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Early onset dementia

Between common and very rare
Often cause by a single mistake (mutation) in DNA
Often runs in families

Major developments in gene discovery in recent years
- “next generation” sequencing technology

Opportunities for families for genetic diagnosis

Probably under recognised/ opportunities not taken
because of lack of awareness



Some issues re genetic testing in the
memory clinic...

What is a dementia gene and mutation?

How well does a dementia mutation link with symptoms?
Who should be referred for testing?

What are the risks/benefits of testing?

What is the best/what are the new technologies for
testing”?



Causes of genetic neurodegenerative disorders

Not simple, many possibilities

Some discrete diagnoses (Huntington’s disease, HTT, Alzheimer’s

disease, prion disease/CJD),
...more usually a continuum (FTLD-ALS)

Level of clinical syndrome, tissue pathology, molecular cause?
...Increasing hierarchy

Most conveniently for the clinician based on gross differential eg.
. Dementias
. Movement disorders
«  Ataxias

Traditional neurogenetics done on the basis of “cherry-picking”
genes based on detailed clincial assessment



DNA, Proteins and Mutations

DNA sequence (762 bases) for prion protein gene
ATGGCGAACCTTGGCTGCTGGATGCTGGTTCTCTTTGTGGCCACATGGAGTGACCTGGGCCTCTGCAAGA
AGCGCCCGAAGCCTGGAGGATGGAACACTGGGGGCAGCCGATACCCGGGGCAGGGCAGCCCTGGAGGCAA
CCGCTACCCACCTCAGGGCGGTGGTGGCTGGGGGCAGCCTCATGGTGGTGGCTGGGGGCAGCCTCATGGT
GGTGGCTGGGGGCAGCCCCATGGTGGTGGCTGGGGACAGCCTCATGGTGGTGGCTGGGGTCAAGGAGGTG

GCACCCACAGTCAGTGGAACAAGC
GAGTAAGCCAAAAACCAACATGAAGCACATGGCTGGTGCTGCAGC
AGCTGGGGCAGTGGTGGGGGGCCTTGGCGGCTACATGCTGGGAAGTGCCATGAGCAGGCCCATCATACAT
TTCGGCAGTGACTATGAGGACCGTTACTATCGTGAAAACATGCACCGTTACCCCAACCAAGTGTACTACA
GGCCCATGGATGAGTACAGCAACCAGAACAACTTTGTGCACGACTGCGTCAATATCACAATCAAGCAGCA
CACGGTCACCACAACCACCAAGGGGGAGAACTTCACCGAGACCGACGTTAAGATGATGGAGCGCGTGGTT
GAGCAGATGTGTATCACCCAGTACGAGAGGGAATCTCAGGCCTATTACCAGAGAGGATCGAGCATGGTCC
TCTTCTCCTCTCCACCTGTGATCCTCCTGi]:KﬂTTCCTCATCTTCCTGATAGTGGGATGA

Translation of the code to amino acids (253)
MANLGCWMLVLFVATWSDLGLCKKRPKPGGWNTGGSRY
PGQGSPGGNRYPPQGGGGWGQPHGGGWGQPHG

GGWGQPHGGGWGQPHGGGWGQGGGTHSQWNK
SKPKTNMKHMAGAAAAGAVVGGLGGYLGSAMSRPIIH
FGSDYEDRYYRENMHRYPNQVYYRPMDEYSNQNNFVHD
CVNITIKQHTVTTTTKGENFTETDVKMMERVV
EQMCITQYERESQAYYQRGSSMVLFSSPPVILLISFLIFLIVG




A typical inherited
dementia family tree
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Inheritance of prion disease
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At risk over a life-time
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Dementia genes

APP
APP dup Alzheimer’s disease
PSENT syndromes
PSENZ2
APOE, TREM?2
GRN Frontotemporal dementia
MAPT syndromes
C9orfr2
} Rapid dementia, or dementia +
PRNP

ataxia/myoclonus. AD/ FTLD mimic

FUS, TARDBP, CHMP2B, _ _
VCP. SCAs, HTT, ATP7B, Rare causes, and prompts if white

