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ABSTRACT

Objectives: To explain why Down syndrome (DS) is considered a risk factor for Alzheimer’s disease
(AD) by describing the genetic markers involved in this relationship.

Methodology: The following descriptors were used in the Virtual Health Library and PubMed
databases in English and Portuguese: “Down syndrome”, “trisomy 217, “Alzheimer’s disease”,
“‘dementia”, “mongolism”, “aging”, “Alzheimer’s dementia”, “risk factors”, and “genetics”. Of the 45

studies found in the PubMed database, 15 were selected for review.

Results: The enhanced life expectancy of individuals with DS has been increasing the risk for AD
incidence in this population. This progression, the genetic risk factors from trisomy 21 (especially
the complete form), and extra copies of genes (e.g., amyloid- precursor protein) increase the risk
for developing AD by triggering events, such as excess production of the amyloid-3 peptide.

Conclusion: Trisomy 21 and its genetic and molecular effects are the main factors for the onset of
AD, showing the need for further studies to elucidate the genetic relationship between AD and DS.

Keywords: Down syndrome, Alzheimer’s disease, risk factors, genes.

RESUMO

Objetivos: Explicar os motivos da sindrome de Down ser considerada um fator de risco para a
doenga de Alzheimer, por meio da descrigao dos marcadores genéticos envolvidos nessa relagéo.

Metodologia: Foram feitas buscas na Biblioteca Virtual em Saude e na PubMed, com uso destes
descritores, em inglés e portugués: “sindrome de Down”, “trissomia do 21”, “doencga de Alzheimer”,
“‘deméncia”, “mongolismo”, “envelhecimento”, “deméncia por Alzheimer”, “fatores de risco” e

“genética”. Dentre os 45 artigos recuperados, 15 foram selecionados, todos referentes a PubMed.

Resultados: O aumento da expectativa de vida das pessoas com sindrome de Down trouxe uma
maior probabilidade para a incidéncia da doenca de Alzheimer nesses individuos. Essa evolugao
se juntou aos fatores de risco genéticos advindos da trissomia, em especial da sua forma total,
e as copias extras de genes, a exemplo do gene da proteina precursora B-amiloide, elevando
ainda mais a probabilidade de desenvolvimento dessa doenca, por desencadear eventos como o
excesso do peptideo B-amiloide.

Conclusao: A trissomia do cromossomo 21 e os seus efeitos genéticos e moleculares sao
agentes basilares no amplo surgimento da deméncia pela doenca de Alzheimer, comprovando-
se a necessidade de mais estudos que elucidem a relacdo genética entre essa patologia e a
sindrome de Down.

Palavras-chave: Sindrome de Down, Doenca de Alzheimer, Fatores de risco, Genes.
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INTRODUCTION

Down syndrome (DS) is the most common con-
dition among intellectual disabilities, affecting
between 5 and 8 million people worldwide'. The
advances in multidisciplinary care related to DS
increased the life expectancy of these individu-
als and the risk for dementia due to Alzheimer’s
disease (AD), which has an 80% prevalence in
individuals with DS aged over 65 years?.

In this context, DS is considered the main gene-
tic risk factor for early-onset AD. Also, AD is the
leading cause of dementia, characterized by
short-term memory loss and subsequent loss of
other cognitive abilities due to reduced neuro-
nal activity?.

According to the 2013 Guidelines for Care of
People with Down Syndrome*, among the ge-
netic causes of an extra chromosome 21, 95%
occur due to simple trisomy, 3% to 4% due to
Robertsonian translocations, and 1% to 2% due
to mosaicism. This etiological variety contribu-
tes to the diverse phenotypic presentations of
DS.

Despite the phenotypic variability, the primary
cause of mortality in individuals with DS is AD
and its complications5 since this neuropatholo-
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gy is caused by an activation of several genes
located on chromosome 21, which are triplica-
ted in DS. For example, the amyloid-f3 precur-
sor protein (APP) is cleaved into amyloid-f3 (AB)
peptide when its gene is excessively produced,
accumulating and forming amyloid plaques res-
ponsible for the pathogenesis of AD®. However,
several other genes also participate in the on-
set of AD7, such as superoxide dismutase type
1 (SOD1) and dual-specificity tyrosine-phos-
phorylation-regulated kinase 1A (DYRK1A).
Also, AD was described in all adults with DS
aged around 40 years, evidencing the rela-
tionship between AD and DS°.

