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Mucopolysaccharidoses (MPSs) are a group of rare inherited metabolic diseases caused by defi-
ciency of lysosomal enzymes, MPSs are clinically heterogeneous and characterized by progressive
deterioration in visceral, skeletal and neurological functions, The aim of this article is to review the
treatment of MPSs, the unmet needs of current treatments and vision for the future including
recent clinical trials, Until recently, supportive care was the only option available for the manage-
ment of MPSs, Hematopoietic stem cell transplantation (HSCT), another potentially curative treat-
ment, is not routinely advocated in clinical practice due to its high risk profile and lack of evidence
for efficacy, From the early 2000s, enzyme replacement therapy (ERT) was approved and available
for the treatment of MPS |, Il and VI, ERT is effective for the treatment of many somatic symptoms,
particularly walking ability and respiratory function, and remains the mainstay of MPS treatment,
However, no benefit was found in the neurological symptoms because the enzymes do not readily
cross the blood-brain barrier (BBB). In recent years, intrathecal (IT) ERT, substrate reduction therapy
(SRT) and gene therapy have been rapidly gaining greater recognition as potential therapeutic
avenues, Although still under investigation, IT ERT, SRT and gene therapy are promising MPS
treatments that may prevent the neurodegeneration not improved by ERT,
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MPS 1 a—L—iduronidase

MPS 1II Iduronate—2—sulfatase

MPS III
A Heparan—N-—sulfatase
B a—N—-Acetyl—
glucosaminidase
Acetyl CoA:
C a—glucosaminidine
N-—acetyltranferase
D N—Acetylglucosamine—
6—sulfatase

A Galactose—6—sulfatse
B B—Galactosidase

MPS VI N-—Acetylgalactosamine

—4—sulfatase

MPS VII B—Glucuronidase

MPS IX Hyaluroridase

DS, HS

DS, HS

HS

KS, CS
KS

DS, CS

DS, HS, CS

hyaluronan

AR IDUA

XR IDS

AR ARSB

AR GUSB

Coarse facies, short stature,
dysostosis multiplex, joint
stiffness, organomegaly, corneal
clouding, hearing loss, cardiac/
respiratory disease and mental
retardation if severe

Coarse facies, short stature,
dysostosis multiplex, joint
stiffness, organomegaly, retinal
degeneration, cardiac/
respiratory disease, pebbled
skin and mental retardation

if severe; no corneal clouding

AR Severe mental impairment,

SGSH
NAGLU

aggressive behavior, sleep
disturbances and dementia,
accompanied with relatively
mild somatic symptoms
HGSNAT

GNS

AR Short stature, ligamentous laxity,

GALNS
GLB1

joint hypermobility, dysostosis
multiplex, severe skeletal
dysplasia, corneal clouding,
hearing loss and cardiac
disease; no mental impairment
Coarse facies, short stature,
dysostosis multiplex, joint
stiffness, organomegaly and
cardiac/respiratory disease; no
mental impairment

Coarse facies, short stature,
dysostosis multiplex, joint
stiffness, organomegaly, cardiac
disease, corneal clouding and
mild mental impairment

HYALI Short stature, polyarthroathy,
periarticular soft tissue masses
with painful swelling and
acetabular erosion

