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Abstract:

Objective

When a genetic cause is suspected in a persordeiitientia, it creates unique diagnostic and
management challenges to the treating cliniciamyMainicians may be unaware of the
practicalities surrounding genetic testing for thpgtients, such as when to test and what tests
to use and how to counsel patients and their famillhis review was conducted to provide
guidance to clinicians caring for patients with @ertia regarding clinically relevant genetics.
Methods

We searched PubMed for studies that involved gemefidementia up to March 2020.
Patient file reviews were also conducted to creataposite cases.

Results

In addition to families where a strong Mendeliattgra of family history is seen, people

with younger age of onset, especially before the@H5 years were found to be at an
increased risk of harbouring a genetic cause fr ttementia. This review discusses some
of the most common genetic syndromes, includindhdimer disease, frontotemporal
dementia, vascular dementia, Parkinson diseaserdettementia with Lewy bodies and

some rarer types of genetic dementias, along Witstiative clinical case studies. This is
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followed by a brief review of the current genetichnologies and a discussion on the unique
genetic counselling issues in dementia.

Conclusions

Inclusion of genetic testing in the diagnostic pai in some patients with dementia could
potentially reduce the time taken to diagnose these of their dementia. Although a definite
advantage as an addition to the diagnostic repgsienetic testing has many pros and cons

which need to be carefully considered first.
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Key Points/Highlights:
» This review gives a broad overview of the typegeafietic dementias, clinically
pertinent genetic tests and when to use them, seithe case examples
» The pros and cons of the different types of comra#tycavailable genetic tests
are outlined
» This article also discusses aspects of the congdeartic counselling issues in

this progressive condition without current cure
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» A brief discussion of relevant clinical trials ils@ covered

Introduction

Dementia causes a progressive decline in one ag pagnitive domains which include
complex attention, executive function, learning amemory, language, perceptual-motor
function and social cognition [1]. Cognitive dedim dementia leads to a reduction in the
ability to perform their activities of daily livingvith ongoing regression over time. People
with dementia suffer a 30% mortality rate and a #8%sing home admission rate compared

to <10% mortality rate and <5% nursing home adroissate in age matched controls [2].

Although a mix of genetic and environmental ris&téas are known to contribute to
dementia in general, some of the strongest geoatises for dementia are identified in those
who have a strong Mendelian pattern of family higts well as those with a younger age of

onset, especially when accompanied by a suggdstinidy history [3, 4].

This article details the types of dementias whiseechance of identifying a genetic cause is
high. In this review, early onset dementia (EOD)ssd to mean onset of dementia under the
age of 65 years, “familial dementia” is used toresent cases where one or more first or
second degree relatives are also affected and tigatementia” is used where a genetic

cause is identified as the underlying reason fonatgia in an individual.

Genetic Dementias:

Although genetic causes can be responsible for mg®s of dementias at various ages of
onset, recent studies report that a younger agesat (typically under 65 years) as well as

family history are highly predictive of a chancefiotding clinically meaningful genetic
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mutation(s). Koriath et al, in their recent studgmonstrated ~ 15 to 20% chance of finding a
pathogenic mutation in patients with dementia obsétveen 20 and 64 years, with this rate
steadily decreasing with increasing age [5]. Arggréamily history (corresponding to >3
affected family members over two generations cotateby a first degree relative) equated

to a 45% chance of finding a pathogenic mutatioth@ir study [6, 7].

Even in the absence of a reported family histonery young age of onset (i.e. younger than
51 years) has been shown to result in ~12.3% chainfaeding a pathogenic mutation,
especially in thé®’SEN1 gene [8-18]. Whilst not all EOD has a genetic asid not all

people with dementia onset over the age of 65 yaarSnon-genetic”, the chances of finding
a clinically meaningful genetic diagnosis remaimghkr in EOD (especially when combined
with a family history), as well as those with osty Mendelian type of family history

regardless of age of onset.

EOD is defined variably as dementia occurring uriderage of 60 or 65 years, although the
arbitrary cut-off of 65 years is more widely us&8] Worldwide estimates from the years
2000 to 2013 suggest that ~40-100 per 100,000 pesaybfer from EOD [20-23]. The
differential diagnoses to consider in EOD are braad need to include the genetic types of
dementias. The underlying causes of dementia sethoth EOD differ slightly in different
studies, but progressive neurodegenerative disordeterlie most EODs, with Alzheimer
disease (AD), fronto-temporal dementia (FTD) anscuar dementia (VaD) featuring as the
most common causes [22, 24-26]. In a UK based stfid$5 EOD patients aged between 30
and 64 years, the most common diagnosis was AD )3d86wed by vascular dementia
(VaD) (18%), FTD 12%, alcohol related dementia (1@¥d dementia with Lewy bodies

(DLB) (7%) [20]. A Japanese study reported VaD éalre most common cause in those with
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EOD (42.5%) followed by AD (25.6%), head traumdl %), DLB/Parkinson disease
dementia (PDD) (6.2%), FTD (2.6%), and other ca$6<9%) [23]. An Australian study of
86 participants with EOD showed a predominance Df(A7%), followed by FTD (14%) and

smaller numbers of other types of dementias [27].

