Lee et al., Page 1

B S (HEE - BEe=)

SHELR MRS ES 2011 4G
DB

AR 18RN - EILREMEREB L
B2 - FAREEREF
TREMER ¢ EE

HEIHART : 2011/4/9-2010/4/17

s HHA © 2010/4/18



Lee et al., Page 2

RS

R BRI S AREI DR AL R B 2 ISR BRGNS HF4H9
AZE4 A1 EERERFEEE LT RRI201 1 ENEE - SERBHERETE
ANEIEE YERE » KG%HE T %% Plenary Sessions » FfE A8 AR AR &
e

[U—

TGRSR 2 (The Treatment of Neurological Disease: A
Progress Report) HIDr. Robert C. Griggs 5.
2. HILAHY E 24558 (Spontaneous activity in muscle) EHDr. Jasper R.
Daube F&#.
3. % EEMERE(LAE: FRAEYR AA WL AR EERE? (Multiple Sclerosis:
What' s in store for our patients) FHDr. Stephen L Hauser 3.
4. RNAEFEEIEHEHEAM (Genetic Aspects of RNA Disorders) FHDr. Henry
Paulson 5.
5. ey R A B A ) P BRI BR PRI . RS 5
(Pharmacogenomics and Clinical Practice in Vascular Neurology : The
Future Is Now).
SN > FE By HARS [FIR th B R R AR TR IET S - T
Sy TR (e M R AT S LRI ZE B I | - ST SRR RED
W FIERESRE R A - B S  WREGHATEEMH > AeT
S T EAS B SR S -

St : BT (B0 FHEL 200-300 F -

EF K EREa 0011 F£g



Lee et al., Page 3

HX

—~ HH F4H
— #E F4H
= LfE FS5H
Vo~ EERFEE (ERASCEEER) FOH



Lee et al., Page 4

— Hi

EHHEBEGEEE LR ANHEBESGHR L — SIMARREE
HHEA o BT RIS - (S BB TR AR S R AH BT FE A B A
G4 - HAR TER EHKEEGEE o TS BRI RN R AH BT
FABWEEHE ABSN A2 MER LR 2 G F GRS SRR
BLEA R FRERI TR AT 705 o R REEE = F SRR S F
& BRTEREHA > BB BT AR ST RIS - IR ERE L A ER R T
AR BRI —THRA T 55 A B A M e B A A 2 (Hereditary motor

sensory neuropathy) HIRFZE °

= R
EEH BRI GBI Lk A LR R A S MBS RGNS F4H9
#4817 A EERERFEEE LFTEII01 1 FNEE - SERBEMERET
NS IEE S S - KEZEHET %Plenary Sessions » Ffl AL RHFRIER &
e
6. R RER SR 2 (The Treatment of Neurological Disease: A
Progress Report) HiDr. Robert C. Griggs F&#.
7. LAY E 2 M) (Spontaneous activity in muscle) FHDr. Jasper R.
Daube Fi#.
8. SESVERELIE: FRAMEYR A AR B RF8ERE? (Multiple Sclerosis:
What' s in store for our patients) FHDr. Stephen L Hauser 3.

9. RNAZERHTEFER (Genetic Aspects of RNA Disorders) HiDr. Henry



Lee et al., Page 5

Paulson F&#.

10.  EEYIELRRG S I E AR R RIE R RAGHAEIR S
(Pharmacogenomics and Clinical Practice in Vascular Neurology : The
Future Is Now).

540 R g IIRSTA W TR RS PRIV iEHRER  BREESmE
IRRZEREIR - SHAMRE Nk T = {EE B AR E R AR R+ A
4§ CI9E# 2 (Platform presentation)fy 5 AARfEH o M {FI S IRBEHYPREEHE + £
R R U R i M B — R i R i A R B S s T A S e R
Integrated Neuroscience Session o FA3FH F =I5 LA MTES) - NMIAEEATE KL
PRIREITHERTE -

FAT Bl R Rt LSBTy R R — A R 6
B RLEEMIES R R AR B, - AR RMEHTIEIFE
SER YT AP T A i AR AR (M R B RS e B Y+ A R AR
VBT ST - SF AR S R R MR B BE R A B8 - A
TEFEI

