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Farmacogenomica: estremo traguardo della 

personalizzazione terapeutica



Outline

▪Basic concept for pharmacogenetics in MS

✓ Pharmacogenetics of IFN and GA

✓ Preliminary data on FTY

▪Gene expression signature

▪Markers to reduce PML risk

▪Big data and precision medicine



✓ Individual patients responses to disease-modifying therapies are

highly heterogeneous

✓ There is a strong need to predict patient response status, even

before treatment start, considering:

• potential irreversible consequences of partially effective drugs

• patient exposure to treatment-related side effects

• high socioeconomic costs of partially effective drugs

• alternative treatment options which are becoming available

Moving toward a personalized management in MS
The contribution of genetic variants in treatment response 

MS is a typical condition where a more personalized

intervention would be highly beneficial, favorably impacting

long-term clinical outcomes and optimizing treatment

costs



Heterogeneity in treatment response

Issa – Nat Rev Drug Discov 2002



Strategies to identify pharmacogenetic markers



Pharmacogenetic studies in MS

✓Most of the studies have been performed on interferon (IFNβ) and

glatiramer acetate (GA) treated patients

✓The candidate gene approach has been mainly used

✓The results are generally poorly replicated across independent

datasets

✓The heterogeneity in treatment response definition contribute to

inconsistency across studies

✓Most of the studies are underpowered

✓A polygenic model is supposed to account for heterogeneity in

treatment response



How to assess treatment response?

Rio et al – Nat Rev Neurol 2009

Is NEDA classification a possible solution?



Pharmacogenetic studies for IFNβ
Candidate-gene approach

Tsareva et al – Parmacogenet Genomics 2016



Pharmacogenetic studies for GA
Candidate-gene approach

Tsareva et al – Parmacogenet Genomics 2016



Genome-wide association studies (GWAS)

• Naturally occurring variants 

that affect a single nucleotide

• They account for the vast

majority of variations in our 

genome 
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GWAS for IFNβ response 

No clear replication of the findings in independent populations



Extremes phenotypes for pharmacogenetic studies
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very heterogeneous
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to detect a signal in the genetic

analyses we should try to
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An Italian GWAS study for IFNβ
The SLC9A9 story

•GWAS in 73 responders (R) and

42 non-responders (NR) to IFNβ

•Replication in 483 R and 398 NR

•Identification of a genetic variant

intronic to SLC9A9 associated

with increased risk of non-

response to IFNβ

Esposito  et al – Ann Neurol 2015



Open questions

This genetic variant seems to be a 
predictive marker for non-response to IFNβ

American Glatiramer Acetate (GA) treated patients (R=98, NR=91) 

rs9828519 doesn’t affect the response to GA (p-value=0.14, OR=1.13)

Is rs9828519 a marker of treatment response or 

a marker of disease severity?

How rs9828519 can affect treatment response? 

✓ rs9828519 is intronic to SLC9A9, which encodes a sodium/hydrogen

exchanger expressed also in the brain

✓ Functional studies are ongoing, e.g. impact of genotype on:

• expression level of SLC9A9 splice variants

• mRNA expression profile, cytokine profile, cellular subtypes

• ex vivo cytokine profiling with patient PBMC after IFNβ stimulus



SLC9A9 expression is lower in more

active MS patients (MSA), suggesting

an involvement of SLC9A9 in the

inflammatory component of MS

SLC9A9 is downregulated after the induction of

differentiation in both Th1 and Th17, suggesting that

SLC9A9 may provide an inhibitory signal of T cell

activation

✓SLC9A9 influences the differentiation of T cells to a pro-inflammatory fate

and may have a broader role in MS disease activity, outside of IFNβ-

treatment

✓These discoveries may yield insights for novel therapeutic approaches for

the inflammatory component of MS

Esposito  et al – Ann Neurol 2015



A pharmacogenetic study for fingolimod
Study design

30 to 60 

days from 

FTY start

0 6 12 18 243

✓ ✓

9 15 21

✓ ✓ ✓

Assessment of 

response 

according to 

clinical and 

MRI data

* 

RNA 

profile

RNA 

profile

✓ ✓ ✓ ✓

✓ Scheduled clinic visit

For most of patients, MRI performed at baseline and every 12 months

DNA samples at any time during study 

RNA samples at month 0 and 6 in 48 subjects 

http://www.aism.it/index.aspx?id_area=1&codpage=hp


Treatment before FTY start
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Genome-wide association study
Time to first relapse analysis (n=255)
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Genome-wide association study
ARR analysis (n=255)



Candidate genes                   +  

VEGAS

SKAT

eSNPs from GTEx database

Logistic models

Cox models

gene-level SNP-level

Transcriptomic Assay RNA-seq
6-months induced change 

ADME
genes

Knowledge-driven 
selection 

KEGG map
04071

Curated 
pathway

(Hecker et al. 2016)

Transcription factorsNetworkDEGs

Data-driven selection 

Candidate gene study design



Gene-level associations – QQ plot



RNA profiling and MS disease activity

• The authors applied an

unbiased, data-driven

approach to divide the

patients on the basis of their

molecular profile

• A specific gene expression

signature enabled the

patients to be stratified into

two subsets, MSA and MSB

Ottoboni et al – Sci Transl Med 2012

Patients with the MSA profile were more

likely to experience a clinical relapse, and

to exhibit new lesions on MRI, than were

those with the MSB profile



L-Selectine as a biomarker for PML 

development in Natalizumab-treated patients

Schwab et al – Mult Scler 2016Schwab et al – Neurology 2013



Personalized and Precision Medicine in MS

The BioScreen tool

Gourraud et al – Ann Neurol 2014

This new tool attempts to address the challenges of dynamic management

of a complex chronic disease and illustrates the extent to which translational

digital medicine has the potential to radically transform medical practice



Conclusions

✓Genetic information contribute to better understand the

mechanisms underlying treatment response and to move towards a

more personalized approach in MS

✓Different tools and huge collaborative efforts are ongoing at the

international level, involving also collaboration with pharmaceutical

company, to address this unmet medical need

✓A more personalized and individualized approach in on the way in

the complex management of MS
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