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ABSTRACT:  

 

Background: Progressive supranuclear palsy (PSP) is a rare neurodegenerative 

disease causing parkinsonian symptoms. Altered DNA methylation of the 

microtubule-associated protein tau gene correlates with the expression changes in 

Alzheimer’s disease and Parkinson’s disease brains. However, few studies examine 

the sequences beyond the constitutive promoter. 

Objectives: Because activating different microtubule associated protein tau gene 

control regions via methylation might regulate the differential tau expression 

constituting the specific signatures of individual tauopathies, we compared 

methylation of a candidate promoter, intron 0. 

Methods: We assessed DNA methylation in the brains of patients with different 

tauopathies (35 Alzheimer’s disease, 10 corticobasal degeneration, and 18 PSP) and 

19 controls by intron 0 pyrosequencing. We also evaluated methylation in an 

independent cohort of 11 PSP cases and 12 controls. Frontal (affected by tau 

pathology) and occipital (unaffected) cortices were analyzed. 

Results: In the initial samples, one CpG island site in intron 0 (CpG1) showed 

significant hypomethylation in PSP-affected frontal cortices when compared with 

controls (p = 0.022). Such hypomethylation was observed in replicate samples, but 

not in occipital cortices or other tauopathies. PSP and control samples (combining 

the initial and replicate samples) remained significantly different after adjustment for 

potential confounding factors (age, H1/H1 diplotype; p = 0.0005). PSP-affected 

tissues exhibited microtubule-associated protein tau RNA hyperexpression when 

compared with controls (p = 0.004), although no correlation with CpG1 methylation 

was observed. 

Conclusions: This exploratory study suggests that regions other than the 

constitutive promoter may be involved in microtubule-associated protein tau gene 

regulation in tauopathies and that intron 0 hypomethylation may be a specific 

epigenetic signature of PSP. These preliminary findings require confirmation. 
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Abbreviations:  

AD: Alzheimer’s disease 

AP: Alternative promoter 

CBD: Corticobasal degeneration 

MAPT: Microtubule-associated protein tau 

PD: Parkinson disease 

PCR: Polymerase chain reaction 

PMI: Post-mortem interval 

PSP: Progressive supranuclear palsy 

qRT-PCR: Quantitative reverse transcription-polymerase chain reaction  

SD: Standard deviation 

SEM: Standard error of the mean 

SNP: Single nucleotide polymorphism 

TALE: Transcription activator-like effector 

TSS: Transcription start site 
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INTRODUCTION:   

Progressive supranuclear palsy (PSP), or Steele–Richardson–Olszewski syndrome, 

is a rare neurodegenerative disease characterized clinically by vertical supranuclear 

gaze palsy, postural instability, bradykinesia, behavioral modifications, and cognitive 

decline.1-3 This disorder belongs to the tauopathies, a group of neurodegenerative 

diseases defined by abnormal aggregation of hyperphosphorylated tau protein in the 

brain. In PSP, tau accumulates within neurons as neurofibrillary tangles and in glial 

cells as tufted astrocytes.4 This tau pathology also has a specific pattern of 

distribution and progression in the brain that correlates with the clinical course. The 

stereotypical progression of tau accumulation in PSP typically starts in the basal 

ganglia and motor cortex. Lesions then progress to the brain stem, the entire frontal 

cortex, and the cerebellum.5,6 As with many other tauopathies, PSP is more frequent 

in aged people, with a mean onset age of 63 years.3 Environmental and/or lifestyle 

factors that potentially contribute to the risk of PSP remain unknown. A genome-wide 

association study performed on 1114 autopsied cases and 1051 living patients 

diagnosed with PSP identified common genetic variations that were highly associated 

with the disease (p < 5.10-8) in the genes syntaxin 6 (STX6), eukaryotic translation 

initiation factor 2-alpha kinase 3 (EIF2AK3), myelin-associated oligodendrocyte basic 

protein (MOBP), and microtubule-associated protein tau (MAPT).7 The association 

between MAPT and PSP was first described in 1999. Indeed, a common inversion of 

900 kb encompassing a number of genes, including MAPT, defines the following 2 

haplotypes: H1 and H2. The H1 haplotype is more frequent and is significantly 

overrepresented in multiple neurodegenerative diseases, including PSP8 and 

corticobasal degeneration (CBD)9 and likely to a lesser extent in Alzheimer’s disease 

