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Background: Pompe disease is due to a deficiency of lysosomal acid alpha glucosidase
(GAA), and currently an enzyme replacement therapy has been developed. In
infantile-onset Pompe disease, enzyme replacement therapy can prolong survival and
reverse cardiomegaly, however, some patients cannot regain motor or respiratory
function. In late-onset Pompe disease, most of the symptoms cannot be reversed by
treatment. In this study, we hypothesis that newborn screening for Pompe disease can

offer an opportunity for early treatment of Pompe disease.

Methods: We first analyzed phenotype and genotypes of Pompe disease in Taiwan, and
explored factors which may affect the outcome;. We then developed a method of
newborn screening for Pompe: diSease;-and started' a: pilot screening program. We

analyzed the genotypes, aiming!at predi*i;ft'iﬁig phenotypes and comparing outcomes

between early treatment and late treatment.

Results: Patients diagnosed clinical during infancy have poor responses to the treatment
in view of skeletal muscle function. However, there was no irreversible changes in their
brains. Patients with infantile-onset pompe disease identified by newborn screen could
have an earlier onset of treatment and better outcomes in comparism to those identified
by clinical symptoms. GAA gene mutations were similar between the two groups, and
p-D645E is the most common one. We also identified babies with GAA deficiency but
may have late-onset Pompe disease. They had GAA gene mutations previously seen in
patients with late-onset Pompe disease, but the babies tended to have a higher incidence
of mutations with unknown significance. Through newborn screening, we also

identified prominent GAA gene variations in our population, including the
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“pseudodeficiency” allele and alleles which may modify the clinical manifestations of

Pompe disease.

Conclusion: Results from this study highlight the benefits of early diagnosis, which can
be achieved only by newborn screening. of the intense gene variations in the population
can confuse the diagnosis. The high incidence of late-onset Pompe disease from the
screening program needs further confirmation, but our results do suggest the possibility

of under diagnosis of Pompe disease in current clinical practice.

Key words: Pompe disease, newborn screening, lysosome
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%.1. & B Xz Pompe disease

B b= g (Pompe disease) » * fi£ & TR R F = 3l (glycogen

storage disorder type II) » A d ** & # 4 £ i 2 a 55
a-glucosidase, GAA)#75 1422 5 5 ° GAA A-fn P HEEE o M EE A
Bl o f RN S ARTFRE o MR L VR F 4L GAARE R
®EE B R ATRERE AL fRA F A 0 T BED e gt i o
A BRI FEE Haa XA m R w4 TR L & o B
BV B g m s s M GAA B TR A Aok~ SRR S
Je e A% B g (late-onset Pompe disease) = f& o H ¥ 5 B 23|k R
LEX T A AL A ozbdA) (non-cia{ssiq) @480 2hl A A R B g en
RE 5 a7 A Laigy we- P MR i) 0 7 Rty A8
RARE R 2] R m;» PR G EAES & o R
Ak P SEx ¥

73 ;";‘I] (chlldhood-onset) > & 4] (juvenile-onset )

s
=S

s;
-:4.-;

212 4 4] (adult- onset) J xﬁ 73; )ﬁﬁimﬁ‘l By o ¥ 5 e @ 4 gk
A s et R AR E gL B E f B % & e74F(Hirschhorn and Reuser, 2001) - B 2
kL CELE  EHMP GAABRELORF 2 H¥ A 1% > > &2
IR % EHEN GAABRERE 51 F L 911%3] 40% (Hirschhorn and
Reuser, 2001; Kallwass, et al., 2007; Kishnani, et al., 2006c) ° f&/* + - 8 23|
BF Bp BB e TR A oo A @ B0 T4 BROFR
S BB R L o AT A F R BRI MR 4 2
U g A s 2 fert sty E RN g kg A K2 AE SN o D E
g A A A2 BE g 2R LR 0 7§ LA
i (Hirschhorn and Reuser, 2001; Kishnani, et al., 2006¢) - 8 s23] 8, Jﬁ" ¥
2B APERA AT 4T B FR TS 8T B <
P R B g Sl AT A R R A 2 T L R 7 2 i

(Kishnani, et al., 2006a) - & §_» < [ﬁ%fﬂ?{i WA REZ A mre 2 18 B K s



R ¢ W E R BEE L 4% (de Barsy, et al., 1973) 0 & B < B% B3 - 23
% % R4 2(Raben, et al,, 2002b) » ¥ ASFEE R AR F N W T e B

4 o

HR A AR E S penT g4 F G5 1/40,000 0 £ L7 kAT R

PSR nE A FF R EfEEA G AT o BRI R B g enE 4 Foatet
FERA (1/14000) ~ ¢ B+ Hs 2= %o 5% (1/40,000 3] 1/50,000 )

B @ e® AR A AR (1/100,000 F| 1/200,000 ) (Hirschhorn and
Reuser, 2001) o 862 3] fe b < og e 4 5 P] /M £ & 47 i 2% (Hirschhorn
and Reuser, 2001) > & fm i > ¢ 328 23] 2 ab ¢ A g 4 45 5 5 50,000 »
Z2_— (Poorthuis, et al., 1999)» Al Fen- B ATk % * THF
AR REGE SRR S 2 %95 40,000 A 2 — (Martiniuk, et al.,
1998)  fojk + hizs A7 » fegidb(Linand Shich, 1996)% 17 ¢ 7|(Bashan, et
al., 1988) &% 2 % A3 o

%

\
= L
i T

e S

2. i % B i (Efnzyme Replacement Therapy, ERT)

bl

RS AN fiﬁﬁl%?u.v # % /r’%‘mf Fio Pl IR R A SR

Bk & 35 B F0 A 8~ Tk 'fr'vi B E % 3% (ventilatory support )(Bembi,
et al., 2003; Hirschhorn and Reuser, 2001; Kishnani and Howell, 2004) p & %
gt L MR o R E R B2 F % 2 (Enzyme Replacement Therapy,
ERT) #-& 4 #rés Z hGAARE 2 1% AFE€ 2142+ £ 2 2 (Bijvoet, etal,
1999; Yang, et al., 1998) » #& R (s T PF/ L6t 5 0 /2 P > & REF AT lmoe p 8+
PEac ¥ SHEAfR o S BT D RS T —g% IS SN R 1
* (Kishnani, et al., 2006a; Van den Hout, et al., 2004) » &7k :#5% © > A FF
heie & P60 P TR 18 L AR TR FE T ALE 18 B
LEE- ERARRISRE 0 9 13 kg sk W e m

e N FPE 7 BV U 25-58% ~ g% i< (Thurberg, et al., 2006) > ¥ 3 15
(83%) & & & I8 M % A PFA L ¥ &~ ;8¢ x E(Sun, etal, 2007) » @ f

Banisk &% 130 6-36 B 7~ cr7Rle > g2 2R é'ﬁ 2 ENERTRA S & AR 1



* ek Bk w3 X 18 322 ¢ (Nicolino, et al., 2009) » &% £ % B doin iy 9
&—“‘Ff Hinkrak f § ¥ (Amalfitano, et al., 2001; Kishnani, et al., 2007) « % @
BaAmb Spd R ARSERT EEFEE A2 ApEEE o &
HP R E IS D LES iR o Fla B Fie ok o

,% ek BAE T g E‘ZJS% e o H e TR TV i e B
Hiek =257 - o 30 RFH 1 A2~ M+ 3 F o 22(Amalfitano,
et al., 2001; Kishnani, et al., 2007; Kishnani, et al., 2006b) > ¥ it ¥_%] 5 iz %" B
HHWP FEAF GAA 39 - Ji>t cross-reacting immunologic material(CRIM)
R E o Flagd g Rk Bkt iy R A2 A8
Bk ¢ foig s bk v B 7% 42(Sun, et al., 2007) o

PRRG REYREFL R FEBEN IR S EFREERT
£ 3 %) 58 B (Klinge, et al., 2005a' Klinge, et al., 2005b; van Capelle, et
al., 2008) - @ *® _rﬂ,;)%k.‘ R > B B BEAEHFREC B T
B gk g o i SRR 5mn§%+& FAEH LA e a Ak p

ERR U AT | ﬁf ﬁT—% 1;«1'-5’;!? Mﬁt#:‘t" | ¥ e i sk e

S 805 A R B «&mm%a\ P Pa R 4 F & erdR 2 (Case, et al.,
2008; van Capelle, et al., 2008; Winkel, et al ,2004) o x REK o Ap K e
6 B > FADIFERISKRZE gﬂmac,.,;ﬁ;;rv AL s g fE
% (creatine kinase) % H s 4 i #c i@ ( lactic dehydrogenase, transaminases)» ¥
F T "% (Merk, et al., 2009) E—‘*‘ LR R (TA H T EERIRED

# (Merk, et al., 2009; van Capelle, et al., 2008) o #3vp X455 2 & L2255
3% e 15 3 & 3 )5 % % (van der Beek, et al., 2006) -

ks
w

B

Be bR RLF) 5 45 £ fetto-§ § 45 e (acid a-glucosidase, GAA)
wwafr@oﬂw¢W+%m%ﬁéﬁ?wﬁiﬁﬁWﬁ’A§§ﬁf
mre o B F R dme B e sdk 2 GAA p% % % t(Hirschhorn and Reuser,
2001) c A BT meid ¥ T ALED 24 2 5 TR
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i e P2 R 0 P R E L R T IREE R AR A L ¥ - A
Peid chie B o 2R m R T IR A Bdek A ik 0 PRI EE R R G L Tlh
vofIk 417 3 e ¥ %4 (isoenzyme) maltase glucoamylase (MGA):+
o @i = W%k % F B B (Hirschhorn, 2001; Shin, et al., 1985; Taniguchi,
etal, 1978) o 4t » p* I ¥ ¥ % MGA 2§ 4 4 maltose # acarbose ¥ /7
sefrd] MGA eh* 3 » B mpl e ¢ & Egce * ¢ GAA 2 i sl
(Chamoles, et al., 2004; Kallwass, et al., 2007; Li, et al., 2004; Zhang, et al.,
2006) - izt entase > 2 ¢ KA P RIEDFHRET 0V PR F L
LPEERAL Ak ¢ R 2AR L gL (Chamoles, et al., 2004;
Zhang, et al., 2006) 4 % = & 3 A b %k & (Kallwass, et al.,, 2007) © fe £
TR T R R A ?,"’z fe & e & B2 23] A3 A& P < g (Kemper, et
al., 2007) -

% 4 GAAE?]#”;»W

e b ) GAA#"’ Mr%:ﬂ p - AL R g
%’jx%ET]GAAIW“‘J[ %4$#gra%p3%) > E: %9 28kb
iR £ 73 20 113*%;1—*(exon)_’ Bgd g - iE2E Y 3847bp
mRNA > £ @8 7 5 952 Vel faend Pisd o B ilde Jn BL(ATG) =
BehAgS b oo B GAA A Flefx# 5 (promoter) b 0 F F 2 B F i e AP-2

A-I—

8Ly 2 4BV 5 Sp-1 %4 E @ 2 GC-rich» % £ %) house-keeping”
7 FlengF fc(Raben, et al., 2002a) - F]* GAA fE% 2 ¥ wie 'y 3 2R
(Ponce, etal,, 1999) > £ £ %% e EF > I 2
MEs 2o Bom ATV G RIS E T XD P W

BELR -

Boan ik o 2 drg AR 300 fA PR % 0 ¢ 3 BER ¥ (point
mutation) > -] # B+ B E gk 4 (deletion) & o ipE R FHF 2ATF] 0
§_f exon 14 #yF f %9 % + 7 CpG dinucleotides i §_ 8L 3% % e3 3 =
¥ (Huie, et al,, 1998) c e 4F T % FH ¥ Vi § #HF DR ¥ 4P g A b
c.-32-13T>G 1 % # B 4 £1¢.1935C>A(p.D645E)(Lin and Shieh, 1996) - & %
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AT BB LA ARG R A A AL e T
(phenotype) = i ¥ 3k » GAA AFIR ¥ ¥ &R R Fth i COS ‘w4 %
ZEMEEA s BR B 5 B Al(severe) » & # B £ A (less severe) 0 1L &
#z 4] (mild) & (Hermans, et al., 2004) - 2@ » X k4% 5 T 7 F L4 1) > &
B A F R A 7m0 TR R & A (Kroos, et al., 2004; Kroos, et al., 2007;
Raben, et al., 2002b) ¥ 3 > f b g en& RA|Y P AR bldey F FL
Mo e b AR D R ROV IR AR LR R R H RS
8 0 554248 12 B ? (Slonim, et al., 2000) - & 2 7 fe b Sz A F) 3|8 4

AP - R2 o

GAA ¥+ F3 = B A & H33% > A w5 110kDa~95kDa % 76kDa-
# ¢ 110kDa 5 GAA ¥ B i 547 95kDa 2 GAA F—v F e F A 4>
@ 76kDa i (54 % 4% ch= 3 GAA F-v F o GAA F-v 0¥ Sg4» & ER
PSIERET IR (5 B G mannosé.'6-p~h.osphate (M6P) » + 384 5 GAA fiz
& F ¥ e g d MOP teceptorid if DU VWM o SiE AL S 5 g B
76 % 70 kDa =% (Wisse1aa£"‘§':t-‘;ai" [1993) - 0% © = GaA 4 chie 7
%t Phe512 3] Glu521-2. F"' (Hermans et al., 1991)

