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Abstract

Background: Approximately 20% of multiple sclerosis patients have a family history of multiple
sclerosis. Studies of multiple sclerosis aggregation in families are inconclusive.

Objective: To investigate the genetic burden based on currently discovered genetic variants for multiple
sclerosis risk in patients from Dutch multiple sclerosis multiplex families versus sporadic multiple
sclerosis cases, and to study its influence on clinical phenotype and disease prediction.

Methods: Our study population consisted of 283 sporadic multiple sclerosis cases, 169 probands from
multiplex families and 2028 controls. A weighted genetic risk score based on 102 non-human leukocyte
antigen loci and HLA-DRBI1*1501 was calculated.

Results: The weighted genetic risk score based on all loci was significantly higher in familial than in
sporadic cases. The HLA-DRBI1*1501 contributed significantly to the difference in genetic burden
between the groups. A high weighted genetic risk score was significantly associated with a low age of
disease onset in all multiple sclerosis patients, but not in the familial cases separately. The genetic risk
score was significantly but modestly better in discriminating familial versus sporadic multiple sclerosis
from controls.

Conclusion: Familial multiple sclerosis patients are more loaded with the common genetic variants than
sporadic cases. The difference is mainly driven by HLA-DRBI1*1501. The predictive capacity of genetic
loci is poor and unlikely to be useful in clinical settings.
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Introduction

Multiple sclerosis (MS) is an inflammatory and neu-
rodegenerative disease of the central nervous system.
The aetiology of MS is complex with both genetic
and environmental factors contributing to its aeti-
ology.! Evidence of genetic contribution is found
in family studies in which approximately 20% of
MS patients have an affected family member.? In
addition, the recurrence risk in siblings of MS
patients is higher than in the general population.?
The main genetic locus of MS risk is the human
leukocyte antigen (HLA) class II region (the classic
HLA-DRB1*1501 allele). This major genetic locus
has been studied and replicated extensively.*” In
the most recent collaborative genome-wide associ-
ation study (GWAS) 110 non-HLA MS risk loci
were established® and the list is still expanding.

Despite the success of the GWAS, a large part of MS
heritability remains unexplained. Understanding the
familial aggregation of MS will help to unravel the
mechanisms of MS development. Because environ-
mental factors probably exert their effect at the popu-
lation level, although this has not been well
determined for MS families, it seems likely that
these families are more loaded with the genetic vari-
ants. This could result in a higher disease suscepti-
bility in families. Several studies have investigated
the genetic burden in families, but the results are
inconclusive.”'?

A robust way to measure genetic loading is by a
combination of the genetic variants into a cumulative
genetic risk score.'*'* In this study we investigated
the accumulated genetic risk in MS multiplex
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families and compared it to the sporadic cases in the
Netherlands. We also explored the influence of gen-
etic burden on clinical characteristics and assessed
the prediction of the disease status in MS.

Materials and methods

Subjects

All patients suspected of MS who visited the neuro-
logical outpatient clinic of the Erasmus Medical
Centre (EMC) between 2004 and 2009 were asked
to participate in the study. During the visit to the
hospital every patient was interviewed about their
family history of MS. MS patients with a positive
family history of MS were defined as multiplex MS
cases, whereas patients with no family history of MS
were defined as sporadic MS cases. A large propor-
tion of multiplex cases are derived from the still
ongoing study on gene—environment interaction in
MS (GEMS) in the Netherlands. In this study multi-
plex MS families are included in which at least one
first-degree or second-degree relative of an affected
proband also has clinically definite MS. The partici-
pants of the GEMS study have filled in the question-
naire about their family structure and their family
history of MS.

The diagnosis of MS in all patients was evaluated
according to the standard diagnostic criteria.'>'® The
following clinical information was collected: gender,
age at disease onset, disease duration, clinical course,
Expanded Disability Status Scale score (EDSS) and
MS severity score (MSSS). A control group con-
sisted of unrelated healthy adults from the general
population enrolled in the longitudinal Rotterdam
Study III (RSIIN)."” Written informed consent was
obtained from all participants with approval from
the medical ethics committee of the EMC.

Quality control and genetic risk score

Whole blood samples were collected from all partici-
pants and DNA was isolated by a standardised
method.'® Samples were genotyped on the Illumina
610-Quad Bead array (n=2466) and the Immuno-
Chip (n=302). Both arrays were subjected to the
standard quality control (QC)."” Only subjects of
European descent were included in the analysis.
Study participants with unexpected relatedness
(PI_HAT > 0.35) were excluded. When an individ-
ual’s genotype for a single nucleotide polymorphism
(SNP) used for the calculation of the genetic risk
score (see below) was missing, the sample was
excluded from further analysis (see online
Supplementary Appendix 1 for QC steps). After
QC, 569 MS patients and 2028 controls were

eligible for the analysis. Of all cases, 286 patients
reported a positive family history of MS and 283
MS patients were identified as sporadic cases. For
all comparative analyses we used 169 probands
from the multiplex families.

