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Fig. 1 Statistics on the distribution of enzymes and therapeutic enzymes
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e, WA FEYRERNNSEIRE, REBIRET
KA. MTIRIBN, REENIRIT R R E
RN T = A 2, X R ICIT T (enzyme
replacement therapy, ERT) #fHTZF LAY IRETE
WHERBEAEIAYT o FRTH FDA R EMA Bl F Y
56 Pl 245 W i A7 2235 24 gl H IR 7 ACE B
SiE, HIEREE I 43% (R 1)
L11 IREHARIC AR 259

7 BRI BLJR (lysosomal storage diseases,
LSD), J& H i o] I ERT 3657 19 3= 2R BB e
I 2 70 Z2 S AR ) Re i 5 | Ak A st A P AR
PRI R EFR B BB A R o A TR
R IR R £ 207, I FRERE 2 C

HEE 2, &M S U EVE X L IR
Wi ZWEEE AR oA TR . I A
TR il TS AR T AR B, AR R )
R ZSPEAR, XEROBEER T . B2l DT A = R
R, WAL, R FEURBHAR 2L L4
MIFET . EARMEREAI R Y & A 4K T 1/100 0005
SR, VE—2LB300, IEBHAI AR & 2 i) 5 5]
1/5 000~1/10 000 ' F i AT JH A5 A7 238 7 /Y
AR R G A TR (Fabry disease) . i
J% (Gaucher disease) . JEDU[AE (Pompe disease)
o HEME I BUE (a-Mannosidosis) . #1Z 50 I
¥ T UL & SE 11 & (neuronal ceroid lipofuscinosis
type 2, NCL2) ., iK/KEJ (Wolman disease) . [
WS #E s B 6t = SE  (acid sphingomyelinase
deficiency, ASMD) f1 5 Fh # £ ¥ W
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(mucopolysaccharidoses, MPS)

P DU TG HE MFR g — RUBE I B (type 1T
glycogen storage disease) , S Tl = M2 1 o % %)
Wi (acid alpha-glucosidase, GAA) 1M pT 5]
AP o o T TR P DI R S DB S A i Xof
BRI TR (B 2a), 4 GAA TS T REAREH
F, BEIEANRE IR B K o M A WA B RE &, T
RAETEHBAN (BI2b), SfEE BN (FF
SO HL) T ERER . A JE DL [GAE GAA 5872
g E  (http://www.pompevariantdatabase.nl) 4

I, HEILE B 422 Fp e D IGREEOR 2248, 4%
AR | BRSEAS | B AR | To AR
s WRAR G L IAF I, AR ZAE IS S R Rtk
REBREARR . BraA LSS bz, HAark
UM 1~2 % . BRI ERT /&G 77 P DU ECHE /Y i — 7
B, PR B 259 SR AE CHO 20 Jift v 8 20 3Rk
R M o A B (thGAA) , Rl £ Bk R
Myozyme 5 Lumizyme (£ 1), BRIZELYXT £
BB E AR B AIRY TR, (AT A A7)
L3N

Table 1 Summary of approved therapeutic enzymes targeting to metabolic deficiencies

F1 ATFRGEREERTHEEBEELY

& A ISR 2T 4 FDA/EMA
E O
RBP4 T (Fabry disease) 2 o ALEE REA Agalsidase beta Fabrazyme  FDA/EMA
(LSD) Agalsidase alpha Replagal EMA
Xt (Gaucher disease) T == ] 0 P g Alglucerase Ceredase FDA
Imiglucerase Cerezyme FDA/EMA
Velaglucerase alpha VPRIV FDA/EMA
Taliglucerase alpha Elelyso FDA
PE VT EE (Pompe disease) B2 TR o] A T Alglucosidase alpha Myozyme  FDA/EMA
Alglucosidase alpha Lumizyme FDA
avalglucosidase alpha-ngpt ~ Nexviadyme FDA/EMA
o FBEEAUE (a-Mannosidosis) Ik Z o-D-H EE Wl G Velmanase alpha-tycv Lamzede =~ FDA/EMA
P TR IR RUTEENLEY (NCL2) i = = IR IR Cerliponase alpha Brineura ~ FDA/EMA
IRJK 295 (Wolman disease) Tk 2 VS AR R 1 I s g Sebelipase alpha Kanuma FDA/EMA
IR PEFE I IR EG G = 5 (ASMD) ik = TR VE W R G Olipudase alpha Xenpozyme FDA/EMA
Zhz i HurlerZi &5 (Hurler’s B = o-L- AR R T Laronidase Aldurazyme ~ FDA/EMA
(MPS) syndrome)
HunterZ5:44%iE  (Hunter’s it 2 A I IR T G s Idursulfase Elaprase FDA/EMA
syndrome)
LIRS REAY il Z N- 2 - FLB -6 Elosulfase alpha Vimizim FDA/EMA
(Morquio syndrome type A) T B T
Maroteaux-LamyZ: & i 2 N- Y- FLBE -4~ Galsulfase Naglazyme ~ FDA/EMA
(Maroteaux-Lamy syndrome) TR lE
SlyZi & 4E (Sly syndrome) B BT A E R TR Vestronidase alpha-vjbk Mepsevii ~ FDA/EMA
Je R NERENERG -7 22 2P GG Z A8 (CSID) 2 REN - 22 2 Sacrosidase Sucraid FDA
KT BEERIEEHIE (hypophosphatasia) [ e N S ER TN kS Asfotase alpha Strensiq FDA/EMA
RN
AR NEARR JRAE  (phenylketonuria, PKU) B2 RN AR Pegvaliase Palynziq FDA/EMA
FRMEEIR (purpura fulminans) = HEAC Protein C Ceprotin EMA
FERA B (SCID) T = B B 2 Elapegademase-1vIr Revcovi FDA
pegademase bovine Adagen FDA