2\ {l

B F AL P RAARERTE 2E R RS DL e B i 3B e
o PR A 3T 1960 # A= #p &L d Dr Guthrie 4% # (Guthrie, 1992)> # 5 £
> g A PR SRATE 2T e & F P S (phenylketonuria) 0 45 e
PR e ek G 0 P AT R F I OR R K DI P ATE 28R o
BE o p XA LRS- BERZ SR AR EF R 1963
ERAD2R W EATA 0GR ARY pRARTIES Y ISpradikE o p
74 & 7 E VB AL > R R PR o ATA D&M I8 P oo N F P
Boood BS e R BB AT 2 4R A BT ;{%Hf]U“;&EEJi v 2 H s 3F
Poof s BT RPNTIRL G T IRRIABIED L AL 0 2R
the American College of Medical Genetics (ACMG)** 2006 # 3% 7 29 f85
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T A S FETATA Qe X 2 ¥ bR 25 A RHRPET PR R D
B Bei Ak 4 40(2006) o e BB R Sups A~ B P 4B R FILF
AT AET RNER S R GRS D ISR DR AP o

% .6. *E R AP

O

AR OER A BRAR L VR R Y T g ATE DE R &
H WSS W is B e FA g iafotk o kALEd AT
Wi ¥ GAA A EIL > it § TRk i e 21T o g R gpe
FIR G AT 0 e AU LR R R B AN ek RS o XA GAA
AFIR% S BF %R %(private mutation) > @ ¥ 3F § GAA A Feh § A
ERHE L FEE o P AT R

ERSE 3 R &W%”ru%ﬁ% G e

=
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Rl AR AT OHR T e

R AL R R R

LRF AFETOEFAREME AT TR - 314 2405 48 )

PO T g R AT DR RL L R R AR L FE ARV

E

R RL i AP TF AR R RERRE N o AR
é i3t E p 2005 & 1042 {73 2008 £ 6 7 1k o

F.12 AL DR R RRD

5 b 1 2 B kT T3 AETER A 12 Bl % ¢ 45(1) nGAA
it e pH 3.8 IR B T A4 »racarbose | £+ 18R] % (2) total GAA
(tGAA) #1+: ’F £ pH 3.8 migyf‘:f % % acarbose ¥4~ chipl 2 (3) total
neutral glucosidase G\IAG),p l“:" ,§ pH 7.0 ik 5 T 2 7 acarbose ¥4~
P T tGAA E L7 :}f- Fﬁﬁ ;ﬁy% MGA W EGAA B Flpt e ouhE
Fra) 3 1GAA ~GAA)IGAA e &tk % 5 2 22 %4 - NAG & 1P| 2
% Tk TR R ANAG E 7 08 21 b 4 8ic(ratio): NAG/nGAA

T RSN T2 2T o

S AR R L E H Y A Y % % T (substrate)
4-methylumbelliferyl-o-D-glucopyranoside (4-MUG):& 7 o & > ;2 § 2z 2 p
Chamoles % * (Chamoles, et al., 2004; Kallwass, et al., 2007) 77 2 & {7 » &
DIATA DGR RAL P o RB AR T T - BT 3.2-mm 2 g A

WA - 963V 2 BRI o e » ZEBRE  REEHRT R
VR P g R T AR E B ks > g S Nk B R E R B

3 3760196 3¢ B E B4z (96-well PS Plate) s 881, » 2 (5% F ik o

fE% F &7 74 ~ nGAA & J&i% % (nGAA Substrate Solution) %

‘-h

14



NAG ¥ &% % (NAG Substrate Solution) » M E Z R F BRF R {8 > B
HPEEL A37TRERFE 20 F L EFE B > {8 4 » EDTA Stop Buffer

Bk ik T e B A R R IR PR kB o

7.1.3. AL oitgitTEZ D

B b B APE o AP Rl R 5000 B LATH Mo
FoEWCLEIS IR Y5k 2000 B R LATH SRR L G ERD

hERIFER AP R 2R GR(B ) 2 GAA S E 3
W BESS5% 0 Bl % FFER RS 0 b PRl T GAA 1 32 NAG i
Moo 2 E GAA EHFET )DL ¥ 39E525% 0 & ¢ NAG/GAA W {5+ %
255 P Aept 374 Qe RE o AEES - MBS o £ 9 NAG/GAA
%3 100 0 Bl depbdt @k i A DR ARG S -
e R R o s jﬁ’#"i GAA- B % | »+ 1§ 20 8% >
tGAAéW%ﬁ$%*‘80%"JAIQQHGAAbbﬁ*»‘60 Pl Fopt 374 826

R T E NS S m#%'hmﬁﬁ

e W i\l
L ¥

1‘ e

R4 AL ORBEERE

FA T L GRS FRY A RIENRL kAT FEY
WhZ B AR o vop fE creatine kinase fa % 0w % T Ik GAA BiEA
Fom X k2 o T B Aol o T A Pl S RAT S K A
EWR A 00T GAA R EHAE L (LA S LD F IS S%) T ¢ A
GERES SES AR EI
CESELT L LR G P LY RS AT Y

%
TSI A I o Pl TS A E B R A
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2. SEE RRECRLYORR
F.2l EFLA

po1994 EAz > Mz R b R ARAE S 2 TR L 0F
BPEOUBT UHSAR L g w2~ o AP wAET A 1994 # F] 2008 &
BEI A BT R CELFOTHE > cRFREL > BERRE
Bcig o NEAFIRELITESE o

f.2.2. HRABEDZ

A4 Ficoll A #h & st it = hin®e » & L % B el
BT e ket GAA RFIEAT &L o wie 8 2500 F ik (40
mM Na2HPO4, 30mM Nac1trate pH4.0) & > 4 B (s g > 841G, 13
000 rpm for 15 min)B~ (¥ ¢ ’F R~ —KA»\ ¥ = F T & (BCA protein assay
regent; Pierce, Rockford, IL, USA,).- FB’~ IS/,,\ B2 F ko F ik & 45 100
mg v F& 25 mM 4 methyru’r;t;elllfewl 13 D-glucopyroside (4-MUG)
(Fluka Chemical Corp, Ronkonkona NY USA) - A2 A 3TC R P F 2
h 4 4c » 1 ml 0.4 M glycine-NaOH buffer, pH 10.6) 1% 2+ & Ji » 3 1§ R 3%

i& 18 Jp] ¥ & & (excitation at 365 nm and emission at 450 nm).

.23 AFRELIT
e 4 QlAampTM DNA Blood Mini kit (QIAGEN, Valencia, CA)
pAE Y B gme? 55 DNA - GAA A Fla§ 220 *HEg 3
exon-intron 2 B & %12 PCR *x % {5(£ - » £2)> MEHTE B 2R
FIRFIETE F R R * g4 B L NC_000017.9; GL:51511734 - ¢
Z B2 cDNA B 7|(NM_000152.3; GI:119393890) 7 % > g :¥4=4-2 ATG

A L LRI+ 2E e
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7.2.4. FELR
B 2002 & B de o MRTE LSRR OARE CERE SR
Ex AT 2t 2 alglucosidase alpha(Myozyme [Genzyme, Cambridge,
MA])/s R » & 3 % FE 5 20mgkg BW » % 5d #%1 50585 o A 45

REegpae PoEe N2 AFEEIRBES LF B b i

55

SRR G N E R R IER T R 0k -

il STy,
B

1 ."
il

F i 7 ’*1}3
.,‘."‘r"’l 1= \(\ﬁ-il,
& Vo |
s "~ 8
= =
& . + &
= e
€ % &
®. 4 ® 4
3 A

() iy -
£ "\?( Lo BRds 0 o
1%?§5-@¢ﬂ
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’ﬁ\3 BB 27 B B "\fﬁiﬁ'&/r%‘&vs )\Ff%
.31 EFAR
p 2002 # e AT R Ao B B2 RE CERL Y > R L F
EX AL BpE2 alglucosidase alpha(Myozyme [Genzyme, Cambridge,
MADin# > & 3 % & E 5 20mgkg BW » & 5 #0163 5 o pdt B4
BRI 0 B AHEE 4R ke P 5L GAA IgG M e %

#.3.2. CRIMstatus 4'#7

A g > LoEhiE Jfﬁ%@"ﬁ%ﬁ'lﬁ EFEF A TL GAA 39 > 11

FEL R —*‘ #_F 5 CRIM negative it & —‘ﬁ il BT e (& KT Tk

mre) s d ok BARTS ,%g_mﬁ’s.« F TR A T o Bt ,7‘3‘—,, s N R .

voE o 5 d 10% SDS & %}I L 2y (polyacrylamlde gels) it {7 ¥} 48 T &
(SDS-PAGE)~ &1 » #-3-v ‘p’? ﬁ-ﬁ’ 7| |PVDF "%} (GE Healthcare, Uppsala,
Sweden) {s i& {7 S AR F I e & “‘5;; i monoclonal anti-GAA antibody( ¢
Genzyme = @ #% & (Genzyrne Boston, MA, USA) i 5 — &2kl » 171 %
HRP-conjugated anti-mouse “Ig . :%x OOk LM oo B fE w4k
chemiluminescence (GE Healthcare, Uppsala, Sweden);* & ¢ o ¥ 12 tubulin

FAE 1R fmre ) tubulin B #L5 e Fow H 7 E EE i

\\\Xr

#.3.8. HWIRLNEEFRELGTTR
p 2002 12 7 52004 & 12 % ko %5 5 FR QAR L R R F
wARREMAR AR S > ] LY PREIPELERS > ¢ PR
£ & = i§(Nuclear Magnetic Resonance Imaging, NMRI) » % & #8828 & 347 3%
(in vivo MR spectroscopy, MRS) - % i* (myelination)sii=¢ 3 & B] -4 = [I; N
#14z(Barkovich and Kjos, 1988; Barkovich, et al., 1988) -
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FA A ARG RTEL R E AT BN

pd AT2 DR R GAA BRAL SRS RLEE 2
s %r%?’ P LUERF A AR B EATIRAR LY

318
1<%%W2 AT HBER 4243 Lk 4 0325 B F LedTa

T4 w7

G P iAo 2 98 B d ¢ 4 F7 7 I Taiwan Han Chinese cell and genome

bank (http://ncc.sinica.edu.tw/han-chinese_genomebank/) %

_ Bhor ¥ HRE
et

#.4.2. RNA F&z 247

A * Trizole (invitrogen‘ Gibco; Grand Island) p ?, X % B R
fmie & E LK BT e 4 S— By RNA° 472 4e 0 1ml Trizole 24| #-im ¥ 4
8+ 40~ 0.2 ml chlorofornt ;w_.a.;g?i}ﬁ.u e R -kApgR A o 4e o~ 0.6 ml
isopropyl alcohol » .« #7¢# S

R FCE o 2 (8B EN 20ulmDEPCH20 4, 60CT 4R

418 e RT-PCR & ¥ 530-70C PRt

RNA W 78% i ice- -cold ethanol J&{épriz »

A A

#.4.3. RT-PCR(Reverse transcription-polymerase chain

reaction)

AP K-dd B~ 3 e RNA & &4 AMV reverse transcriptase (Promega,

Madison, WI)# SuperScript kit (Invitrogen Corp.) i& {7 & 4% T 12 oligo dT
primers 2 £_3F T 1 GAA RT primers & 7 RNA ek #4% > @ % 7 cDNA >

§ 12 % e GAA RT primers 2+ GAA # F]5n RNA » RT-PCR &2 GAA #

F2. B e 4Bl (B 2) © GAA RT primers #3453

HR A (R 2) e A
RNA ’ﬁw’r‘ﬁ_\r‘]iﬁ-ﬁ ﬁ” RNA eh5 7|4 F & z

FEo A FEFF AR
RNA » 1 2 {@ #F Z_RNA B

kR o
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ATE e 0 AP EE GAA p B3 a3l 3 (Left: 5°-GTC CCA
GAA ATC CTG CAG TT, Right: 5’-CAA GGG GAA GTA GCC AGT CA)i*®
% PCR 51 % o # = P52 PCR #x + B -actin mRNA 7 3 £ 7 & (143 -PCR
AP Eisgd TAEE B d P a2t Kodak 1D software (Eastman
Kodak)d kB 7 k 2 & o

.44 Hppsf

EN TF“%%‘?I 3 5 B GAA A7) % Al p.RI99H (c.596G>A,
rs1042393G>A), p.H223R (c.668A>G, 151042395 A>G), p.G576S (c.1726G>A,
rs1800307G>A), p-E689K(c.2056G>A, rs1800309G>A), and
p.1780V(c.2338A>G, rs1126690A>G) > ¢ 21 BE 23| 5 [ < :}jr-_,ﬁ,.—‘ﬁ HIRIE
TRl H R @ ﬁk%ﬁ # Haploview (Barrett, et al., 2005) -

d 20 H A g W P ﬁép FRAHTH AT W
Pl AP ERRE R ¥ Y ﬁn&%‘ cis/trans gk i o Fpt > A py A4
73 103 i GAA ﬁ?%-/r‘ﬁl—"ﬁi—r érﬂv#&_ T4 g 72 B SNPs - Z_ T A

AN

T e s & end B ANKroos, etlll, 2007) » Byt A PE Y AP Bk
M 10 B SNP % 4 77 4 Rer¥ 2 4530 b s 2 574 92 GAA 4 Fleni

gl -

7.4.5. £ *F g4+ Z(in vitro transcription assay)

3 Lz 4 GAA ¢ minigene B A el ¥ A GAA AT F K
4o Bl T %A 0 A w2 PCR 2%+ s 2cig plasmid * 0 £ % E. coli i*
transformation > % LB medium ¥ #2 % {é » /2 QIAprep Miniprep kit & P~
plasmide 2~ ¥ 2_ plasmid 14 CaCl, transfection 577 ;% i » HEK 293T # HeLa
cell lines » % DMEM medium ¥ 3% % — % {3 12 TRIZOL reagent 4% B~ RNA
4t + DNase i¥%* {¢ » i¥ RT-PCR » & 4= (T9} 48 7 AL -
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F.A6 SFLA AR

BRI AP R AT A T R A kR .
Bk u? g GAA T ¥opEE E Mt it v Kruskal-Wallis &
Mann-Whitney tests o ¢ * chi-square test " #7 F& %] ¥ ¥ s JL FPig