Abbreviations: GAG, glycosaminoglycan; DS, dermatan sulfate; HS, heparan sulfate; KS, keratin sulfate;
CS, chondroitin sulfate; AR, autosomal recessive; XR, X—linked recessive.
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ool Azt ofef 154 7hke] At &, V1A AR GAE BEshe PoE, S AeR A&
T gl dA 59 A, olgjet ARS S5 Aow wio] 7hsstths Aol ltk FHTele =8
at7] 9%t w8 E &5 Fradds AR Yotk BAE0]Y Aol EARZFAWE Al o]F o]2)&
2 o] vial =ataat dvk Agahs WA R gt Has . 2ERAE
o242 24 o el AFE A5 FattdT [FelM &
RIACESES x2H 2 Al AT E BTk, THE F3elAE A Ee
gk gkgo] wf- oh=w, ARl A5 Aol A9
1. 25 X2E =ZH5 HEH X2 Q. w Foias ekt Az o] B,
ol Hf 5T b, Fol o] 54, AR Al (graft
TAGETS e EAE dorls 53 13 failure) 8 22 ZHRAE oo W= FAEE
4 Agtow Lopat, AT, S5 Eab ARt aafof st WA Fo|AL BE Fathdsol
Agefstat, 9], <bat, ojullel, A 9l A7 9] A A 5 Qs A opy
W5 7 Zoke] ekl 4t Awrt Besht
V. 5ed ARgE, ohwolE ¥ ALAASE 3F 3. SARZQH
1A EAE N 5 93, REEE Fo]de) digt
FEAATI Fes|E s, AGE A SES d e 1991d 1A% (Gaucher disease) X&o EAH
2 PI% s FEAA Tl 7] wEel FE 9 % 9% (enzyme replacement therapy, ERT)o] A&}
T4 o] Aok shal, A TS o718t ¥ o]F, 20019 FarhdS 19, 20020) raiviet
= A5 Ag Aol Fes|k etk Fravts S 11%, 2004del Fattds VIZ gkt ERT7}
AAES NEgEI} o]Hu, ANl 9T} = n)= 2)3E-2]ekEely 3 (United States Food and Drug
7] Wi o]l A XmE ZPEe 79 st Al Administration, FDA) %¢1& &9k, shjol A=
Frlojol shv, 53] A% HAu AT HAAE 2004 FEUEE 18, 200990 Faugs 119,
(restrictive lung disease)©] & - Zds 29| 20103 Hzuds VI&’O] 172 RES B8 SR
7h Besit. wmd AsAA7E A4 ol mz ol o] FAF AR5 WL gtk A a4RF 2] 7hs
HEA Aqe dake A4 st AlGE o of gtk o FIUET LI VIZS] AA| okA|e} Folg
Table 20 A= o] Qith. of&e] [VE S §4ARFTQ
2. ZEDNZ 0|4 Hol g3kl FEAIEE A s tdor § 1/
1 ddA1E o]l F5492 2™ (Clinical Trial.gov NC
1980t} 7= BEA A 87 FAdeh A5 T00884949) 7V AlY Wjell A7t 7hssid A
o|glont i 207 AMEL- X & WHOZ 19904 olt}.
tf o]% A RA|FZo| o] AEro] Gt =8
BA|FEo| A o)A E AlEeM EHlHE G4l o3
Table 2. FIHRF HLRFTLHE HA
Disease Enzyme; Drug Dose Duration
MPS 1 Laronidase; Aldurazyme® 0.58 mg/kg Once a week
MPS 1I Idursulfase; Elaprase® 0.5 mg/kg Once a week
Idursulfase beta: Hunterase®
type VI Galsulfase; Naglazyme® 1 mg/kg Once a week
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2 v, 7 FEHY, 7HEE S0l vERb vl
1) SAHZEQHO| J|H &) ~Epilo ]L} AAA Folm 47 zHdAr?. bz
A HEQHL g4aF 340l E0I%)% mannose— FYnkgo] At st | el AAE A
6—phosphate (M6P) 7} 4|32 L°ﬂ EAS=M6P 4 A BFAL 1AIZE Fof o FolE ity AAXE &
& (receptor) ol AA=o] Ag & iF U= kA 5 F&go] A= Afe IZEHIAEHZO|EE oF
atal gAatA SWE= 2E ol skl AHE Az &= Fol 12412 A3 1R Aol 22 Tt} w2
& gadmd S Fojsto] Axy gaFor ¥ thd I8 8449 A, S 3 axRFe
Ea o] mEslEE s Ago?. HE A1F W 3219 oF 30-40%04 1gG A7}
BAETH= o] HuE1Y, o] F d¥i= 3
2) SAHZQHO| Su} (neutralizing antibody) 2 N 8&3=5 7FAA7Itta
EaRF o U w2 3 A FEE wago] gob?. wRh EEAw Folahe Fadu
o} A7 AJZ Hole] whEt thEAN ANA R X5 of et IgE A7} A E o] xpe] AES e
Al Z 2719 Z=5o] HE RS RbellA] AW oh}gEA AL Hase] QrH?.
