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Abstract 

Background: In contrast to successes for MS susceptibility, the genetic basis for clinical 

heterogeneity remains largely unresolved.  

Objectives: We investigate the first reported genetic association with relapse rate. 

Methods: We genotyped variant rs12988804 in LRP2 in a homogeneous study population of 

527 Belgian MS patients with 970 documented relapses. 

Results: The rs12988804*T allele is associated with a 1.16-fold increased hazard rate for a 

relapse occurring (P=0.0078), and a higher baseline relapse rate prior to immunomodulatory 

treatment (P=0.044). 

Conclusion: Variant rs12988804 in LRP2, the first example of a genome-wide significant 

association with relapse rate in MS, is replicated in an independent study.  

  



Genome-wide association studies (GWAS) in multiple sclerosis (MS) have led to the 

identification of 11 Human Leukocyte Antigen (HLA) and 110 non-HLA genetic risk variants1-

3. From a clinical perspective, one of the most important aspects is prognosis, with implications 

for long-term outcome and disability and treatment. For example, some MS patients will 

experience frequent relapses necessitating the early start of aggressive therapy whereas others 

will remain relapse-free for longer periods without treatment. In contrast to the successes for 

genetic susceptibility, the basis for clinical heterogeneity between patients remains largely 

unresolved4. Addressing this key challenge has been hampered by the collection of detailed 

phenotypical information in sufficiently large sample sizes. Recently, Zhou et al.5 undertook a 

GWAS for relapse risk in a total of 449 MS patients from three cohorts from Australia and the 

US, and demonstrated association with variant rs12988804 in the LRP2 gene. As replication is 

essential in genetic studies, we investigated this finding in a single homogeneous cohort of 527 

Belgian MS patients. 

 

Study Population and Methods 

Patients 

A study population of N=527 bout-onset MS patients fulfilling McDonald diagnostic criteria 

2010 were included at the Department of Neurology of the University Hospitals Leuven upon 

providing written informed consent and approval by the Ethics Committee of the University 

Hospitals Leuven (ML4733). Clinical data including relapse and treatment history were 

collected retrospectively during clinical follow-up by the same treating clinician (B.D.). 

Relapse was defined according to the 2010 McDonald criteria as the patient-reported symptoms 

or objectively observed signs typical of an acute inflammatory demyelinating event in the 

central nervous system with duration of at least 24 hours, in the absence of fever or infection. 

 



Genotyping 

SNP rs12988804 was genotyped with a Taqman assay (C_11829317_20) on a 7300 system 

(Life Technologies). Genotyping success rate was 99.05% and the minor allele frequency 

(T-allele) was 30%.  

 

Statistical analysis 

We applied two different methods for analysis of relapse history with genotype. The first 

method5 is a Cox proportional hazards model calculated with the coxph function in the 

‘survival’ package in R 3.3.2. This analysis includes all recorded relapses and considers as 

censors the start of immunomodulatory treatment or – for untreated patients – the end of 

follow-up. The second method6 estimates a baseline yearly relapse rate before start of 

immunomodulatory treatment in the subset of patients (N=503) with a minimum baseline 

duration of 90 days. As baseline yearly relapse rate was not normally distributed, it was 

inverse-rank normalized and analysed with linear regression in R 3.3.2. We additionally 

evaluated whether covariates gender and age at onset influenced the analyses. 

 

Results 

Our study population consists of 527 bout onset MS patients, with 71% female and a median 

age at onset of 31 years. A detailed description of the study cohort is provided in table 1. The 

median baseline duration between onset and start of any immunomodulatory treatment or end 

of follow-up is 3.95 years. During this time, a total of N=970 new relapses after onset are 

documented, with an average of 1.84 ± 1.66 per patient. In a survival analysis using the Cox 

proportional hazards model and including all relapses, the T-allele is associated with a higher 

hazard rate  of a relapse occurring [hazard ratio (HR) = 1.16 (95% CI = 1.01 - 1.33) compared 

to reference, P=0.0078. A sensitivity analysis, limited to patients with at least two relapses 



prior to treatment (N = 420) leads to similar results [HR = 1.16 (95% CI = 1.01 – 1.33), P = 

0.0079]. In a secondary analysis as described previously6, the rs12988804*T allele is associated 

with an increased yearly relapse rate at baseline, i.e. prior to the start of any treatment (P=0.044, 

beta = 0.15 ± 0.07). Including covariates gender and age at onset did not alter the results (P = 

0.042).  