DS is considered the main genetic risk factor
for AD due to their physiological similarities.
Consequently, the advancing age of adults with
DS (especially between 60 and 69 years) incre-
ased the number of AD diagnoses, estimated
as 54.5% of cases in this age group®. Both di-
seases have a noticeable genetic relationship,
highlighting the need for more studies on their
similarities. Therefore, this review aimed to ex-
plain why DS is considered a risk factor for AD
and the importance of data on this topic to pro-
ve their shared molecular aspects.

METHODS

Figure 1. Flowchart of study selection for the integrative review.

Potentially relevant studies
found in databases: n = 45
(30 from PubMed and 15 from VHL)

L Studies selected after title
analysis: n= 35

-

Studies excluded after
title analysis; n=9

|

Studies selected after reading
and exclusion based on eligibility
criteria: n = 26

Studies excluded based on
exclusion criteria: n = 11

Studies included in the
qualitative synthesis: n = 15
(all from PubMed)

VHL: Virtual Health Library.

An Fac Med Olinda, Olinda, 2022; 8 (2) : 43



REVIEW ARTICLES

This integrative literature review was conduc-
ted based on a compilation of primary sources
using the Virtual Health Library and PubMed
databases. The following descriptors and their
variations in Portuguese and English were used
for the searches: “Down syndrome”, “trisomy
217, “Alzheimer’s disease”, “dementia”, “mon-
golism”, “aging”, “Alzheimer’s dementia”, “risk
factors”, and “genetics”.

The following inclusion criteria were used for

RESULTS AND DISCUSSION

screening: (a) studies in English and Portugue-
se; (b) DS and AD as central topics; (c) genes
affected by trisomy 21 and related to AD; and
(d) epidemiological data on dementia in indivi-
duals with DS. Studies not meeting the inclu-
sion criteria (a) and (b), lacking information on
the genetic aspects of DS and its influence on
AD, without pathophysiological markers for AD,
or published more than nine years ago were ex-
cluded. After the search, 45 studies were found;
15 were selected from the PubMed database.

Chart 1. Integrative chart with the selected studies.
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The advances in care of individuals with DS in-
creased their life expectancy, currently ranging
between 55 and 60 years old8. Consequently,
the prevalence of this condition also increased,
affecting 6 million individuals worldwide'®'.
However, this increase in lifespan has beco-
me one of the main risk factors for developing
AD12, classifying this pathology as the leading
cause of mortality in individuals with DS®.

About 88% of individuals with DS will develop
dementia by the age of 65 years'®, and most in-
dividuals will exhibit neuropathology consistent
with AD by the age of 40 years’. The trisomy
21 from non-disjunction of chromosomes du-
ring maternal meiosis (present in 93% to 95%
of individuals with DS)" is also a risk factor
for developing AD. Also, AD markers appear
two or three decades earlier in individuals with
DS compared with those without this trisomy™.
Thus, the early onset causes the preclinical
phase of AD, with biomarkers undergoing pre-
dictable changes for over 20 years®.

Trisomy 21 induces extra copies of various ge-
nes, such as APP, which encodes the protein
of the same name’. In contrast to the obser-
ved in complete trisomy 21, the APP gene may
not have an extra copy when chromosome 21
has partial mutation, resulting in no early-onset
AD'". The APP is found in the plasma mem-
brane and organelles of the neuron, glial cells,
and other peripheral tissues?®. Also, it is cleaved
into soluble amyloid precursor protein alpha
(sAPPa) fragments in the non-amyloidogenic
pathway by a-secretases enzymes after trans-
lation, with a neuroprotective effect. In the amy-
loidogenic pathway, the APP cleavage occurs
through B-secretases (primarily p-secretase
type 1 [BACE1])" and y-secretases complex,
generating sAPP fragments and AR peptides,
respectively’®. The AB peptide can have 40 or
42 amino acids, and the latter is most likely to
aggregate'”. In this sense, 40-year-old individu-
als with DS have a disturbance in these enzy-
mes, with reduced a-secretases and increased
B-secretases, enabling the production of the AR
peptide’s.

