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1pa -Physical examination

PI2 e -History (including pedigree)
N -DMB ratio
N uu‘El

FRB AR HS/DS/KS

I & ARl -Enzyme assay

(SRR ) -Genotyping

-Color echocardiogram

N o 2
DR R -M-mode and 2-Dimensional echocardiography
SR e
-Spleen
-Hands
X3k -T-L sﬁplne
-Pelvis

-Brain CT or MRl when necessary
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SEA R WinER
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- FAERRENR ([R5 10-1318)
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M ERRIERE A

ik 1% E B A $5 & F 2 g (American
Society of Human Genetics) BIE % » B H:E
HE—(EERRAHENIBE FETEE—E
KEPEBEEERIEEE 2 EEHRRE
BEE (recurrent risk) > 1 B3 B E FHITE
f& (risk assessment) o TEEFE BRI AL
o NEEEN RRAESBENBATE
NIEER hEHERRIERBEEZN—
IR BN FAME 2 S BEZHITEEN
REAODZE Z2ERENT RN EEEE
AR FREEAEEREBEENTR DT
TYEERTERENREEDS  REBEYE
EFERNEEABRESRREERR Z
REFIREARER > TR TS B APARERYEZ o
P&z MZRARERE > i SN 7B R B R E KB
THREEHESRFNERE - EEENA 2
BT R A8 L PR $ AR RE ~ R EFT AR
BHELNMERZ LHERGER T —REBFHNHE
x> R EREZ AR PRERNEEZ O
EL BREMEBERRIFEL BRTE

el Z SN AR BRIV E B %A o [EIILE > TR
R B RAVES TR 4 N Ee Ry MR iRsE
BEEHE EEEERRER—ERNHE
BN S IREE ABRIRERT TE-

MEZRERNBEEZAIE RTEETLE
W AR 2 B TURT B BTV RECER 12
RV ERERIN IEERE D FIRAREEE N
TEL-fERRR L EmBBEMGRRANE
THRZSHMSEENESR EGEBITELER
MREATER - B BRI FEWIRAIBAMTE RN %
B SRR ERF M KSHESERES

EXREBERAREZ (Clinical Significance) o

R B 5 AR ACMG(American College
of Medical Genetics and Genomics) B &
5 HERRE R AU DU TR !

BmE R (Pathogenic Variants)

RS RERRIR S XM ERG R EfEH
REFERPIRRIE RIM)

=M - ByRER (Pathogenic Variants)

Gene cDNA change Amino acid change
c.2T>C p. M1T
IDUA c.1037T>G p. L346R
c.1874A>C p. Y625S
DS €.254C>T p. A85V
c.1025A>G p. H342R
.953T .M318R
GALNS €.953T>G p. M318
c.319G>A p. A107T
c.478C>T p. R160*
ARSB
€.1394C>G p. S465*
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o] 5E B9 3 7% & & (Likely Pathogenic
Variants)

ICHEERAERARRE BERRERR
MESCERER ) R E P BRE S A EL R S E B
BEREE REGIEEENDEE . (RR)

HEEMRIEER (Variants of Uncertain
Significance; VUS)

BREAFTEENE LNREFTR
@ Bt ERERRNERE S A EZERR
BRIHAE R - BAliE <A BRI e B

RE - THEMNEFER (Likely Pathogenic Variants)

WERIARATRAIRAS 2 1888 - FILABAREIF AN

HIRNHAIEEENEZE  BRAREMEEEE
ML AF AKX ERPAREER EEH
FEEC & & #R B ST EERVBR PR 5T 4 » M O sth 5 48
BHE UEBILEE RRERARBRE > (RIX)

IER % 2 B A= R A BFRAY SRR BRI
5 XFHETERKR ENBESR MEFEHTE
RS EREE N ALUELRIEARME R
AUERE o

Gene cDNA change Amino acid change
IDUA €.1091C>T p.T364M
c.142¢>T p. R48C
c.311A>T p. D104V
c.589C>T p. P197S
c.817C>T p. R273W
IDS
c.778C>T p. P260S
c.1400C>T p. P46T7L
C.1478G>A p. R493H
¢.15137>C p. F505L
c.131G>T p. G44V
c.374C>T p. P125L
.638C>T p.A213V
GALNS
c.704C>A p. T235K
c.782T7>C p. 1261T
.857C>T p. T286M
€.395T>C p.L132P
c.424A>G p. M142V
ARSB
Cc.716A>G p. Q239R
C.1277A>G p. N426S
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=t + R$# 2 (Benign Variants)

