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ABSTRACT
Background: Whether genetic factors influence long-term course of multiple sclerosis (MS)

is unresolved.

Objective: To determine the influence of HLA-DRB1*1501 on long-term disease course in a

homogenous cohort of clinically isolated syndrome (CIS) patients.

Methods: 107 patients underwent clinical and MRI assessment at the time of CIS and after 1,
3, 5 and 15 years. HLA-DRB1*1501 status was determined using Sanger sequencing and
tagging of the rs3135388 polymorphism. Linear/Poisson mixed-effects models were used to

investigate rates of change in EDSS and MRI measures based on HLA-DRB1*1501 status.

Results: HLA-DRB1*1501-postive (n=52) patients showed a faster rate of disability worsening
compared with the HLA-DRB1*1501-negative (n=55) patients (annualised change in EDSS
0.14/year vs 0.08/year, p<0.025), and a greater annualised change in T2 lesion volume
(adjusted difference 0.45ml/year, p<0.025), a higher number of gadolinium-enhancing lesions,
and a faster rate of brain (adjusted difference -0.12%/year, p<0.05) and spinal cord atrophy

(adjusted difference -0.22mm?/year, p<0.05).

Interpretation These findings provide evidence that the HLA-DRB1*1501 allele plays a role
in MS severity, as measured by long-term disability worsening and a greater extent of
inflammatory disease activity and tissue loss. HLA-DRB1*1501 may provide useful information

when considering prognosis and treatment decisions in early relapse-onset MS.



INTRODUCTION

Multiple sclerosis (MS) is an immune-mediated disorder of the central nervous system due to
a complex interplay of genetic and environmental factors.! More than 200 genetic loci have
been identified that influence MS susceptibility, many of which are implicated in immune
system processes.? HLA-DRB1*1501 is the most important known genetic risk factor for MS.?
In Northern European populations, up to half of people with MS carry at least one HLA-
DRB1*1501 allele, and HLA-DRB1*1501-positivity is associated with an approximately

threefold increase in MS susceptibility.?

The clinical course of MS is a highly variable with significant variation in age at disease onset,
relapse rates, MRI findings and disability progression. Genetic factors may be one of the
mechanisms responsible for disease course heterogeneity.* HLA-DRB1*1501 is associated
with younger age at disease onset>>’ but not disease course (relapse or progressive-onset),
or disease severity measured using the Expanded Disability Status Scale (EDSS).3%° Studies
investigating the influence of HLA-DRB1*1501 on MRI-detected brain and spinal cord
pathology in clinically isolated syndrome (CIS), relapsing-remitting MS (RRMS) and primary
progressive MS (PPMS) have produced conflicting findings.'®'® Some studies have found
higher T2-hyperintense lesion load'®'*1517 prain atrophy?*2° and microstructural tissue
damage®®*’ in HLA-DRB1*1501-positive compared with HLA-DRB1*1501-negative patients,
but others have not.1®81° pPrevious studies have mainly been cross-sectional in nature and
included heterogeneous cohorts of patients with varying disease duration, clinical course and

exposure to disease-modifying therapies, potentially accounting for these conflicting findings.

Here we report on a genotype-phenotype study in a prospectively recruited and well-

characterised cohort of CIS patients. We deeply phenotyped patients with up to five MRI scans



up to 15 years after disease onset to investigate the influence of HLA-DRB1*1501 on MRI

measures of inflammation and neurodegeneration, and long-term disability.

METHODS

Patients

We studied 107 CIS patients prospectively recruited between 1995 and 2004. Inclusion criteria
were age 16-50 years, a typical CIS syndrome and no previous history of neurological
symptoms. All patients were assessed clinically and with MRI within 3 months of onset (mean
48 days), and invited to return for scheduled follow-up after approximately 1, 3, 5 and 15 years
(Figure 1), irrespective of clinical status. Blood samples were obtained at the time of the most
recent follow-up (n=104) in 2014-2015, or from stored samples obtained at earlier time points
in patients who were deceased (n=3). MS was diagnosed using the McDonald 2010 criteria?!,
and disease course was classified as RRMS or secondary progressive MS (SPMS) using the

Lublin criteria.?> We assessed disability at each time point using the EDSS.

The study was approved by the institutional research ethics committee (reference number
13/L0/1413). All patients provided written informed consent at the time of study entry and at

each subsequent follow-up visit.

MRI acquisition and image-analysis

Participants underwent MRI of the brain and spinal cord at the time of CIS then after ~1, 3 and
5 years, and brain MRI only at 15 years (Figure 1). All scans obtained over the first 5 years of
follow-up were done on the same 1.5T Signa Scanner (General Electric, Wisconsin, USA).