(AD) patients without the apolipoprotein E (APOE) ε4 genotype (odds ratio = 1.12; 

p = 0.0005).10 In PSP, H1 appears to be the major risk factor, with an odds ratio of 

5.46.7 In the background of this H1 clade, the H1c sub-haplotype, defined by the A 

allele of the single-nucleotide polymorphism (SNP) rs242557 (located in intron 0 of 

MAPT), is highly associated with PSP10,11 and with elevated expression of MAPT.12 

Despite the information accumulated to date, the pathophysiological mechanisms 

underlying these risk factors remain unclear. 

Epigenetic changes in neurodegenerative diseases have recently begun to attract 

attention. Changes in DNA methylation are well known to correlate with aging.13 

Moreover, Li and collaborators14 recently proposed that the increased risk of PSP as 

a result of the H1 haplotype could largely be explained via differential methylation at 

the MAPT locus. MAPT has previously been explored in AD15 and Parkinson’s 

disease (PD),16 whereby altered DNA methylation of MAPT was associated with 

abnormal gene expression in patients’ brains. These 2 studies assessed the DNA 

methylation of the main CpG island (CpGI) of MAPT, which encompasses the large, 

noncoding exon 0. However, few studies have examined genomic regions other than 

the MAPT constitutive promoter,17 and it is now expected that DNA methylation at 

intragenic CpGIs may regulate the use of alternative intragenic promoters.18 DNA 
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methylation at these sites may increase chromatin accessibility to binding factors and 

transcription initiation factors, which may therefore affect transcription (for review, see 

Kulis et al.19. Our hypothesis is that DNA methylation-based activation of different 

control regions of MAPT may be a key factor in the differential tau expression that 

constitutes the specific signature of each tauopathy. To investigate a new MAPT 

regulatory sequence specific to PSP brains, we assessed DNA methylation of a 

candidate region in autopsied brains of PSP patients when compared with other 

tauopathies and controls. We searched for regions in MAPT that exhibit accumulation 

of epigenetic marks compatible with enhancer or promoter functions. We compared 

DNA methylation in frontal cortices with neurofibrillary degeneration to occipital 

samples without pathological tau from the same patients. 

 

PATIENTS AND METHODS:  

Human brain tissue samples  

Brain tissue samples were obtained from the brain banks of clinical centers in Lille, 

Paris, and Geneva, according to the procedures of the local ethics committees. 

Dissection and diagnosis were conducted by trained neuropathologists and 

confirmed by Western blotting using phospho-specific tau antibodies to reveal 

pathological tau proteins. Initially, this study included 19 control individuals and 63 

patients (35 AD, 10 corticobasal degeneration [CBD], and 18 PSP). To replicate the 

main DNA methylation results, an independent cohort of 12 controls and 11 PSP 

brains from a Paris clinical center was added. Controls were defined as individuals 

with no signs of cognitive decline, previous stroke, or chronic brain pathology, with 

Braak stages of 0 to 2. Patients with multiple neurodegenerative diseases were 

excluded. Subjects with a postmortem interval greater than 48 hours, age at death 

younger than 40 years, or a history of brain tumors, intracranial bleeding, or 

inflammatory brain disease were also excluded from the sample. Frontal and occipital 

cortices were dissected for analysis. The main clinical, neuropathological, and 

genetic features of the included subjects are described in Table 1. 

