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o 2 o] = amyoloid plaque) & A1734-51) 5 (neurofibril-

lary tang e) & SAARI Heads /e g2stolHH 3
© 2 AFSFAAE vk o4 ey HEd 2dd
o] A o}—t— Agkzolth Arnold Pick2 188213 AT} S5
doll =g A tHEd A5E Hole FAES A B

A1), ol F A B A7 AE W 5YA (Pick body)
¢} balooned neuron®] EAIs= Aol GHAA HAJIL[2], ©]
5 I (Pick disease) o]k WHHAATH 3], L2t Lol I
okAto] HE A0 TH3} thh xjo]E Hol|y, W AAA A8 Z

ol AFPF 2599 =3 =AY, Pick bodyt ballooned
neuron®] FHZEA] Y= HAFH S 50] FAF LHAA =
Atk o] ZHEL AFZFHA W (frontotemporal dementia),

frontal lobe degeneration of the non-Alzheimer type, AFZ
8§ XA 8}(frontotemporal lobar degeneration, FTLD),
dementia lacking distinct histopatholgical features (DLDH),

TH

primary progressive aphasia (PPA), 2]7]X]"j(semantic de-
mentia, SD) T3 22 Tk Hyo = JeHAH4]. ol
AN A HHo} Ha|eHA
s ol HFE oA B

FaAY AT A7 Bato] oj7do] Bri5]. YNHHLow
dBstolug o] Fe7t obd XA HAFHH SF99] 1
3 AN S Ho] AFEF9 =Y/ d43HFTLD)
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Genetic Aspects of Frontotemporal Dementia

ILSONG Institute of Life Science, Hallym University, Department of Neurology, Hallym University
Sacred Heart Hospital, Anyang, Korea

Frontotemporal lobar degeneration (or frontotemporal dementia, FTD) is a group of disor-
ders which is clinically, neuropathologically and genetically heterogeneous. Discovery of tau
mutation in “frontotemporal dementia and parkinsonism linked to chromosome 17” (FTDP-17)
led to a big progress in our understanding of frontotemporal dementia and tauopathies. How-
ever, substantial number of sporadic and familial FTD are not associated with tau pathology.
Tau mutations have been found only in a part of familial FTD, and a number of new loci linked
to familial FTD have been identified. This review will cover evolving knowledge and concept of
FTD with respect to genetic and neuropathological heterogeneity.
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£ F THOE Holg AF |l (frontotemporal demen-
tia, FTD), 2|3 1o o7t 5 521 2n|A]wi ¢} primary
progressive aphasia®] AM7H] 945F+e] JHE vs 5
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AFZFHA0] 2249} primary progressive aphasia $HA}ol| A
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A 2] g21-22%0] &7 ©]F[9], pallido-ponto-nigral degen-
eration (PPND), frontotemporal dementia with parkinsonism
(FLDEM) &< multiple system tauopathy with presenile
dementia (MSTD)zt2 HHH o2 /HIEEZRYH 72 4
Azl Al FRA7E AR Aol WAL, olE WHES
°]% frontotemporal dementia and parkinsonism linked to
chromosome 17 (FTDP-17) 2 45 ¢o] W= 10]. Fol
olF A o] H& FHA WM elE microtubule-asso-

Table 1. Neuropathologic classification of frontotemporal
dementia[4]

1. When the predominant neuropathological abnormalities are tau-posi-
tive inclusions (with associated neuron loss and gliosis) and insoluble
tau has a predominance of tau with 3 microtubule-binding repeats,
the most likely diagnoses are
(a) Pick disease,

(b) frontotemporal dementia and parkinsonism linked to chromosome
17, or

(c) other as yet unidentified familial and sporadic frontotemporal dis-
orders.

2. When the predominant neuropathological abnormalities are tau-posi-
tive inclusions (with associated neuron loss and gliosis) and insolu-
ble tau has a predominance of 4 microtubule-binding repeats, the
most likely diagnoses are
(a) corticobasal degeneration,

(b) progressive supranuclear palsy,

(c) frontotemporal dementia and parkinsonism linked to chromosome
17, or

(d) other as yet unidentified familial and sporadic frontotemporal
disorders.