Proton density (PD)/T2-weighted and post-contrast T1-weighted scans of the brain and whole



spinal cord, plus a dedicated volume acquired inversion prepared fast spoiled gradient echo
(FSPGR) scan of the cervical cord were acquired. There was a major hardware and software
upgrade during the study period that was considered in statistical analyses. At 15 years brain
MRI was done on a 3T Achieva TX scanner (Philips Healthcare, Best, The Netherlands).

Details of the MRI acquisition protocol for the study have been reported previously.?

We identified brain T2-hyperintense lesions on PD/T2-weighted scans and T1-hypointense
lesions on 2D spin echo T1-weighted scans at each time point. Brain T2-hyperintense and T1-
hypointense lesions were outlined using a semi-automated edge-finding tool (JIM6, Xinapse
systems, Aldwincle, UK). Brain T2-hypertense lesion volume (T2LV) and T1-hypointense
lesion volume (T1LV) were obtained by multiplying lesion area by slice thickness. The number
of gadolinium-enhancing lesions at baseline, 1, 3 and 5 years was identified from post-contrast
T1-weighted scans. We used post-contrast T1-weighted 2D spin echo scans after filling of T1-
hypointense lesions for brain atrophy measures.?* The normalised brain volume (NBV) at
baseline was calculated using SIENAX and the percentage brain volume change (PBVC) at
each follow-up time point with respect to baseline was calculated using SIENA. For the
SIENAX and SIENA analyses brain extraction tool (BET) was used for the skull mask only and
the brain tissue mask was computed using Similarity and Truth Estimation for Propagated

Segmentations (STEPS), to avoid bias due to cerebrospinal fluid 2°.

We identified the number of T2-hyperitense spinal cord lesions on sagittal PD/T2-weighted
scans of the whole cord at the time of CIS and after 1, 3 and 5 years. We calculated the upper
cervical cord cross-sectional area (UCCA) at the level of C2/C3 from reformatted sagittally-

acquired images using an active surface model.?®



Genotyping

We extracted genomic DNA from whole blood using standard techniques. Sanger sequencing
was used to identify the rs3135388 single nucleotide polymorphism (SNP). The A allele of
rs3135388 is strongly associated with HLA-DRB1*1501 and patients heterozygous or
homozygous for the A allele are inferred to be HLA-DRB1*1501 2’. All genotyping was done

by a single neurogeneticist blinded to the patient’s clinical status and MRI findings.

Statistical analysis

Differences in demographic and clinical characteristics between the HLA-DRB1*1501-positive
and negative groups were investigated using univariable linear regression for continuous
variables and Chi-squared test for proportions. To assess differences at baseline and over
time in disability and MRI measures between HLA-DRB1*1501-positive and HLA-DRB1*1501-
negative patients, we used mixed-effects models with EDSS or the MRI measure of interest
as the dependent variable. We used linear mixed-effects models for all MRI metrics except for
gadolinium-enhancing lesion number where Poisson mixed-effects models were used. The
independent variables included: time (in years), genotype (HLA-DRB1*1501-positive or
negative), and an interaction term ‘time X genotype’ to detect between-group differences in
changes over time. Three-way interaction terms (‘time X genotype group X age’ and ‘time X
genotype group X sex’) were added among the independent variables to test whether the
differences in the rates of change between those who were HLA-DRB1*1501-positive and
HLA-DRB1*1501-negative were related to age at onset or sex. For all models we explored
age, sex, and a binary indicator of whether the scan had been performed before or after the
scanner upgrade as independent variables. Whenever the p-value for the regression
coefficient for ‘genotype group’ was <0.05 we assumed there were significant differences
between genetic groups at baseline. Whenever the p-value for the regression coefficient of

the interaction term ‘time X genotype group’ was <0.05 we assumed there were significant



differences between groups in the evolution of disability or MRI measures over time. Similarly,
whenever the three-way interactions including either age or sex was significant, we assumed

the differences in rates of change between allele groups depended on age or sex, respectively.

All mixed-effects models were random intercept and random slope (for time) models. For the
random effects we chose an unstructured covariance structure, allowing a non-zero
covariance between random slope and random intercept. These models allowed us to account
for repeated measures (within an individual), and, assuming missingness at random, they
used all available data points, allowing us to overcome the problem derived from the missing

data points and therefore reducing the risk of type Il error.

Significance level was set at the level of 0.05. Statistical analyses were carried out in Stata

13.1.