IbERB B BRI RSUE LIRS 2 Gene cDNA change Amino acid change
FHIEER FNEERR TEILEE 2@
UG SR HBEESR - (Rt bs L
2+ MAEMETR C.1499C>T p. T5001
(variants of Uncertain Significance ; VUS) .
GALNS | <¢*3C>G(3'UTR)
Gene cDNA change Amino acid change
¢.300-3C>G €.313-26T>C
IDUA
€.1463G>C p. A488P
DS c.301C>T p. R101C ARSB ¢.1072G>A p.V358M
c.851C>T p. P284L
GALNS c.887C>T p. A296V €.1143-27A>C
C.985C>A p. H329N
SR ERENER
55 WEIER iEHtERA
-8 31EAR : P9z
R Z R ERI B ERER _ _
BEARAA LSD/HOS/MARS SHizespizme | = 0 18R SREILER
AERAERIFI2 1B HE -BF . BARSNEEEE HHE
MEEES
. N2 g ;“" =z
SR AR SR 36 MER
IR S
W e E S TIaE| B - FtRIEER] | YRR ERIR
mA AEE FRIBEEER - ERAMRIERS
‘X-Ray (Bt ~FH - BRAF) N ——
DB R BEEOH
BRFERRMZSEED
e R e AR 1L R RESE
A R e AR S T sz =
‘X-Ray (&1 ~FH - BFRE)
-HIERHREREME
MERRRERERIF | = RrsBEon
BR B EFEEY . S LB (6 %)
=  EABERREEE

245




S ERAEREEE

HMZHRERO BTS2

BENZBENMEERERBNBEEREE
m I REBENRACEE—FENFERHRAR
wEVRRRE - AL BT RIBRAERRRZ
Iy ERARBTEESEEE BT ER
1> R HRB ERRREE BRI R E
EIRNR EE R KRR o T FRMAMN S BRER
FRERNE R EEETEMERDERKE
BRFREAR AT FLAE B s2 i £ R e B %
BRIE - AU REZ T RFaE BR IR
SKE& AL 352 52 i BB AR AV B214 > 3 BE FARAEAR
EERZAAFEE-

ERR EA NIRRT FEZ IR R
EINRRETLEENTERKES > KR
FEHUERZFELRBMBBEERNHE &
R HEGEHER A S OIEIRF 1B
BRYBRRERERZIN BREERRERR
AEBRVERME - L - PR T B EA N E X7 8
2N BEERERERBERMERKER
BOEXFRS SERRERE 2B
BHEBRENZRA KEKRARBGRZE
E-mARERZF DB RBGEHE LUK
HRIEEEN LIRS FHIRFBH > TERAIE
EREREEZREEZZOEM R WEHFR
FEEEEAER AR Rt E R REE
ARF5 - R th G AL DT ERE R B RIER
FREE 2RI FRT IR IERE B2 B RIRER
BatEN WIRMARKMB -ME -RBEFR
ANRENRBFER AR RALKE
— [F) B o St Y R R P SR B AR A DR B

246

e P

=

N

MEF , MK - BERSIRE 2 B EEBRRE -35
FNERER-EMEBEL 2021 FF 1455 3 #:
170-179°
HEX-MAF BAE - ZNE-FTER REE M
JZom e LM BRERTEIE - £ 2 2021 F
58 14 &% 3 H3:180-190°

Chuang CK, Lee CL, Tu RY, Lo YT, Sisca F, Chang YH,
Liu MY, Liu HY, Chen HJ, Kao SM, Wang LY, Ho HJ,
Lin HY, Lin SP. Nationwide Newborn Screening Pro-
gram for Mucopolysaccharidoses in Taiwan and an
Update of the “Gold Standard” Criteria Required
to Make a Confirmatory Diagnosis. Diagnostics
(Basel). 2021 Aug 31;11(9):1583. doi: 10.3390/
diagnostics11091583. PMID: 34573925; PMCID:
PMC8465393.

Chan MJ, Liao HC, Gelb MH, Chuang CK, Liu MY,
Chen HJ, Kao SM, Lin HY, Huang YH, Kumar AB,
Chennamaneni NK, Pendem N, Lin SP, Chiang CC.
Taiwan National Newborn Screening Program
by Tandem Mass Spectrometry for Mucopoly-
saccharidoses Types |, Il, and VI. J Pediatr. 2019
Feb;205:176-182. doi: 10.1016/].jpeds.2018.09.063.
Epub 2018 Nov 6. PMID: 30409495; PMCID:
PMC6623979.

Chen CP, Lin SP, Tzen CY, Hwu WL, Chern SR, Ch-
uang CK, Chiang SS, Wang W. Prenatal diagnosis
and genetic counseling of mucopolysaccha-
ridosis type Il (Hunter syndrome). Genet Couns.
2007;18(1):49-56. PMID: 17515300.

