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Abstract
Alzheimer’s disease is the most common type of
dementia, and it is characterized by a decline in
memory or other thinking skills. The greatest risk
factor for Alzheimer’s disease is advanced age. A
recent genome-wide study identified a locus on
chromosome 17 associated with the age at onset, and
a specific variant in CCL11 is probably responsible for
the association. The association of a protective
haplotype with a 10-year delay in the onset of
Alzheimer’s disease and the identification of a CCL11
variant with possible functional roles in this
association might allow the future development of
immunomodulators with the potential to halve
disease incidence.
Alzheimer’s disease (AD) is a common and multifactorial
neurodegenerative disease. It is one of the leading causes
of death around the world and is associated with substantial direct and indirect costs for families and societies. The vast majority of AD cases have a late onset
(usually after 65 years of age); the disease is rare among
younger individuals. Incidence of AD is known to increase with age, and age is the most important risk
factor for the development of AD. The ability to delay
the age at onset (AAO) of this disease through preventive or therapeutic approaches would have significant
benefits, but no therapies have been successful in achieving this important goal [1, 2]. A recent study by Lalli et al.
[3] used genome-wide technologies to identify genetic
modifiers of AAO in a unique cohort comprising an
extended Colombian family carrying the PSEN1 p.E280A
mutation, and the outcome might be useful for guiding
the search for therapies.

Age at onset as a highly heritable factor in AD
AAO is highly heritable in AD families. In early-onset
cases, mutations in three genes are known to account
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for around half of familial cases [4]: Amyloid Precursor
Protein (APP), Presenilin-1 (PSEN1) and Presenilin-2
(PSEN2). However, the genes involved in AAO variance
mostly remain to be identified; linkage and candidate
gene studies have established several possible associations
with different loci, but the only consistently replicated
modulator of AD AAO, in both familial and sporadic
cases, is also the strongest genetic risk locus for the development of the disease (APOE) [5]. More recently, Naj et
al. [6] performed a large genome-wide association study
(GWAS) in over 9000 patients to detect effects of known
AD risk loci in modifying AAO. They confirmed the association of APOE Ɛ4 allele with earlier onset and identified
associations with CR1, BIN1 and PICALM. Burden analyses showed that APOE contributed 3.7 % of AAO variation; the other nine loci studied contributed 2.2 % when
considered together [6].
Many of these studies suffered from confounders, such
as genetic and phenotypic heterogeneity, population
stratification or inaccurate phenotyping. In fact, AAO of
a disease is often a very difficult parameter to record
with precision when assessed retrospectively. Lalli et al.
[3] reduced the effects of many of these confounders by
assessing a unique cohort of 72 Colombian patients carrying the same PSEN1 mutation (p.E280A) who are part
of an extended family and who have been subjected to
careful prospective phenotyping. By analyzing the genome sequence of individuals with different AAOs, the
authors [3] identified a locus on chromosome 17q12 that
showed a significant association with AAO in this cohort.
Within this associated locus, they were able to identify a
rare variant (p.A23T) in CCL11 (which encodes the chemokine eotaxin-1) associated with a 10-year delay in AAO
of AD [3].

Age and immune response in AD
What seemed like a farfetched idea a few years ago is
now a well established fact in AD: inflammatory and immune responses have a significant role in its development
and progression. Several of the genetic loci associated with
AD risk contain genes with known roles in inflammation,
the complement system and the immune response in
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general (ABCA7, CLU, CR1, MS4A4E/MS4A6A, CD33,
EPHA1, HLA-DRB5, HLA-DRB1, INPP5D, MEF2C and
TREM2). Pathway analyses of GWAS data have identified
the immune response as important in AD, and an integrated network analysis of genome and transcriptome
data identified the immune and microglia module as significant for AD and TYROBP as the driver gene for this
module [7, 8].
Microglial activation and monocyte/macrophage-mediated inflammatory responses are currently particularly
interesting areas of research on AD. To evaluate the relationship between known AD risk loci, Chan et al. [9]
recently conducted a protein quantitative trait analysis
in monocytes and showed that the NME8 risk allele influences protein tyrosine kinase 2 β (PTK2B), the CD33
risk allele influences triggering receptor expressed on
myeloid cells 2 (TREM2) and the TREM1 risk allele is
associated with a decreased TREM1/TREM2 ratio. Interestingly, the authors [9] also uncovered potential differences associated with age in the expression of genes in the
TREM locus. TREM1 expression was found to increase
with advancing age in younger but not in older individuals, and TREM1 variants were found to affect TREM2
expression in younger but not older people [9].