Standard diagnostic steps in a patient with deraentiude detailed history, collateral

history from family members, physical examination $igns of neurodegenerative disorders,
detailed cognitive and neuropsychological assessmadavant blood and urine tests to
investigate for any underlying systemic illnesssiag cognitive decline and structural brain
imaging such as magnetic resonance imaging (MRi3eB on the results of these initial
investigations, further directed investigationsksas cerebrospinal fluid (CSF) analysis,
electroencephalogram (EEG), more specific nuclearsimaging such as positron emission
tomography (PET) scan or single-photon emissionprdad tomography (SPECT) scan or in
some cases computerised tomography (CT) or MRIdbesebral angiograms are

undertaken.

In cases where an underlying genetic cause is siggpeither due to investigations
suggesting a genetic neurodegenerative disorddmento the presence of a suggestive family
history, genetic testing forms an important adjundhe above investigations. Finding a
genetic cause in such cases can provide diagreestainty, inform risk for other family
members and may also open up opportunities foaicettierapeutic trials in selected cases.
Next generation sequencing (NGS) methods (also krmoassively parallel sequencing) such
as whole exome analysis now enables testing ofstlalbof the known major genetic causes
of dementia simultaneously [28]. Recent studiesgithiese newer gene sequencing methods

have shown diagnostic benefit in dementia and detnated that significant proportion of
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clinical diagnoses are inaccurate, highlightingriagbetween AD, FTD, VaD, prion disease
and other neurodegenerative conditions [29]. Theganany issues including technical
limitations and family implications to consider beg offering such tests to patients and their
families. Moreover, access to testing as well &s @and post- test counselling varies greatly

across jurisdictions.

The following review will detail the most commonnggic dementia syndromes, genetic

diagnostic approaches, a discussion of utilityeascpros and cons and limitations of genetic

testing from a clinical perspective, illustrateddmmposite case examples.

Genetic Diagnoses in Dementia

The most common dementia syndromes where a clipicaaningful genetic cause can be
found are AD, FTD, PDD and DLB, and specific typésascular dementia such as cerebral
autosomal dominant arteriopathy with subcortictdrcts and leukoencephalopathy
(CADASIL). Other rarer genetic causes include NiamRick type C (NPC), genetic prion
diseases, dementia co-occurring with other neuredegtive disorders such as Huntington

disease (HD), spino-cerebellar ataxias (SCA).

Alzheimer disease (AD)

AD is the commonest and most widely studied typdashentia. Genetic causes for AD in
those with early onset can be either monogenicdrieen by a single gene or polygenic,
with contributions from multiple genetic variantsdughout the genome. Later onset AD is
mostly polygenic or driven by genetic risk factariants in addition to environmental and

lifestyle risk factors.
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A. Monogenic AD (Fig 1):

Case example 1:

A 42 y.o. social worker, mother of three was refdrirom a tertiary neuropsychiatry clinic with a 6+hnth history of
cognitive decline, likely early onset AD and a stydamily history of the same. She had no pasbhysif depression or other
mental illness and was not on any regular medioatibleuropsychology assessment was indicative ofdabnormalities
were detected in standard blood and CSF analy$&.Bviain, brain SPECT imaging and 18-Fluorodeoxgghe PET scan
were all suggestive of AD.

Genetics Consultation:Based on the history and investigations,

likelihood of monogenic AD was thought to be higlfter pre-test
4/./ counselling family decided to undergo research dhasmetic testing

diedat 85y and receive results in the future when relevachituiren for family

planning decisions.
! D__ ‘ é) ﬁ Genetic Results:NM_000021.3 PSENY) ¢.737C>A p.Ala246Glu
o

Onset at 42yrs Onset early 405

Pertinent counselling issuestamilies may not wish to know the

results immediately given implications for childrena condition
" with no current cure. Appropriate pre-test genetienselling is
ro o o therefore important in ensuring that families ustiend and prepare
for the potential psychological implications ofding out if there is
. Early Onset AD an inherited cause.

Fig 1: Monogenic Alzheimer disease

Early onset AD (EOAD), defined as dementia onselenr®5 years, forms ~5% of all AD
and when combined with a Mendelian family histangy have an identifiable monogenic
cause in ~60-80% of cases [30]. Familial earlyeordD (FEOAD) represents <2% of AD
[30]. FEOAD cases are predominantly due to mutatiarone of the three autosomal
dominantly inherited genesPP, PSEN1 andPSEN2. Pathogenic mutations in these genes
are known to disrupt the amyloid betg3)4pathway in the brain, resulting in processing of
the amyloid precursor protein into longer isoformfishe A3 peptide, which are less soluble
compared to the normal shorter isoforms, leadingxa deposits on the cerebral surface,
termed amyloid plaques [31, 32]. Progressive mawpg deposition of B neuritic plaques
leads to synaptic disruption and is thought tohgepredominant neuropathologic basis for

AD [33].
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a. APP

In 1984 it was shown thatfAcould be isolated from the cerebral vasculaturadoft patients
with Down syndrome (trisomy 21) with a hypothesiattthe gene responsible fop Anay
reside in chromosome 21 and with increased prgeiduct predicted as the underlying
mechanism [34]. The geP (OMIM 104760), located in chromosome 21q, wasaital

by Kang et al in 1987 [35]. The protein product ABR membrane spanning protein that is
converted into smaller sub-units, includin@,Ay sequential proteolytic processing
facilitated by beta and gamma secretases [36].defe this processing can lead to

excessive production offor increase in the toxic, amyloidogenic long isafe of A3 [37].