The increased AR peptide from the extra APP
gene in individuals with DS is diffusely deposi-
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ted in greater quantities and can be observed in
brain tissues during childhood and adolescen-
ce12, triggering immune defense mechanisms
(e.g., inflammatory processes). Over the ye-
ars, increased aggregation develops neuritic
plaques, which are responsible for the neuro-
degeneration related to AD'® due to the destruc-
tion of neuronal connection, synaptic interrup-
tion, tissue loss, and reduced brain mass'. A
study found that all adults with DS aged 35 to
45 years had neuritic plaques and other chan-
ges consistent with AD, affirming that AB pepti-
de is one of the main pathophysiological marke-
rs of this disease'.

Although the overexpression of the APP gene is
considered the primary precursor to Ap peptide
accumulation', other genes are involved in AD
development in individuals with DS20. Another
finding indicated that the encoding gene of the
ETS proto-oncogene 2 contributes to the de-
velopment of this disease®. This gene is in the
chromosome 21 and activates the promoter of
APP, generating its excessive expression due
to trisomy 21 and influencing the formation of
AB peptides, resulting in diffuse deposits and
amyloid plaques™®.

Neurofibrillary tangles are also found due to
trisomy 2!, tripling their quantity between the
fourth and fifth decades of life in individuals with
DS™. Thus, this is another factor demonstrating
the early onset of AD-related dementia in this
population™. The main genes directly involved
in the formation of these markers are those en-
coding DYRK1A and regulators of calcineurin 1
(RCAN1), found on chromosome 21 and related
to hyperphosphorylation of tau protein, which is
more abundant in the AD?3.

DYRK1A dysregulates splicing factors, leading
to hyperphosphorylation of tau protein by the
glycogen synthase kinase 3 (GSK-3) enzyme.
The hyperphosphorylation increases tau quan-
tity in the forms with three or four microtubule
binding sites (3R-tau and 4R-tau, respectively),
contributing to the early onset of neurodege-
neration due to neurofibrillary tangles’. Also,
DYRK1A negatively regulates the quantity of
the neuron-restrictive silencer factor protein,
which has neuroprotective functions and redu-
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ced activity in individuals with DS21.

RCAN 1 stimulates GSK-3 and inhibits the cal-
cineurin enzyme, which dephosphorylates and
activates the mitochondrial fission protein, ena-
bling its transport and fission into the mitochon-
dria®. Individuals with DS have overexpression
of this gene, reducing the efficiency of this mi-
tochondrial process and increasing oxygen
consumption, which results in greater oxidative
stress??. The overexpression of RCAN 1 throu-
ghout life triggers harmful cellular effects on
synaptic functions, stimulates the formation of
neurofibrillary tangles™, and may inhibit signa-
ling pathways monitored by the nuclear factor of
activated T cells, which regulates RCAN 1 ex-
pression. Due to these changes in the nuclear
factor of activated T cells, the production cas-
cade of AB peptides is stimulated primarily by
modulation of BACE1 expression, resulting in
increased cleavage of the APP™".

SOD1 is also located on chromosome 21 and
involved in oxidative stress. It encodes the su-
peroxide dismutase enzyme, which catalyzes
the dismutation of superoxide into molecular
oxygen and hydrogen peroxide (a reactive oxy-
gen species). Overexpression of SOD1 in tri-
somy 21 reduces the activation of catalase and
glutathione peroxidase enzymes, which are
responsible for converting hydrogen peroxide
into water®. Consequently, increased levels of
hydrogen peroxide induce oxidative stress, in-
flammatory events, activation of pro-apoptotic
factors, and stimulation of cellular senescen-
ce, primarily affecting neurons, which become
more susceptible to degeneration in individuals
with DS™. Moreover, this excessive hydrogen
peroxide creates a favorable environment for
toxicity from AR peptides.

The trisomy 21 affects the synaptojanin 1
(SYNJ1) gene, which encodes the lipid phos-
phatase of the same name, responsible for de-
creasing levels of phosphatidylinositol-4,5-bis-
phosphate involved in membrane transduction
and their transport during endocytosis in synap-
ses’. The mutation causes an increase in the
endosome size?, influencing the pathway of
production and accumulation of AR peptides in
AD in individuals with DS'?. Corroborating this

An Fac Med Olinda, Recife, 2022; 8 (2) : 54

finding, the reduced expression of SYNJ1 was
related to the reduced levels of AB peptide, neu-
ronal dysfunction, and cognitive deficits?.