DNA and RNA extraction  

We excised 200mg of gray matter from the frontal lobe (Brodmann area 10; n = 105) 

and from the occipital lobe (Brodmann area 18; n = 96). One sample of 50 mg was 

used for DNA extraction, and another 50 mg was used for RNA extraction. Genomic 

DNA was obtained by phenol-chloroform extraction. Total RNA was isolated from 

human brain samples by using the RNeasy Lipid Tissue Mini Kit (Qiagen, 

Courtaboeuf, France) according to the manufacturer’s instructions. RNA quality was 

determined based on 28S/18S rRNA readings and on the RNA integrity number 

obtained from an Agilent Bioanalyzer 2100 using the RNA 6000 Nano Kit (Agilent, 

Courtaboeuf, France). Only samples with a concentration of >100 ng/ml and RNA 
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integrity number ≥5 (n = 94) were retained for subsequent quantitative reverse 

transcription-polymerase chain reaction (qRT-PCR; Supplemental Fig. S1). 

Pyrosequencing 

All DNA samples and methylated genomic DNA controls from the Human Premixed 

Calibration Standard (EpigenDX, Hopkinton, Massachusetts) were subjected to 

sodium bisulfite treatment using the EZ DNA Methylation Kit (Zymo Research, Irvine, 

California) according to the manufacturer’s specifications. Briefly, 500 ng of bisulfite-

treated DNA was amplified by PCR. Quantitative methylation analyses were 

performed by pyrosequencing using the PyroMark MD system (Biotage, Uppsala, 

Sweden; Qiagen), and the results were analyzed with the Pyromark Q24 software 

(Qiagen). All CpG sites were tested in duplicate using 2 different bisulfite 

conversions. 

Genotyping 

The observed variations in methylation levels were examined and separated based 

on the H1 haplotype and the sub-haplotype H1c. The H1/H2 haplotype was 

characterized by the presence of the 238 bp insertion/deletion in MAPT intron 9.8 

Genotyping of SNP rs242557, which defines the H1c sub-haplotype, was performed 

using standard PCR and sequencing on an ABI3730 DNA analyzer (Applied 

Biosystems, Saint Aubin, France). PCR, sequencing, and pyrosequencing primers 

are listed in Supplemental Table S1. 

Quantitative RT-PCR 

For each of the 90 RNA samples, 1 µg of total RNA was used to generate cDNA 

using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems™, 

Saint Aubin, France) with Multiscribe Reverse Transcriptase and random primers. 

MAPT expression levels were determined by qRT-PCR, using TaqMan® Gene 

Expression Assays, TaqMan® Universal PCR Master Mix II, with Uracil-N 

glycosylase (Life Technologies, San Francisco, CA, USA). TaqMan® assays were 

used to quantify mRNA levels of MAPT (Hs00902194_m1) using UBC 

(Hs00824723_m1) as the control housekeeping gene. All qRT-PCR were performed 

on an ABI PRISM® 7900 HT instrument (Applied Biosystems™) in triplicate for each 

sample, according to the manufacturer’s protocol. The comparative CT method (2-

ΔΔCT) was used to calculate the relative expression levels. 

Statistical analysis 

Major characteristics are described for each study group without statistical 

comparisons. Qualitative variables are expressed as the number (percentage) for 

each group. Continuous variables are expressed as the mean (± standard deviation 

[SD]) in cases of normal distribution and as the median (± interquartile range) 

otherwise. The normality of distributions was assessed using histograms and the 

Shapiro–Wilk test. After pooling all groups, we assessed the pairwise correlations of 
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methylation levels (in frontal and occipital areas separately) at the 5 CpGs by 

calculating the Pearson correlation coefficients. Comparisons of the frontal and 

occipital methylation levels of the 5 CpGs between controls and each disease group 

were performed using analysis of variance with Dunnett’s post hoc test. Using 

analysis of covariance, comparisons of methylation levels between PSP and controls 

were further adjusted for 2 potential confounding factors (age at death and H1/H1 

diplotype) based on prior evidence of an association with PSP. For CpG1, for which 

frontal methylation levels differed significantly between controls and PSP, a 

replication analysis was performed using an independent cohort of 11 individuals with 

PSP and 12 controls; methylation levels were compared using Student’s t test. 