(Allele frequency) = P &%+ 0.05 AR 5 338 F 3 L &L 9] o
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%.1. FADER>2H 222

A g Atk 5000 LATH 240 GAA EEE > T OUF IR B
WoEFEY RILE A T k(B 2) o & IRA ETH 52(84.4%) 0 GAA fit 3
R A YT 3 E 1 55% ~200% 2 B 0 ¥ b G 13.3%enRT 4 2 T
B 155% 0 F 23%ETA 2R A T3 E 1 200% o B EL R A

K3 0.2%374 22 Held i 110 [0 E ¥ E S 10% 0 Fletipa 14 2 F

RN ARk RS T MR GAA i o

p 2005 # 10 * 1 2007 &£ 3 % (I8 @ ") ~¢ & X 2% 132,538
LATA 2(B 4) 0 2P 1101(0.83%) L AT4 2FF - Atk EEFRY 0@
BE RE - kS TREREA o BisE G 121 (0.9%0) - A74 A& K
ITARELEREL c @EZ T o Sn B¢ PT 5 GAA FH G
1.45pmol/L Wb per hour (rﬁnge: 0.18—-3.24 tmol/L Wb per hour) » J* # IR {7 —
HATA 2enT ia GAA'."-£ e "'1'6“52pmi“ol/L Wb per hour (range: 1.78-40.76
umol/L Wb per hour) #ei { f *’F’_"*"JH“ ZFNGAA FE R A BT e oD
B Bx Iﬁaiimﬁf ‘/rl’ﬁ‘ (?LS 234],Lm01/LWbperh0ur) #EFOTEE o

SR S =R g 3%’%?513‘,&?*‘1’%}‘% MBE - APTHIL AFRG ZIE
MR A B b «ﬁﬁJ»rﬂﬁbﬁaE SR ATA R EKREEME L 0% @

B E 9T% BRI 3%

b GAA FBHrgin ] >t ¥ 35 3% it d w2e o

3¢

—=\

R B P T e dU IR 5w 4 IR % (NBS2, NBS3, NBS4)(] 5) > Ft +
R A e A i 0 ¥ 5 - LRFINBS > >0 7T 7 ~ prdipse
Bog s ok Flpts 20 1432 AR AT B R VISR o Bl
B B iR P o b PR TR AR R () 5) -

AP TR AR TEA L 2 B R R AT QiR PR AT F Y
PREPLEELLFRETRE VR LA F L YRR E LR
R 7 R
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BT R SRRt A (R o BR M 0 3 %A TH
rip ko A LTI L TR ARG R EDR R 0 L L AT iR P
WAl rE] GAA EHRAEL AT o Flp Y ATE 0.

BB 2R P CURERE -

Tt Ul B OTRA R B AL Dt Nk H T
RAT o FF SR g 2 AR R R R (R T)
NBS2,3,4 4~ w3t 19, 22,2 9 x A @ L ¥ 1 ¢ NBS4 73
NAG/GAA v i >100> F]p & if 4o % - Soab 8 % 5 2 T op)] F s
oo FPRREATA DY AP RER Vo o feep o B R e § FiE R
VUR 0 B RY 15%~85%7 # o Fltmminet e 2V e I 23R
BB A DM AR SRR A2 TG T S forp
PR R S T2 T iR

ﬂw&@ﬁﬁmﬁﬁﬁ%%?ﬂQMwmmﬁbﬂﬁ°“%E%
FEILG B X A m*@%;gm (E] 6) 3\ IFum o 2 tier ¥ ° & GAA &>
10% » NAG/GAA - i@ k@%$*”a#’ne*agwp&EJwiéiﬁw

@?+¢@,ﬂwﬂwﬁukwm%ﬁﬁﬂaﬁ£Jﬂ% * R G e
B i 2T o R GBI PR f < 6.39%5 (&

NAG/GAA +* 5 >60 i i T 503 g"y FIEM T4 > @ BT
97%5 > 31 50% > ¥ Bk AT R 1 (sensitivity) ¥ 2 E 3% % tg# B I 86.7% -
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$2. LB RRE CURLF PRMR
#.2.1. HFWIRE AN gRAFRZEL,

p 1994 & B4 25 3 %j*“ﬂ\l"‘#“}%ﬁ?%éz%"rﬁéﬁ“ 5

()
e}

|
&
=2

TS
AS

BB e g 2 A5 FiE DNA % L iz B anF o

\\“—’

e
ggﬁizﬁGAAﬁﬁﬁh%ﬁ;(yiys’@%Ji§§@ﬁ§¥mwgﬁGAAﬁ$%

"lh

50123 FEini RE SRR E o HY K 25 AR ATFRK(E )

ﬂh—

B 7 c.1935C>A (p.DO4SE) 5 bk Renh FIR %> L 7 56% > B @ chR e
35 c.872T>C (p.L291P) > c.1411_1414del (p.E471PfX5)#es ¥ & (% =)o
c.1843G>A (p.G615R)A| © H13h— = o

$.2.2. BTIRE VEEFIRAF

AF 2002 # AR SR RZ IR L VR B F 0 1 2008 & 3
N 9r%*ﬂp__ TR Flh I AR AL Bt E
alglucosidase alpha (Myozyme'[Genzyme, Cambridge, MA])ir B > = & ¥ #| £
2 20mg & 2> THES g rf %;W\hﬁff‘% o Houp kA IE LR > BAInRK
£ o B0 *%ﬁrz\(:’& ; d ’“BrﬁF*#ff" bRt TRk R IE B R
15&Hm@&#z;,ﬂ&ﬁww{*rﬁq13@ﬂmw@w1W%m
B ek BdeE ke 5 5461 T 0 m Rk 69 RIFIL § AL c
4R B EE > TSR B AR RS R &k S 2-44
B oo
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$3. BIURL SRAFISRBELLAS B

At 2002 EAT R iR B AR DL VR R Y 0 B AR R
FACLREAE o Z o KT AP RFR L Y FMER c TERF D
P GAAIGG M B X o s 2B p A2 2 X E T HE(R 7)>
BMEFOOBY 2B TP AL R E A AR o
B ik R 5 11120000 &= R R G+ L pE(Amalfitano, et al,,
2001) o FidE ik B & %3 TRk sk m WD ST B R (Tomk B & B)@ 374 ¢
B NBRGTE 2R E)S B2 B rP g AN 3 FiRk B R e R H

()
ey

e m ERAMERRE DEAR -

AP HE G ERERBRLFHEN LT A GO Toisd
HETE YRR B 0 GAA B TF = B A &350 A u G 110kDa
95 kDa %2 76kDa - # ¢ 110kDa 5 GAAB5 T <h %4 > 95kDa 5 GAA
0 Fen? BAY 7éi<Da ! ;juﬁéﬁcma\ 3 9 GAA 39 (% 8, lane
N) o 12 ik HAREE s ,& %gp\ AR F o A& 5 110kDa
#4]5% > 5 CRIM H- & nﬂsfa Fi?]rS) rﬂ e B R ke ERT R
FOLE Lk Fd JEeR |y ;gu%*ﬂ*«%%m@%&%#% %o &
Eal: o %J‘Ff ¥ Elmf\f% p.D645E-1“6 e e % B eh3-v (Hermans, et al.,
1993) > Flp B F P 07 LIRS e b Ls g o
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34 BRI CCER iR B2 NI R

K2 e I B R B TRET A A A TR
¥7 ek fmve (glial cells) » 12 2 % & ‘w?2 (anterior horn cells)(Araoz, et al.,
1974) o @ ¥ RGP RS PR ie BB L B RN RAERE 0 B G 5 BB R
4 3 1" % # ~ (widening of the anterior horns of the lateral ventricles)* ¢
s BB R 4 % (central cortical atrophy) % % it (van den Hout, et al., 2003) - ¥
- HEAEARA G H I 1 end FHS IRIE 0 2 B J L
Pk ﬁF"W (Kishnani, et al., 2006a) * ig4t 38 & w @ {2 X3F 2 > 130538
fZ iRt aniin o X 4R

A BT R A R T B TR R R R TR T
AR 1 ?(Cas_e 1-% %‘\—)Eﬂ Pl B E A ME D f o T

B 300 % A m@%,%éﬁn”%@%ﬁﬁm&’ﬁﬁw&%?
D B Tiibﬁf;ﬂw%~*ﬁﬁ%ﬂ%q%£ﬁ%$%
EECRE - S04 b [ﬂjj!.:CaseS SR AR E 2 7 A e g Case
s (e ho T (7 45 5 U

A
F
ER PR B EFad 1 ;';‘K Casel FW R 0 L g R IR eE B 5y o

e g ¥ A IR E (spasticity,rigidity, dystonia, or choreoathetosis)% 7 it ¥

APHER AAPES B B A BRI RORE B
Koo 5 BEor § ut ARgE i (myelination) IR % (B8] 9) 5 i BRI 9 - =
B Oy i A2 W G 8% e A 3 f(cases I-3) NG F 4~ ih
Ao i fCase 1> By (VA28 - Bdnen6 B 7 5 189 > B 82 e
A d D R A IR AR ‘*ﬁ&ﬂ FAcRPaZH~ 29 FRrpein
Feod WE R RZU B HAER 0 Tl A P EE L B AR R L

Y

Teff # v LR R ee L o @ 2 G R i B T 3 0 R T
JEAPFEERE A TN A G & e &} PLim C R s A A SR

GEE A PE
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ke
7
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5  &d
M

AiEp 20 BATA

Ei
-
(9]
Rl
ru.
)
A
T
€y
)
=
0
P>
e
-
ol
_3
o
¥
[E—
N

T34RP B e (R N) e V- PR AR R CELE R
AR AR o5 PR AR TARE CERF Ris R G oo
7 < IR % o LVMI = % B & v (left ventricular index) & AgiE 1 ¥ (& #
& 474462 g/m’) o inf 15 ¥ 4-6 B LVMI 4 B> > fe g ¥
He (B0 paarg REST AL R4 pAUriEs

EARANY] ,:,t,r.dz ‘551'4’\"}5'% _-,,./:v/%‘ > g, Hp /r'% » LA 'ﬂg%ﬁ’i ﬁﬂgﬁ?’fﬁﬁ
AR

REE S Wiz B F o FRE Y GER S B R KL G
(R 11 A) > BEA AR e T LA FEE B ﬂ—;@ébrv o BFTH

L TSR F 2 I g-z £ (p—OOOll) B A Hp s v R
“ (p=0.4795) *

*m
S
o)
'qﬂ
e
N

LERUIEAI U ks % A Pw q* [P R B 0% 5 4 AR (ventilator-free

4 g ﬂﬂm)%m%. ﬂmf%r S % B 47 (B 11 B) o a37d 2

W R E s bk’%ml%‘ﬂﬂkw ' F A tgEcd (p=0.0084)
BL P oo ot T F s L (p=010640)0F B T L AT i © g i B

GENCEANCT RIREE EIR S EEE s SN

survival) » ¥ 14

Ba o AP RGP EY L FT A AE R T E RS Y
ik Rk B AR (B) 11 C) o AT SR BT LT AE B A
S AR 0 3 % dF R (p=0.0090) » B2 BL B 5 b T § ok

7o
(p=0.0063) * = A F1 5 bhin i ¥ AL I 74 & 0w >

SR ) T UL ] < il A Y e E T
gL o i# ¢ ;,ﬁ—%‘?lli‘?@:’ﬁ TR end L e
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%.6. d * R @FHeori® 2 ok b %ﬁ»é;ﬁﬁggﬁg

2.6.1. A74 itz FIRE A8 ;7*’4,%.';7;’6
¥y wpsf BEpP

g 20 g BATE 2D 6 LR AL AR 2L AN 2 R R X
}ii—ﬁ cFEHH A FHE 1in33333 036 ?,&ﬁ?ﬁ%ﬂ%%&r& 757 (e
1) it é_i" ek FIR % v 02 p.DO64SE 5 A 0 ik 50% (6/12 alleles) > 22 1%
B E(F > )p e “,% 7 NBSI1 ¢F s izut i—fg ¥ — % Allele % 5 frameshift
mutation (p.E471PfsX5 > p. L948SfsX70 > p.Y354X) > ¥ rued gt B Jﬁ" g

2 A BE L A AR L g e

%.6.2. GAA ,J;z";# VB 2B AL B & PR T

Lk 13 8 sATA R ?mm121 GAA FE % B0 A 4k L &
ffZ KB k(e s 4 - F >z7‘5;7§§-?\ TREEF) APHEY FLEFRA

s 107 2t 2 gk AAR(H LT E5 72 4 (67.3%)% § - © wen
Bop i R (48/107) R 8E & ASETRE £ A% #(31/107) - £ ¢ ¢ g *

(7.5%, 8/107) k- pE & 4 — © frmm%r* REZ - ATRELADRE
RBEERE S G 0 APFIRY DOASE RE S A (L, 2L -)0
243% (26/107) > BEF 2 R B L EFAF Lo Pl EF 5 S Aot R 0§
= ¥ 2% : pE88X (6.5% or 7/107) o it € 2 # 4 L ¢ F A
c.1411_1414del (p.E471fsX5)#1 3.2 = > c.1843G>A (p.G615R) (Ko, et al.,
1999) 1 3~ = > ¢.872T>C (p.L291P) B S Ihm = o (T2 3 cnd > F &+
LB R A FIAT] RBERE L LA TTRA L KPR %(31 4% >
35/107) (% L) # ¢ 4 33 4(33/107, 30.8%) % [p.G576S + p.E689K]F %
Foo APz my BED S e HRE T G AR SR TIRE L Ap
FElAry 7 (B 12, carriers) > H 3 304 e RE 0 BEARSAF

~=\
*hk

_]