RESULTS

The baseline demographic, clinical and MRI profile of the cohort grouped by HLA-DRB1*1501
status is shown in Table 1. Fifty-two (49%) patients were HLA-DRB1*1501-positive (49 [94%)]
heterozygous, 3 [6%] homozygous) and 55 (51%) were HLA-DRB1*1501-negative. The HLA-
DRB1*1501-positive patients were younger than the HLA-DRB1*1501-negative patients at the
time of CIS, although this didn’t reach statistical significance. The HLA-DRB1*1501-positive
patients had a higher T2LV (mean 2.50ml vs 1.14ml, p<0.001) and a greater number of
gadolinium-enhancing lesions (mean 1.90 vs 0.51, p<0.001) at baseline compared with the
HLA-DRB1*1501-negative patients. These differences remained after excluding patients who

remained CIS after 15 years (n=19).



Development of multiple sclerosis and disability worsening

MS developed in 47/52 (90%) HLA-DRB1*1501-positive patients and 41/55 (75%) HLA-
DRB1*1501-negative patients (odds ratio=3.21, 95%CI| 1.07 to 9.68, p=0.032). A similar
number of patients in both groups started disease-modifying treatment during follow-up.14
(27%) HLA-DRB1*1501-positive patients initiated first-line therapies (beta interferon n=8,
glatiramer acetate n=5, teriflunomide n=1), with 5 (36%) patients escalating to second-line
therapies (fingolimod n=2, natalizumab n=3), whereas 11 (20%) HLA-DRB1*1501-negative
patients initiated first-line therapies (beta interferon n=6, glatiramer acetate n=4, dimethyl
fumarate n=1) and 3 (27%) escalated to second-line therapies (fingolimod n=2, alemtuzumab

n=1).

SPMS developed in a similar proportion of HLA-DRB1*1501-positive patients (11/52 [21%])
than HLA-DRB1*1501-negative (7/55 [13%]) patients (p=0.248); three patients died during
follow-up from complications of severe SPMS at 15 years (2 HLA-DRB1*1501-positive, 1 HLA-

DRB1*1501-negative).

EDSS scores increased over time in both groups, but the HLA-DRB1*1501-positive patients
showed a faster rate of disability worsening compared with the HLA-DRB1*1501-negative
patients (annualised EDSS change 0.14/year vs 0.08/year, p<0.025, Figure 2). The rate of
change in EDSS was similar after excluding patients who remained CIS at follow-up

(annualised change in EDSS 0.16 vs 0.11, p<0.05).

Longitudinal changes in MRI measures



Brain MRI measures

T2LV increased in both groups over time (Table 2 and Figure 3) but the annualised change in
T2LV was higher in the HLA-DRB1*1501-positive compared with the HLA-DRB1*1501-
negative patients (adjusted difference 0.45ml/year, 95%CI 0.11t0 0.71, p<0.025). The findings
were similar for TILV. The HLA-DRB1*1501-positive patients had a higher number of GdE at
all time points (Figure 4), compared with those who were HLA-DRB1*1501-negative (incident

rate ratio [IRR] = 4.45, 95%Cl 1.82 to 10.91, p=0.001).

Both the HLA-DRB1*1501-positive and HLA-DRB1*1501-negative patients had evidence of
brain atrophy over time (Table 2 and Figure 3). The rate of brain atrophy was significantly
faster in HLA-DRB1*1501-positive compared with HLA-DRB1*1501-negative patients
(adjusted difference PBVC -0.12%/year, 95%CI -0.19 to -0.01, p<0.01). Given the observed
differences in T2 lesion load in HLA-DRB1*1501-positive and HLA-DRB1*1501-negative
patients analyses were repeated after adjusting for T2LV. The results were similar: annualised
PBVC was higher in the HLA-DRB1*1501-positive compared with the HLA-DRB1*1501-

negative patients (adjusted difference -0.12%/year, 95%CI -0.20 to -0.02, p<0.05).

Spinal cord MRI measures

Spinal cord MRI was available over the first 5 years of follow-up. The number of spinal cord
lesions increased over time in both groups with a non-significant trend towards a greater
increase in the number of spinal cord lesion number in the HLA-DRB1*1501-positive patients
(adjusted difference 0.07 lesions/year, 95%ClI -0.32 to 0.38, p>0.05). Spinal cord was
observed in both groups (Table 2), but the HLA-DRB1*1501-positive had evidence of faster

spinal cord atrophy compared with HLA-DRB1*1501-negative patients (adjusted difference -



0.22 mm?/year, 95%CIl -0.36 to -0.01, p<0.05). These differences remained even after

adjusting for brain T2LV.