Pathogenic mutations in t#d’P gene contribute to 10-15% of FEOAD with onset of
symptoms occurring typically in the 50s and randiogn 45 to 60 years old [38]. Most
pathogenic mutations PP occur in exons 16 and 17, the area of the genedamg
transmembrane domain which is the gamma secreleseage site [39, 40]. APP mutations
can also cause cerebral amyloid angiopathy reguilticerebral haemorrhage, ischaemia
leading to dementia [41]. Interestingly, variantstpctive against dementia or only causing
disease in autosomal recessive inheritance pdttamm also been described in this gene. The
A673T substitution is believed to protect againbt due to decreased production off A
resulting from reduced beta secretase activity; a3V substitution destabilises thg8 A
aggregates in the heterozygous form (dominant-negaffect), therefore only causing AD

in biallelic i.e. autosomal recessive form [42,.43]

b. PSEN1 and PSEN2
PSEN1 (OMIM 104311) encodes presenilin-1 which is partref gamma secretase complex.

The gene was isolated in 1995 [44] and contribtde¥0-70% of cases of FEOAD [30].
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Mutations in this gene can be associated with aofs&D as early as the late 20s, with most
people with pathogenic mutations developing AD betbe age of 60 years [45, 46].
Although most cases are familide novo PSEN1 pathogenic variants have also been found
in people with sporadic EOAD, where further testamgwed that neither parent had the
variant, and therefore it likely occurred for thestftime in the affected individual at

conception [8-18, 47].

The PSEN2 gene (OMIM 600759) [48, 49] also forms part of §sanma secretase complex.
Rare mutations in this gene have been identifiecbt of FEOAD [50], although the
frequency is more common in people with Volga Germacestry [51]. The age of AD onset

with PSEN2 mutations is highly variable with a range of 40rtoyears described [52].

Despite a strong Mendelian family history, ~20-4684-EOAD still remains unexplained
[30]. This may be due to hitherto undiscovered ngamic causes, polygenic causes or due to

clinical diagnostic uncertainty about AD in someest

B. Genetic Risk Factors and Polygenic AD (Fig 2)
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Case example 2:
A 58 y.o. lady of Sicilian background was referred with a 2 year history of cognitive decline, with a family history of mother
having dementia in her late 60s and father in his late 70s (type unknown). She quit schooling at year 11, had a past history of
depression, had history of previous heavy smoking but no other co-morbidities. Neuropsychology assessment was indicative of
possible frontal variant AD or behavioural variant FTD. Other than hypercholesterolaemia, no abnormalities were detected in
standard blood and CSF analysis. CSF amyloid 1-42 and tau (total and phosphorylated) analysis indicated a neurodegenerative
process, but was not strongly suggestive of AD. MRI brain showed global atrophy and brain SPECT imaging showed frontal and
some right temporal hypoperfusion.

Genetics Consultation: Due to the young age of onset and the
family history, an underlying genetic cause was suspected and
genetic testing for a panel of dementia genes was offered after pre-
test counselling.
Noknowndementa onséeiate 705, Ot e oy Genetic Results:
died at 85yrs died at 79yrs

* No pathogenic mutations in APP, PSENI or PSEN2
‘ I%I * No pathogenic mutations in any other relevant dementia genes,
" including c9orf72 expansion testing

Onsetat sgyrs * APOE &4/¢4

No known dementia

Pertinent counselling issues: 4APOE €4/e4 may have contributed
to her dementia and is a risk factor, but not considered causative.
Research based polygenic risk score indicated a very high risk of
. uly s Dements [:' e et Qe AD. Predictive testing cannot be offered to others in the family due
to high variability in phenotype.

30yrs 28yrs 26y1s

Fig 2: Polygenic Alzheimer disease

As opposed to the monogenic causes described awbieh were discovered through
genetic linkage studies in large families with Melwh inheritance, the association of the
risk factorAPOE €4 genotype with AD was found through large casdrobstudies and has
been consistently replicated in genome wide assouiatudies (GWAS) [53-55]. The gene
APOE (OMIM 107741) encodes apolipoprotein E, whichnigadlved in transport of
cholesterol and other hydrophobic molecules, inalgid\B. Three major isoforms ;APOE
(termede2, €3, €4), determined by two single nucleotide polymorptegSNPSs) in the gene
have been known to influence the risk of AD. RROE €3 isoform is considered the wild-
type, being most common in the general populaiidve APOE €4 genotype increases the

risk and theAPOE €2 genotype protects against AD [56, 57].