Finally, given that hypomethylation is associated with upregulated gene expression, 

we compared mRNA expression between the controls and diseases using the Mann–

Whitney U test. Statistical testing was performed at the 2-tailed  level of 0.05. Data 

were analyzed using the software package SAS, release 9.3 (SAS Institute, Cary, 

North Carolina). 

 

RESULTS:  

The main characteristics of the 2 cohorts are described in Table 1, divided by study 

groups. Several clear differences between groups were observed, with a greater 

mean age for AD patients, different sex ratios for controls and tauopathy patients, 

and, as expected, an increased H1/H1 diplotype frequency in PSP patients. 

MAPT candidate region and CpGs selection 

Epigenetic marks in the MAPT gene that could define candidate regions for 

regulating MAPT expression were selected using the GRCh37/hg19 build of the 

University of California, Santa Cruz (UCSC) Genome Browser 

(http://genome.ucsc.edu/). A region encompassing the second CpGI in intron 0 and 

its shores (located between g.44026528 and g.44026738 on chromosome 17) was 

chosen because it contains several traits representative of a regulatory region, such 

as a CpGI, clusters of DNase I, transcription factor, and CCCTC-binding factor 

(CTCF) binding sites and H3K27Ac (Fig. 1). All of these modifications are compatible 

with an enhancer or a weak promoter. Moreover, this area is located 7 kb 

downstream of rs242557, the SNP defining the H1c sub-haplotype. The methylation 

levels of 5 CpGs were assessed in this region. The first CpG, arbitrarily named 

CpG1, is located in the CpG shore upstream of the candidate sequence, whereas the 

other 4 are located in the CpG island. 

Hypomethylation in PSP brains  

Methylation was assessed for all 5 CpGs in the 2 brain areas for the entire cohort. 

When all groups were pooled, the methylation levels of the 5 CpGs correlated 

positively with each other in the frontal area and in the occipital area. The strongest 
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correlations were identified between CpGs 28 and 30 (all r>0.75, see Supplemental 

Fig. S2). No significant difference between controls and each tauopathy group was 

observed for the frontal methylation levels of CpGs 27 and 30 (all p>0.23, see 

Supplemental Fig. S3). Similarly, no significant difference was observed in occipital 

samples for the 5 CpGs. Interestingly, we identified a significant difference in the 

frontal methylation levels of CpG1 between the controls and PSP group. The mean 

(± SD) CpG1 methylation level in the frontal area was reduced in the PSP group 

(35.6 ± 2.8 vs 39.7 ± 4.1 in controls, p = 0.022), whereas no such difference was 

observed for CpG1 methylation in the occipital area (31.5 ± 2.9 in PSP vs 30.5 ± 3.1 

in controls, p = 0.85; Fig. 2). Moreover, no significant differences were observed for 

CpG1 in the frontal or occipital areas between the controls and the AD or CBD 

groups. Thus, methylation analysis revealed DNA hypomethylation in a part of the 

targeted region of MAPT intron 0 only in brain tissue with neurofibrillary degeneration. 

The difference in frontal methylation levels of CpG1 between PSP patients and 

controls remained significant in multivariate analyses adjusted for age at death and 

H1/H1 diplotype (adjusted means [± standard error of the mean]: 36.2 ± 0.9 vs 

39.4 ± 0.8 in controls, p = 0.012), whereas the differences in all other comparisons 

(methylation levels in other CpGs) remained nonsignificant. 

Replication analysis of hypomethylation in PSP brains 

The replicate samples included 11 PSP brains (mean age at death, 74 ± 8; men, 

45%; H1/H1 diplotype, 63.6%) and 12 controls (mean age at death, 79 ± 14; men, 

50%; H1/H1 diplotype, 66.7%). As in the previous analysis, the CpG1 methylation 

level in the frontal area was significantly lower in PSP brains (mean ± SD, 33.1 ± 6.3) 

than in control brains (mean ± SD, 38.5 ± 4.6; p = 0.029). No difference was found in 

the level of CpG1 methylation in the occipital area (Fig. 3). When replicate samples 

were combined with initial samples, the difference in frontal methylation levels of 

CpG1 between PSP patients and controls was significant after adjusting for age at 

death and H1/H1 diplotype, with an adjusted mean difference (PSP vs controls) of     

-4.2 (95% confidence interval, -6.4 to -1.9; p = 0.0005). 