NPC1/2, NOTCH3, BRI2, matter lesions, ataxia, movement

TYROBF, TREM2 . disorder, chorea, dystonia etc.
mitochondrial, metabolic



Difficulty of Genotype Phenotype Correlation

PRNP systemic amyloidosis
Creutzfeldt-Jakob disease

Huntington's disease-like 1

PRNPhprion protein gene
Gerstmann-Straussler syndrome

APPamyloid beta (A4) precursor protein
fatal familial insomnia

PSEN1presenilin 1
cerebral amyloid angiopathy

PSEN2presenilin 2

AN . .
‘ Alzheimer's disease type 1
GRNprogranulin
MAPT microtubule assoc

VCPvalosin containing protein \\

‘ QAN frontotemporal lobar degeneration
AN
CHMIP 2 Bcharged multivesicular body p \\‘w

Pick's disease

Alzheimer's disease with spastic paraparesis, apraxia/plaques

Ceroid lipofuscinosis

\\ " primary progressive aphasia

FUSfused in sarcoma

CSF1Rcolony stimulating fa

TRE M 2triggering receptor expressed on myelg amyotrophic lateral sclerosis

progressive supranuclear palsy

inclusion body myopathy with Paget disease

TYROBPrrotein tyrosine kinase binding nonspecific dementia

hereditary essential tremor
TARDBPTAR DNA binding protein

/ leukoencephalopathy, diffuse hereditary with spheroids
NOTCH 3Neurogeniclocus Notch Homolog 3
familial British dementia

SERPIN|I1serpin peptidase inhibitor, cladeT, “'“/! Nasu-Hakola disease

COORF72chromosome 9 open reacing frgre 72 Cerebral arteriopathy with subcortical infarcts and
SQSTM1sequestome 1 leukoencephalopathy

familial encephalopathy with neuroserpin inclusion bodies

Paget’s disease



Complexity of variants in a single gene
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1-OPRI Y128Y  yq50y R228R
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OPRI octapeptide repeat insertion
. . OPRD octapeptide repeat deletion
Polymorphic variants

Some cause disease, some increase risk, some are
protective, others make no difference, some unknown



More complex look at variants in PRNP
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Therefore....
Problems with the traditional approach

Far too many genes now, new ones discovered monthly

Phenotypic and allelic heterogeneity, range of effect sizes particularly in the early
stages

Perception that findings are rare and only useful if a family history

Sequential testing therefore slow

Lack of confidence in a negative many remain unexplained after exhaustive study
Accessibility of tests UK-Genetic testing network website

Expense

Sense of futility — why bother



Sequential gene testing

What is available through the Genetic Testing Network?

FTLD Rare AD

PSENZ2
VCP
CHMP2B
PRNP
CSF1R
TYROBP
TREM?Z2
DCTN1



Back of envelope ascertainment calculation

Number of patients with FTD in UK >3,500 (Ratnavalli et al.)

Mutation frequencies (~20% total)
MAPT (2-11%),

GRN (5-11%),

CI90RF72 (2-19%)

~700 symptomatic patients with inherited FTD with mutation in a

known gene
>3000 individuals at-risk
Annual incidence new cases ~100

Likely to be significantly low ascertainment

Comparison with National Prion Clinic experience new cases per
year around 12 (4-17), similar number predictive tests



Advantages of Genetic Diagnosis in
Dementia

Patients and families want definitive and early
diagnosis

Ends need for further diagnostic tests

Gives prognostic information

Access to therapeutics/ trials

Predictive testing may give sense of control over
family illness

Prenatal testing/ Pre-implantation genetic diagnosis



Next generation sequencing approaches
to these problems

Want to have,

Cost effective,
accurate,

way to identify all genetic variants of clinical relevance
without having to pick the right gene

We have been looking at next generation sequencing as
an approach to these problems



MRC Dementia Gene Panel

* Next-generation sequencing technology
(lon Torrent)

* Looks at a panel of related genes
simultaneously

* Runs multiple barcoded samples in
parallel (32 per chip)

 Quick, cost effective (£60 per sample)



lon PGM sequencing chemistry

Polymerase integrates a nucleotide.