AAO as a therapeutic target
The ability to delay the AAO of AD through preventive
or therapeutic approaches would have significant benefits. A 2012 study found a protective variant in APP,
which suggests that manipulating the amyloid pathway
could be a successful approach to reducing AD [10].
One can predict that other elements participating directly or indirectly in the proteolytic processing of
APP will also be good therapeutic targets to modulate
the disease.
Similarly, the variant found in CCL11 in the most
recent study by Lalli et al. [3] also has a high potential
as a therapeutic target. It encodes eotaxin, and the concentration of eotaxin has been shown previously to rise
with age both in people and in mice. Eotaxin has also
been identified as potentially one of the most deleterious
factors for cognitive function and neurogenesis in aging
by parabiosis studies in which the blood of two mice,
one young and one old, was shared through the surgical
fusion of vascular systems [11]. The variant identified by
Lalli et al. [3] (p.A23T) is located in the protein signal
peptide cleavage site, suggesting a functional role for the
variant, possibly through the binding with its receptor
(CCR3). The enhanced secretion of eotaxin by cells
transfected with this variant [3] validate the functional
significance of the variant, but, given the protective role
of lower levels of eotaxin, the finding of increased cell
secretion is in the opposite direction to what was expected. These findings clearly demonstrate the need to better
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understand the biology of genomes and emphasize the
need to further characterize the molecular biology of these
genomic regions.

Concluding remarks
It is important to understand how the recent findings
from isolated and endogamous cohorts will translate to
other populations, and what the implications are for the
understanding of late-onset AD. Although single rare
variants will not have high population-attributable risks,
they will be extremely important for individual risk prediction and for the understanding of biology and pathobiology. Likewise it will be important to understand how
findings made in early-onset familial cases will translate
to the most common and sporadic late-onset AD. Two
observations support significant commonalities between
these two forms of disease, suggesting that factors important for early-onset and familial cases will also be important for late-onset and sporadic AD: first, the APOE
Ɛ4 allele not only modulates the AAO of AD in a sporadic setting, but also in carriers of presenilin mutations,
and second, the identification of the protective effect of
APP p.A673T in the Icelandic population showed that
amyloid β has crucial roles in both early- and late-onset
AD [10].
The mechanisms through which eotaxin and other
peripheral immune molecules contribute to the disease
process are still to be determined, but the identification
of an association between CCL11 and AAO in the studied
Colombian kindred [3], if validated, can potentially be
translated into immunomodulating therapies able to delay
the onset of AD in the future.
Abbreviations
AAO: Age at onset; AD: Alzheimer’s disease; GWAS: Genome-wide association
study.
Competing interests
The authors declare that they have no competing interests.

References
1. Alzheimer’s Association. 2015 Alzheimer’s disease facts and figures.
Alzheimers Dement. 2015;11:332–84.
2. Brookmeyer R, Gray S, Kawas C. Projections of Alzheimer’s disease in the
United States and the public health impact of delaying disease onset.
Am J Public Health. 1998;88:1337–42.
3. Lalli MA, Bettcher BM, Arcila ML, Garcia G, Guzman C, Madrigal L, et al.
Whole-genome sequencing suggests a chemokine gene cluster that
modifies age at onset in familial Alzheimer’s disease. Mol Psychiatry.
2015. doi:10.1038/mp.2015.131.
4. Finckh U, Kuschel C, Anagnostouli M, Patsouris E, Pantes GV, Gatzonis S, et al.
Novel mutations and repeated findings of mutations in familial Alzheimer
disease. Neurogenetics. 2005;6:85–9. doi:10.1007/s10048-005-0211-x.
5. Corder EH, Saunders AM, Strittmatter WJ, Schmechel DE, Gaskell PC,
Small GW, et al. Gene dose of apolipoprotein E type 4 allele and the risk of
Alzheimer’s disease in late onset families. Science. 1993;261:921–3.
6. Naj AC, Jun G, Reitz C, Kunkle BW, Perry W, Park YS, et al. Effects of
multiple genetic loci on age at onset in late-onset Alzheimer disease: a

Guerreiro and Bras Genome Medicine (2015) 7:106

genome-wide association study. JAMA Neurol. 2014;71:1394–404.
doi:10.1001/jamaneurol.2014.1491.
7. International Genomics of Alzheimer’s Disease Consortium (IGAP).
Convergent genetic and expression data implicate immunity in Alzheimer’s
disease. Alzheimers Dement. 2015;11:658–71. doi:10.1016/j.jalz.2014.05.1757.
8. Zhang B, Gaiteri C, Bodea LG, Wang Z, McElwee J, Podtelezhnikov AA,
et al. Integrated systems approach identifies genetic nodes and
networks in late-onset Alzheimer’s disease. Cell. 2013;153:707–20.
doi:10.1016/j.cell.2013.03.030.
9. Chan G, White CC, Winn PA, Cimpean M, Replogle JM, Glick LR, et al.
CD33 modulates TREM2: convergence of Alzheimer loci. Nat Neurosci. 2015.
doi:10.1038/nn.4126.
10. Jonsson T, Atwal JK, Steinberg S, Snaedal J, Jonsson PV, Bjornsson S, et al.
A mutation in APP protects against Alzheimer’s disease and age-related
cognitive decline. Nature. 2012;488:96–9. doi:10.1038/nature11283.
11. Villeda SA, Luo J, Mosher KI, Zou B, Britschgi M, Bieri G, et al. The ageing
systemic milieu negatively regulates neurogenesis and cognitive function.
Nature. 2011;477:90–4. doi:10.1038/nature10357.

Page 3 of 3

