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Disentangling the genetic contribution of IP6K3 and IPMK variations in LOAD and longevity:
evidence for a multifaceted signaling network at the crossroad between neurodegeneration and
survival
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The study of centenarians, exceptionally long-lived individuals that in most cases experienced a delayed aging, has arisen growing interest for its potential to reveal
information on the combination of genes and lifestyle factors that can prevent or postpone age-related diseases (Garagnani et al., 2013).

Literature data report several genetic variants predisposing, for instance, to neurodegeneration which may also associate with human longevity diseases (Giuliani
et al, 2018). In the inositol pathway, IP6K3 and IPMK regulate many crucial biological functions by mediating synthesis of inositol poly- and pyrophosphates (Tsui
et al, 2010; Livermore et al, 2016). Furthermore, they regulate cellular functions non-enzymatically via protein-protein interactions. In two previous works, we
demonstrate that the genetic variability of IP6K3 affected Late Onset Alzheimer Disease (LOAD) and IPMK may influence longevity (Crocco et al, 2016; De Rango
et al, 2019). Then, we tested the cross-association of these genes with the two phenotypes, by replicating the study in the same sample groups, and investigating
whether variants of IP6K3 may affect longevity, and variants of IPMK LOAD susceptibility. We found that: i) a SNP of IP6K3, previously associated with increased
risk of LOAD, increased the chance to become long-lived, ii) SNPs of IPMK, previously associated with decreased longevity, were protective factors for LOAD.
Furthermore, SNP-SNP interaction analysis highlighted phenotype-specific interactions between sets of alleles. Moreover, linkage disequilibrium and eQTL data
associated to analyzed variants suggested mitochondria as crossroad of interconnected pathways crucial for susceptibility to neurodegeneration and/or longevity.

Overall, our data support the hypothesis that in complex traits interactions may be more important than single polymorphisms and prompt to a holistic view in future
research questions, candidating pathways respect to single genes. In fact, interactions may contribute to the non-additive heritability of neurodegeneration and
longevity and be part of the missing heritability of these traits.
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