Hyperexpression of MAPT mRNA in PSP brains 

Hypomethylation is associated with an upregulation of gene expression. To verify this 

observation in our cohort, we measured mRNA expression in all samples by qRT-

PCR. As shown in Figure 4, MAPT expression was significantly increased in PSP 

patients when compared with controls in the frontal area (p = 0.004), but not in the 

occipital area (p = 0.65). Specifically, MAPT expression in PSP-affected brain tissues 

was increased 1.6-fold when compared with controls. Although AD patients showed 

higher MAPT expression than controls, this difference did not reach significance for 

either area (p = 0.077 in the frontal and p = 0.071 in the occipital area). However, we 

found that DNA methylation of CpG1 did not correlate with MAPT expression in any 

of the groups (Supplemental Fig. S4). 
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DISCUSSION:  

The aim of our exploratory study was to assess whether DNA methylation of different 

and poorly characterized regions of MAPT could affect the differential expression of 

MAPT in tauopathies. Our results indicate that methylation of a specific CpG called 

CpG1 in a novel control region within intron 0 of the MAPT gene is associated with 

PSP. Finally, hypomethylation of intron 0 was associated with increased MAPT 

mRNA expression in PSP-affected brain tissues. 

Altered DNA methylation of the MAPT gene has previously been investigated in 

AD,12,20 PD,16 and other neurodegenerative diseases.15-17,20 Studies on AD, the most 

prevalent cause of dementia worldwide, assessed MAPT methylation in several brain 

regions that are important in neuropathological processes, such as the 

hippocampus,17,21 frontal cortex,17 and temporal cortex.15 However, considering the 

disease frequency, the various brain cohorts reported are relatively small. Sanchez-

Mut and colleagues21 compared 25 AD brains with 25 controls, and Iwata and 

colleagues compared as many as 59 AD brains with 76 controls.15 Regarding the 

genomic region investigated, most previous studies examining the CpGI 

encompassed exon 0 and its promoter. Precisely, these studies focused on the core 

promoter, which extends from approximately 640 bp upstream of the transcription 

start site (TSS) in exon 017 to 211 bp downstream of the TSS20 (Fig. 1). The number 

of CpGs investigated to date is rather limited (from 1 to 41),16,17,21-23 encompassing 

regions of up to a few hundred base pairs, with significant results observed for 1 to 5 

differentially methylated CpGs. For example, Coupland and colleagues16 targeted 

only 1 SNP (rs76594404) located in the core promoter (291 bp upstream of exon 0) 

to assess methylation in 28 PD brains versus 12 controls. Although Iwata and 

colleagues screened the main CpGI of MAPT in 59 AD patients and 76 controls, DNA 

hypomethylation was observed only in 5 consecutive CpGs located between 20 and 

30 bp after the start of exon 0. Interestingly, Barrachina and colleagues17 explored 31 

CpGs 54,336 to 54,905 bp downstream of exon 0, in the same region as we 

investigated, but focused on the CpGI. Their study focused on 2 brain regions (the 

frontal cortex and hippocampus) from 98 patients who presented with various 

neurodegenerative diseases, including AD (n = 44) and Pick’s disease (n = 3), 

compared with 26 controls. The authors found no significant results because of the 

low precision of the Matrix-assisted laser desorption/ionization-time-of-flight mass 

spectrometry (MALDI-TOF) technology used. Regarding PSP, the cohorts of 

postmortem brains described in the literature are relatively small because of the low 

prevalence of the disease, which is approximately 5 to 6 cases per 100,000 

persons.3,24,25 Indeed, larger cohorts are actually clinicopathological descriptions of 

as many as 100 cases in multicentric studies.24-27 Only 1 recent study assessed 

genome-wide DNA methylation in 43 PSP brains (temporal cortex) from 175 PSP 

cases and compared them with 185 controls.28 In that study, the authors correlated 
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gene expression with methylation data for MOBP and confirmed the association of 

the H1 haplotype with CpG methylation at the MAPT locus. 