GAGZ} 73l 7VA "ojAm 2k, v)7 vld)7} gkl
A FolEth Hgh wdo] AL A &5 4) SAEBEQH Al FXpHE
7} SAEE AEE Hola 4he] Ho] Fopxith A& HEARSTOW A o= o] A7) H S A
Al F 671E 2o HolE u, iR EAtelA 637 of thet BEA A5 7F 3 Aol oJ3) Way
A7) AAL 24 AR A vlaste] 38 BRIth A8 ofof sttt HEH X5 & A&aHA st 7led &1
A vlwgk 94A S48 S A5 A 12-18 ol sl diulE sk A gols) 7159 4he) 4o
Aol F5skA Uehdth o] A7) o]Fell= 5719 SAAR Y A Qv '3 e A 27] 3
BETF A3, g 827 /Fg 7)ol ol et 7k} EARF AW AIF F2 AAIGA Q] Rigtel df3
710 g o gt A7l E AE B s 1 871491 F2THgo] F o3y, 7|EA 0% | FAF F
&of| tislir= Mgt Hgo] AQsitt g4 HF o Almict A S A K& 6-1270Evicte] B3k
o] A E o]% HT} ofd] Lfolef| FAto] vEhr] A 84 37}, A% Frh desit. Sy J57t
of 4 BF QW] AgEFE N7 gt ¥ £5 WS g A3shs fotd] A= FrPh o A
o] Rusw Y, Aozt olgjgt WUk gAag 4 AFE Amshe
AE el A gatell sl AldE= Zlo] AuHTh
3) 2AEEQH A X dda 2E2 7} 713 7k 82 P2E 279 HARE AIY
EARZOHE W IS S Folshe & ok & A% Ql=dl, "S- oA Q1A el 7} Sl
Qb 8] ZAl RUHE ok shH, oHa Fol Al §-21-8 = 735 B7PL o dnt
o] AUUH A= k= FoI7f Bt o] Fo = 24471
% o o] Agsirk W opfdHA A e 5) 6M| O|te| Aot StXte| SAHEQH
A& g8k F-2-8ol tulste] S9HAE At 6A mIREe] xte] diiAE #)7]s ARG 62 A
27t v Eo] 9le Kol okeg Folsfof it 7] ks 2 g2t deo Art Brbset R,
HEARFONE Ae AFshe ke Hox 1Y QAo A 23 A b= A7) wol A< 3
EAZ Ok Fol7k Byt o] % 1AIRE ] WA #F 7F A5 H=Eteh webs ofd vol o] FabEe] o
S Zlo] AAEh aanF ey Bd /g Bt M= 2ak AN7RRIS Q1 AR el ofEtA Hrk O
FARL-2 o530k (Infusion related reaction) & b H|7ed A9l 2 sy dojubr] A z7)of A5
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141 (intraventricular) ol E4%
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I VI Aol A HpA O aaTYARe] HE4 Al
g ave] g Tl Bavk AaH?. o velrt fa
U 18 34 dider A543 ol ax7As
o) Al 7Fs/d 3t ePgAdell Uizt AP A 1
¥ 31 THMPS I: NCT00638547 and NCT 00852
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ol Fiel #E a4 FAES A=l wt As
A 7hsoli7E Gk AR E Al 5 =W 5) QXA X2
olF 7M=& JAC G4 fXel Aste] a4 T AmE AW} e s A A
o] HA4AQl 3akd FERE THES FoEH A& tix)eh= A 5ot} f314; X857} dFetd A%
Ao YEE FolFe BAolth(Fig. 1). 5, AR Al e A8E 71 & A, A A5l )
2 B 2R s R 34 o) iEiﬂ of sl dsloF & 7H Fast HAl= Y FAAE &
(endoplasimic reticulum) o4 EajE o] glojA]+= A Ao g wdste] A8 Fio mEshA & S e
S WAE a4t gag ke g Sort #gshs A kA E FAA A AA (vector) & NEEE Flolth
& o IE ga%s FolFe 98s gtk A, vpole| s HEE o] &3 W] e Z/MAEE
ol g5t Wl Fol A7HIL ok IDS FAE et
4) 718 A X= = AZF vl AE o] &8t F42 A 57t Fravkd
714 a4 A g 28 o)A 7149 s Eole < 18 FEREA 84w 5719 GAG 45
A goltt 7149 & Eole 22 =40 A7 H ARl ERIFGI Ty AlgrS tid o ® Sk oY
1 9lon, FHFE A FolM rhodamine B AT Aol 245 WlE] o] el W AA| ] ALE, ¥
genistein®] 417 7i Foll At} Rhodamine B ++ B FYHEE, a9 ALA, S84 A Sl gk A
g TRl &47} dFHAN o = T7F e ofof g},

277} ol Basft
%%@g*ov z =

Chemlcal
Mis-folded Chaperone
Enzyme

90% Degraded Subs:rate Chaperone
Exchange

Fig. 1. 3}3t5 Al 29 28714, A& EA47F 722 Aol gl 545 594
A GRS FqEH
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