Although the biological relationship between &RROE €4 genotype and AD remains elusive,

the association holds in both late onset AD and B@Ases. It is to be noted that these

This article is protected by copyright. All rights reserved.



families do not generally display a Mendelian patief inheritance and even in cases where
a family history of AD is seen, there is tremendweasability in ages of onset as well as

severity of the disease [58-60].

The presence APOE ¢4 in the heterozygous form confers a 2-3-fold iaseein the odds of
developing AD and in the homozygous form this comfg to a 15-fold increase in the odds
compared with carriers of the most comn#&F*OE €3 allele, which is considered to be the
population baseline [53]. Moreover, the presencRSDE £4 was found to lower the age of
onset of AD, with the mean age of onset being 84&s in non-carriers as opposed to 68.4
years in those who we&POE ¢4/¢4 [56]. TheAPOE €2 allele was found to be protective,

with lower frequencies in AD patients comparedn® general population [56].

Despite the high risk, it has been recognisedttieat is considerable phenotypic diversity
amongAPOE €4 homozygotes, ranging from EOAD to a lifetime ofsymptoms [61-64].
The reasons for this phenotypic diversity remaigdsy unexplained, although other
modifying genetic variants influencing the riskvasll as environmental/lifestyle related
factors could be playing a part. Due to this valiigtin risk, APOE €4 genotype, even in the
homozygous state has not demonstrated reliablealiatility in risk prediction for AD and
therefore, whilst thé\POE €4/e4 genotype is considered a risk factor for AD, agtomatic
family members are not generally offered cliniesdting for this genotype for risk prediction

[65, 66].

Through GWAS studies, polygenic risk scores (PRI&3ne multiple genetic variants
including theAPOE genotypesg?, €3 ore4) and other variants of smaller effect size, in

combination are used to assess risk of AD have foerulated. Large longitudinal studies
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of PRS in AD have shown promise in their abilityptedict the age of onset and risk of

developing dementia [67-69]. However, unless tiRE8s show consistent results in

rigorous, clinically oriented validation studiesviell-defined populations, they cannot be

currently used for clinical risk prediction.

Fronto-temporal Dementia (Fig 3)

Case example 3:

@~

Died @
70yrs

A referral was received from the Brain Bank aftathlogical examination of a 65 year old person@rbwas suggestive of
FTLD. Collateral history from family suggested ttia¢ deceased male had onset of cognitive sympiketg in his early 50s,
but was also a heavy alcoholic. He became homatdbe age of 57yrs and lost contact with his fan@ther than sporadic
presentations to hospitals, no medical investigatisere sought. An MRI brain at the age of 59ydicated minor generalised
atrophy, hippocampal atrophy and dilatation ofr@tgentricles. Brain histopathology showed scatieFDP-43 neuritic tangles
and intraneuronal tau in frontal cortex with a repathological diagnosis of FTD-TDP (type 3).

3215 soys 27ys

MND

. FTD+MND

Ondet early SO, e @ s3yrs
ied @ 5515 preast|cancer

27y

Offset
Died @|66yrs

25y15

Genetics Consultation:The children in their late 20s/30s sought
genetic counselling to find out their own risk. Dloghe FTD+MND
phenotype in the family and the brain pathologyltssC9or{72
testing was offered on DNA extracted from the btasue in the
deceased.
Genetic Results:
« C9orf72 testing revealed heterozygous pathogenic (>145
GGGGCC repeats)
Pertinent counselling issues:One son had a positive test result af
successfully using pre-test counselling to confranttality fears and
adjusted well to the result. The daughter tesegghtive but
experienced survivor guilt and disrupted relatiopshvith her gene
positive siblings. Another son was gene positiverbgretted
knowing because he felt he had no means to chasdjéetplans
such as travelling more and experienced ongoingywor his
children.

ter

Fig 3: Fronto-temporal dementia

Frontotemporal dementia (FTD) involves behavioypatsonality and language dysfunction

in the setting of degeneration of the frontal antonporal lobes [70]. Frontotemporal lobar

degeneration (FTLD) is the neuropathological fea@ssociated with this type of dementia

[71].

FTD was reported to be the second most common derex65 year olds with 3.5 cases

detected per 100,000 person years (compared vaitieince of AD in the same group being

4.2 per 100,000 person years) in a 2008 study @ EX8]. The median age of onset reported
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is between 57 and 59 years (range 33-80 yearsj3J.IFhree main clinical subtypes have
been described which include behavioural variari® FGvFTD) and two forms of primary
progressive aphasia (PPA) which include semantiavaPPA and non-fluent PPA [74].

bvFTD is the most common subtype [71, 75].

Motor neuron disease (MND) and FTD are more regesttognised to be a spectrum
disorder with up to 50% of patients with MND shogidefects in frontal lobe testing and
around 15% fulfilling criteria for diagnosis of FT[26]. Conversely, ~40% of FTD patients

have motor dysfunction and around 15% fit the deestiic criteria for MND [77].