 

Discussion 

In a large dataset of N=527 Belgian MS patients with N=970 documented relapses upon onset, 

we observe a significant association of rs12988804 located in the LRP2 gene with relapse rate 

in MS. The rs12988804*T allele is associated with a higher baseline yearly relapse rate before 

the start of any immunomodulatory treatment and with a 1.16-fold increased hazard rate for a 

relapse occurring. Our data replicate the identification by Zhou et al.5 of the first genetic variant 

with relapse rate in MS. The magnitude of effect in our study (HR=1.16) is smaller than 

previously reported (HR between 1.74 and 2.75 across three cohorts). This may be due to the 

expected winner’s curse in genetic studies as well as differences in study population. The 

GWAS of 449 MS patients by Zhou et al.5 was based on three cohorts of MS patients from 

Australia and the US, each with their own recruitment strategies and characteristics of age, time 

of study entry, length of follow-up etc. We investigated a single, homogeneous dataset of 

N=527 Belgian patients for whom recruitment and data collection was performed by one expert 

MS clinician, thereby strengthening the validity of the observation. An important difference 

with Zhou et al.5 is that our study considers relapse rate at baseline, i.e. prior to any 

immunomodulatory treatment, instead of including patients on a range of immunomodulatory 

treatments. This indicates that the LRP2 variant exerts its influence on relapse rate as part of 

the natural course of disease.  

The current finding is the first indication for a genetic basis for prognosis in MS. It is 

likely that additional GWAS studies will uncover novel genetic loci. Similarly, GWAS for other 



autoimmune diseases such as inflammatory bowel disease7 have led to the identification of 

multiple genetic variants influencing prognosis.  

The LRP2 variant associated with relapse rate has not been reported as associated with 

susceptibility so far. This mimics the case of variants associated with cerebrospinal fluid 

antibody responses in MS8, 9. Reversely, known genetic susceptibility factors – either alone2 or 

combined in a genetic burden6, 10 – appear to influence at most modestly clinical heterogeneity, 

with the exception of HLA and age at onset3. Together, this underscores that major genetic 

factors driving inter-patient heterogeneity are largely different from those for susceptibility and 

disease initiation. This concept is not unique to MS, but is an emerging theme shared with other 

autoimmune diseases7. Understanding the biology of prognosis has important clinical 

implications for treatment strategies and personalized medicine. 

In summary, our data together with those from Zhou et al.5 establish the first genetic 

variant associated with relapse rate in MS. 
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Table 1. Clinical description of study cohort 

Clinical data MS patients N 

Male:Female, % 

AAO, median (IQR), y   

Total relapses*  

Relapse rate, median (IQR)*ф 

Baseline duration, median (IQR), y  

- Untreated 

- Treated 

         - First-line treatment 

         - Second-line treatment 

         - Other 

29:71 

31 (24-39) 

970 

0.62 (0.24-1.34) 

3.95 (1.41-12.08) 

17.26 (9.11-27.92) 

2.23 (0.94-5.83) 

2.05 (0.89-5.72) 

3.65 (2.26-6.65) 

4.77 (2.96-8.45) 

527 

527 

527 

503    

527 

147 

380 

347 

18 

15 

 

MS: multiple sclerosis; N: number of individuals; AAO: age at onset; IQR: interquartile range;  

*Baseline = onset till start of first treatment or end of follow up for untreated patients 

ф > 90 days baseline 

 

 


