above the
age of 55, a growing age group among the total MS population.
• Growing evidence suggests that the benefits of high efficacy DMTs may decrease with
age.
• Several risks of DMTs may increase with age, including risks of infection and cancer.
• Age-related effects on the immune system (immunosenescence) and effects of DMT may
interact, which requires further experimental studies.
• Age should be a relevant factor to be included in the discussion when consulting a
patient with MS with regard to starting, switching, or stopping DMTs.
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