As in previous studies, a major limitation of our exploratory study is the lack of 

adequate statistical power because of the small sample sizes. In addition, regarding 

the issue of multiple comparisons (although p values for comparisons of each 

disease group with controls were adjusted using Dunnett’s correction), we cannot 

exclude the possibility that our primary findings are false positives. However, the 

difference in CpG1 hypomethylation between PSP and controls was observed using 

an independent sample of 11 PSP brains and 12 controls as a replication cohort. 

Further and larger studies are warranted to confirm these preliminary results, which 

should be considered only as hypothesis-generating research. 

We observed a mean difference of 4.1% in CpG1 hypomethylation in PSP-affected 

brains when compared with controls. Although low, this variation is consistent with 

results obtained in other studies on neurodegenerative diseases using postmortem 

brain tissues. Indeed, differences of less than 6% in methylation levels are commonly 

observed15,21,23,29 and can be explained by a mixture of cells with and without 

methylation in brains.15 Only a small percentage of the neurons and/or glial cells are 

affected in brain tissues presenting the hallmark of a neurodegenerative disease. 

Iwata and colleagues15 used transcription activator-like effector constructs to confirm 

that even a small increase (less than 10%) in the methylation level can be associated 

with altered expression. 

MAPT methylation levels were examined in 2 brain regions that are differently 

affected by PSP pathology: the frontal cortex, which contains pathological 

neurofibrillary tangles, and the occipital cortex, which is normally spared in PSP. Our 

results revealed hypomethylation in the PSP frontal cortex that was not observed in 

occipital tissues. This observed hypomethylation is therefore specific to the 

pathological tissue. However, differences between tissues are well known, especially 

within the human brain. Trabzuni and colleagues30 reported an extensive study 

based on 2011 brain samples from 439 individuals and showed significant regional 

variations in MAPT mRNA expression and splicing. In a large study, Gibbs and 

colleagues31 tested 27,578 DNA methylation sites and expression levels of 22,184 

genes in 4 brain regions (the frontal cortex, temporal cortex, cerebellum, and pons) 

from 150 individuals. The authors correlated genetic variations, DNA methylation, 

and gene expression across the human genome (including variations in MAPT). 

However, many of these correlations differed across the 4 indicated brain regions. 

Regarding MAPT methylation, regional variations are present in AD as well in PD. 

Indeed, Iwata and colleagues15 observed in the same AD patients differences in 

MAPT methylation between the temporal cortex, an area typically affected by 

neurofibrillary tangles, and the parietal cortex and the cerebellum, which are typically 

less affected.12 Similarly, Coupland and colleagues16 reported variations in MAPT 

methylation in the putamen and cerebellum, but not the anterior cingulate cortex, in 
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PD subjects. These variations were correlated with the extent of PD pathology in 

these brain regions. 

To investigate the effect of DNA methylation of intron 0, we assessed DNA 

methylation and MAPT mRNA expression in both of the brain regions we examined. 

We present the first report of overexpression of MAPT mRNA in PSP samples in 

frontal tissues, a phenomenon not observed in other tauopathies. However, we did 

not observe any correlation between DNA methylation of intron 0 and MAPT 

expression. We hypothesize that MAPT expression is regulated by other gene 

regions and likely depends on the use of a different alternative promoter. The use of 

these different promoters can be regulated by epigenetic modifications that generate 

different transcripts and/or interfere with splicing.32 Thus, different tauopathies may 

involve different epigenetic modifications of MAPT, constituting specific epigenetic 

signatures. 