FTD is highly heritable with around 40% of peoplghAFTD having at least one other
member in the family with FTD and ~10% showing @atlautosomal dominant history [7].
Three genes strongly associated with autosomalrmiomhiFTD:MAPT, GRN andC9orf72
account for >80% of familial FTD [78]. Mutations multiple other less common genes have
also been found in patients with FTD phenotypegs€hgenes includeHMP2B [79], FUS

[80], VCP [81] , SQSTM1 [82], OPTN [83], UBQLNZ2 [84], TBK1 [85].

Mutations in theMAPT gene cause neurofibrillary tangles within cerebeaironal cells,
comprised of intracellular accumulation of hypergpioorylated tau (p-tau) protein [86, 87].
When tau is hyperphosphorylated, it is unable teract with microtubules and contributes to
neurodegeneration [88]. The most common phenotgpsasciated with mutations 8RN are
bvFTD or non-fluent PPA, with the reported age &t varying widely from 35 to 87 years
even within the same family [89-91BRN encodes for progranulin, the function of which in
neurodegeneration is not well known, although iyrha associated with neuroinflammatory

mechanisms [92].
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Abnormal hexanucleotide repeat expansions (GGGGR®E first intron of theC9orf72

gene account for the majority of familial FTD/motauron disease (MND) spectrum [93,

94]. The function of the protein that this geneeotbr is not clearly known. Up to 30

repeats can be present in individuals without ikeake, but larger expansions, sometimes up
to 4000 repeats, are found in individuals with FHdwever, the exact expansion size at

which disease occurs is not yet clearly defined.[¥6e most common presenting feature in

patients with pathogeni€9orf72 expansions is bvFTD with or without MND, although

semantic variant PPA has also been described [§6GGWAS studies have not been as

successful compared to AD in delineating polygemibigh-risk SNPs for FTD [98, 99].

Vascular Dementia

Case example 4:

J : History of stroke

Died in his 70s
Died aged 82 yrs

o W

Onset at 63yrs

Died aged 48 yrs

a9yrs S0yrs

Early Onset Dementia + multiple TIAs

O Recurrent TlAs EE Multiple strokes

A 70 y.o. lady referred by neurologist due to ursied cognitive decline with onset at age 63 yearshe background of
recurrent transient ischaemic attacks (TIAs). Teig@r genetics review was that her daughter a@egkdrs had sought
consultation for frequent migranous headaches addbspital admissions for recurrent TIAs. MRI brairboth mother and
daughter showed severe white matter signal abndresalincharacteristic for their age and raisedestjon of CADASIL.
Further history revealed the proband’s brother had dt 48 years after recurrent strokes.

Genetics Consultation:As the clinical suspicion for CADASIL wat

high on the background of a suggestive family njstgenetic testin
for all monogenic causes of vascular dementia wganised after
pre-test counselling.

Genetic Test ResultsNM_000435.2 KOTCH3J): c. 619C>T
p.Arg207Cys (in both mother and affected daughter)

Pertinent counselling issues:Confirmation of clinical diagnosis b
way of genetic testing was sought by the familyva$f as the
medical specialists looking after these patientsiarthis case
genetic testing was able to provide diagnostidtglarhe genetic
diagnosis enabled communication to other at-rigkifamembers
about the option of predictive testing and prenatdVF-based
genetic testing.

Fig 4. Monogenic vascular dementia
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The various diagnostic criteria for vascular den@geffaD) are heterogeneous and do not
identify matching groups of patients with demenitieaddition, there are no specific
pathological criteria for diagnosis, at least ia #bsence of frank infarction (as distinct from
diffuse white matter hyperintensities on MRI). #ncbe difficult to differentiate VaD from

AD, and indeed their co-occurrence seems to be aomat least in late onset dementia.

Other than the uncommon but well-recognised moniegemnms, the genetics underlying
VabD is poorly understood. The monogenic forms agsed by pathogenic variants in
NOTCH3 (causing cerebral autosomal dominant arteriopafltly subcortical infarcts and
leukoencephalopathy (CADASIL) (OMIM 125310) (Fig ABLA (causing Fabry disease
with X-linked inheritance), (OMIM 301500)T,REX1 (causing retinal vasculopathy with
cerebral leukodystrophy, autosomal dominant (OMB2315)),COL4AL (causing brain
small vessel disease with or without ocular anoesathutosomal dominant (OMIM 607595))
andHTRAL (causing cerebral autosomal recessive arteriopaitinysubcortical infarcts and
leukoencephalopathy (CARASIL) (OMIM 600142) and CASIL type 2 (OMIM 616779)).
The commonly seen sporadic type of VaD is likelypéopolygenic in addition to being
influenced by the genetics of hypertension, dydipimia and type 2 diabetes mellitus, as

well as environmental factors such as smoking.

Dementia with Lewy Bodies and Parkinson Disease [@emmn
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Case example 5:

A 50 y.o0. man referred by neurologist with a histoffluctuating memory impairment for 18 months aight upper limb
tremor, progressive slowness and episodes of figexigait for 12-18 months with a suspicion of DI\Bife also reported
symptoms of REM sleep disturbance. Family hist@yndicated in pedigree below. On examination rieright upper limb
resting tremor, moderate hypomimia and hypophanikl to moderate bradykinesia and rigidity, markeduction in step
length and arm swing with some degree of stoopfrgpsture. Brain MRI was normal. SPECT and PET scdmowed diffuse
parietal and temporal dysfunction with a suspi@dAD like picture.

