Wang et al.   Alzheimer Epigenetics                      PLoS ONE – Supporting Text 1

Supplementary information
Presented is a list of additional epigenetic phenomena that may be important in LOAD predisposition.

1. SIN3A and HTATP are not only interesting for their association with AD, furthermore both participate themselves in chromatin remodeling. For example, cleavage of APP also results in production of an intracellular fragment, the APP intracellular domain, which serves as transcription factor that recruits HTATP to chromatin, which in turn affects histone acetylation. Similarly, the transcriptional regulator SIN3A as a component of a histone deacetylase complex and by interaction with histone deacetylase HDAC1 directly affects histone acetylation.

2. PSEN1 also regulates the transcription of the cAMP response element-binding protein (CREB)-CREB binding protein (CBP) pathway, a signaling mechanism that is important for neuronal survival. CBP is itself part of the epigenetic machinery of the cell since it possesses a histone acetyltransferase function that is important for long-term memory formation and that influences higher order chromatin structure 
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3. Another study using Southern-blot analysis demonstrated the absence of DNA methylation at a HpaII site in the APP gene of an AD subject, which was methylated in a control individual [2], though the analysis of one AD case compared to one control can merely demonstrate that interindividual differences exist. Yet, various cis-acting regulatory elements located in 5' distal regions are known to play a main role DNA methylation levels at the APP promoter and were shown to exhibit gender differences in mice [3]. However, no sex-specific differences could be identified in our human samples.
4. Using a mouse model, it was demonstrated that levels of DNA methylation in brain increased upon ischemic injury, and this increase was partly dependent on Dnmt1 activity [4]. Furthermore, it was shown that environmental enrichment reinstalled learning behaviour in mice and re-established long-term memory after significant brain atrophy, a process that correlated with chromatin modifications (i.e. increased histone acetylation) 
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. In this context, it is highly interesting to note that head injury is one of the most potent environmental risk factors for subsequent development of AD. It is possible that a head injury doesn't induce AD-like pathology so much as accelerates its onset. Moreover, it seems that AD rates are not elevated among subjects with a history of head trauma, but that the injury accelerates the time to AD onset by several years. These phenomena can be explained with the epigenetic theory of LOAD.

5. The occurrence of gender effects is another sign of epigenetic mechanisms. Despite some contradictory studies on the difference prevalence of AD among men and women, the majority of epidemiological studies suggest that women are at increased risk of AD. It can be hypothesized that differential susceptibility to AD in males and females is mediated by sex hormone-induced differences in the epigenetic regulation of certain genes. In accordance with this theory, it was shown that estrogen attenuates AD symptoms in postmenopausal women [6] and that estrogen plays generally a protective role in the time of onset and occurrence of AD 
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6. Other epigenetic abnormalities in LOAD include chromatin abnormalities in the brain. With more severe forms of AD, patients display a malfunctioning of the circadian clock, which resides in the pacemaker neurons of the hypothalamic suprachiasmatic nucleus (SCN) and seems to be regulated by dynamic chromatin remodeling [10]. The promoter regions of these genes display rhythmic, circadian related changes in histone phosphorylation, methylation and acetylation 
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. Functional disruption of the master clock is observed from the earliest AD stages onward and may thus provide valuable information about the very first AD stages and could serve as an indicator of early epigenetic deregulation. 
7. In AD patients the levels of folate in the spinal fluid are significantly lower compared to healthy individuals [13]. Folate is a critical cofactor in the conversion of methionine to SAM, hence a folate deficiency will promote SAM depletion and widespread hypomethylation. It was speculated that the lower availability of SAM could be related to the altered expression of genes involved in amyloid precursor protein metabolism, ultimately leading to the accumulation of beta-amyloid in the brain [14]. Similar to PSEN1, BACE ((-secretase), which showed moderate age-related effects in our study, is regulated by DNA methylation 
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8. Parent-of-origin effects may also indicate epigenetic components in complex diseases; however, data on the parent-of-origin transmission of AD are very controversial. Several studies reported an excess of maternal transmission of AD supporting the theory of maternal parent-of-origin effects in LOAD [16], whereas a preferential paternal transmission seems to be associated with early-onset AD [17]. 
9. A possible mechanism involved in cell cycle activation could be the aberrant modification of histones, which in turn could lead to chromatin rearrangement in the affected cells. Abnormal histone distributions or modifications were repeatedly observed in AD pathogenesis. For example, it was found that phosphorylated histone H3, a key component involved in chromosome compaction during cell division is increased in hippocampal neurons in AD [18]. Similarly to histone H3, a non-nuclear CNS form of histone H1 was shown to be upregulated in neuronal and astrocytic cells in regions of pathology in AD brains [19]. 

10. DNA methyltransferase 1 (DNMT1) plays an essential role in maintenance of the global methylation status and evidence suggest that DNMT1 contributes to age-dependent changes in methylation levels [20]. In our samples, some CpG sites within the DNMT1 promoter displayed an age-specific epigenetic drift and high interindividual variation. Interestingly, disease specific methylation patterns in the DNMT1 promoter were nearly exclusively observed in male LOAD brains. A progressive loss of DNMT1 efficacy may induce a global loss of DNA methylation.
11. Many environmental factors were associated with AD, such as toxicological exposure, late maternal age at birth, smoking, high calorie intake, hormonal factors and a reduced level of intellectual and physical activities in midlife. It can be hypothesized that environmental insults leave an ‘epigenetic footprint’ in the non-dividing cells of the brain. Much more studies in cross-cultural comparison of cognitive impairment with age are needed to understand how the environment (i.e. diet and behavioural circumstances) affect the development of dementia. Nevertheless, the “western-lifestyle” may be an essential component in the development of late-onset AD. The situation may be similar to other complex diseases such as cancer, where many migration studies have shown that cancer incidence changes on migration, pointing to a predominant environmental contribution to disease causation [21]. 
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