Indeed, the promoter linked to the large CpGI in exon 0 might not be the unique 

promoter region of MAPT.33,34 Analysis of MAPT transcripts from the literature and 

databases revealed several alternative TSSs within exon 0 or exon 1 of MAPT that 

might correspond to alternative promoters. More than half of all human genes are 

regulated by alternative promoters (APs), with an average of 3.1 putative APs per 

gene.35 AP usage, which has previously been suggested in AD,36,37 appears to be a 

major mechanism for determining the regional differences in gene expression during 

old age.38 This regulation of APs is controlled by intragenic DNA methylation.39,40 For 

example, DNA demethylation of intragenic CpGIs may result in use of the alternative 

downstream promoter via releasing methyl binding domains, facilitating transcription 

factor binding and/or DNA looping to a distal enhancer.19 Moreover, AP regulation 

may also explain the variability in brain regions affected in tauopathies. Indeed, AP 

usage is highly tissue specific.35,38,40 Notably, the brain is the tissue containing the 

second largest number of tissue-specific putative APs.35 Thus, AP dysregulation of 

many genes, such as MAPT, may be involved in the physiopathology of a number of 

neurodegenerative diseases. Our study demonstrating an alteration of DNA 

methylation in PSP patients in an intragenic region of MAPT reinforces this 

hypothesis. 

We present convergent data (hypomethylation, mRNA overexpression, disease, and 

region specificity) indicating that epigenetic changes may be involved in PSP. 

Altogether, our results emphasize the importance of this control region in intron 0 in 

PSP physiopathology. Our findings also demonstrate the involvement of multiple 

MAPT regions in tauopathies. Additional investigations of DNA and RNA levels using 

a larger cohort will be necessary to assess the roles of these epigenetic signatures in 

the transcriptional deregulation of MAPT in PSP and other neurodegenerative 

diseases. 
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TABLES:   

        

 First cohort  Replicate cohort 

 Controls AD CBD PSP  Controls PSP 

Subjects 19 35 10 18  12 11 

Age of death (year-old) 68.9±16.3 79.0±11.0 71.8±6.4 76.3±7.8  78.6±14.0 74.1±7.7 

PMI (h) 15.1±9.2 15.7±12.2 19.8±14.1 19.9±11.3  25.9±12.2 15.8±11.1 

Sex Ratio (Men/Women) 3.8 (15/4) 0.8 (16/19) 1.5 (6/4) 1.3 (10/8)  1 (6/6) 1.2 (6/5) 

Haplotype H1 of MAPT: n (%) 30 (78.9) 49 (70.0) 13 (65.0) 32 (88.9)  21 (87.5) 18 (81.8) 

Diplotype H1/H1: n (%) 11 (57.9) 17 (48.6) 6 (60.0) 14 (77.8)  8 (66.7) 7 (63.6) 

Diplotype H1/H2: n (%) 8 (42.1) 15 (42.8) 2 (20.0) 4 (22.2)  3 (25.0) 4 (36.4) 

Diplotype H2/H2: n (%) 0 (0) 3 (8.6) 2 (20.0) 0 (0)  0 (0) 0 (0) 

Allele A of rs242557: n (%) 15 (39.5) 26 (37.1) 4 (22.2) 15 (41.7)  7 (35.0) 11 (55.0) 

 

Table 1: Main characteristics of the postmortem cases analyzed in this study. 

AD, Alzheimer’s disease; CBD, corticobasal dementia; PSP, progessive supranuclear palsy; PMI, postmortem interval.
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FIGURE LEGENDS:   

 

Figure 1: Schematic diagram of microtubule-associated protein tau (MAPT) gene 

and the position of the different CpG islands tested in the candidate region. 