= 0

ERSINETE AR R IS T SRS TR T T2 e
0 R RY o BT EEC BB R - HPIE SRR TR
SR ) _REVE ATEZESN BN & T/ 48— (BT ST I AR 1
B - FtR Clopidogrel BEVIAL B EAIER] - Clopidogrel2AERAIR LALH
S TR /IR et DA TR 8 RO i B R ZE A0 EEY) - FRIN B ELBUR A A EIER



Lee et al., Page 6

BEHRIER - B P sl sl Ea s Frvaspinn R [E - RIEEAE H ATEERIEA L
HHAR A A o BFERRAVEIZZ > B BHR B Clopidogrel & 17A &
2 MERE . BEHREBLREMERIE RCYPCIIOMRREERES - R
A& Clopidogrel T 48X CYP2C19 R e A= A A M U EE P 3 A ZE R AE A > Rl
CYP2C193hAEREREE (H Clopidogrel % 5 {5 FHClopidogrelfis 2% 5 {56 FH U1
CYP2C 19 AH BEZEH#10meprazole, cimetidine, fluconazole, ketoconazole, voriconazole,
ctravirine, felbamate, fluoxetine, fluvoxamine, FticlopidineZF < {HAEIFBAGHH
CYP2C19E kIR AL i A B CYP2C19RIIAEREZS » {58 FHClopidogrel th 74 ZERL
B e AW 0 EBIFDAT B {# A Clopidogrel §i5tAfEE CYP2C19HY AR AY -
YRR CYP2C19TNHE 2RI ELRAY - st#t (o Clopidogrel (YEF « 5 EHTHY—BI4EY)

EARSGRERNES -

- EREH (ERENGERR)

sy L DRI R P A G 8 o TR BRI B SE BRI AH B SE
whE SRANMARRER - TEREMEETR - — T ERMEARRS
S T IREER AR - S5 T It B IR ReOA -



Lee et al., Page 7

ik (SIARGEZBERAE)

The Mutational Spectrum of Charcot-Marie-Tooth
disease Type II in Chinese Population on Taiwan

Yi-Chung Lee, Kon-Ping Lin, Bing-Wen Soong
Department of Neurology, National Yang-Ming University, Taipei, Taiwan

Department of Neurology, Taipei Veterans General Hospital, Taipei, Taiwan

INTRODUCTION

Charcot-Marie-Tooth disease type II (CMT?2) is a heterogeneous group of
inherited axonal neuropathy with autosomal-dominant or recessive mode of
transmission. With the advent of molecular genetics, mutations in numerous genes
have been found to cause CMT2. The aim of this study is to report an extensive

mutational analysis in a Taiwanese cohort of Han Chinese patients with CMT2.

METHODS
Informed consents approved by the institutional review board of Taipei Veterans

General Hospital were obtained from all participants. Thirty-six CMT2 families of
Han Chinese descent were enrolled into this study. They were selected from a
continuous series of 251 CMT pedigrees, after standard electrophysiological diagnosis
of axonal polyneuropathy, and exclusion of 17p11.2 deletion and mutations in PMP22,
CX32, CX32 promoter, and TTR by DNA analysis in the proband of each family.

Mutation analyses of MFN2, RAB7, TRPV4, GARS, NEFL, HSPBI, MPZ, GDAPI,
HSPBS, DNM?2, AARS, and YARS were performed in genomic DNA by PCR
amplification using intronic primers and direct nucleotide sequencing. Phylogenetical

conservation of the mutation sites was analyzed by aligning amino-acid sequences from
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several species. The splicing alteration of MFN2 ¢.475-1G>T was analyzed by
minigene assay which expressed the MFN2 fragments spanning from 3’ end of intron4

to 5" end of intron7 in HeLa cells according to the published method.'

RESULTS

Ten disparate mutations were identified in 14 of the 36 unrelated patients (38.9%),
including one 44RS mutation (p.N71Y) (2.8%), one HSPBI mutation (p.T164A)
(2.8%), and one GDAPI mutation (p.[H256R]+[R282H]) (2.8%) in single patient
each (Fig 1-3) . Six patients carried NEFL mutations (16.7%), including p.E396K in
three patients, p.P8R in two patients, and p.P22S in another one. Five patients
harbored MFN2 mutations (13.9%), including p.R364W in two patients, and
¢.475-1G>T, p.L233V, and p.E744M in one each. No mutation was found in RAB7,
TRPV4, GARS, MPZ, HSPBS, DNM2, and YARS. Six of the identified mutations,
p.[H256R]+[R282H] in GDAPI, p.T164A in HSP27, p.N71Y in AARS, and
c.475-1G>T, p.L233V, and E744M in MFN2, were novel, evolutionarily
conservative, and not found in 400 control chromosomes.

