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Abstract

Background: The microtubule-associated protein tau (MAPT) geneis critical because of its
putative role in the causal pathway of neurodegenerative diseases including Parkinson’s
disease (PD). However, thereis alack of clarity regarding the link between the main H1
haplotype and risk of PD. Inconsistencies in reported association may be driven by genetic
variability in the populations studied to date. Data on MAPT haplotype frequenciesin the
general population and association studies exploring the role of MAPT haplotypesin

conferring PD risk in black Africans are lacking.

Objectives: To determine the frequencies of MAPT haplotypes and explore the role of the H1

haplotype as arisk factor for PD risk and age at onset in Nigerian Africans.

Methods: The haplotype and genotype frequencies of MAPT rs1052553 were analysed using
PCR-based KASP™ in 907 individuals with PD and 1,022 age-matched neurologically
normal controls from the Nigeria Parkinson’ s Disease Research (NPDR) network cohort.

Clinical datarelated to PD included age at study, age at onset, and disease duration.

Results: The frequency of the main MAPT H1 haplotype in this cohort was 98.7% in
individuals with PD, and 99.1% in healthy controls (p=0.19). The H2 haplotype was present
in 41/1929 (2.1%) of the cohort (PD - 1.3%; Controls - 0.9%; p=0.24). The most frequent
MAPT genotype was H1H1 (PD - 97.5%, controls - 98.2%). The H1 haplotype was not
associated with PD risk after accounting for gender and age at onset (Odds ratio for H1/H1 vs

H1/H2 and H2/H2: 0.68 (95% CI:0.39-1.28); p=0.23).

Conclusions: Our findings support previous studies that report alow frequency of the MAPT
H2 haplotype in black ancestry Africans, but document its occurrence in the Nigerian
population (2.1%). In this cohort of black Africans with PD, the MAPT H1 haplotype was not

associated with an increased risk or age at onset of PD.
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Introduction

The microtubul e-associated protein tau (MAPT) gene located on chromosome 17021 encodes
the tau protein which is primarily involved in modulating the stability of axonal microtubules
within the brain.' MAPT has two distinct haplogroups (H1 and H2) resulting from inversion
of an approximately 900kb region, and which, while having the same amino acid sequence,
demonstrate polymorphic variability capable of altering gene expression (including
transcription, post-transcriptional modification, and rates of translation).? H1 (the non-
inverted sequence) is predominant, whereas the less common H2 (the inverted haplotype) is
reported most frequently in Europeans and Southwest Asians with a frequency of 23.5 —
37.5%.% In general, the lowest rates in published literature are from the sub-Saharan African
population (0.7% - 6.3%) and East Asians/Pacific Islanders (almost 0%).° Notably, the
proportion of African samplesincluded in these reports have been low, typically below 50
participants within any African ethnic group, and subject to sampling error and

underestimation.

Mutations in MAPT are associ ated with neurodegenerative tauopathies including Alzheimer’s
disease (AD), progressive supranuclear palsy (PSP), and fronto-temporal dementia (FTD),
but have also been implicated in Parkinson’s disease (PD) which is predominantly a
synucleinopathy. * Whereas normal tau isintegral to maintaining neuronal functioning,
stabilizing and assembling microtubules, regulating axonal transport, promoting neurite
growth, and preventing DNA damage and apoptosis, abnormal hyperphosphorylated tau (the
product of MAPT mutations) promotes neurodegeneration.* Conformational change,
increased tendency to misfold, dissociation from mictrotubules, aggregation into
neurofibrillary tangles, and ultimate loss of normal function characterize the main
pathological processin tauopathies.> ° Clarifying the role of MAPT in neurodegenerative

disorders has implications for developing neuroprotective interventions to reduce or inhibit
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tau phosphorylation, aggregation, and promote microtubule stabilization. The H1 haplotype
has been postulated to contribute to an increased risk of PD, whereas H2, correlating with
reduced tau protein expression, may be protective." " Studies of the association between
MAPT and risk of PD have demonstrated different effect sizes (and suggested aweak effect),
the possibility of interactions with other PD associated susceptibility loci, and ethnic
variability even within populations of similar geographical origin. *** A highly significant
association between PD and the H1/H1 haplotype was documented in the Genetic
Epidemiology of Parkinson’s Disease (GEO-PD) consortium study that included 5302
Caucasians with PD of Caucasian.™ The effect was independent of any interaction with

SNCA, applied to risk of PD, but with no significant effect on the age at onset of PD.**