Chuang CK, Liao HC, Lin HY, Chiang CC, Lin SP.
Newborn Screening of Mucopolysaccharidoses:
Comparison of Fluorometric technique and Tan-
dem Mass Spectrometry for Enzyme Assay. Muco-
polysaccharidoses Update. Nova Science Publish-
ers: New York, 2018: 647-60.

Chuang CK, Lin HY, Wang TJ, Huang SF, Lin SP.
Bio-Plex immunoassay measuring the quantity of

lysosomal N-acetylgalactosamine-6-sulfatase pro-



10.

11.

12.

I

tein in dried blood spots for the screening of mu-
copolysaccharidosis IVA in newborn: a pilot study.
BMJ Open. 2017 Jul 13;7(7):e014410. doi: 10.1136/
bmjopen-2016-014410. PMID: 28710204; PMCID:
PMC5734244.

Chuang CK, Lin HY, Wang TJ, Huang YH, Chan
MJ, Liao HC, Lo YT, Wang LY, Tu RY, Fang YY, Chen
TL, Ho HC, Chiang CC, Lin SP. Status of newborn
screening and follow up investigations for Mucopo-
lysaccharidoses | and Il in Taiwan. Orphanet J Rare
Dis. 2018 May 25;13(1):84. doi: 10.1186/s13023-018-
0816-4. PMID: 29801497; PMCID: PMC5970538.
Chuang CK, Lin HY, Wang TJ, Tsai CC, Liu HL, Lin
SP. A modified liquid chromatography/tandem
mass spectrometry method for predominant di-
saccharide units of urinary glycosaminoglycans in
patients with mucopolysaccharidoses. Orphanet
J Rare Dis. 2014 Sep 2;9:135. doi: 10.1186/s13023-
014-0135-3. PMID: 25178307; PMCID: PMC4164790.
Chih-Kuang C, Shuan-Pei L, Shyue-Jye L, Tuen-Jen
W. MPS screening methods, the Berry spot and
acid turbidity tests, cause a high incidence of
false-negative results in sanfilippo and morquio
syndromes. J Clin Lab Anal. 2002;16(5):253-8.
doi: 10.1002/jcla.10051. PMID: 12357455; PMCID:
PMC6808023.

Lin HY, Chen MR, Chuang CK, Chen CP, Lin DS,
Chien YH, Ke YY, Tsai FJ, Pan HP, Lin SJ, Hwu WL,
Niu DM, Lee NC, Lin SP. Enzyme replacement ther-
apy for mucopolysaccharidosis VI--experience in
Taiwan. J Inherit Metab Dis. 2010 Dec;33 Suppl
3:5421-7. doi: 10.1007/s10545-010-9212-5. Epub
2010 Oct 6. PMID: 20924685.

Lin HY, Chuang CK, Chen MR, Lin SJ, Chiu PC, Niu
DM, Tsai FJ, Hwu WL, Chien YH, Lin JL, Lin SP.
Clinical characteristics and surgical history of
Taiwanese patients with mucopolysaccharido-
sis type Il: data from the hunter outcome survey
(HOS). Orphanet J Rare Dis. 2018 Jun 4;13(1):89.
doi: 10.1186/s13023-018-0827-1. PMID: 29866148;
PMCID: PMC5987665.

13.

14.

15.

16.

17.

18.

19.

20.

Lin HY, Chuang CK, Chiu HC, Lin SP. Mucopolysac-
charidosis Type II-An Unexpected “3in1” Fam-
ily. Pediatr Neonatol. 2016 Aug;57(4):359-60. doi:
10.1016/j.pedne0.2015.11.005. Epub 2016 Apr 2.
PMID: 27178643.

Lin HY, Chuang CK, Ke YY, Hsu CC, Chiu PC, Niu DM,
Tsai FJ, Hwu WL, Lin JL, Lin SP. Long-term effects
of enzyme replacement therapy for Taiwanese
patients with mucopolysaccharidosis IVA. Pediatr
Neonatol. 2019 Jun;60(3):342-343. doi: 10.1016/
j.pedneo.2018.08.005. Epub 2018 Aug 23. PMID:
30241882.

Lin HY, Chuang CK, Lin SP. Mucopolysaccharidoses
in Taiwan. J Mucopolysacch Rare Dis. 2018;4:14-20.
Lin HY, Chuang CK, Lin SP. Newborn Screening for
Lysosomal Storage Diseases in Taiwan. J Mucopo-
lysacch Rare Dis. 2017;3:14-19.