Longitudinal changes in MRI measures: Multiple sclerosis patients only

Patients who remained CIS were over-represented in the HLA-DRB1*1501-negative group.
Analyses were repeated after excluding patients who remained CIS after 15 years (Table 3).
In the subgroup of patients with MS at 15 years the findings were similar to the whole cohort:
HLA-DRB1*1501-positive MS patients had a greater annualised change in T2LV (adjusted
difference 0.52ml/year, 95%CI 0.24 to 0.70, p<0.01) and T1LV (adjusted difference
0.17ml/year, 95%CI 0.11 to 0.24, p<0.01), a higher number of gadolinium-enhancing lesions
at all time points (IRR = 3.20, 95%CI 1.36 to 7.50, p=0.007) and faster annualised change in
PBVC (adjusted difference -0.14%/year, 95%CI -0.26 to -0.11, p<0.01) and UCCA (adjusted
difference -0.19 mm?year, 95%CI -0.34 to -0.13, p<0.05) compared with the HLA-

DRB1*1501-negative patients.

Interactions of HLA-DRB1*1501 with age and sex

Three-way interaction terms found no influence of age or sex with HLA-DRB1*1501 status on

longitudinal changes in disability and MRI measures.

DISCUSSION

The extent to which genetic factors influence MS disease course is unresolved. In this
prospective, longitudinal study of CIS patients, with serial MRI measurements, we found an
association of HLA-DRB1*1501 with the development of MS, and disability worsening,

mediated by a more inflammatory MRI phenotype and a greater extent of neurodegeneration.



HLA-DRB1*1501 status may provide complementary information to other clinical, MRI and

biological factors known to be important in the evolution of relapse-onset MS.%2°

Conventional MRI is highly sensitive to the detection of focal inflammatory pathology in MS.
HLA-DRB1*1501-positive patients had a higher brain T2 lesion load at presentation and a
greater accrual of new T2 lesions over time, and a higher number of gadolinium-enhancing
lesions at all time points measured, compared with HLA-DRB1*1501-negative patients. These
differences were maintained after excluding people who remained CIS, suggesting that the
observed differences were not simply due to an over-representation of monophasic CIS
patients in the HLA-DRB1*1501-negative group. HLA-DRB1*1501 and other class Il human
leukocyte antigen alleles are involved in immune processes including antigen presentation
and T cell activation that may influence inflammatory disease activity in MS. A more
inflammatory phenotype in HLA-DRB1*1501-positive patients is supported by other
radiological, immunological and pathological studies. Previous MRI studies in patients with
CIS!015 RRMS?® and PPMS?’ have reported higher brain T2 lesion load in HLA-DRB1*1501-
positive patients. Our previous longitudinal study in early PPMS found a higher brain T2LV at
all time points in HLA-DRB1*1501-positive compared with HLA-DRB1*1501-negative patients
over 5 years'’, in keeping with the current findings in a larger cohort with early relapse-onset
MS. A greater extent of histopathological demyelination has been reported previously in HLA-

DRB1*1501-positive patients, supporting our findings in vivo.

HLA-DRB1*1501 is known to influence the age at disease onset in MS, and we observed a
trend towards younger age in HLA-DRB1*1501-positive CIS patients. Age is linked to disease
activity in MS: relapses rates and radiological disease activity are greater in children than

adults with MS, and relapse rates decline in older adults.*® We found no interaction between



age and HLA-DRB1*1501 indicating that younger age at disease onset is unlikely to be the

explanation for the more inflammatory phenotype observed.

As expected in a cohort of CIS and early RRMS patients, a faster rate of brain atrophy was
observed (-0.31 to -0.43%/year) compared with published normative data from healthy
controls of a similar age (approximately -0.23%/year).?%> The HLA-DRB1*1501-positive
patients had a faster rate of brain compared with HLA-DRB1*1501-negative patients, even
though the HLA-DRB1*1501-negative patients tended to be older, suggesting that HLA-
DRB1*1501 influences the rate of brain atrophy, over and above any age-expected change.
Other studies have found evidence of greater whole brain atrophy'® and subcortical grey
matter atrophy?® in HLA-DRB1*1501-positive compared with HLA-DRB1*1501-negative
patients, and greater microstructural tissue damage assessed using 'H magnetic resonance
spectroscopy and magnetization transfer imaging in normal-appearing tissues.’*'” The
observed differences in brain atrophy and microstructural tissue damage in the HLA-
DRB1*1501-positive patients may be a consequence of more prominent inflammatory
disease, accelerating neurodegeneration in HLA-DRB1*1501-positive patients. Focal
demyelinating lesions result in significant neuroaxonal loss and early changes in brain T2
lesion load on MRI are associated with the development of later brain atrophy in MS.*® After
adjusting for brain T2 lesion load we found that differences in whole brain and spinal cord
atrophy were maintained. However, conventional MRI is insensitive to the detection of diffuse
inflammation within normal-appearing tissues and the meninges that may be relevant to tissue
damage and disability progression.®* Post-mortem studies have found a greater extent of
diffuse parenchymal and meningeal inflammation in HLA-DRB1*1501-positive patients3-6,

that may contribute to a faster rate of neurodegeneration.