The minigene assay demonstrated that MFN2 ¢.475-1G>T, affecting the AG
splice acceptor site, may result in 12 nucleotide loss of the mRNA (c.475 486del
ACTGTGAACCAG) and 4 amino acid residues loss (p.T159_Q162 del) (Fig 4).
Despite extensive genetic survey, the genetic causes remain elusive in 22 CMT2
patients (61.1%). The genetic and clinical features of the patients harboring the A4RS,

HSPBI, GDAP1, NEFL, and MFN2 mutations were summarized in the Table.

DISCUSSION
In this study, we identified mutations in 14 of 36 unrelated Han Chinese patients with

CMT?2 (38.9%) by the extensive mutational analysis in the MF’ N2, RAB7, TRPV4, GARS,
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NEFL, HSPBI, MPZ, GDAP1, HSPBS, DNM2, AARS, and YARS genes. In the studied
cohort, the frequency of NEFL mutations (6/36; 16.7%) is surprisingly high, and the
frequency of MFN2 mutations (5/36; 13.9%) is consistent with that (8-20%) reported in
previous studies.”™ Moreover, the pathogenicity of the three rare mutations, A4RS p.N71Y,
HSP27 p.T164A, and GDAPI p.[H256R]+[R282H], in CMT2 was revealed by
co-segregating with CMT2 in a family, involving highly evolutionarily conserved amino
acids, and absence among 400 control chromosomes. We also utilized the minigene assay
to demonstrate that the MFN2 splice acceptor site mutation, ¢.475-1G>T, can cause abnormal
mRNA splicing and result in 4 amino acid deletion (p.T159_Q162 del).

Patient 1 had a very rare mutation in AARS, which encodes alanyl-tRNA synthetase
(AlaRS). The amino acid synthetase catalyzes the attachment of their respective amino acids
to the appropriate tRNA. Only one mutation, R329H, in the helical domain of AlaRS was
reported to be associated with axonal CMT recently.” Patient 1 carries p.N71Y, which locates
in aminoacylation domain of AlaRS and may influence its function of aminoacylation.
Patient 3 had a rare mutation in HSPBI, which encodes heat-shock protein B1, a member of
the family of chaperones. It can help the damaged molecule regain its functional
conformation. The patient harbored HSP27 p.T164A, which locates in the HSP20-a-cystallin
domain and may increase monomerization of the HSPB1 protein from dimeric state and
influence the chaperone activity.’

In conclusion, this study demonstrates the spectrum of CMT2 mutations in ethnic Chinese
while expands the number of CMT2-associated mutations. The importance of mutations in
AARS and HSPBI in the pathogenesis of axonal CMT was further highlighted. The frequency
of NFL mutation in study is surprisingly high. Mutations in NF'L and MFN2 should be

considered first during molecular testing of CMT2 in patients of Chinese origin.
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Figure Legends

Figure 1. AARS p.Aln71Tyr mutation is phylogenetically conserved and
co-segregated with CMT2N. (A) A4RS mutation ¢.211A>T, with the sense-strand
electropherogram, is shown on the top with a limited reading frame depicting the
corresponding amino acid substitutions, Asn71Tyr. (B) The evolutionary
conservativeness of A4RS p.Asn71Tyr mutation is shown by protein sequence
alignment of AlaRS orthologs. (C) The pedigree shows co-segregation of the

Aln71Tyr mutation (amino acid change shown in red) with CMT2N.