After QC, 102 out of 110 MS risk SNPs® were avail-
able for extraction from the arrays. When a SNP was
not present on the Illumina 610-Quad Bead array, we
used tagging SNPs with *>0.6 (see online
Supplementary Appendix 2). The tagging SNP
1s9271366 was used for the HLA-DRBI1*1501 locus
(r*=0.957).2%2" All tested SNPs were in
Hardy—Weinberg equilibrium.

The weighted genetic risk score (WGRS) was calcu-
lated as previously described'® implementing 102
available SNPs. The analyses were also conducted
using only the original SNPs. Because the results
(data not shown) were in the same direction, we
used all available SNPs in the calculation of the
wGRS. To assess the additional effect of the HLA-
DRB1*1501 risk allele, we optionally included it into
the model. To determine how well the WGRSy a,
wGRS g, or WGRS; g pyra models discriminate
between the studied groups receiver operating char-
acteristic (ROC) curves were constructed and the
area under the curve (AUC) was calculated.

Statistical analysis

QC was completed using PLINK. SPSS statistical
software (IBM Company, version 21) and
GraphPad software v5 were used to analyse clinical
variables (gender, age of onset, MS course, EDSS
and MSSS) using the chi-square test, non-parametric
Mann—Whitney test and Spearman correlation. The
wGRSs and ROC curves were computed in SPSS
and in R by usage of the PredictABEL package.?
Differences in predictive performance of ROC
curves were tested with the De Long test using the
R package ‘pROC’.>* We applied correction for mul-
tiple testing using the Benjamini—Hochberg proced-
ure for controlling the false-positive rate.

Results

The case and control characteristics are presented
in Table 1. There were no significant differences
between probands from MS multiplex families
(fMS) and sporadic MS cases (sMS) in terms of
age of disease onset, gender ratio, disease course,
EDSS or MSSS (all P> 0.05).

The wGRS;(, and wGRS ¢, 4 Were significantly
higher in sporadic and multiplex MS patients than in
controls (P <0.0001; Figure 1 and Table 2). We
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Table 1. Demographic and clinical characteristics of patients with sporadic MS, multiplex MS and healthy
controls.
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Figure 1. Distribution of genetic risk score in MS
patients and healthy controls.

The figure shows a distribution of the weighted
genetic risk score (WGRS) based on 102 non-
human leukocyte antigen (HLA) loci and the HLA-
DRBI1*1501 allele (WGRS; 02 1ra) in healthy con-
trols (HC), sporadic MS (sMS) and multiplex MS
(fMS). The significance is indicated as
*¥**P <0.0001.

observed a trend towards a higher wGRS;g, in fMS
than in sMS (P =0.08). The addition of HLA into
the wGRS g, score resulted in a significantly higher
score in fMS than in sMS (P <0.0001). The risk
allele frequency of the HLA-DRB1*1501 was signifi-
cantly higher in fMS (0.35) than in sMS (0.25,
P =0.001) and healthy controls (0.13, P <0.0001).
There was no compensatory aggregation of non-
HLA SNPs in affected individuals not carrying the
HLA-DRB1*1501 risk allele (P=0.314). We found
no differences in genetic risk scores between men
and women in multiplex MS and sporadic MS
patients.

There was a trend towards a correlation between a
high wGRS;(, and a low age at disease onset (AAO)
in all patients with MS (P=0.09, Figure 2(a)).
Inclusion of HLA into the genetic score showed a
significant correlation between a high genetic score
and a low AAO in this group. After stratification, we
found that a low age of onset correlated significantly
with a high wGRS; only in sporadic MS (P = 0.02)
but not in familial cases (P = 0.61; Figure 2(b) and (c)).
The same significant correlation was found for
WGRS g2 1A and age of onset (P=0.02) in spor-
adic MS but not in multiplex MS cases (P =0.72).

There was no correlation between genetic risk scores
and MSSS (P > 0.05). No differences were found in
wGRS g, and WGRS g,y a between primary
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Table 2. Mean weighted genetic risk score in healthy controls, sporadic and multiplex MS patients.

Controls Sporadic MS ~ Multiplex MS P value P value P value
n=2028 n=283 n=169 controls vs controls vs sporadic MS vs
sporadic MS  multiplex MS ~ multiplex MS
wGRS 2 11.14+£0.67 11.48+£0.70  11.60+0.65 <0.0001 <0.0001 0.08
WGRS 02 e 11.44£0.86  12.04+0.88  12.39+0.96 <0.0001 <0.0001 <0.0001

wGRS: weighted genetic risk score.
Means and standard deviations are indicated for wGRS.

progressive and relapsing-remitting MS patients
(P> 0.05).