Genetics Consultation:Due to the early onset Parkinsonian symptoms|
along with dementia and an autosomal dominant fahidtory, NGS

based genetic testing for monogenic causes for EBias offered after
/‘/ pre-test counselling.
in her 60s nset in 60s

Yele

No further Onset in 50s Onset 4ged 48yrs

Died aged 68

Genetic Test ResultsNo pathogenic variants corresponding to the
phenotype were found in initial testing. Chromosbmiroarray revealed
a partial genomic duplication of ~1 megabase invig\theSNCA gene.

Sy

history known

Pertinent counselling issues:As SNCA gene duplications are known tg
be associated with DLB, chromosomal microarray okiplex ligation-
dependent probe amplification (MLPA) should be difri2l B suspected.
Segregation testing in other affected family membeunderway.

2yrs 16yrs

Early onset dementia
and PD symptoms

Fig 5: Dementia with Lewy Bodies

The question of whether dementia with Lewy bodi2isK) and Parkinson disease dementia
(PDD) are distinct entities or belong to differents of the spectrum of the same pathology
remains unanswered and still debated [100, 10Xjgltadinal observational studies suggest
that most people with Parkinson disease (PD) g a@evelop dementia in later stages of
their disease [102, 103]. Clinical diagnosis ofiyable DLB involves the central feature of
progressive cognitive decline, with the presencanyftwo of the three core features of
fluctuating cognitive state, Parkinsonism (occugri#l year before cognitive decline) and
visual hallucinations [104]. PDD is diagnosed wipankinsonian motor features occur >1
year before the onset of cognitive changes [10Bhodgh clinically, and even
pathologically, differentiating DLB/PDD from AD difficult, this differentiation remains
important, especially as up to 50% of patients WitlB can manifest severe neuroleptic

sensitivity and hence these medications should/bel@d unless absolutely necessary [106].
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Although most PD and DLB are sporadic, and mostyiklue to polygenic causes, some
monogenic forms of PD/DLB with early onset of cdg@ decline are recognised. There is
now increasing evidence that some variants in €émeGBA (OMIM 606463), which causes
Gaucher disease, a lysosomal storage disorder hibbelic mutations are found, acts as a
risk factor for PD with dementia [107, 108]. In paular, two variants ilGBA ¢.1226A>G
p.Asn409Ser (rs76763715) and ¢.1448T>C p.Leu48@B4@1016) were found to be highly
associated with cognitive impairment in PD patidf@9]. Increase in the amount of alpha
synuclein in the brain - the major protein constituof Lewy bodies, due to certain
mutations in th&NCA gene (OMIM 163890), especially gene duplicatidfig 6), is
associated with autosomal dominant DLB/PDD [1B)CB (OMIM 602569) which may be
involved in alpha synuclein regulation, is alsocoagible associated gene [111]. Biallellic
pathogenic mutations IATP13A2 (OMIM 610513) are known to cause very early ofdet
and dementia in an autosomal recessive patterr.[0iRer monogenic causes of PD such as
LRRK2, DJ1, PINK1, PRKN, VPSL13C, VPS35 do not have dementia as a prominent feature,

but cognitive can occur at later stages.

Other genetic dementias:

A search in the Human Phenotype Ontology datalmsgehes associated with the term
dementia results in a list of 168 genes [113]. Mxishese genes, however, are not causative
of pure dementia syndromes. Dementia, in theses@aseccurs with other
neurodegenerative disorders which may presenthtgriihese disorders generally have
other presenting symptoms such as a movement disordtaxia or other neurological
features. Examples of such conditions include Higttin disease, some forms of
spinocerebellar ataxias or complicated forms oétigary spastic paraparesis. Rapid

deterioration can indicate rare conditions sucheagetic Creutzfeldt-Jakob disease or its
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variant forms [114]. Niemann-Pick disease type @icW is a lipid storage disorder caused
by biallelic pathogenic mutations in the geMieC1 (and rarelyNPC2) is very rare, but
should be considered in patients with childhoodady adulthood onset of ataxia, dementia
and vertical supranuclear gaze palsy [115]. Mitochi@l disorders, lysosomal storage

disorders and leukodystrophies can also causeigaiiyetietermined dementias.

Genetic testing technigues — advantages and linndias$

NGS is a newer genetic technology in which milli@i®NA fragments across many
different genes can be sequenced in parallel. fdsssignificantly reduced the time it takes
to obtain a genetic diagnosis in a patient, contpaiiénh single-gene testing and could also
reduce the overall cost associated with multipégydostic tests. In addition, the ability to
simultaneously examine multiple genes has meantthay disorders of variable
expressivity, that may not be high on a list ofatiéntial diagnoses based on a patient’s

clinical investigation, can be examined at the séime as high priority gend28].