A B

AARS PNT1Y
71
Homo sapiens LS QKCI
Macaca mulatta LS QKCI
Mus musculus LS QRCI
Sosiiral Gallus gallus LSRAT|NITQRCI

A =i Xenopus laeva L OKCI
A(\/\/\f‘;\i M/\/\LL\ Danio rerio QKCI
(VYY) \
Asn 1‘hr‘ ‘ Gin

1 2
Asn/Asn Asn/Tyr
1 2 3 4 5 6
Il.
ﬁ Asn/Tyr Asn/Asn Asnl/ Tyr Asnl/Tyr Asnl/Tyr
1 2 3

Asn/Asn Asn/Tyr Asn/Tyr
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Figure 2. HSPBI p.Thr164Ala71Tyr mutation is phylogenetically conserved and
co-segregated with CMT2F. (A) HSPBI mutation ¢.490A>G, with the sense-strand
electropherogram, is shown on the top with a limited reading frame depicting the
corresponding amino acid substitutions, Asn71Tyr. (B) The evolutionary
conservativeness of HSPBI p.Thr164Ala mutation is shown by protein sequence
alignment of HSPBI1 orthologs. (C) The pedigree shows co-segregation of the

Thr164Ala mutation (amino acid change shown in red) with CMT2F.

HSPB1 (HSP27) c.490A>G p.Thr164Ala HsPB1 e
Homo sapiens PEGTL(T|VEAPM
Patient Macaca mulatta PEGTL|T |VEAPM
Mus musculus PEGTL|(T|(VEAPL

Gallus galius PDGML|(T |VEAPL
Xenopus laeva PDGIL|T|VEAPL
Danio rerio PEGVL|T|VEAPL

cddB46'- s c 1C T G 4 CC G TG G 4G 3cd498
[
Thr  Leu Thr Val Glu C

Ala L I—‘—O

Control Thri/Ala ThriThr

cd4846'- AC A C T G 4CCG TG G 4G J3cddss
Thr  Leu Thr  Val Glu ".

ThriAla Thr/Thr ’ThrIAla
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Figure 3. GDAPI p.[His256Arg]+[Arg282His| compound heterozygous mutations
are phylogenetically conserved and co-segregated with autosomal recessive CMT. (A)
GDAPI compound heterozygous mutations c.[767A>G]+[c.845G>A], which
putatively result in p.[His256Arg]+[Arg282His], are shown by PCR, subcloning, and
nucleotide sequencing. (B) The pedigree shows co-segregation of the GDAPI
p.[His256Arg]|+[Arg282His] with autosomal recessive CMT. (C) The evolutionary
conservativeness of GDAPI p.[His256Arg]+[Arg282His] mutation is shown by

protein sequence alignment of GDAP1 orthologs.

Wild type GDAP1
‘ NWVJ\/\/MVWJ\A’V\AN\AW/\A/WVWV\AN\NVW\ANWWW o
TG ATICGACTG AAGTTCCTGGGGT TCGCAAGG AGAAMACTGGGOGAAACGGAAMAGCGACCAAACTTOGAAACCTAT ACGAGIKCGTEB TC

GDAP1 c. [T67A>G] + [B45G>A] ; p.[His256Arg] + [Arg282His)

|

GGGGTTTGCAAGG AGAAACTGGGGAAACGG AAAGCGACCAAACTTGGAAACCTATTACGAGQCGTGTC

(S

C.767TA>G, p.His256Arg ©.B45G>A, p.Arg282His
TA cloning

GDAP1 ¢.767A>G, p.His256Arg

Wiy A

T ‘G{i;.‘nIGh-ZT‘Sv.l.G";:"GGGG'"GZ.A-S'S_‘S..,..‘.C TGGGG AAACGGAAAGCGACCAAACTTGGAAACCTATTACGAGICETETCC
c.T67A>G, pHis256Arg GDAP1 c.845G>A, p.Arg282His
C.B45G>A, p.Arg282His

|
| GDAP1_HUMAN DVSLAVTLUARLKFLGFARRNWGNGKRPNLETYYERVL
A6QQZD_BOVIN DVSLAVTLHRLKFLGFARRNWGNGKRPNLETYYERVLK

!
[ 1 GDAP1_MOUSE DVSLAVTUHRLKFLGFARRNWGHGKRPNLETYYERVLK
‘ } D4A5X7T_RAT  DVSLAVTLHRLKFLGFARRNWGHGKRPNLESYYERVLK
o . b Q78AN2_DANRE DVSLAVTLHRLKFLGLSRRYWGNGMRVNLETYYERVLD
————{) T exarararraracas prre Awge o aan srerarr

