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What is the current knowledge on the topic?

Variantsin HLA-DRB1 have been associated with Parkinson’ s disease. However, it is unknown
whether specific HLA types or variants are associated with isolated REM sleep behavior disorder
(iIRBD) and dementia with Lewy body dementia (LBD).

What question did this study address?

Whether specific HLA types or variants are associated with isolated REM sleep behavior
disorder (iIRBD) and Lewy body dementia (LBD).

What does this study add to our knowledge?
This study suggests an association between three HLA haplotypes and iRBD.
How might this potentially impact on the practice of neurology?

Understanding the genetic risk underlying iRBD may help with stratification in clinical studies
and trials and provide directions for studying the mechanisms underlying this disorder.
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Abstract

| solated/idiopathic REM sleep behavior disorder (iIRBD) and Lewy body dementia (LBD) are
synucleinopathies that have partial genetic overlap with Parkinson’s disease (PD). In this study,
we examined if the human leukocyte antigen (HLA) locus playsasimilar rolein iRBD, LBD and
PD. The DQA1*01:02~DQB1*06:02~DRB1* 15:01 haplotype is associated with reduced risk for
iRBD (OR=0.72, 95%CI|=0.50-0.93, p=2.07*10"%), while the haplotypes
DQA1*02:01~DQB1*03:03~DRB1*07:01 (OR=1.57; 95%CI=[1.28-1.86]; p=2.45*10) and
DQA1*05:05~DQB1*03:01~DRB1*11:01 (OR=1.39; 95%CI=[1.17-1.60]; p=3.01*10"%) are
associated with increased risk for iRBD. This effect was not replicated in LBD. Our results

suggest that the HLA locus may have different roles across synucleinopathies.
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I ntroduction

| solated/idiopathic rapid-eye-movement (REM) sleep behavior disorder (iRBD) is a prodromal
synucleinopathy characterized by enactment of dreams, vocalization and absence of muscle
atonia during REM sleep.' iRBD is one of the strongest predictors for certain neurodegenerative
disorders, as approximately 80% of patients will convert to Parkinson’s disease (PD), Lewy body
dementia (LBD) or multiple system atrophy (MSA) after 10-15 years on average following

iRBD diagnosis.?

Previous evidence has shown that iRBD and other synucleinopathies share a partial
genetic overlap.® While certain loci (SNCA, GBA, TMEM175) were found to be shared between
these traits, distinct loci were also identified, such as LRRK2 and MAPT for PD and APOE for
LBD.? Furthermore, while the SNCA locus is important in PD, LBD and iRBD, the association
with SNCA is driven by different variants for the different traits.®> Similar phenomenon occurs in
the SCARB2 locus, where different variants are associated with PD or RBD.® Understanding the
shared genes and pathways, as well as the genetic differences, will lead to better characterization
of these disorders. For instance, microglial activation, a form of neuroinflammation, was found
in all these disorders,*® yet the role of the immune system in their pathophysiology is not well

understood.

Recently, a fine-mapping study of the human leukocyte antigen (HLA) locus in PD
demonstrated a strong association of HLA-DRB1 amino acids 11V, 13H and 33H with reduced
PD risk.” Located on chromosome 6, the HLA locus is a highly polymorphic region known to
have complicated linkage pattern. HLA plays an essential role in the adaptive immune system by

presenting antigens to T-cells.
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Since the role of the HLA locus is unknown in iRBD and LBD, the aim of this study isto
examine whether HLA variants may affect the risk for these disorders. We analyzed the
association of different HLA alleles, haplotypes and amino acids in two cohorts of iRBD and

LBD patients.

Methods
Study population

iIRBD and LBD cohorts from two previous genome-wide association studies (GWAS) were
included in this analysis (Table 1).> ® iRBD patients were diagnosed according to the
International Classification of Seep Disorders (2nd or 3rd Edition) with video
polysomnography. LBD was diagnosed according to consensus criteria, as described esewhere.®
19 The iRBD cohort is composed of 1,072 patients and 9,505 controls with genotyping data from
the Omni Express GWAS chip (llluminainc.). The control group includes five publicly available
cohorts: controls from the International Parkinson’s Disease Genomics Consortium (IPDGC)
NeuroX dataset (dbGap phsD00918.v1.pl), Nationa Institute of Neurological Disorders and
Stroke (NINDS) Genome-Wide genotyping in Parkinson's Disease (dbGap phs000089.v4.p2),
NeuroGenetics Research Consortium (NGRC) (dbGap phs000196.v3.pl), Parkinson's

Progression Markers Initiative (PPMI).