Untranslated regions are indicated by black boxes, constitutive exons are marked in 

blue, alternative exons in the brain are marked in yellow, and exons presenting 

alternative splicing in other tissues are marked in gray. The different transcription 

initiation sites are depicted by black perpendicular arrows. Regulatory marks from 

University of California, Santa Cruz are shown in colored boxes under the gene. The 

different regions of MAPT assessed for DNA methylation in other studies are marked 

using empty boxes. Genomic regions analyzed in the studies of Iwata et al.,15 

Coupland et al.,16 Barrachina et al.,17 and Tohgi et al.20 White lollipops represent 

CpGs in the targeted region in intron 0. The 5 CpGs analyzed were CpGs 1, 27, 28, 

29, and 30. Txn: Transcription factor binding site; CTCF: CCCTC-binding factor 

binding site. Data are from Iwata et al.,15 Coupland et al.,16 Barrachina et al.,17 and 

Tohgi et al.20  
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Figure 2: Comparison of MAPT CpG1 methylation levels in the frontal area (A) and 

in the occipital area (B) between tauopathies and controls. *p<0.05 for comparison 

with controls after adjustment for multiple comparisons (Dunnett's test). AD, 

Alzheimer’s disease; CBD, corticobasal degeneration.  
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Figure 3: Replication analysis. Microtubule-associated protein tau gene CpG1 

methylation levels in the frontal area (A) and in the occipital area (B) between PSP 

and controls. P values correspond to comparisons between controls and PSP 

samples using Student’s t tests. 
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Figure 4: Microtubule-associated protein tau (MAPT) gene expression in postmortem 

brain based on the frontal area (A) and the occipital area (B) from the studied groups. 

The median values and interquartile ranges of the MAPT expression are reported for 

the different study groups. No statistical comparison between controls and the 

corticobasal degeneration (CBD) group was performed because of the small number 

of CBD samples with correct RNA integrity number. **P < 0.01 for comparison with 

controls (Mann–Whitney U test). AD, Alzheimer’s disease. 
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SUPPLEMENTAL MATERIALS:  

Primer name Size (bp) Forward primer Reverse primer Sequencing primer 

     

a. MAPT H1/H2 genotyping:     

Int9-del-238 246-484 5'-GGAAGACGTTCTCACTGATCTG-3' 5'-AGGAGTCTGGCTTCAGTCTCTC-3'  

     

b. MAPT H1c genotyping:     

rs242557 293 5'-GAACATGCACATTTCTGCAAC-3' 5'-AATGCTGGGAAGCAAAAGAA-3'  

     

c. Pyrosequencing:     

Int-1.CpG1 155 5'-AAGGAGAAAGTTTTTTTAGGAAAT-3' 5'-BIO-AAACTTCAAAACCCAAACATCC-3' 5'-AGTTATTGTTTGATTTAATT-3' 

Int-1.CpG34-37 181 5'-GGGATTTTTTTTGGTTGTTTTTTA-3' 5'-BIO-AAAATCAAAAATCCAAAAACTCA-3' 5'-GGATTTAGATTGGAAGT-3' 

 

Supplemental Table S1: List of primers.  
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Supplemental Figure S1: Timeline of analyses on post-mortem brains. For each 

group, controls or patients, the number of samples tested in this study is indicated for 

the frontal samples (A10) and the occipital samples (A18). For the controls and the 

PSP group, the two numbers represent the respective numbers of samples from the 

first and second cohorts.   
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Supplemental Figure S2: Plots of the Pearson correlations of the methylation levels 

of the five CpGs tested. The figure shows the r values for each pair of CpGs and for 

the frontal samples, n=82 (A) and the occipital samples, n=77 (B). Note that 

methylation of all the CpGs had a significant positive correlation, but a stronger 

correlation was observed between CpG 28 and 30, with r>0.75. Numbers in the 

figure indicate r-values (P<0.001).  
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Supplemental Figure S3: Comparison of MAPT methylation levels in the frontal area (A) and in the occipital area (B) between 

tauopathies and controls.  
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Supplemental Figure S4: CpG1 methylation levels and MAPT mRNA expression. 

The figure shows the correlation of CpG1 methylation levels and MAPT qRT-PCR 

results for the frontal samples (n=50). PSP samples are depicted by grey triangles. 

 

 