H256 RAWT R282ZHAWT

[ Histidine at position 256 and arginine at position 282 are
M ‘ H256R/R262H vative ek
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Figure 4. MFN2 ¢.475-1G>T splice acceptor site mutation may result in loss of 4
amino acid residues of the MFN2 protein. (A) The genetic DNA electropherograms of
the MFN2 ¢.475-1G>T mutation and wild type MFN2. (B) Structure of the minigene
comprising the MFN2 genomic sequence from the 3’ end of intron 4 to the 5° end of
intron 7 cloned into human beat-globulin gene (HBB) intron 2. The arrows depict the
sequences correspondent to the primers employed in the expression studies.

(C) RT-PCR amplification of the minigene constructs expressed in HeLa cells using
primers specific for MFN2 exon 5 and 7. The wild type construct is correctly spliced,
and the mutant construct containing MFN2 ¢.475-1G>T is abnormally spliced with a
12-bp cDNA fragment deletion. (D) The genomic sequences and cDNA
electropherograms of the MFN2 exon 5 and 6 junction. The wild type, mutant, and
cryptic splice acceptor site activated in the mutant allele are underlined. The MFN2
¢.475-1G>T splice acceptor site mutation causes a 12-bp deletion in cDNA
(c.475_486del ACTGTGAACCAG) and putatively results in a 4- amino acid loss of

the MFN2 protein (p.T159 Q162 del).
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exon § intron 5 exon 6
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Table Genetic and clinical information of patients with axonal Charcot-Marie-Tooth diseases in this study.

Lee et al., Page

Nucleotide CMT
Patient Age Gene change Amino acid change Age of onset Age walked MNCV (m/s, mV) Family History scores
m38.1, 6.3; u42.1, 6.5;
*ILM 51  AARS c.211A>T p.Asn71Tyr 45 years normal pNR mother, silbings, son 9
c.[767A>G]+  p.[His256Arg]+ before age m35.1,2.3; u48.1, 1.8; no (recessive
*2,F 5 GDAPI  [845G>A] [Arg282His] walked 18 months pNR transmission) 13
m32.1, 1.8; u34.5, 2.4,
*3,M 34 HSPBI  c.490A>G p.Thr164Ala 20 years normal pNR father, sister 24
m40.8, 0.5; u48.7, 0.6; grandma, father,
4,F 26 NEFL c.23C>G p.Pro8Arg 10 years normal pNR brother 16
m38.2, 1.5;u37.8, 1.0;
5, M 47  NEFL c.23C>G p-Pro8Arg 10 years normal pNR no 13
6, F 45  NEFL c.64C>T p.Pro22Ser 12 years normal m33, 0.3; u4l, 2.4;pNR father, brother, sister 12
m47.9,2.6; u43.5, 2.5;
7, F 43 NEFL c.1186G>A p.Glu396Lys 30 years normal P33.5,0.2 mother, sister, brother 16
before age m41.3, 1.6; u36.8, 5.6;
&M 27 NEFL  c.1186G>A p-Glu396Lys walked 18 months pNR sister 10
m40.3, 7.5; u43.3, 5.4;
9,F 60 NEFL  c.1186G>A p.Glu396Lys 40 years normal p27.1,1.2 father, brother 11
m56.5, 9.8; u60.7,12.6;
*10,M 20 MFN2  c475-1G>T p.Thr159_GInl62del 13 years normal p38.8,3.4 father, brother 7
m65.3, 9;u57.6, 4.6;p44,
*1M,M 41 MFN2 ¢.697C>G p.Leu233Val 12 years normal 6.5 brother 3
before age ) )
I,M 6 MFN2  ¢.1090C>T p.Arg364Trp walked gy IRTAADEES, R0 pR wi i
13,M 13 MFN2  ¢.1090C>T p.Arg364Trp 2y normal m40.2, 0.2; uNR; pNR no 23
c.2230 2231
*14,M 32 MFN2 delinsAT p.Glu744Met 8 years normal m49, 5.2; u48.2, 3.9; pNR father 13

*These patients have novel mutations
response.

. MNCV: motor nerve conduction velocity; m: median nerve; u: ulnar nerve; p: peroneal nerve; NR: no
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