The LBD cohort consisted of 2,604 LBD patients and 4,032 controls with whole-genome
sequencing data as described elsewhere.® Study participants signed informed consent forms and

the study protocol was approved by the Intitutional Review Board at McGill University.
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Quiality control

Standard GWAS quality control steps were performed for both cohorts. SNPs that were
heterozygosity outliers (|F| > 0.15), sample call rate outliers (<0.95) and samples failing sex
check were also excluded. Ancestry was determined by merging samples with HapMap3 and
clustering with principal components analysis (PCA). Relatedness check was performed with
GCTA to remove third-degree relatives or closer. Then, we removed SNP call rate outliers
(<0.95), SNPs with significantly different missingness between cases and controls (p<0.0001),
SNPs that failed —test-mishap (p<0.0001) and SNPs in controls that deviated from Hardy-
Weinberg equilibrium (p<0.0001). iRBD samples passing quality control were imputed on the

Michigan Imputation Server with the HRC (Version r1.1 2016) reference panel usng Minimac3.
Statistical analysis

To examine the association of HLA alleles, haplotypes and amino acids, we also performed HLA
imputation using HLA genotype Imputation with Attribute BAGging (HIBAG). HIBAG is a
robust random forest algorithm that has been widely used in previous studies.” ™ 2 HLA
haplotypes were calculated using haplo.stats R package which employs an Expectation—
maximization (EM) algorithm. Logistic regression with a dominant model was tested on each
HLA allee, haplotype and amino acid. All rare associations (carrier frequency < 1%) were

excluded. A 5% false-discovery rate (FDR) for multiple testing was applied.
Code availability

All scripts used in this study can be found at https://github.com/gan-orlab/HLA_HIBAG.
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Results

We performed HLA imputation on both cohorts and examined the association of HLA alleles,
haplotypes and amino acids. Three independent haplotypes were associated with iRBD: the
DR15 haplotype, DQA1*01:02~DQB1*06:02~-DRB1*15:01 (OR=0.72,95%CI=0.50-0.93,
p=2.07*10", pFDR=0.0251, Table 2), is associated with reduced risk for iRBD while the DR?,
DQA1*02:01~DQB1*03:03~DRB1*07:01 (OR=157, 95%Cl=1.28-1.86, p=2.45*10°, p
FDR=0.0251, Table 2), and DR11 haplotypes, DQA1*05:05~-DQB1*03:01~-DRB1*11:01
(OR=1.39, 95%Cl=1.17-1.60, p=3.01*10° pFDR= 0.0251, Table 2), are associated with
increased risk for iIRBD. Specific HLA alleles did not pass multiple testing corrections in iRBD
(Table 3). When combining carriers of different DR15, DR11 and DR7 alleles respectively, the
association of DR15 increased while DR11 decreased (Table 3). DR7 did not have additional
aleles. For LBD, no association was statistically significant after correction for multiple
comparisons. We also examined the association of HLA-DRB1 33H, which was reported to be
associated with PD (Supplementary Table #3).” Although DRB1 33H was not associated with in
iIRBD (pFDR=0.51), the carrier frequenciesin cases and controls were 0.22 vs 0.27 respectively,
similar to the frequencies previously reported in PD and controls (0.29 vs 0.33).” Meanwhile, the
DRB1 33H allele frequency in both LBD cases and its controls was 0.27. Our results suggest that

DRB1 33H could be associated with IRBD, but our study may lack the power to detect it.
Discussion

This study shows an association between three haplotypes. HLA-DR15 with a protective effect
toward iRBD and DR7 and DR11 with risk for iRBD. DR15 was previously associated with
numerous neurological disorders such as multiple sclerosis and Alzheimer's disease (AD)."

DR15 is aso strongly associated with narcolepsy Type |, a disorder where 30-60% of patients
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presents mild secondary RBD with no other marker of neurodegeneration.™ The protective effect
of this alldle in iRBD brings a new evidence that the mechanism of RBD is different between
IRBD and narcolepsy. DR15 was also nominated to be associated with PD, but it was not
replicated in larger studies.” *> *® Our results also suggest that the DR15 association driven by
DRB1*15 alleles as the combination of DRB1*15:01 and 15:02 increased the association with
IRBD. Meanwhile, a similar analysis with DR11 showed a decreased association. In addition,
DRB1 33H, a variant also associated with PD, was not significantly associated with iRBD or
LBD. However, the difference in carrier frequency between iRBD cases and controls for DRB1
33H, which was similar to that seen in PD, suggests that our study may lack the power to detect
this association in iIRBD. A recent study has suggested shared mechanism between PD, AD,
amyotrophic lateral sclerosis and HLA-DRB1*04, harboring the 33H amino acid change.’” This
subtype was associated with decreased neurofibrillary tangles in postmortem brains and binds to
a K311 acetylated Tau PHF6 sequence.*’” Our study also suggests a shared mechanism of DR15
with AD and iRBD. These results exemplify the possibility of different HLA types with specific
genetic variants that may affect binding of substrates relevant for neurodegenerative disorders

and activating inflammatory response.