9(

=7

)4

—fg » HpEE E e Fgﬁr,——%z#p (B 12A, B, carriers and patients) - &f 7+

=5

FHERD > BT H e BT ER GAAR A 2 Mg i o
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ki

$.6.3. WEFFFELT 3 FERELR T 7

R RFEEFFHRRRAVFF SR O REEBEARS
BB APRFLTRY B NFFARRRDT FIF o AL dTiee D 5

2

gy FAME 2 RNA 22 248 0h (B 13) # MR A1
F k9 FARES M (R*=0.6599) » m * # mRNA # R E 4 #°
(R?=0.4067) » & rig— #H A5 H AT 3 b 5 AP appim(d L o)
FRAFF FTLGAA A Fn A ¢ BERZ EEPE R o 11 p.G5T76S i

FEoek Bt o bk i pD64SE ok FlF L1 o 7 g RA § p.G5T6S
FFIE LA ARG 177309 5 3 B F p.G5T6S sk Bl Lo d

32.92 eh—- L o

B RTANT Gtk A iR A 175§ p.GST6S it LT
§ RO ARG R - BNR5R A2 27 - p.GST6/p.GST6 I 2
G s A R T 1 h 16,06+5.64 mrhc';l/L/h (1=243) > p.G576/p.S576 & 7|+
sk F LT 35 5719.5548.86 mmgl/L/h (@70) 7 p.S576/p.S576 3] 3 =52
% AT S, 8413 68 mmolfL/h (n_12) WA (L Z) e hini e

—
Gk

Y > p.G576S i AEIE TG 145% 0§ 12 B p.G576S k5

(3.69%) » # GAA %% &1 5 1437 11.86 mmol/L/h » 5 & ¥ #i& ¢ 8.81

3] 72.85% o

WATH DERB IR SRR MO I2] B AP B2
DA FL AT 107 Big MR T8 - a7 Al A ST - BRBILER
R R 48/107) M2 B A FIRFBLRRLLL W ACTRELERE OB
%(35/107) i 57 PR NB X P F 33 L 3 p[G576S; E689K] K A
R 93 BEFHBEY R4 2 4 p[G576S; E689K] I A

4

% % (2.15%; P<0.000001; 2 test) o +* §edy Il - B Fopik % 2245 7 5] %
Rz W dE i B MED A E EAp (2 ) Br p[G5T6S;

E689K] 7 it IR L2 S A LMT o
T2 p.GST6S £ pDOASE 2 2304 ¢ enik B 5 AR LT
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B A A T e AP Ry m FE 2] B R3E > BT trio A 17 o
BT op.199 & p 223 HRATs A B el 44 A p.5760p.645> p.689
2 p780 R erid 4172 () 14) o e F o 5 d 2Rt b 2R
FUFL -

%.6.4. K R FF 7 A5 H 2 F)(Haplotype)

EORIREAH AT B RE: Pk g AR Y T 93 B OYHR
Bz 103 Bisd AT STEHRR IR SR PETA 20 1 10 B A
Fl AR RFERA L e c BEET 0 S#E EF A A GAA i1
HEWed >34z Apr > B35 892 118 R (A1)

jud

egHY 3 245 GAA*03 2 A+ (homozygotes) o @ ffi¥ % & 14k M

~=

iz 103 B 5d A2 S f te SIREH K%Y GAA*03 H 3R
SEERIUBERR LT F ) 1_'ﬁmwwiéﬁm%’wﬁ%@é
1% p.S576/p. K689 i3} pseudodeﬁc1ency A F)A 0 232 pD645SE 0 L

PR EBF LR S 3 ,.w rﬁﬁ% 4 p.S251L/p.S254L R % 4 HH i3

95, > p.ERRSX & GAA*09 ' P W746C 2 ¢.546+5G>T 3% . GAA*03

F oo

$.6.5. ATL TRBBIZRFIRE g b F2 AR

INRTA Q&R oD EERRENT @ A gRR T A DR B2
FARAALCHFIADORR AT RASLEBRIIARFLUREL VCELA o
Fd GAA 2AFFH > #FRF G ¢ whRBEREE HF L P p.DO4SE
(2/22, 9%), p.G615R (1/22, 4.5%), p.E888X (2/22, 9%) % » & & 22.7%; ¥ }
- RTIRA R R DR HE FE p.WT46C (2/22, 9%), p.S142LFsX29 (1/22, 4.5%)
% c.546+5t>g (3/22, 13.6%)% = & 50% o B R F R G 82% (18/22)(% +
I)e Pag R FIE IR GT GAA 2 A FlFF4 o0 3% 0 2 RO i plhe s P Rk
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2 o g & RNA 4% & (splicing) ¥ 32 5% » F]pt A i g L % T & PCR
TR R RS ﬁ%@*ﬁ B A A K E kR 28 A

SRR e AP FY R X R B - PCR 02 U ERIWRIE F ALE S

= =

7 ¥ RNA eh& R -

$.6.6. HWIRE EEFEAIXECLI9442t>C 2 447

Aoz B2 A R R *&%"Lﬁ B A - AR ARFEIRE PR F
c.119442c>t (%= » No 5) - R ¥ I =& RNA # & donor site > J&3%
EHFIIRNAFRE o2 REY &< JIO g3 R ¢ HRE > e A1
AF - BT ER R § R T4E & (Montalvo, et al., 2006)° % B i
PR S O AP K O R R % RNA Y R 3

& ¥ IRNA (B 15) 8 3 LB B FR 27 & ¥ SIRNA # 42 exon6
fe #8 4bp 4% % 11 % exon7 4k %(ﬂ 15) Lbﬁffﬂ%‘ﬁﬂp € & = 41 il ik ehak
4 36 (p.V358 L398del 41) ¢ fmlﬂi(Wan ctal., 2008) * 3 &+ < A
= 3P~ RNA > IR0 ¢ i z\RNA -exon7 & & 27 &) 0 F]pt i
— % intron7 ¥ ¥ RNA:» iﬁlzﬁ | v Hﬁ?é_i p-L398fsX71 g it o

$.6.7. AL OHBHIZAFIRE EEF
C.546+50>t X #4* #7

#i  NBSL7 &% PRNA ¢ » #5372 & % 57 RNA(F 16 A) » i
d TSI 3 1 F RNA ¢ 32 3bp 7 4v & exon2 ¥ exon3 2. &>
E exon2 # % o WA FITAE B EF IR 0 c.54615g>t Vv id S A 1
RNA splicing e % » F]pt Ve = — B8 > & IR c.546+5g>t » gt i
B4 (R 16 B) - %% 57 > £ c.546+5g S A(H 16 C, lane 1 £ 2)» ¥
MAA T FDE Y Bt c 54645t S F (R 16 C, lane 3)> A § A 4 2 & ¥
SIRNA o i B 7] $H5 R e c.546+5t _ﬁvmg ¢A2 3BRNA & 35
i‘a/,’J‘ 184bp 2 3bp A 4+ (B 16 D) o F]ot Fril c.546+5g>t € i3 L 3
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4% ¢ 45 p.TI82 1183 insV 1 & — p %% S78bp & * & ATG #:3¥

A2 4p Bl e P ERGAAFE R FRAA L 0 - RBEELRE(RI6E) -

%.6.8. ATL TR BEIRE g 5 €.955+167
>t X 447

¥ b A A NBSLO & ehi i fm%e RNA ¢ > H 5% 1§
RNA(F] 17A) > 5d A48 203 & ¥ chRNA L & % exon6 4
14 47 (Bl 17B) > ¥ b2 7 L5 exon6-7 # % e 4 o it ¥ % £ 7dp
g Ifhwe ¢ 0 LT g 3] 3% & ¥ RNA(R 170) - & LR F R
KSRy mred ’;‘P—Ff]‘?{

Pk gD 40 B 4 (B17.Co D) > #3 GAA Eit#& % (R 17 E,
D6) > Flm gt i &7 i iz ﬁ%*mﬂﬁﬁﬁ”‘ o NP E FEATFIRE
25 % ¢ RNA £ ﬁff;__?‘f(%\» =y

Kl wﬁ%rﬁﬁ *%éf“m,c955+167c>t+@; GRE A R N 1

Flig 2 ¢ F RNA & 3(F 17 A) - d * exonb

RNA splicing .5 % o 433 J’ #é:ex0n6 8 2 B np F|%HiT * % 4% splicing
factor 73 » 14 mﬁ*wf’ Pﬁfr% IFLE AR A E AL A T A PO 4 0
L3 REOEFARNA S EEPRFE T 1 F RNA A 1 chbd sjfs

SERETERL VERAE AR IVRE S RFNEFF 1Y
70% ;5 & - A PFEEF L 9~10% 0 # ¢ ’ﬁ - A e R A FIRA o
R TR T WA AT EFE R AR LS. 5
FELATFIRIL DR ﬂ(b’%‘] 18A)% 3 delta E6 2 % & ¥ RNA # 3R(F 18
By e £ AMBAF - R(B 191 a7 LGl AFIREPEE >+ 7
SR K RNAD) « 4,5 50 % 4o 22(1 21). 4632 46 RNA 7 it £
F]1 % IVS5+167 c>t R % € 4 ~ # GAA pre-mRNA splicing 7§ (] 22) >
e g im 3 # # modifying factors £ Fr 1§ = splicing £ ¥ I % o F]t f e -
FOEY 0 W LR G A s (B 17 A) -
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AAPwRMEETY > AFT EEAPLE 13 e AR L <
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&=
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M- 2 S50%c His Awd Hen%BE DR 12 % F 50% 0 fe E_
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Bl R AR

GBI R L R RA L2 AR TRA RO M
FoonwomR? ﬁfj*u%“ﬁwr%‘ AR I8 LR E Y T R T
AT 1 0 B R 5F etk ch4 w|(Kishnani, et al., 2007) o 3385 5% &
o 3Ea 15 ?,&.'ﬁ“ '3 3 AR ERE S AR ?/Efﬂ/ﬁ » 5

AEEF R LG R o B RAPRT Y - BRROLISK R T P A LR
S BRI ek 4 o A LA ERISRPER D 6 B
PRAI)PTIBY > SR B2 R LR "i:]i,&ﬁ U T U
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TR A AR o AL BT 0 FAT T 1 B
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o end 2l ixéﬁﬁﬂ PR e CRIM A 2 R
B2 1 gcm e autophage|ﬁ7f§_;£ 1 E' ¢ 4r CRIM BTl 244 2
Wy By CRIM f‘*” e ﬁ** ’ E'J%I‘é#”"ﬂ*'l I TR W S
F MR @ P e L o %(Sun, etal., 2007) - & & A 5% % > d 3R
%534 pD64SE X% » Ft ¥ B CRIM B L% » 7 FHEC LAF b

gt 2 WA PR R L N R e H R B hL ¥ E
Kishnani % 4 #2007 # crdp & $ME R * T L xR Qg E§
P17 CR L CEBREFRGE LY G 4% D F R R G LS

P - BB EEORFT el LR OFEE L T M

“\
fi
P
S

Flat 220t 2 24 & I MEEmd T, FaAARL CEB
ATV F L %EA oA B2 EEIVEE 0 ¥ - B AR FIR
GRS IR S T I S 8 4 SRR & N AR
BERS G At B IR s EE s ¢ o Fla 4 BE SN 0 AT 4
FGI S R L E R BT B el 02 BRI T AR
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L2 b F 3 B 0B 2 & i (Chien, Lee et al., 2006) > F]pt # i F IR i» 82

o AFE B L RE R BEPRE > RIEL D SR S

lm\:\,

e

BZFE-E o F R 2R BRI TR R o B AR R g

SRRLE-E IO SR L DR R

2. + R éF iR

AR ER G RAR L R A DR R B N A
BE REEAGR AN o d BT HER SBR ROR2ARE S
EEFHF2F 95 1:1in33333 (95% G 1 % F 5 1:12 048 to 1:100 000) -
— AT o RLAREDOFAFRAEFEEE FIRAGF AR F2FHL 1in
40 000 ] 1 in 300 000(Hirschhorn and Reuser, 2001) o A f7 jf % Jo X e 4
%) % 11in40 000(Poorthuis, etal., 1999) (Martiniuk, et al., 1998) » @ 2z &
Tk SR T 0 TR ;‘ié S o SR R4 %59 % 1in 50 000 (Lin, et
al. 1987; Lin and Shich, 1996] it i § <8 51 8 5040 £ 5 2 &3
25k SRR S ;;Jes*ﬁ%z;p? 2| rf;{ﬂa IR B A R e B
*oovep g SRS R B ERA FE S F R R 0 AR aL
RAOTRS SR 0 W2 S g 9 10 R B SR E AR

S ds BEI 4 vl g 4 E o G 4 R g BERSRR R o

INGRGEHEMEOREEE I T A S RH R A RE GRS 2
314z 2 B I/‘a‘m?f“?g P Ve F AT GLINA L R RS T S
o b e e F A AAE P 5 0.8% & H 8 & 4p i (Kwon and
Farrell, 2000) » 4 cystic fibrosis % 0.6%(Sontag, et al., 2005) > congenital
adrenal hyperplasia 5 0.74%(Olgemoller, et al., 2003) - k@ » 2P & GiE 4
Apdrimis o @ 50 ﬁiﬁéix.%'fﬁﬁtfiﬁi%\ oo pom A L E e g R R
BB BERFREEAFEET RS R GHEEDFE L o AR F FEPELS
6.39%32E 2 NAG/GAA v & >60 g 2T » 2 ¢ 5 BZIEEGA 2 » @
B3 ¥ M 97%5 5 B] 50% 0 e Sk ATR T € 3%~ i3k B 3] 86.7% o

AR enEE T 0 B - RATA STH R APrt 0 & GOPD L Apie 0 A

35



Pk X LT RO R R RS S B ARAPE LT UL tw R 2
UG % T e o

REWEEAE LG BHRAR IR L R L R R S
BATH QR BIEEF S 0% o

e B d A RITA ER G 2 RHRDIFEE AN TG TRk
PRFNRL CERF o RNz n i FpE il o b 3 4 BT
Pt s 3R ot 519 A 1:2(Kemper, et al,, 2007) o ie &R 5 A
FBoORFAULE DL IR QALY > X T RAFL BERL
RELN BT AR ML FLRF IR F F ARR LD ETTR o B
s AP P EEATREAULE PR S LR RS
e o LA 2w T T o 5l IRR LU AR 0 iefon
e TN FR LS BATLR o B RS g & ¥ e ) e Lk
%ﬁ&ﬁ’ﬁﬂlﬁéﬁﬁx%éﬁ i i ek 0 5 R B
7 iE e 7 i & vup ﬁ;‘—% i—i;{»Lu *’ﬂP o B B R R e X R e E
W ILE BT AR | ==||
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u..’d
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2.3, X S

— Rk * A FAY 2 < RIE R & A (Kroos, et al., 2004; Kroos,
et al., 2007; Raben, et al.,, 2002b) - £ H 4 F 42 A § L e c-45T>G R %
(Kroos, et al., 1995)» d > ¢ 3¢ = RNA #& & 1 chdk im0 25 = & 7 i e RNA >
EEFEITF BT R LT ET%‘« # B {4 (Raben, et al., 2002b) » F]pt
Rk FF P RIOEF AR B F IR o B LF T -
AR LRI MFERE L ,T*u’ﬁ ¥ it #& o (Kroos, et al., 2007;
Kroos, et al., 1995) &~ % % > B3 p.DO4SE 2 % LenR % > i d Af7
f%%ﬁﬁ’%%ﬂs1é%%1&%’“um%%Eﬁ% ¥ 8 L

.