An additional copy of the cystatin B gene is also
observed in trisomy 2110, which encodes the
cystatin B enzyme and inhibits the endogenous
lysosomal protease that inhibits cathepsins
(proteases), causing an imbalance in lysosomal
proteolysis. In addition, this change influences
the accumulation of AR peptides and all their ef-
fects in the early-onset AD®.

Another process contributing to AD in indivi-
duals with DS is neuroinflammation, which is
mainly related to the ftriplication of the calcium-
-binding protein B (S100B) gene on chromoso-
me 21. The S100B gene encodes the S100B
cytokine from astrocytes and is involved in the
growth and maintenance of neurons. When in
excess due to trisomy 21, it is related to promi-
nent growth of dystrophic neuronal processes,
especially in amyloid plaques17. In addition,
S100B induces mRNA synthesis and transla-
tion of APP in neurons’ and stimulates hyper-
phosphorylation of tau protein, accumulating
the major neuropathological markers of AD10.
The S100B also regulates the expression of the
interleukin-1 encoding gene (located on chro-
mosome 2), which is involved in the neuropa-
thology of DS and influencing the development
of AD'S,

Interleukin-1 is an inflammatory cytokine prima-
rily produced in microglial cells and found in ex-
cess due to trisomy 21, leading to the synthesis
and evolution of amyloid plaques by inducing
the synthesis of the APP in neural cells and
other tissues. Also, it stimulates the p38 mito-
gen-activated protein kinase, an essential enzy-
me in the hyperphosphorylation of the tau pro-
tein and formation of neurofibrillary tangles™.
Interleukin-1 also reduces synaptophysin and
participates in the synthesis and activation of
the acetylcholinesterase enzyme that degrades
the acetylcholine neurotransmitter, essential for
learning and memory abilities, which are early
compromised in AD'™. In addition, the influence
of these clinical characteristics induced by inter-
leukin-1 on AD in individuals with DS has been
demonstrated and found in more than 70% of



those who exceed the age group of 55 to 60
yearss.

The ubiquitin-specific peptidase 16 (USP16)
gene (triplicated in trisomy 21) encodes the
specific histone H2 deubiquitinase enzyme re-
lated to increased cellular senescence in indivi-
duals with DS11. This aging process may also
be associated with telomere shortening, in whi-
ch TTAGGG repeats located at chromosome
ends shorten in each cell cycle until the cell is
unable to replicate?. In this sense, studies have
shown a relationship between telomere length
in T lymphocytes and development of mild cog-
nitive impairment and dementia in adults with
DS,

The presence of at least one allele of apolipo-
protein E4 (APOE4) in individuals with DS is
another genetic factor (not directly influenced by
trisomy 21) that contributes to early-onset AD.
The inheritance of the APOE4 allele influences
the early and rapid increase of endosomes in
the preclinical stages of AD and increases the
burden of AB peptides??5. This mechanism oc-
curs by impairing the clearance of AB peptides
in brain tissues due to the increased suscepti-
bility of APOE4 to proteolysis. However, further
studies should confirm the direct relationship
between trisomy 21 and the presence of one or
more APOE4 alleles'?,

DS is recognized as a genetically determined
form of AD, mainly due to the significant
increase in the risk of developing AD®. These
findings emphasized the importance of further
studies on the relationship between DS and AD
and multidisciplinary care for this population.

CONCLUSION

The DS caused by trisomy 21 (mainly the com-
plete form) influences the early development of
AD. This influence arises from the extra copies
of genes on chromosome 21 (e.g., APP, ETS
proto-oncogene 2, DYRK1A, RCAN1, SOD1,
SYNJ1, cystatin B, S100B, interleukin-1 enco-
ding gene, and USP16). Although not located
on chromosome 21, the APOE4 is also a signi-
ficant marker for AD and associated with higher
mortality in individuals with DS. Thus, the neu-
ropathological complexity in the relationship be-
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tween DS and AD requires further studies, focu-
sing on genes triplicated by trisomy 21 and the
inheritance of the APOE4 allele. This research
field is particularly important due to the increa-
sing life expectancy of individuals with DS, re-
sulting from advances in multidisciplinary care
for this population.
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