In the present study, the main objectives are to describe the population distribution of MAPT
main haplotypes in Nigerian Africans, and thereby fill the void regarding the frequencies of
the MAPT haplotypes in a large population of sub-Saharan Africans of black ancestry, and
secondly, determineif there is an association between MAPT haplotype variation and the risk

of; and age at onset of PD in our population.
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M ethods

Study design and par ticipant recruitment

Study participants in this cohort study were recruited by participating neurologistsin the
Nigeria Parkinson’s Disease Research (NPDR) network as part of an ongoing cohort study
conducted in collaboration with the International Parkinson’s Disease Genomic Consortium-
Africa (IPDGC-Africa).**** The NPDR cohort is nationally representative and includes
participating sitesin all 6 geopolitical zones of Nigeria. Research ethics approval for the
study was obtained from the the institutional health research ethics committees, the National
Health Research Ethics Committee (NHREC) in Nigeria and the University College London
(UCL) Ingtitutional Review Board. All participants provided written informed consent.
Individuals with PD fulfilled the United Kingdom Parkinson’s Disease Society Brain Bank
(UKPDSBB) criteria (the only exception being that we did not exclude those with a first
degree relative who also had PD).*® Controls were otherwise healthy volunteers with no
known family history of PD and no clinically evident neurological condition, from the same
population, and matched for age. Baseline demographic characteristics (age at study, gender,

age at onset of PD, and duration of PD (years)) were documented.
MAPT genotyping

DNA was extracted either from saliva samples collected using DNA Genotek® saliva kits or
from venous whole blood samples using standard protocols. MAPT locus haplotypes were
investigated by tagging the H1/H2 haplotypes with the major alele and minor alele of SNP
rs1052553. For rs1052553 alele A and G correspond to H1 and H2 haplotypes,
respectively.'” Genotyping was performed using the Kompetitive Allele-Specific Polymerase
Chain Reaction (PCR) assay (KASP™, LGC Genomics. Herts, UK). Genotypes were

assessed for Hardy-Weinberg equilibrium (HWE) using Fisher exact test.
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Statistical analysis

Cohort characteristics and MAPT rs1052553 haplotype and genotype frequencies were
expressed as proportions (%) compared between groups (individuals with PD and controls)
using two tailed X test. Power calculations were performed using the GAS Power
calculation tool (http://csg.sph.umich.edu/abecasis/cats/gas power_calculator/) using the
following parameters: disease prevalence of 1%, N cases = 910, N controls = 1022, alele
frequency = 0.05, genotype relative risk = 1.5, and a significance level of 0.05. Our analyses

showed an 80% statistical power to detect an OR of ~1.48.

Logistic regression analysis was applied to investigate the association between MAPT
haplotypes and PD risk and age of onset. For all analyses, PD (cases) and/or controls were
the dependent variable, with the relevant MAPT haplotype or genotype as the independent
variable(s), adjusting where relevant for sex, age at onset or at age at study in PD and age at
recruitment for controls. For descriptive purposes, age a onset of PD and age at study for
controls were categorized by 10-year intervals and disease duration by 5-year intervals. Data
were analysed using Stata/M P version 16.0 statistical software (Stata Corporation, College

Station, TX: StataCorp LLC).
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Results
Baseline characteristics of study population

In this study, we included 907 Nigerians with PD and 1,022 neurologically healthy controls
matched for age (p=0.10). Median duration of PD was 3.0 years. The baseline characteristics
of the cohort (sex distribution, age at study, age at onset, duration of PD overall and by
gender) are shown in Supplementary Table 1. Genotype frequencies were consistent with

Hardy-Weinberg equilibrium (HWE) (p>0.78).
MAPT allele/haplotype and genotype frequenciesin PD compared to controls

The MAPT rs1052553 allele/haplotype and genotype frequencies are shown in Table 1 and
did not differ significantly between individuals with PD and controls (either overall or by
gender). The most frequent allele was the major allele A (H1) with a haplotype frequency of
98.7% in PD and 99.1% controls (p=0.19). The most frequent genotype was H1/H1 in both
PD (884, 97.5%) and controls (1004, 98.2%) (p=0.24). MAPT H2 (with number of
participants as denominator) was present in 2.1% (41/1929) of the entire cohort, 2.5%
(23/907) in PD and 1.76% (18/1022) in controls (see Table 1 footnote). Within the Nigerian
ethnic groups recruited, H2 carrier frequency varied from 0% to 11.1% (data shown for

ethnic groups with H2 present in this cohort in Supplementary Table 2).
Association between MAPT HI haplotype and PD risk and age of onset