We were not able to replicate the association of a previous study of HLA antigens with
25 iRBD cases that showed significant association for DQB1*05 and DQB1*06.'® The most
likely explanation for the discrepancy is that the previous study had reduced power to detect a
true effect. Another study has suggested that HLA-DR expression was associated with iRBD.*
Fine-mapping and colocalization studies for these findings will be required once larger datasets

of iIRBD become available. Whether the mechanism underlying the associations with PD and
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iIRBD is through functional effects of specific amino acid changes or due to different expression

of HLA genesin various brain tissuesis still to be determined.

Although the involvement of the immune system across synucleinopathiesis still elusive,
the varying effects of HLA between prodromal and clinical stages could be associated with HLA
presenting different antigens in different brain regions. Another possibility is that the varying
effects originate in the gastrointestinal tract.”® For example, constipation, which is a common
symptom in the early stages of PD, can aggravate or be caused by gut inflammation. In iRBD

patients, one study showed a prevalence of constipation between 18-41%.%

Our study has several limitations. First, since we do not have a replication cohort, future
replication studies with larger cohorts would be needed to increase statistical power. Note that
we used the largest available cohorts for iRBD and LBD.* ® Due to the polygenicity of the Major
histocompatibility complex, various populations have large differences in HLA allee
frequencies. This study was done only on samples with European ancestry, and multi-ancestry
analysis could provide more refined evidence on the role of HLA in synucleinopathies. The
cohorts used in the study were also not matched for age and sex. However, we adjusted for these

variablesin the analysis.

To conclude, we found an alternative HLA association of iRBD compared to PD and
LBD. More experimental evidence is necessary to characterize the genetic landscape of

synucleinopathies and the role of the immune system.
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Table 1. Study population after quality control.
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Variable Isolated REM deep behavior L ewy body dementia
disorder
Patients Controls Patients Controls
(n=1,072) (n=9,505) (n=2,604) (n=4,032)
Age (years), (SD) 60.54 (11.06) 63.49 (16.59) 74.36 (11.76) 72.63 (16.99)
Male, number (%) 860 (80.22) 4824 (50.75) 1656 (63.59) 1967 (48.78)
SD, standard deviation; n, number
Table2: HLA haplotypesin isolated REM deep behavior disorder
Haplotypes Carrier Carrier Effect | Standard | P-value | P-
Frequency | Frequency | size Error value
in cases in controls (FDR)
DQA1*01:02~DQB1*06:02~DRB1*15:01 | 0.218 0.268 -0.335 | 0.109 0.00207 | 0.0251
DQA1*02:01~DQB1*03:03~DRB1*07:01 | 0.086 0.0682 0.452 | 0.149 0.00245 | 0.0251
DQA1*05:05~DQB1*03:01~DRB1*11:01 | 0.201 0.146 0.327 | 0.110 0.00301 | 0.0251
FDR, false discovery rate
Table 3: HLA allelesin isolated REM dsleep behavior disorder.
Alleles Carrier Carrier Effect sze | Standard P-value | P-value
Frequency | Frequency Error (FDR)
in cases in controls
DRB1*11:01 | 0.207 0.151 0.333 0.105 0.00153 | 0.208
DR15 0.239 0.287 -0.301 0.0999 0.00262 | 0.208
DRB1*15:01 | 0.227 0.271 -0.269 0.102 0.00851 | 0.329
DR11 0.249 0.198 0.229 0.0995 0.0216 | 0.347
DRB1*07:01 | 0.298 0.261 0.209 0.0919 0.0227 | 0.347

FDR, false discovery rate; DR15 includes DRB1*15:01 and DRB1*15:02 carriers, DR11
includes DRB1*11:01, DRB1*11:02, DRB1*11:03, DRB1*11:04 carriers.


https://doi.org/10.1101/2023.01.31.23284682
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2023.01.31.23284682; this version posted February 1, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Reference

1. Dauvilliers Y, Schenck CH, Postuma RB, et al. REM sleep behaviour disorder. Nature reviews
Disease primers. 2018;4(1):1-16.

