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Introduction and Aim

A substantial heterogeneity in treatment response is observed across MS patients. Given the potential irreversible consequences of partially effective treatments and the presence of several alternative therapeutic options, MS is a typical
condition where a more personalized intervention would be highly beneficial, favorably impacting long-term clinical outcomes and optimizing treatment costs.

g

We performed a study aimed to uncover genetic variants and genes associated to interindividual differences in the response to fingolimod (FTY — Gilenya®) therapy by applying a candidate-gene approach and exploring the sphingolipid
signaling pathway. The final aim is to identify patients who would benefit more from the FTY treatment, ideally even before treatment start, based on their clinical and genetic characteristics.

Patients and methods

*We collected relapsing-remitting MS patients, diagnosed according to McDonald Criteria, followed at San Raffaele MS

center and treated with FTY. Patients were prospectively followed at San Raffaele MS center for at least 2 years, with . : Entire cohort NEDA EDA
. .. . Clinical and demographic features _ B B p-value
clinical visits every 3 months and brain MRI scan on average every year. (n=246) (n=132) (n=109)
1.9 2.9

Given the known increase in disease activity after natalizumab (NAT) withdrawal, we did not included in the study patients Female:Male ratio 2.3
treated with NAT in the year before FTY, in order to limit misclassifications.

0.15

Age at disease onset, years ( sd) 28.3 9.1 29.6 9.1 26.9 8.9 0.02
*Treatment response was assessed using two different approaches: Age at treatment start, years ( sd) 386 95 396 95 379 94 0.15
1.No evidence of disease activity (NEDA criterion) at 2-year follow-up

Disease duration, years ( sd) 10.3 7.3 10.0 7.5 10.9 7.0 0.29

* No relapses

* No new T2 or Gd-enhancing lesions at brain MRI scans Median EDSS at treatment start, (range) 2.0 (1.0 - 6.0) 2.0 (1.0 -6.0) 2.0 (1.0 -5.5) 0.24
* No EDSS progression confirmed at 6 months.

Patients with no evidence of any type of disease activity under FTY, but who discontinued the treatment before the 2 year- Annualize relapse rate 2 years efore (- sd) uy B 08 0.9 09 06 041
follow-up (n=5) were not included in this analysis, because we were not able to classify them according to the NEDA Patients with Gd+ lesions at baseline 31.9 % 25.6% 39.3% 0.03
criterion. Number of Gd+ lesions at baseline ( sd) 0.7 1.4 0.43 0.9 1.0 1.9 <0.01

2.Time to First Relapse Number of New T2 lesions at baseline ( sd) 1.7 34 1.34 1.9 21 4.7 0.11
Patients who suspended the treatment within the 2-year follow-up were included in the analysis as long as they received Table 1 - Clinical and demographic characteristics of the patients enrolled in the study

the treatment.
Statistical analyses

A knowledge-driven candidate-gene approach was adopted by investigating 120 genes belonging to “Sphingolipid 1. NEDA analysis = patients were analyzed with a logistic regression model under additive allele coding.
signaling pathway” as available in KEGG database and 63 genes manually selected from literature. Gene-level analyses

were carried out using VEGAS and SKAT, taking into account pattern of linkage-disequilibrium to compute gene-wise p- 2. Time to First Relapse analysis = patients were studied with a Cox regression model adjusted for the
values after 10,000 permutations. The selected genes were also tested for evidence of expression modulation by putative ARR in the two years before FTY start.

SNPs (eSNPs) using different public databases (SNPExpress, SCAN, GTEx and Braineac).

Results

NEDA analysis (132 NEDA patients vs 109 EDA patients) . Fe—————
oo B L S ——
T cor (EEsa)) we(Cees ) oo [oom o
Gene 14 Yes 39 0.001 — (o )
DEGS1 Yes 13 7.8*105 0.001 20 Yes 101 0.002 y
SPTLC2 14 Yes 39 0.001 0.001 1 Yes 13 0.009
20 Yes 101 3.4*104 0.010 10 Yes 19 0.010
10 Yes 19 0.002 0.043 6 Yes 38 0.023
18 Yes 9 0.021 0.050 18 Yes 9 0.028
1 Yes 11 0.030
3 No 26 0.030
2 Yes 19 0.040
4 Yes 111 0.042
12 Yes 17 0.045