3. When the predominant neuropathological abnormalities are tau-posi-

tive inclusions (with associated neuron loss and gliosis) and insolu-

ble tau has a predominance of 3 and 4 microtubule-binding repeats,
the most likely diagnoses are

(a) neurofibrillary tangle dementia,

(b) frontotemporal dementia and parkinsonism linked to chromosome

17, or

(c) other as yet unidentified familial and sporadic frontotemporal dis-

orders.

When the predominant neuropathological abnormalities are frontotem-

poral neuronal loss and gliosis without tau- or ubiquitin-positive inclu-

sions and without detectable amounts of insoluble tau, the most like-
ly diagnoses are

(a) frontotemporal lobar degeneration (also known as dementia lack-

ing distinct histopathological features) or

(b) other as yet unidentified familial and sporadic frontotemporal dis-

orders.

5. When the predominant neuropathological abnormalities are frontotem-
poral neuronal loss and gliosis with ubiquitin-positive, tau-negative
inclusions and without detectable amounts of insoluble tau, with MND
or without MND but with MND-type inclusions, the most likely diag-
noses are
(a) frontotemporal lobar degeneration with MND,

(b) frontotemporal lobar degeneration with MND-type inclusions but
without MND, or

(c) other as yet unidentified familial and sporadic frontotemporal dis-
orders.

»

MND, motor neuron disease.
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ciated protein®l tau FHZAHMAP tau, MAPT)ol| EAj3}+=
Rol WaATH11-17]. SAEL tFE ollA dsle 8
SANE FH 27 SHOE &, o]F g RIEE IS
B 24 AFaAm, 283 2915 (amyotrophy) 5] 73
< Holth

FTDP-17 W34 or AFdsd 7% 229 superfi-
cial layerdl|A] AZMEL] A, AAWANE T2, Sy ¥}
(spongiosis) & B3 7143} (basal ganglia) 9] W% A3}
Uit FTDP-17 3x1] HZ2A o)A AN Ee} A WA E
Hell= F2 tau SO E FAE SYA7E FZHAE Goedert
of oJsted MAPT 447 A Z24(cloning) ©[18] °]%
dato|m oA FAEE ARAFHES B2 dE HY4
AZ3AZE 3] A7 EG A WA E S neuropilof A #HF
He 5YAEY F8 ATl tau T Ao g dEAth
HzZ WellA olzjet tau Te] FZo] AT = W (Pick
disease), A ulE] corticobasal degeneration, FTD with
motor neuron disease, Y20 HY 59 AAASS £
tauopathy2h 3tH19-21]. FTDP-1791A tau @92 74
H EYA7E AFEY tau A4S Mol 7L So] e
ol whel, tau @ AAAE APEE Yol HHA A
o2 A7tE| Y Qldt. whebA FTDP-173 fALSHA|, ¥ 2%
of tau T €] 22 o] Gzl TE HYAd AEZSEAME tau
whllo] ok FFE AEZARE 71-e] gleget = gl

AFSFAA Sl A 7o) e $Ake] Wst ot
T AME AARE & dHA ASH[6], Bl wE) 38-
57%7 A BhFsiAl Baskgic 22-24]. MAPT A4 &4
Wo| Wik A4t 8o E49 whgt gekaith, dA A
FETH AE TSR § A9 59-178%, TEEE 7t
A AFSFHA 3A; FlME 105-50%, FAd0 st
tauopathy7} S1¥ 9= 7158 R0 #AR0] 94-33%
o] Aol A MAPT fr37te] ¥olg 73 drkal B ES]
o vhd 7ol fle S AFSTAA SAelA we
4 AP HZ2 A tau 9] o] fle 735 MAPT
Azte] Wol7h e A= IATH23-27]. 34 tauopathy
7F §le AFSFAEA A g A9olx] SEAld9ds
(motor neuron disease) oA &= = Fe) Q] ubiquitin Aol
FAE) = Bl (ubiquitin-positive inclusion) 7} I TH 8],