?/EJM FL i L5 pDOASER T G F e pE & 4 (Ko, etal., 1999;
Lin and Shieh, 1996; Tsujino, et al, 2000) > ¥ & &2t E %2 A B4R 2 5§
p.D645E % e @, ﬁ v TR ] a g A & IR e Kk (Hermans, et al.,
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1993) > F|pt £ 5 p.DO4SE % % > 7 & 2R ,T*L'F’ VUFERIH A TLA o e B S e

% > d > p.D645SE R % 3" GAA*03 H 288+ > ¥ 1 3Ep] § #i p.DO45E ¥
27[p.S576, p.K689] pseudodeficiency — 42 d1 3 » F b & L 4435 3 0 p.D645SE
AERERE

VA AAPaELY o - AR EREF G pWI46C R
Bl RERME A - ¢ e T § Al MR (Huie, et al., 1994) > v £.18 5§
Py Jfﬂ A pW746C % 5% ¥ it 2% 3 8 12%e0f% % % 14 (Huie, et al., 1998) »
M REgE A Y L (Wan, et al,, 2008) » LA Py BE T 0 F T
p.-W746C 1 6 L 83 7| ,%,*'F!T v 4 =% 3 [p.G576S,p.E689K]Ho > 1 %7 F
p.G576S He » F p.W746C ¥ i f p.G576S e 58T » i = B ‘ﬁﬁ’dﬁﬁ(m
A 0 B - B Al R % (Wan, et al., 2008) -

A ey % AT o AR SR R 0 7 D TRk R Y
E S 34 2 ’“ "2 D645E N AR I R R b
xi%%1m%°m¢%%3%9%ﬁéi Thk 2 ¥ % 12 p.D64SE
REERF L e L bR h"‘F’ﬁ ) L+_%‘r4 it 0 EE A R
a«ﬁ&ﬁmeﬂsﬁ%,¢9%¥mg RS R 2% H ¢ 4 13.6%
%%smmg%mv@ﬁ%iwﬁﬁ'Jﬁw%%y%aﬂﬁ@g%ﬂ;
AN ERAPRFIRF AR 7 LF LA Qe WL
i %k o N A FRE P EAT AL A &*m;?’%?é}i% & o Fp o2 A or al A
EHAFIRRDDR

# 4, Pseudodeficiency

- HRIRE B AR L R €7 R A ATR A B AR L
SRR GG DR ey FROBRFL 0 M E SR DTRE AR
TR EA PR Ao - o o - B %Y 14 & 500 5 R HB(Suzuki, et
al, 1988) - # £ 35 GAA Fi# #14 L > GAA AFR % 5 p.G576S
(c.1726G>A){r.E689K (c.2065G>A) 4]+ % % - 7 p.E68IK 5 — © Freh

A ¥ % A48 (Huie, et al., 1996; Shieh and Lin, 1998) » # 7 ¢ i# & GAA
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fEZ A A MNP o o T g e T A LD G PR o F At
T kel R BT e v 11-15% 2 2% S pxF E 1 0 T p.G576S R #
A & “pseudodeficiency” % % (Tajima, et al., 2007)  iefE & F 02 & ¥
L AT LI aFH g2 F95 1% el A dgd F3E20%
(Kroos, et al., 2008) - & 45 5 p.G576S “EH# 72 11 COS-7 ‘w2 ¥ 11 £ IRLK
20%-50%: GA f¥ % & 14 0 27 i 4% 5 glycine ¥ = serine ¢ > #2539
B erfE TR (Yue, et al., 2005; Yue and Moult, 2006) » Fla B2 5854 # 1t &
A chiEteth O SEER S B % P 04 66 4 5 548 p.[G576S; E689K] I
FREHY 33 AP IE R RBHEDRE BT p.G5T6S § EREE
-

FERE

"

Tk
=

P MR ANEA TG e KRB R %5 p[G576S; E689K]

FAS RRPB R g 2374 QR EHEEOFE L o

B3R p.G576S £ p.E68IK = T & IF P ) IR0 T Kro0s2008 3R 4
PogIG 16 % S p.G576S He pE689KHO’ e R T AT p.G576S
Ho, p.E689K He i &(Kroos, ct al., 2008) « &5 p.G576S L3732 & 7§
p.E689K % it el B4yt o H *»’;";i.’G576S SFEF AL MT B 20% 0 fe
& TRk S5 kg 0 p.G576S # £ ;“ pseudodeﬁmenc A 2LE T ROFER
o 2 8 p.G576S g h oW Me:m#ff M L EAFMEEARNT

E N RBE IRk A T e

£ 5. Splicing defect

B R AT o AT S e st 00 A1 R 5 13.6% & splicing
BREPRE o KFHREHEFT 7o P e v osplicing # KPR ELH 4 RR
R N8% » F Lb|F & B vk A F L c-45T>G % % (Kroos, et
al., 1995) « *## 7 273 3 B B >+ splicing 4 shR % > ¢ 35 c.546+5t>g >
C.1194+2t>¢ 12 % ¢.955+167¢c>t ° c.546+5t>g P #n & L3374 Q&R B %
pU Y g ig = exon2 {63 e b 3bp 4 A4x#V 7 0 B H_exon2 4 X 5 RNA(F]
16) » s 6 RNA Fl5 % 5 @A dech ATG > % € F v Fenag 2 o ¥
- AR ¢ HFD p TI82_1183insV 36 - ¥ it i A FEE & 51 7
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p ,%‘ﬁ%ﬁ%ﬁf’ﬁ?iﬁ'l FIFRA B o T3 ¢.1194+2t>¢c > A i p ,@%‘A/ﬁ.&j‘é&:ﬁ?’
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WHFEALF AP MR A FHRIMAHE 5 GAA splicing R % © 4r c.-45T>G
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BA P Rl L3 A R R A A L R AT A A2
FERRH F o RFERE o T DR Fle Fipk g Y GAA k&
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- pseudodeficiency allele » # 7 S F R A+ 3 € 5 RAREM > @ & @
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et al., 1990; Swallow, et al., 1989) » F|p* ¢ & ) GAA ¥ & 4 L i % » g *
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AATE R Ak pte%H AT G AL ¥ Lt #ciEie CK> LDH > AST
ALT % (Winchester, et al., 2008) °
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Pompe disease is an autosomal recessive lysosomal storage disorder
caused by deficient acid a-glucosidase (GAA) activity, which results in
progressive, debilitating, and often life-threatening symptoms, involving
musculoskeletal, respiratory, and cardiac systems. In infantile-onset Pompe
disease, enzyme replacement therapy can prolong survival and reverse
cardiomegaly; however, some of patients cannot recover their motor and
respiratory function. In late-onset Pompe disease, most of the symptoms cannot
be reversed by treatment. In this study, we hypothesize that newborn screening
for Pompe disease can_ offer an opportunity for early treatment of Pompe

disease.

i W g
—

The primary manifestlatigg;of .Pomp_e disease are muscle weakness
and cardiomyopathy. Although':acc-l.l-mul,a.ti_on'of glycogen has also been seen in
the nervous system in patients, the 'sig.niﬁcance of brain involvement in
infantile-onset Pompe disease is not clear. In the first part, we evaluated the
brain development in five cases of infantile-onset Pompe disease, whose
survivals have been prolonged by enzyme replacement therapy (ERT). Brain
magnetic resonance imaging (MRI) and MR spectroscopy (MRS) studies
revealed all patients having delay in myelination milestones at a median age of
6 months before the initiation of treatment. After ERT, four of the five cases
showed good progression in myelination, left with only mild dilatation of the
ventricles. In one case who had no response to ERT in the muscles, his brain
myelination was slow and MRI and MRS studies both suggested neuron and

myelination loss. Therefore, although myelination defects occur early in
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infantile-onset Pompe disease, it does not prevent an effective treatment.

In the second part of the study, we tested the feasibility of screening
newborns for Pompe disease using a fluorometric assay measuring GAA
activity in dried blood spots (DBS). We conducted a large-scale newborn
screening pilot program involving approximately 45% of newborns in Taiwan.
The unscreened population was served as a control. Between October 2005 and
March 2007, 132,538 newborns were screened; 1093 (0.82%) repeat DBS
samples were requested; 121 babies (0.091%) were called for a confirmatory
testing. Pompe disease was finally diagnosed in 4 babies. The prevalence of
infantile-onset Pompe disease from the screening program was similar to data
from the control group (three patients '(.iiagnosed). However, newborn screening
resulted in an earlier diagnosis:-less than 1'month of age in comparism to 36
months in the control group. A.t dé;'gnoms, three of the four babies already had
cardiomegaly and Vacul.o_;myopajlthy-,::th01lll.gh C'lin.ically they were asymptomatic.
This is the first large-scale study to. prové::the feasibility of newborn screening

for Pompe disease.

Since diagnosis prior to the development of severe symptoms can be
made by newborn screening, we then report the improvement in outcomes for
the six patients screened from 206,088 newborns. ERT was immediately started
for five of the six paitents who had the rapidly progressive form of Pompe
disease characterizing by both cardiac and motor involvements; treatment for
the other one patient started at 14 months of age because of slow progressive
muscle weakness. Results of the the treatment were then compared to those

patients diagnosed clinically or the untreated historical controls. At the time of
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this report, patients have been treated for 14 to 32 months. The five infants who
had early cardiac involvement demonstrated normalization of cardiac size and
muscle pathology with normal physical growth and age-appropriate gains in
motor development. The infant without cardiac involvement also achieved
normal motor development with treatment. Survival in the screened patients
was significantly improved as compared to the untreated reference cohort
(P=0.001). Survival in the treated clinical comparators was reduced but was not
statistically different from the newborn screening group (P=0.48). Results from
this study indicate that early treatment can benefit infants with Pompe disease
and highlight the advantages of early diagnosis, which can be achieved by

newborn screening.

Besides the four” patients, .another 117 babies were asked for a
confirmatory blood test due to peé’istent low GAA activity. We analyzed 107
of them for both GAA .afctivigy an-ci-. gené mutal.tions. Nine of them have GAA
activity lower than 3% of the normal mé;ln, a status of GAA deficiency, but
only 7 bearing 2 mutatecd alleles. Four of them had infantile-onset Pompe
disease, and have been treated for cardiomegaly (in 3) or hypotonia (in 1).
Another three of them were suspected to have late-onset pompe disease because
they remained asymptomatic. Sixty-eight of the 103 newborns (66.0%) had a
known deleterious mutation (44/103) or a sequence variant of unknown
significance (31/103) and seven had both. One reported mutation, p.D645E,
was the most common mutation Thirty-three (33/103 or 31.4%) of the 35
newborns without detectable mutation were homozygous for the [p.G576S +
p.E689K] pseudodeficient allele. We also identified 16 novel variants and 6

distinct haplotypes, one of which has never been described in this population.
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These results increase our knowledge of Pompe disease and demonstrate the

benefits of newborn screening programs.