There was no association between H1 haplotype and PD even after adjusting for age at onset
of PD and gender (Table 2). The mean age at onset of PD did not differ significantly between
individuals with the HI/H1 genotype (60.0 + 10.6 years) and those with either H1/H2 or

H2/H2 (60.0 £ 11.5 years) (p=0.98) as shown in Table 3.
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Discussion

The likelihood that variations in MAPT expression contribute to the pathogenesis of PD
nominate it as atarget of interest for studies exploring the role of genetic variability in the
causation of apparently sporadic PD. Previous studies exploring the MAPT-PD connection
including those demonstrating an independent and significant effect have been conducted in
populations of predominantly Caucasian ancestry, with minimal to no data on individuals of
black African ancestry. Our study addresses this gap, and additionally provides important
data from a more general perspective on the population genetics of MAPT by illustrating the
distribution of the 17921 inversion in individuals of African ancestry from a modestly sized

cohort.

MAPT H2 haplotype distribution varies widely between sub Saharan Africaand North Africa,
Europe and Asia, with the highest levels reported from the ‘Near East’ and Europe. **8 This
difference has been attributed to a genetic drift by founder events affecting the H2D
haplotype which possibly occurred in the late Paleolithic or early Neolithic period in the
western Near East.’® Donnelly et al previously described the distribution of the inverted (H2)
haplotype using 21 SNPs including the rs1052553 utilized in our study. The study included
populations within Africa, consisting of 3 of the Nigerian ethnic groups included in this study
(Ibo, Y oruba and Hausa). * The study concluded that the H2 inverted haplotype occurs at low
frequencies in Africa and was completely absent in the Nigerian sample.® Although our
findings largely corroborate the low frequency reported in west Africans, we have in fact
demonstrated that the H2 haplotype does exist in the Nigerian population, and occurred in
2.1% of our participants. The frequencies for other African populations range between 0.75

to 6.3%, whereasit is reported as occurring in 4% of African Americans.®*® Donnelly and
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colleagues had reported that within Africa, the H2 haplotype occurs at the highest frequency
in North Africa (Mozabites), at low levels in Northwest Africa, Central Africa, and Eastern
Africa, and is absent in West Africa (where Nigeriais located) except in the Mandenka.®
Steinberg and colleagues made a similar assertion as, in their study that included Nigerian

Y orubas, the H2 inverted haplotype was absent from virtually all Western African individuals

except for the Pygmy populations (Bakola, Biaka, and Mbuiti).*

Regarding therisk of PD conferred by the MAPT H1 haplotype, some previous reports
indicated an increased risk, and increased transcriptional activity of H1 in comparison to H2
implying a possible role in the development of PD.* 1222 |ncreased proportions of H1
resulting in tau mediated alpha-synuclein fibrillisation have been linked to increased PD
susceptibility and disease progression.? In contrast to these reports we did not observe any
association between H1 and PD risk, afinding similar to some other studies. 2% Winkler and
colleagues have suggested that the role of H1 haplotypes in PD agtiology may be ethnically
dependent, based on variable results obtained from their study of two large European groups
from Germany and Serbia.?® In that study, H1/H1 genotype was significantly associated with
PD in only the Serbian subgroup.”® Similarly, Davis et al did not find an association between
MAPT variants and PD risk in their predominantly Caucasian North American dataset, but
noted an effect on age at onset of PD, suggesting that the influence may be mediated through
interactions with other genetic risk variants, including several genes co-located within the
H1/H2 haplotype on chromosome 17g21.%* % A conceivable explanation of the
inconsistencies is the observation that distinct subhaplotypes of H1 (such as H1p) (which
may be rare or variably distributed in different ethnic populations) may drive the association
of MAPT with PD (and PD clinical characteristics such as PD dementia) and other

neurodegenerative conditions. ?°*?® Furthermore, relatively small numbers of participants
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with the H2 haplotype in our population may underlie the inability to corroborate previous

reports of a protective effect on risk of PD.%

We acknowledge the main limitation of our study in not dissecting the MAPT sub-haplotypes
and thus limiting the conclusiveness of drivers of the lack of association observed in this
study. Whilst our conclusions are credible regarding this lack of association, it is possible that
sub-haplotype analysis would have identified the predominant sub-haplotypesin our
population and demonstrated any differences with the sub-haplotypes driving PD risk in other
populations. Our data represent the first evaluation of the association of MAPT and PD in the
black African population using a modest sample size comparable to reports from other

populations, and re-emphasi zes the importance of studying diverse populations.
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TABLES