Both the wGRSyp A (AUC=0.63 (0.61-0.66)), and
the wGRS;p, (AUC =0.66 (0.63—0.68)) had a poor
predictive capacity in discriminating between all
patients and controls (Figure 3(a) and Table 3). The
AUC increased significantly to 0.72 (P <0.001)
when both non-HLA SNPs and HLA-DRBI1*1501
were included in the model. The predictive capacity
of the genetic models was also tested in sporadic and
multiplex MS patients separately (Figure 3(b) and
(¢)). The wGRS; 0,114 had a statistically better pre-
dictive performance than the model considering only
HLA-DRBI1*1501 or only 102 non-HLA SNPs in both
sporadic and familial MS versus controls (P < 0.001,
Table 3). In addition, the WGRS ¢, 1.4 Was better in
discriminating  familial MS from controls
(AUC =0.77 (0.73—0.81)) than the same model dis-
criminating sporadic MS from controls (AUC = 0.69
(0.66—0.72), P=0.0033). These results parallel the
Nagelkerke’s R? results in which the proportion of
genetic variability explained by different wGRS
scores is represented. The maximum R? was 0.167
in fMS and 0.0892 in sMS for wGRS g, A (see
online Supplementary Appendix 3). We also calcu-
lated the ROC for different wGRS models to be able
to discriminate between familial and sporadic MS
(Figure 3(d)), but the AUC values were disappoint-
ingly low and not suitable to be used in clinical prac-
tice (Table 3).

Discussion

In this study we showed that the cumulative genetic
risk score based on all currently known genetic risk
factors including the HLA-DRBI1*1501, was signifi-
cantly higher in MS multiplex patients than in spor-
adic cases and healthy controls in the Dutch
population. These results are in agreement with pre-
vious reports.”~%"'? Two studies found no difference
in genetic load between multiplex and sporadic
MS.'%!" Those studies were less powered than

other cohorts because of a lower number of multi-
plex cases. Moreover, population-related differences
in genetic background could result in different allele
frequencies and thus a distinct genetic load in those
studies.

The difference in genetic burden between Dutch
multiplex and sporadic MS patients was primarily
driven by a higher HLA-DRBI*1501 allele frequency
in familial cases. A strong association between MS
risk and HLA-DRBI1*1501 has been shown previ-
ously in some MS families.**** Gourraud et al.®
also found a higher genetic risk score in multiplex
families based solely on non-HLA variants. Our
study showed a similar trend. We have conducted a
post-hoc power analysis, which showed that our
study was underpowered (power of 0.43) to detect
a significant difference between sporadic and multi-
plex MS for wGRSs based on only non-HLA SNPs.
The study numbers for both groups would need to
increase to the study numbers used by Gourraud
et al.® to have the power of at least 0.8 at the
a-level of 0.05.

Because in our cohort there was a large number of
patients without the HLA-DRB1*1501 risk allele, it
was interesting to look at the aggregation of non-
HLA SNPs in these patients. We did not observe a
compensatory increase in non-HLA SNPs in the
HLA non-carriers, as earlier reported.®

The factors contributing to the difference between
men and women in MS susceptibility are unknown.
Our study showed that the genetic risk score is not
different between men and women with MS, and is
thus probably not responsible for the gender differ-
ences in the disease susceptibility. Our results are in
line with previous studies.'®'*

The accumulation of a higher number of susceptibil-
ity alleles, such as the case in multiplex MS,
might predispose to an earlier disease onset.

www.sagepub.com/msjetc
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Figure 2. Correlation between age of disease onset
and weighted genetic risk scores (WGRSs).
The figures show the correlation between wGRS and
age at disease onset in (a) all multiple sclerosis (MS)
probands, (b) sporadic MS and (c) multiplex MS.
The linear regression lines are drawn in black for
wGRS |, and red for WGRS o, 1 ra. The r estimates
from the Spearman correlation test and P values are
shown next to the regression lines.

However, we did not find a younger age at onset in
familial MS than in sporadic MS, supported by sev-
eral other studies.®*®?” Furthermore, the genetic risk
score was not associated with the age at onset in
Dutch multiplex cases. According to a post-hoc
power analysis the participant number in the multi-
plex MS group was too low to detect a statistically
significant result. When all sporadic and multiplex
cases were taken together a significant inverse cor-
relation was found between genetic risk score and
age at onset. This finding is consistent with
some'*!'! but not all studies.®*'* The result of our
study probably reflects the known association of
the HLA-DRBI*1501 with a younger age at onset.*®
We did not find any association between genetic risk
score and other clinical parameters such as MSSS and
the disease course, as previously reported.®!'!'*

Finally, the genetic risk model based on all risk SNPs
was modest in discriminating MS patients from con-
trols and this result was comparable with previous
findings."*** Our study showed that the model based
on all risk loci was better in discriminating multiplex
MS than sporadic MS from healthy controls. In the
treatable and preventable diseases such as coronary
heart disease an AUC of about 0.77 is used
(Framingham risk score).>® Although the AUC for
MS found in our study is approaching this value, a
value with a higher specificity is required for a rela-
tively rare condition such as MS. In order to obtain
higher AUCs a considerable number of additional
common variants or stronger associated variants
with higher odds ratios (ORs) are needed.’' The add-
ition of environmental factors into the model could
also be beneficial in disease prediction.'