We further expand the mutation detection in all clinical IOPD and
LOPD patients, and babies suspecting an LOPD phenotype. The common
mutation, p.D645E, is the most common mutation in all groups, although the
prevelance is highes in clinical IOPD patients, but its prevalence is lower in
clinical LOPD patients, and is lowest in babies suspecting an LOPD phenotype.
Babies suspecting an LOPD phenotype have a higher incidence of mutation
alleles with unknown significance. Through the screening, we found many gene
variations in our population, some of them cause “pseudodeficiency” of acid
alpha glucosidase activity, and" we éénnot exclude that those variations can

modify the clinical manifestations of the disease.

i W g
i &
"

Results from this stud3:1 h;glhght the benefits of early diagnosis, which
can only be achieved by ’n'ewbé)m scree'nigg.. The intense gene variation in the
population may confuse thé diagﬁosié. The incidence of late-onset Pompe
disease needs to be proved, but clinical underdiagnosis of Pompe disease is

certainly possible.
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(myelination) 73R % (panel A) » feipf 2a% 7 e R H BLG L g W

(IB,1C)> 7 * 4 S RASHCGTV SR ¥ o R 2 0 FRBER S -

Bie Ry fo BEEY C 42 R W 3 s (panel B and panel C) -

Az pre-treat

B: 12 months post-treat
C: 18 months post-treat
1-5: patients

6:control

FT4STE R R DIR B SR LR 6 e R
S5 PRAELABIARL CEREF ik T Y G ouHT L IR
% LVMI = % F & v (left ventricular index) ¥ AZiE T ¥ (& ¥ E(% ¢ #5)
474462 g/m’) o in R (5K 4-6 B Y TF BEFR S 0 L RE F SRS X o
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LVMI (mg/m2)

200 -
180 |
160
140
120 |
100
80 |
60 |
40 |
20 |

——NBS2
——NBS5

—— NBS3 —— NBS4
—— NBS6

8

10 12 14 16 18 20 22 24 26 28

age (months)
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WLL W PR E B B8 i g

BN L F e 5 PSR B EANBS) ) FARM L FITREE
A F A AP %ren B % (clinical cases) @ A& N £ K 5% (i & (untreated
cases)°(A)4 Kaplan-Meier 5% & A 477 = & % 73 F 2 ard W -NBS
g RAF EApet 5 P AR (P=0.007) o (B) 2 Kaplan-Meier i & # &4
A R eER By S E R o Bor NBS & AL ledpt 5o AR
(P=0.0104) - (C) 17 Kaplan-Meier one-minus- 3 /& & 24 7% 23 4 P (4
BenpE ) 0 BEor NBS 2@ fek Bhilez A5 et ¥ P AN
(P=0.006 and P=0.009).

Survival
&
1.0 = o—
b p=0.4795

0.8
()}
£
2
2
S 0.6
%)
c
o
]
Q.
o 0.4+
o

P=0.0011
0.2
== Clinical comparators
00 == Untreated historical group
I I I I I
0 20 40 60 80
age (mon)
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Proportion walking

(B)

Ventilator-free Survival

I
70

1.0 e
0.8 p=0.0640
U’ 1
£
2
z 0.6
]
(%]
c n
il
S
a 04—
o p=0.0084
o
—n—r
0.2
= Clinical comparators
0.0 Untreated historical group
e =) T T
048 40 50 60
& Jph r-y(gptﬂanon (mon)
b % L .
< =~
L] L 7
= o
. oy
:--'.. J '.:'ﬁ'
(C) H 3 .-.‘
-_'.- s : = " 1:3:.' J“| cil
“Walk-age ahalysis
""l'.'jl.j: o LT i K
1.0
0.8
0.6
p=0.0063
0.4
0.2
p=0.0090 == Clinical comparators
0.0 - Untreated historical group
T T T T T
20 40 60 80 100

Age at independent walking (mon)
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Bl12. GAA &ML ik 2 B —'Fi,' 2 EEEELS
H(A)s R E Pizkmre » (B)L B ST me 7 o GAA 22 S A
170 BEom R A 110 {2 B T (carriers) R MR F (R x chE B
TG f A A I RIRAT B aiE ek £ o 3 v ek 3l juvenile) 2 B

2% (infantile) & % > P17 d 4 F S5 (B)we ¥ ch GAA fxH E121F % 4

GAA activity

A Mononuciear cells
B0
]
o § -
[.]
d0 ¥
i & -
e b 7 %
%‘-"“ | a -
E BD & L T Il
- R " S
&3 " _'_"'
: Lt
20 F {.'
o - S TUhd e
Corirols Carriars Fatsnts
B Fibriblasts
.l ]
1T
e b - .I-
40 u
i -
é 120 i +-
= a0 Ll .
(=] =& 1] —
E &z ) Jury Inf
a0 L :
in k
e " a
n. I '} I I
Condrols I Cmrriars Pabtanis I
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W13, GAABHETL# L2 LF2 34 F3E2 MRNAZE
11 western blot 2 RT-PCR 4 4] 4 45 2, —‘F‘i‘ 2 & .'ﬂ—‘ﬁ P GAA 39 F

%2 RNA £ - Western blot (A) 5 3£ * 7 F B (1-9)cha § R 2T fwre chg-o

TRNE d B> T EpERE I 4(B) o RT-PCR(A) & # F B4 (1-9)14

& 4y ez S RNA i RT-PCR 6 £ % £ » ¥ 2% 4 5 (51t $4(B) -

Western blot

1 2 3 4 5 8 T B B
45 0
T iDa * Gk

Tubliri

QAL 154 B0 WOTE MY A Q15 T ME QS Amolimgh

¥E 2883
n
-,
g

[ T

o
%

o
@
=3

b
@

o4 a8 os 10

Felitivg protéin mtensty

"'r'-'.u."': j: -"i.-...l.'.". :
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RT-PCR

T 2 3 4 5 & 7T B % W N

31N O 008 28 R0 sl

R = 04067
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W14 BOIRE SRALE RHELE ML H
i@ * Haploview % 7% 48 & 47 > A 17 p.199/p.223/p.576/p.645/

p-689/p.780 A_F ¥ 1LiE = ¥ e haplotype © & % BT 0 p.199/p.223 ¥ 1
A= — i % B0 p.R199/p.H223 ¢ 58.7% > p.H199/p.R223 & 41.3% -

Trio study
Use parents-affected child

1 1

'l_ // \,.

w
=+
(7]

199
223 -
576
780

Block 1 (2 kb)
il 2

RH 58.7%
HR 41.3%
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W15, c.1194+2t>c § 5
(A) RF L K #8a7 weh RNA 5 RT-PCR {57 § & 4
RNA (band 1)% # i+ ¥ 7 RNA (band 2) > f=band 2 ¥ ¢ 7  exon6 k3
4bp 4 2 121 % exon7 4 A A fEAE L o (B) FERIBT c.11944+2c>t 4riv 250
RNA # £ 42

(A)

control 310

Band1 Mommal

320 330 340 3

TACCTGGACGT TG 1GGGATACCCGTTCATGCCGC
+ X \..
Cal

EXONG EXON7

BAND 1 (520 bp)
BAND 2

BandZ Abemrant

dalston of ES{GTGG, 4bp) and E7{119bp)
delsiion of E7{119bp), heterozygous

ﬂbrOblaSt- GCAGT:\C{?%?}GACGTTG’?&%GACGTCCS:"}GGAAC
Supersciptll dT-RT, PCRby RT3FER “EYONG GTCC del— 5
Producte 715~-c.1263 . EXONS 4

R 10107 [ s

(B)

Normal 1075 i"j ¢ ?/\
L 4 L 4
EXON 6 EXON 7

£ EXON 8
~

\
\

l

EXON6 | EXONS8
c.1072_1194del

Mutation
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W16, 2.3 2k B <k & F c.546+50>t 2 A 44

(A) BF el i a¥ e cnRNA 5 RT-PCR (877 7 & %
RNA(aberrant ) > ¢ 7z 3 3bp if]t‘ A exon2 £ exon3 2. ¥ (4 @]+ - abnormal
1)> 122 exon2 4 % (+ B ™ > abnormal 2)% A& + - (B) #t # 4 2 R
TR o (C) #h s Mend % M 5 fhi&(marker) > 1,2 H 43 &
¥ c.546+5g AR 0 3 L F F c.546+5t (T AE o (D) A s A R TR
Bh o BTG ALK AP S FARG 184bp 2 3bp chA 4+ o (B) TRRIH
7T €.546+5g>t 4w B2 58 RNA ¥ & 4% o

A. Patient data

C NBSL7 Abnormal 1
Band 1:¢.546 insGTG (p.T182_I183insV}He

280 290 300 3
CGCCTCCAC TICACGATGAAAAAT CCACCTA
BAND 1{1400/bp} i o « *
Abern,an!t £ B EXON2 EXON 3

v

PCR by L144/L1543
Product ¢.-223~¢.117

Bﬂ'le 3R-RT L1444'L1ﬁ3PCR L144 satuanoe

B. In vitro splicing assay: insert design

Insert
are EXON2 gleg: clone 18 2 EXON 3
glegt:clone 3
‘ —* 1340bp
- PCR pnmer

Normal unspliced product. 683bp
Normal splicing product: 67 bp
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C. In vitro splicing result:

« Plasmid
« Anew donor site including 184bp of & of intron 1

<+ Authentic product. mix of normal and 3-bp insertion?

D. Sequence result

Product 1: 184bp in addition Product 2: 3kp in additicn. mosaic band
[Eyfeicic] GTG6G
AT6 EXON2 ez EXON 3 aT6 EXON?2 P EXON 3
> E «—PCR - -« PCR
[\ ATCAAAGAT
ﬁ)\ 0 \f . \ JV?/_‘ / ’ﬂ’ ”/L \ AN

(TGATCAAAGAT
AL .. |ATCAAAGAT

/ . {‘ |
AR A et btk W \1

Exen 2| Exon 3
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E. Scheme of mutation effect

Normal
EXON 1 atc EXON2 EB88— EXON 3
Abnormal 1 EXON1 |EXON2 16| EXON3
¢.546 insGTG (p.T182 _1183insV)
Abnormal?2 EXON1 | EXON3

c.-32~546 del (del 578bp including ATG)
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W17, sgEARE SRR ':,';]z €.955+167 c>t 2. & #7
(A) &% it i b i RNA(blood-patient) s RT-PCR &7 § 7 &
IRNA(band I) » 2 & 4 F 8T m hRNA fr R R« B F R * 2
48 e % fn¥e e RNA(blood-father, blood-mother, blood-sister) % 3 7 & ¥
1 RNA(band -1 % 3 - (B) ¥ A %% %73 33 2 ¥ A4 o (C) 5l
77 ¢.955+167 c>t 4v i %5 RNA 4 & i 42+ (D)% H-77 i#] exon6 # 4 (£ )

v B A B2 5 active center(i= B) o (E)R #F % IR exon6 4+ £ chij-v B o

A. Patient data

Control Fibroblast Blood- Blood- Blood- Blood-
-patient patient Father Mother  Sister

Band N: Normal {520bp)
Band I: deita E6

Band lI: partial delta E4, deltaES and partial delta E6
Band Ill: delta (E6G+E7)
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B. Sequence data

Band N: Hormal Band II: celetion of Ed{partial}+ES +E6 {partial}
220

{del193bp}
200 210 22 2 70 80 90
TAAACAGCAATGCCAIGGATGTGGTCCTGCAGCCGA( GGTCAGCACCAGCTGUATGTCTACATCT TCCTGC

—— 3 >
EXONS EXONG

fad I Ir" A
WV ‘\ 0V R el AW

Band I: deletion EG {120 bp}

Band IlI: deletion EG{120bpj+ EF {119 bp)

200 210 220 no 210 220
CAGCAATGCCATGGGATACCCG1 TCATGCC AACAGCAATGCCATGGGACGTCCAATC
— —

> _—

—

C. Scheme of mutation effect

EXON 4 EXON 5 <t N\ EXON6 EXON 7 EXON 8
Normal EXON S5 EXON 6 EXON 7
Abnormal: EXON S EXON 7 EXON 8
major c.956_1075del (p.D319_V358del40)
Abnormal: EXON 5 EXON8 |EXON9
minor

¢.956_1194del (p.D319GfsX107)

Abnormal: EXON 4 EXON 6 EXON 7
minor

c.818_1011del (p.?)
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D. 8t 3 b g & B6 44 2 4 47

E. Mutagenesis study for.delE6-clone

Ratio

12

1

0.8

0.6

0.4

0.2

0

-0.2

T
T L Iél L P - L l__LI L
== = -
WT 266 266/576 576 645 D6 545 545/576
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W18. 3 IVS5+167 t i chg ¥ ¥ delta E6 2. 7 & ¥ RNA
=

A). Detection of ¢.955+167c>t by RFLP

Uncut NBSL2 LOPD9 LOPD9 LOPD8 LOPD3 LOPD9 NBSL9 NBSL9 Control
P M P
He He He He M M He

He Ho

€— Callele
€ Tallcle

B). Detection of aberrant mRNA by RT-PCR

NBSL1 LOPD3 NBSL2 LOPD9

w He He Ho

P “éNorma[

“==Dclta kb

- ——
- i .
3R RT-PCR, PCR primer: GAART3F 3R

RN W &g
k- o %, -
v—.ig:" {:g'f’ e ol ‘@e&-l ;f‘li-'

= e i

\I Tc';.l

433h3~L1T¢11 ?
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W19, #F IVS5+167t &% % § HE % - 73 2 ¥ HRNA 4 R

NBSS NBS3 NBS4 CLN1 NBS2 Control
M He He He He Ho

Normal
Delta E6

M: mutation homozygote; He: heterozygotes; Ho: wild type homozygotes
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®20. 1VS5+167c ,&‘f‘f Bv AR

n g

14 i+ ¥ RNA

A
o
Nt
o

A
o““o
C

Normal

Aberrant
(E6 del)

4a 8
i "'-‘-"m oy
B o 5 g
N e e PP 1
2oy 5 o L
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w21

deltaE6/normal RNA amount

IVS5+167c>t ¢ B8 RNA # &

[y
=

S P NW R Ve N B W

IVS5+167c>t

1 (&9 &

¢
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W22, 3F R e

Effect of mutation in intron suspectas splicing

0.98*
0.78"

enhancer
o
<
a
EXON 5 - GTangs tectaiixzagagtictgg coecafcccagagigcttccctccAG
- GTange teTtaAGagaptictag ceccafecccagagcigcttocccticc AG

% EXCON G }

*BDGP score calculated by Berkeley Drosophila Genome Project {BDGP)

software
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%-. GAA A 72 % DNA 445 * 313 B 7

primer ID chr:start

GAA-prolF 75688309
GAA-prolR 75688918
GAA-pro2F 75688665
GAA-proz2R 75689237
GAA-pro3F 75689058
GAA-pro3R 75689610
GAA-prodF 75689414
GAA-pro4R 75690112