Tau Y2 microtubule-associated protein® @ A E
microtubule %% (assembly) 3} ¢4 3}(stabilization) Al 7]+
&S Ft19]. MAPT #4719 Exon 29 32 7z} 297}
9} 5879 o}mi-AtS 2 o]Folx] I “projection domain”E
E3at=d), o)A microtubuled] 7H4E SR A AF=(spac-
ing) #4-& 3ty FAHTE Exon 9, 10, 11, 129 E¢b4
1A WHEEE, microtubuled A¥stE =W <l (imperfectly
repeating microtubule-binding domain)©] &4 3t} MAPT
FAAZTE mRNAZF 9HE0ix & g4 exon 2, 3, 100]
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7¥7y 23 AL A QB2 E=M 67]] tau T isoforme] A}
A AH19] (Fig. 1). 53] exon 109] Z3 ofF-&
e A5l 9IS = F Aevl exon 100] £FE A5
4-repeat tau isoforms (4R7)Z} st A|H 7395 3-repeat
tau isoforms (3R7)Z2 3th AAF AJ0le] HZ A A= 3Rt
¢} 4RV} WAEE JE7F HlSEh tauopathy St A 7
isoform7+e] H]-&o] wisteth Ao E HxHd] JF © tau
il Z 3Rr7F 4Rrell Wk FTbEo] A, KIsAIE et
31219} corticobasal degeneration $HA}9] HZ 2o M+ 4RT ©
W o] Hzpo] F7tEle] Qith e FTDP-17 Elelxe= &4
Holo] 7o we} 3R} 4R7e] H]&9] W37} thksiAl UrF)r
Y27, 28], Tau F3Ate Edwols AA7IA 337171 8

7 =t exon 10 F9joll 7P Wol EAFTH29]. e
tau 872 FAHIE exonoll A WHEARE intron 919 &
Aol &gk FTDP-17% ¥4 3tk mRNA7ZE 7H5o] A

+ FANA stem-loop X5 FAsH=H F2.3) splice site?]

= microtubule

441
67 Kd N[ [2[3] [E[ 1] Ic 2N4Rr
412
62Kd N[ [2[3] LIIl Jc 2N3Re
410
59Kd N[ [2] [ETT]c 1N4Re
381
54Kd N[ [2] LIIl]c 1IN3Rz
383
52Kd N | [Tof T] ] c ON4Rz
352
48Kd N | [dI]]c ON3Rt

Fig. 1. Six isoforms of tau protein in human brain. Alternatively
spliced exons 2, 3, and 10 produced six tau isoforms, amino acids
range from 352 to 441 (marked on the right upper corner of each
isoform diagram). ON, 1N and 2N refer to zero, one and two amino
terminus insert (exon 2 and exon 3). Exons with bold outline have
imperfectly repeating microtubule-binding domain. Depending on
whether exon 10 is spliced in or out, each isoform is named as
3R or 4R. Numbers in each box represent the number of exons.
Predicted molecular weight is marked on left as in Kd.

Table 2. Loci and genes linked to familial frontotemporal de-mentia
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intron 99| &=
3= 3R9} 4R tau isoform] H]E-S
tubule ¥ 59 MstE YoFoZH AHxH 9 EHIYA ¥
3= %107]‘_ Ao 7 FAET Y14, 15, 30, 31]. MAPT
TR B E9Re] FH(HAE) o mE SAFA S
33t Héﬁ]izﬂ_(ifﬁﬁé)o] YR By EY R5L ERe] 4}
QA deha e fAksE QP dS HAX[32], V33TM
kAol A ZA] paranoid delusion® antisocial behaviorE H
o], Pick disease®] 4} B AALE G389R, K257T, G272V,
L266V, S320F, K3691 5 ojg] 7}A] HolE 712 3Alo A 1}
12573 1:}[33] v %%’@ EQHOIE 71 7l Well M zAt
We S TdsAl e EE[29, 34, 35), HAE 29y
Aok B fle 20 E A7k 7P £ MAPT