Three types of NGS techniques are currently avigiledy clinical use. The first is targeted-
panel gene sequencing, where only pre-specifiedgjare sequenced for a particular
disorder. Targeted panels generally have a higigthdof reads compared to other
techniques meaning that chance of errors due temaate read depth are generally low.
Whole exome sequencing (WES) is able to read segsdrom all coding regions (exons) in
a genome. Whole genome sequencing (WGS) has tlamtad)e of being able to identify
genetic variants in both coding and non-codingaegjiof the genome such as promoter and
enhancer regions, in addition to traditional Meratelisk genes; however the link between

these non-coding parts of the DNA and genetic diesaris not always known.
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Large duplications, deletions or other structueaiations (SV) cannot always be detected by
traditional NGS techniques which rely on short reshnology (i.e. sequence <1000 bp in
each read). If such SVs are suspected in a geinécofst, a separate test designed to detect
these changes, such as gene specific multipletidig@lependent probe amplification

(MLPA) or chromosomal microarray or karyotyping peéeding on whether there are enough
markers covering the gene of interest), will beurszg. This is especially relevant for
conditions such as DLB wheB8NCA duplications are associated with disease. Alsshairt
tandem repeats (STR), such as the CAG trinucleotigeats in th&lTT gene seen in
Huntington disease, or the GGGGCC hexanucleotideats inC9orf72 seen in FTD is
suspected, either a specifically designed polyneecasin reaction-based test or Southern
blot test will be required. Newer bioinformatic bedques are exploring SV and STR analysis
in WES and WGS data, although many of these tedlesiare not ready for clinical

application yet [116].

Genetic Counselling in Dementia

Although there have been several technologicalmch&in genetic testing in recent times,
the utility of these techniques for an individuatipnt and their family needs to be carefully
considered before such complex tests are undertgkmsily, availability of such

sophisticated tests does not always guaranteelém¢ification of a precise genetic cause for
dementia in a family, even when the family hist@rgtrong. There may still be genes that are
yet to be discovered or the genetic test used raagdufficient to pick up all types of
mutations. Previous publications using NGS techesgghow ~12-13% mutation detection
rate in dementia patients with a young age of owgtbtor without a family history,

especially in thé®SEN1 gene [5, 8]. Analysis of WGS data from a clinicahort of patients

with dementia onset <65 years, (authors’ unpubtistega) also showed a 14% chance of
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finding a causative mutation in those with demeatiaet under the age of 65 and a further
20% chance of finding a genetic risk factor foritliementia, with most patients having no
cause identified. Therefore, the majority of paiedespite a young age of onset and a

family history, could remain without answers desmgjenetic testing.

Moreover, not all genetic variants are diseaseigguReports of previous publications alone
are insufficient to categorise a variant as beiapg@genic in the clinical setting. The
American College of Medical Genetics and Genom#dSNIG) set stringent criteria to
classify a variant as being pathogenic (i.e. diseasising) [117]. Many factors such as
population frequency of a variam, silico predictions, functional studies, and consistency
with previously reported phenotypic informatione @onsidered before determining if a
genetic variant is clinically relevant for demeritiaa patient [117-119]. When a genetic
variant does not fit these criteria, it may be sifsd as a variant of uncertain significance

(VUS).

Despite recent attempts at standardising the segutbugh laboratories, interpretation in one
laboratory may not match the interpretation in heotand careful consideration of the
experience of a laboratory and criteria used fporéng the results is important, along with
multi-disciplinary team review ideally involving rdieal geneticists, neurologists,
bioinformaticians, and genetic counsellors. Fregjyenne or more VUS are found, and
cannot be used for diagnostic purposes or to pffedictive type of testing to other family
members until there is further clarity about theast, which often takes several years.
Certain genetic risk factors, such as AROE €4 risk allele also pose several challenges as
the penetrance of dementia with these risk fadgsovariable. The variability in AD

phenotype despite the high risk has meant thahgekir theAPOE €4 genotype has been
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discouraged by the ACMG, especially in the prede&tiontext in asymptomatic individuals
[120]. VUS or genetic risk factors may leave paseand families with the troubling
knowledge that a genetic finding has been madésiumnplications in terms of risk to family
members is unknown. For these reasons, geneticsetimg prior to testing can be beneficial
in communicating the complex information in a whgttfacilitates decision-making for the

affected person and/or family member(s).

It should also be noted that, even in cases whefamily history is reported, an underlying
genetic mutation may be uncovered. Occurrence oetdéia may appear “sporadic” where
there is an autosomal recessive genetic causenwistifected siblings (eiyPC1 mutations);

an X-linked condition (e BQLN2 mutations) with mildly affected or no other trabka
affected members in the family; some mitochondy&ietic disorders (eg. mitochondrial
encephalomyopathy, lactic acidosis, and strokedjiisodes i.e. MELAS); anticipation as
seen in STR disorders (e09orf72 expansions)le novo events where the mutation occurs
for the first time in the affected family membeg(PSEN1); as well as an incomplete family
history with premature death or lack of accuratgdosis. Clinical assessment regarding the
type of dementia in combination with a thorouglethgenerational family history would

assist in most cases in determining utility of geneesting.