We have conducted correction for multiple testing
using the Benjamini—Hochberg procedure for con-
trolling the false-positive rate, and can confirm that
all results with significant P values remained signifi-
cant after the application of this correction.

There were a few limitations to our study. First, our
current findings are based on a simplistic modeling
of only one tagging SNP of the major HLA class II
locus. As well as HLA-DRB1*1501, other alleles are
also associated with MS risk.” Although these alleles
are independently associated with MS, their contri-
bution to MS risk is smaller than that of the HLA-
DRBI1*1501. Second, the sample size of our study
was moderate and lacked power for some compari-
sons, but despite this the results were in the same
direction as in the largest study.’ Third, the effect
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Figure 3. Predictive performance of weighted genetic risk scores (WGRSs).
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The receiver operating characteristic (ROC) curves are plotted considering three models: wGRS based on only HLA-DRBI1*1501 (solid
black line), 102 non-human leukocyte antigen (HLA) loci (red dashed line) and 102 non-HLA loci + HLA-DRB1*1501 allele (green
dotted line). The area under the curve (AUC) was calculated to assess the predictive capacity in (a) all multiple sclerosis (MS) probands,
(b) sporadic MS and (c) multiplex MS compared to controls. (d) The prediction of multiplex MS patients from sporadic cases.

sizes used for the calculation of the genetic risk score
originate from a GWAS performed in a general
MS population. Effect sizes of the SNPs might be
different for specifically multiplex cases. However,
it cannot be ruled out that some of the GWAS par-
ticipants have a family history of MS and already
account for the effect size of the found associations
in the GWAS. In our own data (data not shown) we
observed slightly higher ORs for the majority of the

original SNPs in fMS versus controls than in sMS
versus controls. Because of the low numbers in both
case groups we could not prove whether the differ-
ences in ORs were significant. D’Netto et al.” also
suggest that the effect sizes of genetic variants in
multiplex families are probably increased compared
to sporadic cases. Unfortunately, that study was also
underpowered to be able to make reliable conclu-
sions about the mentioned differences. Fourth, the
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Table 3. AUC values for wGRS risk models in sporadic and multiplex MS patients.

All MS Sporadic Multiplex Sporadic

probands MS vs MS vs MS vs

vs controls controls controls multiplex MS
wGRS based on AUC  95% CI AUC  95% CI AUC  95% CI AUC  95% CI
HLA-DRBI1*1501 0.63 0.61-0.66  0.60 0.57-0.63  0.68 0.65-0.72  0.58 0.55—-0.63
102 non-HLA SNPs  0.66 0.63—0.68  0.64 0.60—0.67  0.69 0.65-0.73  0.55 0.49—-0.60
102 non-HLA SNPs
+HLA-DRBI1*1501 0.72 0.69-0.75  0.69 66—0.72 0.77 0.73—-0.81 0.61 0.55—-0.66

MS: multiple sclerosis; wGRS: weighted genetic risk

score; AUC: area under the receiver operating curve;

CI: confidence interval; HLA: human leukocyte antigen; SNP: single nucleotide polymorphism.

accuracy of the wGRS calculation might be influ-
enced by the use of the proxy SNPs, which might
blur the differences between the groups. In our study
the impact of the use of proxy SNPs is limited for
two reasons: (a) even with the use of the proxy SNPs
we were able to observe differences between cases
and controls; (b) we also conducted calculations of
wGRS based on only original SNPs and observed
that the effect was in the same direction as with
the wGRS based on original and proxy SNPs.

In conclusion, our results indicate that patients
from multiplex MS families are more genetically
loaded with common variants, especially with the
HLA-DRBI1*1501, than the sporadic MS patients.
A greater genetic burden leads to an increased risk
of MS in families. Because of the elevated frequen-
cies of the genetic variants, patients from multiplex
families are valuable and may increase the power of
case—control studies. For further understanding of
familial MS aggregation the research should also
focus on rare variants and environmental influences
on MS risk in families. Combining this information
with the genetic risk score might help us to explain
familial MS aggregation and also to achieve a better
disease prediction.
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