Hydrogen

4

Pyrophosphate

Polymerase

Hydrogen and pyrophosphate are released.
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PRNP R156C- Sanger confirmation

1.000,000K 1.500,000K
rorgy m oy wmirrre sy vrrm

ey | |
1 pI1.21 pild  qill qii2l  qiL2 qiL.s

1700 1720 1740 1760 1780 1300 1820 1340

BINT_113831.2 8 89 9 10 10 111112

40bp

20:4,680,330678,40520:4,680,335

4680330 bp
PRNP |

R
R/C

o0
o0
00
o0

[2Xn}
[2Xn]

[RA ]
nHonm
aaooon

aonoonnn
annnon
aooonnn

60 1280 1300 1320 1340 1360 1380 1400 1420 1440 1460

H

]

2

]
H
nl

]
2
1
9]
1
]

SR S =
anno
IS =
HHEHH
(lnlnln]
anno
aOHO
nnnHn
HHEHH
HHHH
annn
annn
anno
annn

w
o

fEl S S S =
nonnonon
T I I i
HHEHHHHH
DOHOHOnnn
O
nnnnHA
DOOHOO
HHEHHH
HHEHHH
anoonn
aononn
onnon
anononn

(
0]

i
=]
@]
O

]
(@]

i

(SN S

anoaonn
MONOOOO
nnnonn
nnaoonn
aONHHOH
mnOnnn
aonononnn
aonononnn
anoaonn
aonononnn

HHEHHHHH

(==




Strengths and Weaknesses

Quicker and cheaper than sequential Sanger
sequencing

Not dependent on correct diagnosis
10x cheaper than exome
Greater depth and uniformity than exome

Reduced number of variants of unknown
significance and artefacts compared with exome



Example of Coverage- VCP
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Geneticist Assistant software

ariants of '20548Chipd0BC49_Output_Mutation_Report1_fittered":
Chr: Ref  RefAA Alt Alt AA Type Coverage
Mt G Val missense 236
935065360 112190939 G Ag A 1211
5179250875 C Mg T Tp missense 831
316750697  rs34582040 6
5179260153 rsd935 T
A
6
A
6

HGVS Coding HGVS Genomic Times Observed Per Panel
9468025146 865

NP_0090571  g.35065360C>T b

NP00389L1 g d79250875C>T 1

NP 0011162241 g167506%7A>G 283

NP003B9LL g d79260153C>T 685

NP0038911 g 179260213G>A 892

NP 0011162241 g167506937C>G B4

NP 0011162241 g1675104726>A 186

NP 0090571 g.350603027>C 1438

NP_0090571 935061722 35061723ins... 1051

Protein
NP_000302.1

Pathogenicity #  Gene

EEIGE P 38546
[ [N
Possible SQSTML ¢319CsT
ISURGRJOUEMN SERPINL c51A>G
[SYRGRYMOUSI SQsTM! c8T605T 0508
[STRGRYMOUSI SQsTM! 936654 054
SERPINIL ¢21C>6 1
SERPINIL 576654 031
Over

VP c1695+8A%G 09%

VCP c1082-36.1082-35insTGTTTGTGTAC 0214

Zyqosity  Exon Number Coding Base A Position
heterozygous 2 385 19
heterozygous 5 464 1%
heterozygous 3 39 107
homozygous 2 51 1
heterozygous 6 6 22
heterozygous 6 9% bV
homozygous 2 il 1
homozygous 4 576 19
homozygous intron

Variant Frequency
0542
0,506
0513
0949

His missense

synonymous 411
synonymous 120
5179260213 rst797
3167506937 133917740
3167510472 152229697
935060302 rs6B4562
935061722 rs66889088 -

synonymous 166
missense 412
synonymous 544

n

TGTTTGTGTAC 192 homozygous  intron

935062972 1s51449
14:73639495
17:44073892

19:15302844  rs1043994

A

Ser
Ser

19
frame-shift 298
frame-shift 19
synonymous 273

ariants of '1272Chip87BC12_Output_Mutation_Report1_filtered"

ChriChPos  Rs  Ref RefM
19:36399123 - la

204680332 C Mg
SIT0060193 9% C
506003 T 6
1936398454 lLI4TTLTT C
035060302 B30 A
935061722 rs6688%088 -
062912 Sl 6
1473659495 ¢ le
19153084 sl04304 A

Al

0
T
T
A
0
0

TOTTTGTGTAC
A

AltAA
The

(ys

Tipe  Coverage
frame-shift 318

missense 338
synonymous 132
synonymous 195
synonymous 279
Pl
19
i}
frame-shift 260
synonymous 21§

OESE ((  c811+36A
OVERSE PSENT  c604delC
OverS | MAPT  c85del6

NOTCH3 c6064>G

Pathogenicity +  Gene
TYROBP 8 9insG
Likely Deleterious PRNP ~ c466C>T

STRRIMOUSNNN S05TH cATECoT
RGRJMOUSIN S05TM! ¢3366>A
STRGRUGUEN TVROBP C1230:6
OUESERNN VOP  Cl605+0006
GRS
VP Bl
ORGSR Psent  codkdelC
NOTCH c6064>6