Lin HY, Chuang CK, Wang CH, Chien YH, Wang
YM, Tsai FJ, Chou YY, Lin SJ, Pan HP, Niu DM, Hwu
WL, Ke YY, Lin SP. Long-term galsulfase enzyme
replacement therapy in Taiwanese mucopoly-
saccharidosis VI patients: A case series. Mol Gen-
et Metab Rep. 2016 Apr 18;7:63-9. doi: 10.1016/
j.ymgmr.2016.04.003. PMID: 27134829; PMCID:
PMC4834679.

Lin HY, Lee CL, Chuang CK, Lin SP. Long-term out-
comes of enzyme replacement therapy for Taiwan-
ese patients with Mucopolysaccharidosis I. Pediatr
Neonatol. 2019 Oct;60(5):577-578. doi: 10.1016/
j.pedneo.2019.05.005. Epub 2019 May 29. PMID:
31196723.

Lin HY, Lee CL, Lo YT, Wang TJ, Huang SF, Chen
TL, Wang YS, Niu DM, Chuang CK, Lin SP. The re-
lationships between urinary glycosaminoglycan
levels and phenotypes of mucopolysaccharidoses.
Mol Genet Genomic Med. 2018 Nov;6(6):982-992.
doi: 10.1002/mgg3.471. Epub 2018 Sep 16. PMID:
30296009; PMCID: PMC6305646.

Lin HY, Lin SP, Chuang CK, Niu DM, Chen MR, Tsai
FJ, Chao MC, Chiu PC, Lin SJ, Tsai LP, Hwu WL,
Lin JL. Incidence of the mucopolysaccharidoses

247



21.

22.

23.

24.

25.

S ERAEREEE

in Taiwan, 1984-2004. Am J Med Genet A. 2009
May;149A(5):960-4. doi: 10.1002/ajmg.a.32781.
PMID: 19396827.

Lin HY, Lo YT, Wang TJ, Huang SF, Tu RY, Chen
TL, Lin SP, Chuang CK. Normalization of glycos-
aminoglycan-derived disaccharides detected by
tandem mass spectrometry assay for the diagno-
sis of mucopolysaccharidosis. Sci Rep. 2019 Jul
24;9(1):10755. doi: 10.1038/s41598-019-46829-x.
PMID: 31341247; PMCID: PMC6656773.

Lin HY, Tu RY, Chern SR, Lo YT, Fran S, Wei FJ,
Huang SF, Tsai SY, Chang YH, Lee CL, Lin SP, Ch-
uang CK. Identification and Functional Character-
ization of IDS Gene Mutations Underlying Taiwan-
ese Hunter Syndrome (Mucopolysaccharidosis
Type Il). Int J Mol Sci. 2019 Dec 23;21(1):114. doi:
10.3390/ijms21010114. PMID: 31877959; PMCID:
PMC6982257.

Lin SP, Lin HY, Wang TJ, Chang CY, Lin CH, Huang
SF, Tsai CC, Liu HL, Keutzer J, Chuang CK. A pilot
newborn screening program for Mucopolysaccha-
ridosis type | in Taiwan. Orphanet J Rare Dis. 2013
Sep 22;8:147. doi: 10.1186/1750-1172-8-147. PMID:
24053568; PMCID: PMC3849552.

Neufield EF and Muenzer J: The mucopolysac-
charidoses. In: Scriver C, Beaudet AL, Valle D, Sly
WS, eds. The metabolic and molecular bases of
inherited disease, Vol. 136, 8th edn. New York, NY:
McGraw-Hill, 2001: 3421-52.

Richards S, Aziz N, Bale S, Bick D, Das S, Gasti-
er-Foster J, Grody WW, Hegde M, Lyon E, Spector E,
Voelkerding K, Rehm HL; ACMG Laboratory Quality
Assurance Committee. Standards and guidelines
for the interpretation of sequence variants: a joint
consensus recommendation of the American Col-
lege of Medical Genetics and Genomics and the
Association for Molecular Pathology. Genet Med.
2015 May;17(5):405-24. doi: 10.1038/gim.2015.30.
Epub 2015 Mar 5. PMID: 25741868; PMCID:
PMC4544753.

248

T ES B

HECSBR NEREE R EIGEREM
BEMRS £ CEGEER
FRERTPORIMESE
HEBERBEARMEHR

E7hva
F8

SICEREEARE NFRAFRITEIR
FREEE EER
1 .'.*.’.‘i.lf"""i“"""
il

SR RIEEA AT
SItEELCSBRERSGRDL BEAHEM
PERBABESSRE VRESEME
EEELAEE B EEEH
BERRENERRE ATHE
SEEEEAZENER