Table 1. MAPT rs1052553 allel e/haplotype and genotype distribution in persons with Parkinson’s disease and controls

All participants Parkinson’ s disease Control participants p value
(n=1929; 3858 dlelles) | (n=907; 1814 dlelles) | (n=1022; 2044 dllelles)

MAPT rs1052553 alleles (hapl otype)
A (H1) 3816 (98.9%) 1790 (98.7%) 2026 (99.1%) 0.19
G (H2)* 42 (1.1%) 24 (1.3%) 18 (0.9%)
MAPT rs1052553 genotypes
A/A (HU/H1) 1888 (97.9%) ° 884 (97.5%) 1004 (98.2%) 0.24
AIG (HU/H2) 40 (2.1%) 22 (2.4%) 18 (1.8%) 0.31
G/G (H2/H2) 1 (0.05%) 1(0.1%) 0 (0.0%) 0.47%*
MAPT rs1052553 genotype category
H1/H2 (A/G) and H2/H2 (G/G) 41(2.1%) 23 (2.5%) 18 (1.8%) ref
H1/H1 (A/A) only 1888 (97.9%) 884 (97.5%) 1004 (98.2%) 0.23**

Footnote: Allele frequencies calculated with total number of alleles as denominator (n=3858 overall, 1814 for PD and 1022 for

controls). Using the number of participants with one or two of any specified haplotypes (n = total number of participantsin category),
H2 haplotype frequency = 41/1929 i.e. 2.1% overall, 23/907 (2.5%) in PD and 18/1022 (1.76%) in controls. *One PD participant

homozygous H2 (H2/H2); **p value for Fisher’s Exact test. Odds ratio (95% confidence interval) for comparison: 0.68 (0.39 — 1.28).
MAPT H1/H1 frequency by gender (n vstotal): PD (females 251/258, 97.3%; males 633/649, 97.5%) and Controls (females 348/351,

99.2%; males 656/671, 97.8%); p>0.05.

* 3SUB2I| [euoeWIBIU| 0 AN-DN-AG-DD € Japun 3|qejiene apeuw si |

‘Aimadiad ui uudaid ayy Aejdsip 01 asuadl| e AIXxgpaw pajuelb sey oym ‘lapunyioyine ayl si (mainal 1aad Ag paljiliad 10U sem yaiym)
jundaud siys Joy Japjoy ybuAdod ayl "€202 ‘vz YdselN paisod UoISIaA SIY) 1789/ 82E€2 2 €0°€202/TOTT 0T/Bi0"10p//:sdny :op Jundaid Aixypaw
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Table 2. MAPT rs1052553 genotype and risk of Parkinson’s disease

Genotype PD Controls Oddsratio (95%Cl) *p-value
n =907 (%) N = 1022 (%)
H1/H2 and H2/H2 23 (2.5) 18 (1.8) ref
H1/H1 884 (97.5) 1004 (98.2) 0.68 (0.39 - 1.28) 0.23

* Adjusted for gender, age at onset for PD cases and age at study for controls.
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Table 3. MAPT rs1052553 genotype and age at onset in Parkinson’s disease

Variable PD with HI/HI PD with HI/H2 or H2/H2 p-value
All Female Male All Female Male
n=884 n=251 n=633 n=23 n=7 n=16
Mean age at onset + SD, years 60.0+ 10.6 | 60.7£10.6 | 59.7+10.5 | 60.0+ 115 | 55.7+13.1 | 61.9+10.6 0.98
Median age at onset (IQR), years | 60 (14.0) 61 (14.0) 60 (14.0) 61 (11.0) 58(5.0) | 64.5(12.5)
Age group at onset, n (%)
<45 (n=72) 70(97.2) 18 52 2(2.8) 1 1 0.94
45-54 (n = 181) 178 (98.3) 45 133 3(1.7) 0 3
55-64 (n = 339) 330(97.3) 89 241 9(2.7) 5 4
65-74 (n = 231) 224 (97.0) 80 164 7(3.0) 1 6
> 75 (n = 64) 62 (96.9) 19 43 2(3.1) 0 2

* 3SUB2I| [euoeWIBIU| 0 AN-DN-AG-DD € Japun 3|qejiene apeuw si |
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