The pre- and post-test counselling is importariaailitating adaptation to the result, and
avoiding family conflicts which can frequently aisRelatives may have opposing coping
strategies such as avoidance and information-sg¢ki]. Genetic counselling is especially
relevant in the setting of dementia, where famifiage often experienced a lengthy

diagnostic odyssey alongside the stressors ofgéoina relative, changes in roles and
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relationships, experiences of distressing behavibange sometimes with violence, and

family tensions [122].

Where there is a strong family history, the affdqterson and their own children may be
struggling with specific fears brought into sharfmaus by their lived experience in seeing
other relatives deteriorate and die from the saomelition [123]. Psychological impacts of
being at potential risk of hereditary dementia itexlude conscious or subconscious barriers
to long term relationship or family planning, andileoughts about having a “way out” via
suicide or euthanasia [124]. Genetic counsellinglealp individual relatives, couples,
siblings, parents and children, work through sorfr@se emotions and thoughts ahead of

receiving results to improve coping and support.

Furthermore, there may be complexities in obtaimiogsent for testing when a person has
dementia, particularly if the person has partigazity to decide about their own test but the
benefit is mainly for the relatives, a formal pradgcision-maker may not have been
arranged, or if two relatives with differing views genetic testing have a joint informal or
formal role in decision-making. Medical genetitisics specialise in such genetic
counselling issues and genetic counsellors aneelan navigating the psychological, ethical
and family problems associated with genetic testinis setting, and are well placed to
refer clients if needing further support from neagychiatrists, social workers, psychologists

or neuropsychologists, and community support osgitns.

Conclusion and Future Directions:

Performing multi-gene testing in dementia may eaabbre precise diagnosis for a

proportion of patients and simplify the diagnostityssey that many of these patients and
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their families undergo. A precise genetic diagnasay inform prognosis, and enable the
option of predictive genetic testing for the knofamilial dementia gene in asymptomatic
family members, and is likely to be cost-effecto@mpared with the status quo. Currently, if
an asymptomatic person has inherited the causgdine variant, there is no easy way to
accurately predict the age of onset or symptom ¢ygarogression. Polygenic risk scores and
better understanding of the environmental/lifestgigtors that influence dementia, may aid

in the future development of better risk predictinadels. Finding the genetic pathways
influenced by genetic factors will take longer may open up new approaches in therapeutic

trials of dementia.

There will be significant clinical implications gknetic testing in dementia when treatments
become available for various types of dementiase¢ent years, this has been well
exemplified by advances in the development of ‘galecing’ anti-sense oligonucleotide
drugs. Anti-sense oligonucleotides, which can alter theregsion of mutated proteins, have
been used in early phase clinical trials in Hurtingdisease, and shown to reduce the
expression of mutant huntingtin by between 40 &% §125]. Anti-sense oligonucleotides
are being further investigated in other nucleot®geat disorders such @Sorf72

FTD/MND and spinocerebellar ataxias [126]. Singtes&l gene therapy trials for patients
with GBAL related PD and Gaucher disease have now reaclasé fh' 2 trial stages. Pre-
clinical gene therapy trials are also underwayGBN mutation related FTD arna+
synucleopathies including DLB and PD [127]. Oné¢hef limitations of these gene therapy

trials is the need for intrathecal administratidnhe trial drugs.

A phase 3 trial of a recombinant human anti-hun@atilsn monoclonal antibody targeting

the sortilin-progranulin axis is exploring this goatdy in patients witlGRN mutations [128].
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In AD, studies such as Dominantly Inherited Alzheimletwork (DIAN) are exploring
biomarkers of AD in asymptomatic relatives of gensitive individuals [129]. An arm of
the DIAN study DIAN-TU is currently investigatinge monoclonal antibodies
Gantenerumab and Solanezumab in individuals withagenic AD. Other therapies being
studied for AD include agents targeting the metiabolf amyloid precursor protein (e.g.
BACE1 or gamma-secretase inhibition, other antibsdiirected againstf, increasing
neuroprotection (e.g BDNF, GDNF), or inflammationdnlators (e.g 1L4) [130, 131]

Despite a large number of AD trials disease madliion remains elusive [131]

More widespread genetic testing for dementia islyiko improve our overall understanding

of the genetic aetiologies underlying the disea$gch may subsequently inform the design
of improved therapies or preventive strategies.i€zdd multidisciplinary dementia clinics
with clinical geneticists, genetic counsellors, méegists, neuropsychiatrists, aged care
specialists and social workers specialised indhes are essential in helping these vulnerable
patients and families navigate the vastly compiegiostic and research paths compounded
by their own progressive cognitive decline andgbssibility of seeing other family members
face the same. Many genetics clinics also offereaath services to rural and regional areas.
Embedding a geneticist and a genetic counselloggional/rural memory clinics could add
more diagnostic value and decrease the time toxdsg in these patients who may be

disadvantaged due to distance from tertiary reffegmatres.
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