Table 2 - Top genes selected considering the NEDA outcome, using respectively VEGAS and SKAT softwares

Time to first relapse analysis
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TopSNP p-value DEGS1 Yes 0.006 Migration and othe
2 0010 2020 e . [ w7 L YA N R ] ——————— L eh
DEGS1 1 Yes 13 8.9*10* 0.010 PPP2R5C 14 Yes 36 0.010 oS l‘; cytoskeletal events
PRKCG 19  Yes 12 0.002 0.018 IL23A 12 NO 8 0.023 e K77 O ——— [ = Secretion
L =/ g
- - DE es - —
NSMAF 8  Yes 23 0.020 0.033 PPP2R2B 5 Yes 113 0.033 ' el - Stross.fiber
RELA 11 Yes 13 0.016 0.035 PIK3CG 7 Yes 20 0.045
PPP2R5B 11 Yes 9 0.005 0.036 RELA 11 Yes 13 0.047
PPP2R5C 14 Yes 36 8'5*10_2 0.038 1 No 24 0.050 Figure 1 - “Sphingolipid signaling pathway” as available in KEGG database
[N 22 No 7 7.2*10 0.044 MAPK 1 22 Yes 22 0.050
PPP2R2A 8  Yes 25 0.011 0.047 _ _
IS 22 Yes 22 0.015 0.048 The DEGS1 gene was consistently replicated ¢
Table 3 - Top genes selected considering the Time to First Relapse outcome, using respectively VEGAS and SKAT softwares across outcomes and different tools. . |
It encodes a member of the fatty acid
desaturase family and catalyzes the last step in
eSNPs analysis the main ceramide biosynthetic pathway.
eSNP____ | Gene | Path | Database | pvalue | Al | OR _ It is expressed in both central nervous system -
rs4965320 CERS3 Yes Braineac/GTEX/SCAN 7.2¥10°5 A 0.46 and immune system. I .
. NEDA/EDA outcome L . L i
rs2361340 SPTLC3 Yes SNP Express 5.1¥104 A 0.36 *Recent data suggest that within active MS —H— -+
lesions there is an increased production of g M M
ceramide (van Doorn et al, 2012). H - -
eSNP Gene Database .Prellmlnary da‘ta Suggest that FTY IS able to ISt Ty Il I 1L T [I PPPPPPPPPPPPPPPPPPPPPPP
rs3859170 GNAIL Yes SCAN 7.3%10° G 2.2597 g I duet ; de by Hbgmiapmsisan S T T §iipgiEzEEaney Rt
157640727 SGMS1 Yes SNP Express  2.7*104 A 0.2361 reduce —the production — ot - ceramide by des A e T el
rs1417371 GAB2, MAPK11 Yes SNPExpress ~ 4.8%10* A 25179 astrocytes (van Doorn et al, 2012). | a1 T M
rs12238640 RELA Yes SNP Express 5.4*104 G 2.3299 i gees O CE Co8 e
rs12423616 PTEN Yes SNP Express 7.5%104 G 2.0997 Time to first relapse outcome 100% jE i
rs4774452 ADORAL1 Yes SNP Express 8.2*10 A 3.4478 0 =NEDA ®EDA . ! . . .
70,8% ;
5027418 cCL4 NO SNP Express 9.4*10 G 5 8787 80% 0 700 62.3% Figure 2 - DEGSI1 expression profile according to BioGPS
ASAH1, PTEN, _ 60% ' "16,3%
rs4633531 SPTLC? Yes SNP Express 9.6*10+4 A 2.0880 20% 20,90 37,7%
RERTTRETER o° < The top SNP mapping to DEGS1 (p-value 7.8*10%)
rs11115178 SPTLC? Yes SNP Express 9.6*10 G 2.0871 20% . seems to have an additive effect, with the C allele being
0 . .
0% associated with worse response to FTY.
Table 4 - Top genes with evidence of eQTL modulation considering the NEDA and Time to First Relapse outcomes, AA AC CC

according to data reported in public databases (SNPExpress, SCAN, GTEx and Braineac) Figure 3 - Proportion of NEDA and EDA patients across the

three different genotypes
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