HGVS Coding

1

0329
0842
09%

Variant Frequency
01%

0512
0435
0497
04
1

¢1082-36_1082-35insTGTTTGTOTAC 0223

1
0412
1

homozygous intron
heterozygous 7
homozygous 8
homozygous 4

Zygosty
homozygous 1

heterozygous 2
heterozygous
heterozygous 6
heterozygous 3
homozygous  intron
homozygous intron
homozygous intron
heterozygous 7
homozygous 4

Exon Number

Coding Base

§

466
§16
93
13

NP 0090571
NP_000012.1
NP_005901.2
NP_000426.2

AA Position
3
1%
0
i
i

035062972057 L
013659497 delC n
g44073893delG 40
g15302844T>C 1488

Protein HGVS Genomic
NP 9377581 436399123 363091 MinsC

NP_0003021 g46803320>T

NP 0038911 179260153C>T

NP 0038911 g.1792602136>A

NP 9377581 3630843465 C

NP_009057.1 g.350603027>C

NP_0030571 35061722 35061723insGTACACAAACA
NP_0090371 g35062972CT

NP_0000121 .73659497delC

NP_000426.2 1530284T>C




Samples to analyse

Sporadic CJD- 200

Early-onset Alzheimer’s disease- 700
Late-onset Alzheimer’s disease- 500
Fronto-temporal dementia- 600
HD-like (mutation negative)- 250
Other neurodegeneration- 400

Total- 2650



Classification of Mutations

ass o-

ass 4- Probably/possibly pathogenic
ass 3- Uncertain

ass 2- Likely benign

ass 1- Not pathogenic

OO0 O0O0O0




Mutations Found (first 1500)

PROBABLE |POSSIBLE |TOTAL
LOAD 5 0 4 9
EOAD 23 7 27 57
FTD 118 7 29 154
HD-like 2 1 6 9
Other 0 1 1 2
TOTAL 148 16 67 231




Mutations Found

PROBABLE POSSIBLE TOTAL
APP 4 1 0 5
CI90ORF72 54 0 0 54
CHMP2B 1 0 0
CSF1R 1 3 1 5
FUS 0 2
ITM2B 0 1 0
GRN 33 0 0 33
MAPT Ky 0 11 43
NOTCH3 0 0 4
PRNP 3 1
PSEN1 7 2 11
PSEN2 2 2 10
TARDBP 2 0 26 28
TREM2 1 3 6
SERPINI1 0 2
SQSTM1 0 0 11 11
VCP 7 0 1 8
TOTAL 148 16 67 231




Mutations in genes not
associated with diagnosis

Gene Mutation Patient Usual
Diagnosis Diagnosis

GRN p.Ala303Profs HD-like FTD

MAPT p.Pro301Leu Familial AD FTD

TARDBP | p.lle383Val Familial AD FTD Patient with
FTD has same
mutation

APP p.Ala701Thr FTD AD




Double mutations

« 2 patients (both FTD cohort) with

CI90ORF72 expansion and pathogenic
GRN mutation

» 1 patient (FTD cohort) with C90RF72

expansion and probably pathogenic
PSENZ2 mutation

* 1 patient (EOAD cohort) with pathogenic
APP and GRN mutations



Known PRNP mutations

P102L
— Patient in EOAD Cohort
— Age of onset 47
— No known family history
A117V
— FTD patient from Cambridge cohort
— No clinical details known
SOPRI
— FTD patient from Cambridge cohort
— No clinical details known



Novel PRNP variants

R156C

aapos
aapos_SIFT
aapos_FATHMM

SIFT_score

— Predicted pathogenic

— Not previously reported

— Patient diagnosed with semantic dementia
— Age of onset 51, Goldman score 3.5

156; 156; 156;95; 156 Polyphen2_HVAR_rankscore 097110 MutationAssessor_pred M Reliability index 0 phyloP46way_placental_rankscore
ENSPOD000368752R 156C Polyphen2_HVAR _pred 00D FATHMM_score -2.82,-2.82,-28%,-2.82 CADD_raw 3.983480 phyloP100way vertebrate
ENSP00000368752:R 156C;ENSPO0000399376:R 156C;ENSPO0000 LRT_score 0.000050 FATHMM_rankscore 091295 CADD_raw_rankscore 0.7474  phyloP100way_vertebrate_rankscore
411599:R156CENSPO000415284R 156C LRT_converted_rankscore 0,533 FATHMM_pred 000D CADD_phred N4 phastConsd6way_primate
' LRT pred D RadialsVM_score 0,875 GERP++_NR 53 phastConsd6way_primate_rankscore