In contrast to previous studies'* we found no statistically significant association of HLA-
DRB1*1501 status with spinal cord lesions, although on average there was a greater increase
in the number of spinal cord lesions over time in HLA-DRB1*1501-positive patients. This may
reflect that the study was underpowered with regard to spinal cord lesion number (only a third
of patients developed new spinal cord lesions during follow-up), or technical factors with spinal
cord lesion number quantified using sagittal T2-weighted scans only, which may under-
estimate the number of cord lesions. It would have been useful to be able to quantify the area
(or volume) of spinal cord lesions, but this was not possible using the scans acquired. A
previous post-mortem study found that the number of spinal cord lesions was similar in HLA-
DRB1*1501-positive and negative patients, but the extent of lesions, measured by the area of
demyelinating plaques, was significantly greater in patients who were HLA-DRB1*1501-

positive.3®

We investigated the influence of HLA-DRB1*1501 on long-term disease course, but not other
HLA or non-HLA genes known to influence MS susceptibility. Other HLA loci interact with HLA-
DRB1*1501 to amplify (or attenuate) disease susceptibility.® A previous cross-sectional study
calculated the total HLA genetic risk burden by testing for all known HLA alleles that influence
susceptibility.?° The HLA allele dose was multiplied by the reported effect size then cumulated.
A higher HLA genetic risk burden score was associated with a younger age at disease onset
and a greater extent of subcortical grey matter atrophy, although these associations were
mainly driven by HLA-DRB1*1501. There were too few HLA-DRB1*1501 homozygous
patients (n=3) in this cohort to investigate whether HLA-DRB1*1501 allele genetic burden
influences long-term outcomes. Median EDSS at 15 years was 2.0 in both HLA-DRB1*1501
homozygous and heterozygous patients but this study is under-powered to detect any
difference. We also did not collect information on environmental factors such as vitamin D,
Epstein-Barr virus, body mass index and cigarette smoking that may interact with HLA-

DRB1*1501 to influence MS susceptibility®’, and potentially disease course. Future studies



should investigate how gene-environment interactions influence MS disease course and

disability accrual.

The patients in this cohort were predominantly untreated. There were too few treated patients
to assess how HLA-DRB1*1501 might impact on response to disease-modifying therapies. A
more inflammatory phenotype might be associated with a better response to anti-inflammatory
treatments. HLA-DRB1*1501 has been associated with a more favourable treatment response
to glatiramer acetate®®3° but not interferon-g3°. Further work is required to determine

whether HLA-DRB1*1501 may predict response to treatment.

A number of cross-sectional studies have found no association of HLA-DRB1*1501 status and
MS phenotype, other than age at disease onset®>’. We studied a homogenous cohort of
patients followed prospectively from the time of presentation with CIS, who were carefully
phenotyped with established MRI measures of inflammation and neurodegeneration. We
studied patients longitudinally over a uniquely long follow-up period of 15 years, unlike
previous studies that have largely been cross-sectional in nature.l012141618-20 A potential
disadvantage of longitudinal clinical-MRI studies is drop-out of subjects over time. However,
retention in this study was high — clinical status and disability was assessed in all patients after
~15 years and over 75% of the cohort had MRI at all five time points. Patients with optic neuritis
were over-represented in this cohort, however, the frequency of HLA-DRB1*1501 positivity is
similar in patients with optic neuritis and other CIS types.*® The high proportion of patients with
optic neuritis in our cohort is unlikely to account for the observed differences between HLA-

DRB1*1501-positive and negative patients.

CONCLUSION



We provide evidence that HLA-DRB1*1501 influences long-term disease course in relapse-
onset MS, potentially mediated by a more inflammatory disease phenotype with faster accrual
of T2 brain lesions, a higher number of gadolinium-enhancing lesions, and a faster rate of
brain and spinal cord atrophy. HLA-DRB1*1501 may be one of the factors underlying disease

course heterogeneity in patients with early relapse-onset MS.
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