2. Postuma RB, Iranzo A, Hu M, et al. Risk and predictors of dementia and parkinsonism in
idiopathic REM sleep behaviour disorder: a multicentre study. Brain. 2019 Mar 1;142(3):744-59.

3. Krohn L, Heilbron K, Blauwendraat C, et al. Genome-wide association study of REM sleep
behavior disorder identifies polygenic risk and brain expression effects. Nature Communications.
2022;13(1):1-16.

4, Stokholm MG, Iranzo A, @stergaard K, et al. Assessment of neuroinflammation in patients with
idiopathic rapid-eye-movement sleep behaviour disorder: a case-control study. The Lancet Neurology.
2017 2017/10/01/;16(10):789-96.

5. Hirsch EC, Vyas S, Hunot S. Neuroinflammation in Parkinson's disease. Parkinsonism & related
disorders. 2012;18:5210-S2.

6. Amin J, Holmes C, Dorey RB, et al. Neuroinflammation in dementia with Lewy bodies: a human
post-mortem study. Translational psychiatry. 2020;10(1):1-11.

7. Yu E, Ambati A, Andersen MS, et al. Fine mapping of the HLA locus in Parkinson’s disease in
Europeans. npj Parkinson's Disease. 2021;7(1):1-7.

8. Chia R, Sabir MS, Bandres-Ciga S, et al. Genome sequencing analysis identifies new loci

associated with Lewy body dementia and provides insights into its genetic architecture. Nat Genet. 2021
Mar;53(3):294-303.

9. Emre M, Aarsland D, Brown R, et al. Clinical diagnostic criteria for dementia associated with
Parkinson's disease. Mov Disord. 2007 Sep 15;22(12):1689-707; quiz 837.
10. McKeith 1G, Boeve BF, Dickson DW, et al. Diagnosis and management of dementia with Lewy

bodies: Fourth consensus report of the DLB Consortium. Neurology. 2017;89(1):88-100.
11. Zheng X, Shen J, Cox C, et al. HIBAG—HLA genotype imputation with attribute bagging. The
pharmacogenomics journal. 2014;14(2):192-200.

12. Karnes JH, Shaffer CM, Bastarache L, et al. Comparison of HLA allelic imputation programs. PloS
one. 2017;12(2):e0172444.
13. Kunkle BW, Grenier-Boley B, Sims R, et al. Genetic meta-analysis of diagnosed Alzheimer’s

disease identifies new risk loci and implicates AB, tau, immunity and lipid processing. Nature Genetics.
2019 2019/03/01;51(3):414-30.

14. Antelmi E, Pizza F, Franceschini C, Ferri R, Plazzi G. REM sleep behavior disorder in narcolepsy: A
secondary form or an intrinsic feature? Sleep Medicine Reviews. 2020 2020/04/01/;50:101254.
15. Wissemann WT, Hill-Burns EM, Zabetian CP, et al. Association of Parkinson disease with

structural and regulatory variants in the HLA region. The American Journal of Human Genetics.
2013;93(5):984-93.

16. Naito T, Satake W, Ogawa K, et al. Trans-Ethnic Fine-Mapping of the Major Histocompatibility
Complex Region Linked to Parkinson's Disease. Movement Disorders. 2021;36(8):1805-14.

17. Guen YL, Luo G, Ambati A, et al. Protective association of HLA-DRB1*04 subtypes in
neurodegenerative diseases implicates acetylated Tau PHF6 sequences. medRxiv.
2021:2021.12.26.21268354.

18. Schenck CH, Garcia-Rill E, Segall M, Noreen H, Mahowald MW. HLA class Il genes associated with
REM sleep behavior disorder. Annals of neurology. 1996;39(2):261-3.

19. Farmen K, Nissen SK, Stokholm MG, et al. Monocyte markers correlate with immune and
neuronal brain changes in REM sleep behavior disorder. Proceedings of the National Academy of
Sciences. 2021;118(10):e2020858118.


https://doi.org/10.1101/2023.01.31.23284682
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2023.01.31.23284682; this version posted February 1, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

20. Knudsen K, Fedorova TD, Hansen AK, et al. Objective intestinal function in patients with
idiopathic REM sleep behavior disorder. Parkinsonism & Related Disorders. 2019 2019/01/01/;58:28-34.


https://doi.org/10.1101/2023.01.31.23284682
http://creativecommons.org/licenses/by-nc-nd/4.0/