GAA-elF 75690093
GAA-e1R 75690521
GAA-e2UF 75692761
GAA-e2UR 75693392
GAA-e2LF 75693205
GAA-e2LR 75693671
GAA-e3F 75693999
GAA-e3R 75694386,
GAA-e4F 75696001
GAA-e5R 75696580 .
GAA-e6R 75696752 || ==
GAA-e8R 75697424
GAA-e9F 75698248
GAA-e9R 75698575
GAA-e10F 75699068
GAA-e11R 75699603
GAA-e12F 10309
GAA-e12R 10673
GAA-e13F 10992
GAA-e14R 11610
GAA-el5F 11591
GAA-15R 12023
GAA-el6F 75705174
GAA-e16R 75705624
GAA-e17F 15982
GAA-e17R 16317
GAA-e18F 75706405
GAA-e18R 75706860
GAA-e19F 75706960
GAA-e19R 75707421
GAA-e20F 75707453
GAA-e20R 75708108
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#=. GAA A F]1R % DNA » 47 * ch PCR i i#

Exon Primer PCR PCR condition Seq primer
roduct

GAA-e2UR GAA-e2UR

GAA-e2LR GAA-e2LR

GAA 3R(e3R)

GAA-e5R GAA-e5R

GAA-e8R GAA-e8R

GAA-e9R GAA-e9R
GAAIR & Tl W %

GAA-el4RE | |(=24)] ) . GAA-e14R
a1k &7 U S [| P

GAA-e16R N GAA-e16R
GAA 17R

GAA-el8R GAA-el8R

GAA-el9R GAA-el9R

GAA-e20R GAA-e20R
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+
T~

GAA #: F1% % RNA & 47478 * 3l 5 /i 5

Name sequence product size range
(bp)

GAA-1F cctctcagttgggaaagetg 1-720

GAA-1R cctgctttgcagggatgtag 570

GAA-2F agagcagtgcccacacagt 541-1200

GAA-2R atcaggggactgaggtact 578

GAA-3F ctgttctttgcggaccagtt 1021-1680

GAA-3R gaagccatccttgttgaacg 530

GAA-4F gtggtggagaacatgaccag 1501-2280

GAA-4R ccgtagaggttgtgcaggtt 569

GAA-5F agctggagaacccaccctac 1921-2760

GAA-5R caaggggaagtagccagtca 699

GAA-6F tctagcacctggactgtgga 2521-3300

GAA-6R cgagaaactgctctcecate 625

GAA-TF tcectgtetccaacttcace 3061-3780

GAA-7R gattccaaatgcccectttta 646

4 = U
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2w,

i PR GAA ER 2L M T R SR R

DBS Lymphocytes  Fibroblasts
GAA, NAG/GAA % tGAA GAA, GAA,
inhibition nmol/mg nmol/mg
pmol/L Whb/hour
(tGAA - protein/hour protein/hour
(% of normal
GAAtGAA,
mean)
%
NBS1 a 1.0(@®4) 64 92
b 03@2.7) 102 93 1.8 0.64
NBS2 a 04(23) 148 94 0.34 0.06
NBS3 a 0424 101 94 1.6
NBS4 a 06 (3.5 133 90 0.45 0.11
CLIN1 c 0634 89 93
d 0322 155 93 0.9 0.07
CLIN2 ¢ 1.7(10.5) 59 93
d 05(@3.7) 108 94 0.9
CLIN3 ¢ 23(14.1) 40 88
d 02(.5) 205 91 0.33 0.13
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+

-+
= 1 .

R Sy SIS e

NBS1 NBS2 NBS3 NBS4 CLIN1 CLIN2 CLIN3

Sex Female Female Male Male Female Female Male

Age at diagnosis 40 19 days 22 days 9 days 3.6 months 5.5 months 2.2 months

days

Body weight at 4.43 3.29 3.24 3.53 6.16 7.1 5.79

diagnosis (kg)

Age at first 14 26 days 29 days 17 days 4.2 months 5.8 months 2.9 months

infusion months

Chest X Ray Normal Cardiomegaly Cardiomegaly Cardiomegaly Cardiomegaly Cardiomegaly Cardiomegaly

Electrocardiogra Normal Ventricular Ventricular Ventricular Ventricular Ventricular Ventricular

m hypertrophy hypertrophy hypertrophy hypertrophy hypertrophy hypertrophy

Left ventricular 42.7 120 170 186 307.5 -° 221.7

mass index (g/m2)?

Muscle biopsy = Vacuoles in Vacuoles in Vacuoles in Vacuoles in = Vacuoles in
80-85% of 15-30% of 30-40% of 90-95% of 80-90% of
myocytes myocytes myocytes myocytes; myocytes;

Creatine kinase 101 922 1126 597 689 576 985

(U/L)b

“Normal levels, 47.4 + 6.2 g/1_112;12 *Normal:levels, 38—160 U/L (normal
range for creatine kinase in our hiospital); *Not tested

—

sli< —
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B HOURLESRLFATRLLMA RAREL

DNA No Sex Mutation-Allele 1 Mutation-Allele 2 GAA activii
1473 F c.1935C>A ii.Asi645Glui ¢.2380delC ii.Ari794st12i

0.1 0.35
2258 M ¢.1935C>A (p.Asp645Glu) c.1411_1414del (p.Glud71£sX5) 002  3.04

2370 F c.1935C>A ii.Asi645Glui c.1935C>A ii.Asi645Glui 0.09 1.43
0.12 0.49

2645 F  ¢.1935C>A (p.Asp645Glu) ¢.2662G>T (p.Glu888X)

3079 F c.1935C>A ii.Asi645Glui c.1935C>A ii.Asi645Glui 0.42 6.83
F 0.1 1.07

3386 ¢.1935C>A (p.Asp645Glu) ?

3902 M c1935C>A (pAsp645Glu) —e:2023:2025del (p-Asn675del 0.03  0.80

4628 F  c.1935C>A (p M@m‘!@mw (p.Glud71£sX5) 0.06  0.58
4773 M c.1935C>A @ﬂﬂﬂ‘! ;@ ).V358 L398del 41)* 01 247

5996 c.1935C>A (p.Asp645Glu) 343G>A (p.Gly615Arg) 007 094

7805 M c.1935C>A (p.Asp645Glu c.1935C>A (p.Asp645Glu 0.1 0.88

4594 M c.872T>C (p.Leu291Pro) ¢.872T>C (p.Leu291Pro) 1.23 1.37

4 ¢.2023 2025del (p.Asn675del)  ¢.2431dup (p.Leu811{sX73)

*: novel mutation
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oL TR AL BES SRR L LR L E 0 Rk

No Sex Mutation-1  Mutation-2 GAA Age Agestart  Current Outcome
activity  symptom  treatment age (m)
(skin) onset (m) (m)

2 F c.1935C>A  exon3-15del 0.09 3 5.4 47.70  No anti-gravity
(p-D645E) arm movement,
Expired at
47-months-old;
Tracheostomy
BiPAP;
Jejunostom

4 M c872T>C c.872T>C ! 4 " . 64.00  No anti-gravity

(p-L291P) (p.L291P) _ arm movement
Endotracheal
tube;
Jejunostom

6 F c.1935C>A  c.1843G>A Walk with

40.70 assistance*

(p.D645E)  (p.G615R)

8 M c.1935C>A  ¢.1935C>A 0.1 3 3.5 19.37 Sit well
(p-D645E) (p-D645E) Mask BiPAP at
night
NG feedin,

*Case 6 expired at the age of 42 months

87



N\

3T 2 e 0 B

527

DR B SRR K 2 ook

Sex Age at Age at Current Gross Motor
diagnosis first age Status
infusion
NBS1 Female 40 days 14 months 40 months Walk at 15 months
NBS2 Female 19 days 26 days 34 months Walk at 14 months
NBS3 Male 22 days 29 days 33 months Walk at 20 months
NBS4 Male 9 days 17 days 26 months  Walk at 14 months
NBS5 Female 33 days 34 days 20 months  Walk at 15 months
NBS6 Male 7 days 12 days 15 months  Walk at 13 months

=W |
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# 4.

No. GAA activity (nmol/mg/hr) Mutation-Pat Mutation-Mat
Lymphocyte Fibroblast
NBSI 1.65 0.65 c.811A>G c.424 440del

(p.T271A) (p.S142LfsX29)

NBS2 0.68 0.06 c.1411 1414delGAGA €.1935C>A

(p.E471PfsX5) ( p.DB45E)

NBS3 1.58 - €.1935C>A €.2842insT
( p.D645E) (p.L948SfsX70)

NBS4 0.45 0.11 c. 784G>A €.1935C>A

( p.E262K) ( p.D645E)

NBS5 3.82 0.14 €.1935C>A c.1935C>A

( p.DB4AS5E) ( p.DB45E)

NBS6 0.83 0.06 c. 1062C>G (p.Y354X) / c.1935C>A

c.1286A>G (p.Q429R) ( p.D645E)

Normal range for GAA aetivity in lymphocytes and fibroblasts is >60 nmol/mg/hr

Bold form indicates novel mutations; italic form mdicates known mutations.

=

i &
"

= =
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R 2 teth ) GAA 3R A S 4 a4 L X 2 AT REA

Case Sex Acarbose Acarbose Genotype
*) Q)
1 F 10.71 5.97 None detected
2 M 10.75 5.98 None detected
3 F 5.07 3.27 None detected
4 M 9.89 6.55 None detected
5 M 3.55 1.45 None detected
6 F 9.83 5.55 None detected
7 F 31.30 18.25 None detected
8 M 18.79 9.18 €.1935C>A (p.Asp645Glu) He
9 F 13.88 7.80 None detected
10 F 8.83 5.92 None detected
12 M 13.03 9.38 None detected
13 M 5.16 3.27 €.796C>T (p.Pro266Ser) He
14 M 11.01 6.70 None detected
16 M 23.58 14.46 None detected
17 M 7.95 431 €.1935C>A (p.Asp645Glu) He
18 M 7.03 3.84 €.2373_2376DelInsTGCTCA (p.Ala791AlafsX15) He
19 M 16.06 10.51 None detected
20 M 13.44 8.62 None detected
21 M 7.22 4.01 €.1935C>A (p.Asp645Glu) He
23 F 7.11 4.69 €.2662G>T (p.Glu888X)He
25 M 5.13 3.14 None detected
26 M 11.70 6.67 None detected
27 M 8.16 4.42 None detected
28 M 6.67 4,68 " il * ' None detected
29 M 7.52 3.59 ~he 0y c.2238G>C(p.Tyr746Cys) He
30* F 1.65 0478 c.42:4_‘4£4'l_5_|5é1 (p:Ser14iLeufsX29) He + ¢.811A>G (p.Thr271Ala) He
32 M 9.74 5.80 Il M None detected
33 F 6.07 3.51 | = | " ‘None detected
34 F 8.47 5.00-5 | c52C>T,c.761C>T (p.Ser251Leu, p.Ser254Leu) He
35 F 12.85 7.44 (i None detected
38 F 7.17 3.83 €.2815DelGT (p.Val939fsX) He
39 F 5.90 3.88 €.1935C>A (p.Asp645Glu) He
40 F 4.94 3.24 €.1935C>A (p.Asp645Glu) He
41 F 6.66 3.99 €.752C>T,c.761C>T (p.Ser251Ler, p.Ser254Ler) He
43 F 6.93 4.05 €.1935C>A (p.Asp645Glu) He
44 F 6.48 4.12 €.1222 A>G (p.Met408Val) He
45 M 5.19 3.51 None detected
46 M 7.06 4.43 None detected
48 M 21.93 5.99 ¢.872 T>C (p.Leu291Pro) He
49 M 5.52 3.26 None detected
50 F 3.08 2.11 €.2815_2816del (p.Val939fsX78) He
51 M 5.59 3.07 €.2662 G>T (p.Glu888X)He
52 M 6.27 2.98 €.1935C>A (p.Asp645Glu) He
54 F 5.13 2.72 €.1432 G>A (p.Gly478Arg) He
55% M 1.58 0.24 ¢.1935 C>A (p.Asp645Glu) He + ¢.2842insT  (p.Leu948SerfsX70) He
56 M 12.26 6.99 €.752C>T,c.761C>T (p.Ser251Leu, p.Ser254Leu) He
57 F 8.16 4.85 €.1935C>A (p.Asp645Glu) He
58 F 9.51 4.89 €.752C>T,c.761C>T (p.Ser251Leu, p.Ser254Leu) He
59 M 9.02 5.44 None detected
60 M 7.66 4.82 €.671G>C (p.Arg224Pro) He
61 F 4.58 2.51 €.752C>T,c.761C>T (p.Ser251Leu, p.Ser254Leu) He
62 F 6.46 3.62 €.1935C>A (p.Asp645Glu) He
63 M 3.58 243 None detected
64 F 9.14 5.48 €.1935C>A (p.Asp645Glu) He
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€.752C>T,c.761C>T (p.Ser251Leu, p.Ser254Leu) He +¢.1411_1414del