0,

SIFT_converted_rankscore 0,87432 MutationTaster score 0.9999%8 RadialSVM _rankscore 0,957 GERP++ RS 53 phastConsd6way_placental

SIFT _pred
Polyphen2_HDIV_score

Polyphen2_HDIV_rankscore 089317 MutationAssessor_score

Polyphen2_HDIV_pred
Polyphen2_HVAR _score

0

0

D MutationTaster_converted_rankscore 0.58432 RadialSVM_pred D GERP++_RS_rankscore 074995 phastCons46way_placental_rankscore
LOL0;L0 MutationTaster pred D (R _score 0.8478 phyloP46way_primate 0,655000 phastCons100way_vertebrate

0 2595 LR rankscore 095310 phyloP46way_primate_rankscore 0,94253 phastCons100way _vertebrate_rankscore (
0

§
00D MutationAssessor_rankscore 082517 LR_pred ) phyloP46way_placental 2486000 SiPhy_29way_pi
0.999;1.0;1.0




Implications

Single gene/variant testing will remain valid in many circumstances
- known disorder in the family
- clear genotype — phentype relationship (eg. HTT, prion
CINENS)

But for the majority of circumstances custom panels or medical exome sequencing
will inevitably become dominant, and will happen quickly

Major issues remain to annotate all the variants discovered. NHS is potentially a
excellent organisation to do this, but this is not an issue for the referring neurologist

Practical aspects remain the same 10-20mls EDTA blood, delay up to 3-5 days
acceptable, ambient temperature
Written consent, clear labelling



Implications

What is the point?

Definite diagnosis, avoid other tests — easy to underestimate importance of this for families
Preimplantation genetic diagnosis

Postnatal genetic testing

Participation in clinical trials/research

Opportunities for sub-speciality clinics, effective concentration of expertise for rare disorders
Comradeship, community and support networks - empowering

Patients usually know of genetic risk from internet research, opportunity is to free up from this
risk (and for children)

Downsides — start-up costs, enthusiasm required and complexity
- psychological reactions if support not available



Implications

What does this mean for practice?

Given that the disorders are common this should not be the domain of subspecialists
only — less need for this as not dependent on details of the phenotype

Familiarity with genetic counselling, partnership with Clinical Geneticists, counsellors.
Best practice — written consent

Incidental findings (decide about feedback before testing)
Long term follow up and support
Direct access by patients on the high street/ internet

How to do it — speak to local Clinical Genetics lab



Papers

Diagnostic exome sequencing: a new paradigm in neurology.
Delanty N, Goldstein DB.
Neuron. 2013 Nov 20;80(4):841-3.

Accessible 3 page review of implications of genomics in neurology

Validation of next-generation sequencing technologies in genetic diagnosis of dementia.

Beck J, Pittman A, Adamson G, Campbell T, Kenny J, Houlden H, Rohrer JD, de Silva R, Shoai M, Uphill J,
Poulter M, Hardy J, Mummery CJ, Warren JD, Schott JM, Fox NC, Rossor MN, Collinge J, Mead S.
Neurobiol Aging. 2014 Jan;35(1):261-5.

Development of a custom gene panel in dementia here at MRC Unit, UCL

The inherited ataxias: genetic heterogeneity, mutation databases, and future directions in research and
clinical diagnostics.

Hersheson J, Haworth A, Houlden H.

Hum Mutat. 2012 Sep;33(9):1324-32.

Genetics of dementia.
Loy CT, Schofield PR, Turner AM, Kwok JB.
Lancet. 2014 Mar 1;383(9919):828-40

Genetics of dystonia: what's known? What's new? What's next?

Lohmann K, Klein C.

Mov Disord. 2013 Jun 15;28(7):899-905

Three recent reviews which list genes relevant to neurodegenerative disease genetics



Thank you

Human Genetics group especially Gary
Adamson

Teams at UCLH Dementia Research
Centre and external sites centres for
samples and clinical information

Janna Kenny
Professor Collinge