A wo] eIl P30ILS 7H B9 A= /A
°% % AFEF X]”H—J A HO];‘]”} WA o
WA} v A25(40-754), H
corticobasal degeneration®]u} %z} Q% ohokeh e B
At} A= ole} 22 AT WA WA gk
MAPT F324¢] Sddol#nt ope} O Fd49 g
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o361,
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BRI MAPT 0212
CIE {AMXI HO|

Y T AFSFAA Ak Ho] 50% ol AT
MAPT 479 Ed®o|7F el & AMTe 2 : AFSF
A& gsto|H oy RIS v E f8HH o
Z H7EAYS ¢ 4 UK Table 2).

Brown $(1995)° 93t Denmark?] Jutland o] AF
gk AFSFEA 7 A AR 3 AAA 9
centromere —?Eﬂ —‘:'r-"r o s 5]041“4-[37 39]. 0] 7}74101]/\1 o)

2 & 5740l 7]

[e]
o
i —‘?«ZJ%—ZO—, aggressiveness, stereotyped

Phenotypes/neuropathology-name of kindred Mode of inheritance Locus Genes References
FTD and parkinsonism Autosomal dominant 17921-22 MAPT 9,15
FTD/DLDH-Danish kindred Autosomal dominant 3p11-gi1 not cloned 37
FTD with MND/UI Autosomal dominant 9g21-22 not cloned 41
FTD with MND/TI, SI-“SF family A” Autosomal dominant 17921-22 not cloned* 44
FTD without MND/UI-Dutch kindred Autosomal dominant 17921-22 not cloned* 43
FTD/HDDD2 Autosomal dominant 17921-22 not cloned* 42,50
FTD/tauopathy, Pick cell Autosomal dominant 14924.3 PS-1 49

FTD, frontotemporal dementia; MND, motor neuron disease; DLDH, dementia lacking distinctive histology; HDDD2, hereditary dysphasic disinhibi-

tion dementia 2; Tl, tau inclusion; SI, a-synuclein inclusion; UI, ubiquitin-positive inclusion;

families.

* not cloned but mutation of MAPT was excluded in these
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behavior, disinhibition S} 7+ A3} PEANE F ZAHO
2 AFste] F7ole Bal o, 274 (rigidity), A ARMAE
% B FARAT 55 Blnk Wiy iy 929 $15]
AT ST FE Ve, AAAE 2, A7 A E
54, myelin &4 53} 7= 9de] H3lE Ho|u plaquelt tan-
gle 18] tau ©e] Hzlo) 23t %‘?Qiﬂ% HEEA] =
U AFSTFAA Y Aol A] 2 733
phic lateral sclerosis, ALS)©] E‘:‘Jﬂﬂ U= A2 FAANH 7
a4 200401, Hosler 5(2000)°] ALSE 4t FTD 7}
AEZHH genomewide linkage analysisE 43§35l 9l &
AAE 9q21-q229] w3 390 41]. o] 7HAIE WellA Z|ujdl
0)3l ¥ Ix= AlFACE BAAE X0 TS 274
Holx, 7198 Aol Fof] vepdth AL AAHo R
frontal lobe releasing sign¥} 3M4| corticospinal track®} lower
motor neuron AFE Holth W A2ZAA AFHHA FFAHY
A& *ﬂﬁ’\“ MM E S5 %1‘ S5 HoJut Pick body,