65 F 0.36 0.19 (0.Glu471fsX5) He

66 F 7.49 4.79 ¢.1920T>C (p.Pro640Pro)He

68 M 5.04 3.47 €.1935C>A (p.Asp645Glu) He

70 M 5.96 3.67 €.2662 G>T (p.Glu888X)He

71 F 15.75 2.34 None detected

72 M 7.11 2.04 ¢.546+5G>T (lvs2) He

73 F 8.48 5.72 €.546+5G>T (lvs2) He

74 M 452 2.78 €.2662 G>T (p.Glug88X) He

75 F 3.26 2.30 €.1669A>T (p.lle557Phe) He + ¢.2132C>G (p.Thr711Arg) He
77 F 7.78 7.22 None detected

78 F 3.84 2.86 €.872C>T (p.Leu291Pro) He

81 M 5.44 4.20 €.546+5G>T (IVS2) He + ¢.2482-216_-201del (1VS17) He
82 M 3.49 2.59 €.1935C>A (p.Asp645Glu) He

83 M 6.55 3.21 €.1935C>A (p.Asp645Glu) He

84 M 13.53 7.97 None detected

85 M 3.52 2.36 €.752C>T,c.761C>T (p.Ser251Leu, p.Ser254Leu) He

86 M 18.47 13.53 None detected

87 M 20.48 4.78 €.-32-46G>C (IVS1) He + ¢.1935C>A (p.Asp645Glu) He
88 M 10.53 6.98 None detected

89 F 3.65 2.37 €.1636+10C>T (1VS11) He + ¢.2023_2025del (p.Asn675del) He
90 F 4.94 301 ) €.955+22G>A(1VS5). He + ¢.1634C>T (p.Pro545Leu) He
91 F 1.58 097 N Vs % "None detected

92 F 8.13 4.58 Arer e c.1843 G>A (p.Gly615Arg) He

93 M 12.46 6171 e €.2236T>G (p.Tyr746Gly) He

94 M 28.64 16.40 i1 Tﬂ ] -~ None detected

95 M 9.46 5.16 | =5 L c546+5G>T (1VS2) He

96 F 26.43 SRy 1 €.2040+17G>A (lvsl4) He

97 M 4.41 2.69 : €.752C>T,6.761C>T (p.Ser251Leu, p.Ser254Leu) He

98 M 5.91 3.51 » = ¢:1935C>A (p.Asp645Glu) He

99 F 5.25 341 €.1935C>A (p.Asp645Glu) He

101 M 18.10 11.42 €.2023_2025del (p. Asn 675del) He

102 F 15.23 291 €.2662 G>T (p.Glu888X) He

103 M 5.68 3.56 €.2238G>C(p.Tyr746Cys) He

104 F 10.95 3.85 €.752C>T,c.761C>T (p.Ser251Leu, p.Ser254Leu) He
105 M 16.83 3.92 €.1935C>A (p.Asp645Glu) He

106 F 24.20 11.75 None detected

107 M 7.37 4.24 €.1935C>A (p.Asp645Glu) He

108 M 12.36 8.18 €.2482-216_-201del (1VS17) He

109 M 5.38 3.24 c.546+5G>T (1VS2) He

110 M 7.64 5.87 €.546+5G>T (IVS2) He

11* M 0.45 0.16 €.1935C>A (p.Asp645GIu) He + ¢.784G>A (p.Glu262Lys) He
112* M 0.75 0.23 €.752C>T,c.761C>T (p.Ser251Leu, p.Ser254Leu) Ho
113 M 19.62 3.05 None detected

114 M 5.93 3.65 €.1935C>A (p.Asp645Glu) He

116 F 11.21 2.72 €.1935C>A (p.Asp645Glu) He

117 M 11.07 5.91 c.671 G>C (p.Arg224Pro) He

118* M 0.8 0.29 €.2662 G>T (p.Glu888X) He + ¢.2238G>C(p.Tyr746Cys) He
119* F 1.27 0.74 €.2662 G>T (p.Glu888X) He + ¢.1574T>A (p.Phe525Tyr) He
121 F 5.20 247 €.1636+10C>T (1VS11) He + ¢.2023 _2025del (p. Asn 675del) He

Normal range for GAA activity in lymphocytes and fibroblasts is >60 nmol/mg/hr
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FLt - R4 2ERE D GAA%'M\%#iEV’#i&ﬁii&ﬂ?&%ln\#ﬁﬁ’—?‘
Variant Location Type of variant Severity Frequency Lower Upper
95% CI | 95% CI
lvsl c.-32-46G>C lvsl Non-coding Unknown (1/206)  0.49% 0.12% 2.70%
c.424 440del e2 Deletion [p.S141LfsX29] Unknown (1/206)  0.49% 0.12% 2.70%
¢.525delT e2 Deletion [p.G176fsX45] Severe! (1/206)  0.49% 0.12% 2.70%
lvs2 ¢.546+5G>T lvs2 Non-coding Unknown (6/206) 2.91% 1.39% 6.29%
c.671G>C e3 Missense [p.R224P] Unknown (2/206)  0.97% 0.30% 3.50%
c.784G>A c4 Missense [p.E262K] Severe! (1/206)  0.49% 0.12% 2.70%
C.796C>T ed Missense [p.P266S] Unknown (1/206)  0.49% 0.12% 2.70%
c.811A>G ed Missense [p.T271A] Unknown (1/206)  0.49% 0.12% 2.70%
c.872 T>C e5 Missense [p.L291P] Severe’ (2/206)  0.97% 0.30% 3.50%
lvs5 ¢.955+22G>A lvs5 Non-coding Unknown (1/144)  0.98% 0.17% 3.81%
c.1222A>G e8 Missense [p.M408V] Severe! (1/206)  0.49% 0.12% 2.70%
c.1432 G>A c9 Missense [p.G478R] Severe! (1/206)  0.49% 0.12% 2.70%
c.1411 1414del e9 Deletion [p.E471fsX5] Severe' (1/206)  0.49% 0.12% 2.70%
C.1574T>A ell Missense [p.F525Y] Unknown (1/206)  0.49% 0.12% 2.70%
c.1634T>C ell Missense [p.P545L] Intermediate’ (1/206)  0.49% 0.12% 2.70%
lvsll ¢.1636+10C>T lvsll Non-coding Unknown (2/144)  0.49% 0.30% 3.50%
c.1669 A>T el2 Missense [p.1557F] Unknown (1/206)  0.49% 0.12% 2.70%
c.1843 G>A el3 Missense [p.G615R] Severe! (1/206)  0.49% 0.12% 2.70%
c.1935C>A el4 Missense [p.D645E] Severe' (22/206) 10.68% 7.28% 15.87%
¢.2023-2025del cl4 Deletion [p.N675del] Severe! (3/206)  1.45% 0.54% 4.24%
lvsl4 ¢.2040+17G>A lvsl4 Non=coding : Unknown (1/144)  0.98% 0.17% 3.81%
€.2132C>G el5 Missense [p. T7FLR] = Unknown (1/206)  0.49% 0.12% 2.70%
€.2236T>G el6 Missense [pAN746G] Unknown (1/206)  0.49% 0.12% 2.70%
¢.2238G>C el6 Missense![p.W746C] Severe’ (3/206)  0.97% 0.42% 4.89%
€.2373_2376delinsTGCT el7 DeIetidn[p.A?QIAﬁle?] Unknown (1/206)  0.49% 0.12% 2.70%
CA i o'
Ivs17 Ivs17 Non-coding/Deletion= | ||  Unknown (2/144)  138% | 043% | 4.93%
€.2482[-216]-[-201]del T
¢.2662 G>T el9 Missense [p.E888X]: | Seévere' (7/206)  3.43% 1.71% 6.94%
c.2815 2816del e20 Deletioi{p.V939fsX78] | | “Severe' (2/206)  0.97% 0.30% 3.50%
€.2842insT e20 Unknown (1/206)  0.49% 0.12% 2.70%

Insertion [p:L.948SfsX70].
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RNV PR L BN S Y

| wr/wr | wr/PM | PM/PM lp
All carrlers {n=39)
199 238742136+ 27.40+17.91 40.36:22.58 | 0.276
223 23.87+21.36 27.40+17.91 40.36:22.58 | 0.276
576 34.34:19.39 14.32+12.77 = 0.003**
689 33.72+19.22 29.26:20.21 - 0.526
780 22.73+19.28 20.31+18.53 56.13:0.21 | 0.043**
D&45E carriers {n=24)
199 19.74+18.82 32.86+17.36 - 0.172
223 19.74+18.82 32.86:17.38 - D.172
576 32.92+18.57 17.73+15.04 = 0.030%*
689 33.51+17.36 31.26+18.9 - 1
780 19.63+16.93 36.87+17.00 - 0.013**
Non-D645E camriers (n=15})
199 36.60439.56 18.78+17.17 47.32416.58 | 0132
223 36.60+39.56 18.78+17.17 47.32+16.58 | 0,132
576 37.34+20.54 3.97+1.08 = 0.009%*
689 26.96+19.62 23.74+28.07 - 0.405
780 27.45+26.47 23.57+17.72 56.13t0.21 | D.206
# L = GAA £ 7] p.G576S &[5 % S B M7 W
G576S genotype G/G G/S S/S
mean activity (mmol/L/h) (SD)* 16.96(5.64) 9.55 (3.86) 5.84 (3.68)

N 243 (74.8%) 70 (21.5%) 12 (3.69%)
N: GAA activities >Median* 154 8 0
N: GAA activities <=Median* 89 62 12

*: p<0.05

#: activities range: 1.43-11.86 mmol/L/h, 8.81%-72.85% of normal mean
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+ >, s I ) > > N\ 4 < ] > I N\
L w 34 DT GAA BN ﬂ,iL‘F}f T2 8 2847
Haplotype Alleles in 93 Normal Haplotype Alleles in 102 Low GAA Haplotype Alleles in 175
Taiwanese Individuals Activity Taiwan NBS Infants Normal US Individuals
© [Te n o ©o o o
MajorCore & & @ 8 8 € @ I & @
Haplotypes & & € 5 2 8§ & ¥ & | n Frequency n Frequency n Frequency
o () o (8] o (8] o
(GAA*01) [ G el v a4 24% 4 2% 232 66%
*02 D R B v 0 0% 0 0% 0 0%
*03 D R B v 26 14% 164 81% 1 0%
*04 D R G el v 0 0% 0 0% 2 1%
*05 D R G E V V 0 0% 0 0% 1 0%
06 [N G el v 0 0% 0 0% 8 2%
*07 plr ¢ el v 1 1% 0 0% 2 1%
*08 pIr ¢ E V Vv 77 41% 10 5% 77 22%
*09 pBlr G e [N 18 10% 20 10% 6 2%
*10 pBIr G e [l 0 0% 0 0% 5 1%
*11 o R ¢ CIAN v 20 11% 4 2% 16 5%
*12 D R s v v 0 0% 2 1% 0 0%
Total n 186 204 350
+ -
-+ 7

TR G B 2R bR A A B R A

N

[talic font represents published mutatio'ﬁ\-s.' ‘Vasiants in bold font represent novel
variants with unknown clinical signiﬁ_candé; .

No. Lym Fibroblast Mutation-pat Mutation-mat

NBSL 1 0.75 0.24 c.752C>T,c.761C>T c.752C>T,c.761C>T (p.S251L,
(p.S251L, p.S254L) p.S254L)

NBSL 2 0.8 0.14 €.2238G>C (p.W746C) C. 2662 G>T (p.E888X)

NBSL 3 1.27 0.53 C. 2662 G>T (p.E888X) c. 1574 T>A (p.F525Y)

NBSL 4 1.45 0.27 C. 424 440del17(p. c. 533 G>A (p.R178H)

S142L fsX29)
NBSL6 1.49 0.3 €.1935C>A (p.D645E) c.752C>T,c.761C>T (p.S251L,
p.S254L)

NBSL7 1.93 0.51 c.546+5 t>g €.1080C>G (p.Y360X)

NBSL8 6.36 1.08 c.546+5 t>g €.546+5 t>g

NBSL9 0.46 0.11 €.2238G>C (p.W746C) €.1935C>A (p.D645E)

NBSL10 0.49 0.6 €.1324G>A (p.V442M) .1843G>A (p.G615R)

NBSL11 0.58 0.49 c.752C>T,c.761C>T c.1958C>A (p.T653N)
(p.S251L, p.8254L) E4-E11 deletion ?
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FoL o P FoE A TR %2 deltaB6 RNA 2 g2

Allele 1 Allele 2 Dé6/total mRNA | GAA activity

p.D645E c.955 p.D645E c.955 Lymphocytes Lymphocytes

(nmol/mg/hr)
Patient + + - + 11% 0.46
Mother + 4 - - 88% 18.25
Father - - - + 95% 51.47
Sister + + - + 12%* 0.68

F. L = . ¢c955+167 c>t e 7 F

Group Total ~ Wild-type "/ _Heterozygous: Homozygous P P
(C/C) (C/T) (T/T) (to control)  (to carrier)
Normal control 290 264 (91.1%) 25 (8.6%) 1 (0.3%)
Pompe carriers 69 31 (44.9%) 34(493%) 4 (5.8%) <0.0001
Pompe patients 40 8 (25%) 22 (55%) 10 (20%) <0.0001 0.003
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LA o R RRFARE SR L PATIRE
Italic font represents published mutations. Variants in bold font represent novel variants

with unknown clinical significance.

No. Mutation-1 Mutation-2
LOPD1 €.1935C>A (p.D645E) c.546+1G>T
LOPD2 €.1935C>A (p.D645E) c.2T>C (p.M1?)
LOPD3 €.1843G>A (p.G615R) €.2238G>C (p.W746C)
LOPD5 €.872T>C (p.L291P) €.1798 C>T (p.R600C)

LOPD6 c.1935C>A (p.D645E)  .2238G>C (p.W746C)
LOPD7  ¢.1124 G>A (p.R375H)  c.1375G>A (p.D459N)
LOPDS ¢.1822delC (p.R608DfsX88) ¢.2238G>C (p.W746C)
LOPD9 c.1935C>A (p.D645E)  ¢.2238G>C (p.W746C)
LOPD10  ¢.1935C>A (p.D645E) €.2014C>T (p.R672W)
LOPD11  ¢.1935C>A (p.D645E)  ¢.2238G>C (p.W746C)
LOPD12  ¢.2238G>C (p.W746C)  ¢.2238G>C (p.W746C)
LOPD13  c.1935C>A (D645E).  £,2238G5C (p.W746C)

-
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