19| Pﬁ] zol 179 méﬂiﬂﬂ
17q21-22 5-AAF ) linkage”?} EA 5+ FTDP-17 3A19= &
2 MAPT f37te] Hel7h B7AEA e 7HE Bt
[42-44]. o5 7HAQ @Al A tau To] A3t w3t}
2oty o] MR abol7} drkz AR w9 F1]ET Rosso
S(2001) 0] B A= 271 S0 FE Aojdelo|m,
HZ A0 2= taul} @-synuclein A2 FA LA &
ubiquitin Aol fJste] FAEE FYAE Holw, tau T
7ke] H)-&¢] Wske {ItH43]. WA Wilhelmsen
So] B3 7M(San Francisco family A)dME FAEL
FE TSI ARSFAXN L F5odolH, S
o Fdoly AREES B9 72 executive function] &
& Hol7|& 3ty HZ3F ZHAMol+= taust @-synuclein 3
AR G FAAZE BFEE, H2F el FF H= tau
8 9] isoform-S 4-repeat tau (4R/0N)o]TH 447,
Presenilin-1 (PS-1) &3] WHol= 7}EA dAalo|mH
A A& BHIFE o]F 7154 dFsto|wH S 9o FH o
o AR dEA AoH45]. T FH2e PS-1 Ak
E9H0](L113P, InsR352, M139V, G183V)E 7} Zkajoll A
WAL EE AFSTFAAN 24e Holg Fd7F TEAT
HUET QeH46-49]. 7 FElolA A7We Azl B H9)
), PS-1 M139V ES¢9do] SrjoA= W ghd AAy
ZatolujH o] FAAR] ofdzolE FepA e} A Fol
AePeH48]. v 7P H2ol BaE PS-19] G183V
Arolo] 79 Pick body, ballooned neuron® 72 ZH 9]
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Appendix: Nomenclatures for mutations

« For genomic DNA and cDNA, the A of the ATG of the initiator Met codon is nucleotide +1. There is no nucleotide zero (0). The nucleotide 5" to
+1is numbered -1.

+ Nucleotide changes start with the nucleotide number and the change follows this number. 1996G>T denotes that at nucleotide 1996 of the ref-
erence sequence, G is replaced by a T.

» Deletions are designated by del after the nucleotide number. 1996delT denotes the deletion of T at nt 1996. 1996-1998del denotes the deletion
of 3 nts. Alternatively this mutation can be denoted as 1996-1998delTTC.

« Insertions are designated by ins after the nucleotide interval number. 1996-1997insT denotes that T was inserted in the interval between nts
1996 and 1997.

« DNA polymorphic variants may be designated as alternative possibilities by an /. For example, 1996G/A denotes that in a given normal popu-
lation there is either G or A at nt 1996.

« Intron mutations when the full genomic sequence is not known can be designated by the intron (IVS) number, positive numbers starting from
the G of the donor site invariant GT, negative numbers starting from the G of the acceptor site invariant AG. IVS4+1G>T denotes the G to T sub-
stitution at nt +1 of intron 4. IVS4-2A>C denotes the A to C substitution at nt -2 of intron 4. When the full length genomic sequence is known, the
mutation can also be simply designated by the nt number of the reference sequence.

« Two mutations in the same allele can be listed within brackets as follows: [1996G>T; 2001A>C]. This will also allow the (i) designation of muta-
tions that are only deleterious when they occur in the same allele with additional nucleotide substitutions; (i) designation of haplotypes of differ-
ent alleles.

« For amino acid-based systems, the codon for the initiator Methionine is codon 1.

« The single letter amino acid code is recommended. However the three letter code is also acceptable.

« For amino acid nomenclature, the format is Y96S (Tyrosine at codon 96 substituted by Serine). The “wild type” amino acid is given before and
the mutant amino acid after the codon number. Therefore there is no confusion for the significance of G,C,T and A in the nomenclature.

« Stop codons are designated by X. For example R96X (Arginine codon 96 substituted by a termination codon).

« Deletions of amino acids are designated as: T96del denotes that the codon 96 for Threonine is deleted.

« Insertions of amino acids are designated as: T96-97ins denotes that a codon for Threonine is inserted at the interval between codons 96 and
97 of the reference sequence of the protein.

+ Normal amino acid polymorphic variants may be designated as alternative possibilities by an /. For example, G/A96 denotes that in a given nor-
mal population there is either Glycine or Alanine at codon 96.

« The first report of a mutation in the literature should contain both a nucleotide and amino acid based name when appropriate.