RN, oA BRI ARB IR, &
B R R, R R EEACH A S H Sl e

AL, LI A A i A P ) I B D095 145
ORI R, A RERNCN R AT PRI . X
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SO RHIE 5 BT LA b 2o B 8 Aol M iR Ak
H # B% % 1K (cation-independent mannose-6-
phosphate receptor, CI-MPR) i A 2V B4 N6 &
PR, DRI, FImGR b im e —rE AR i
JEABME, R H R B IR (L 5 I 2R 25 )
N EER R . WAEE# AR, PAthGAA N
RN 43 1) myozyme/lumizyme J7 A5 = 1Y 3 22 Ji
S CHO 41 ity 2 ik 1) thGAA ¥ £ B R 1k 72 1 4%
B e, AMTC X i mgdE ek, A
T RO REEE 2 (2.7,

P VAT BT o BRI RRE A
P W T ) B A T 7 A s o o e WA i
it R R B T BRI 2 A 1, T A o 3L
WEH T A R o-D-H B 118 Y ke 5 DU 53 1) S B A
B Mo HEMTRENLE™ ., HEf
Ceredase, Cerezyme. VPRIV Fl Elelyso P4 F & 24
ity 24 ) ] Ak b B E ] . Hrb Ceredase #2 40T
ANHG#E, HRETATFA 5=, Cerezyme Fll VPRIV &
CHO #ifi A F 41 A H , 1M Elelyso WZ B % b
MR LIRS — N TEAR Y 4 A 2 3R
KM ERT 259, H §iH T840 B I6 9T I BEE 24
¥4 Fabrazyme Fll Replagal, #5240 5 N o
EFURET R A, P XONTE T T 09 2R3k 40 A
[/, Hi#h CHO 40l , J5 & o N AT 4k 40 j .
Fabrazyme Fll Replagal #84815 T EMA fit#E, {HALA
Fabrazyme il | FDA W% . 1697 o HEEHE I
FUAE (9 Lamzede H A 42 E #¢ FDA #l EMA it 7
S

B TR LASS k= BEAE K i I B A R Dy Tl
SR G = RS /K A B A AR 1 A T DL SO A
I RUR I &4 o Blhn, = KRR, ¥ B RR 1
REIT . BRI E A  5E28 53 LR A 2T R
FTUERE ITRY | IRIK S LA S RV B ol Bl il ke = i
FEAER IR . P U RS BTUUE AE e — S B
M RGP, JRFR IS (Batten disease) o
H T C & A 2255 R 1) 58 A8 AT S 300 e 1Y) A&
2SI 0 I oL S 1 3N B SIS BRI SR RIS
JEAR BT A AE 1T AL E kU, A a7 8~12
A I R M R W e ke = ) 2 B
Wi AE NAR N Z A2 TR, IR PR A ™ S Y
IERAE, e M A Vo TR A A e T Y
AR R FE 23 B IR e A PP ZU AR R, Wl
BUF . L RE L BRE ARG A 2 A B DR
H T2 — M5 YT T R AT A

BE BRI

W BRI B T i —A 4, ATk
— GGy Ry AR, RO R R TR A
PR Z R R ORERCSRME) /A, 2
RS ZWEAE it . MRS S R,
XA A B et . R AV, RAREUES
TSR . BHIAPLRESEIE 2 i R, iR
Bl B2 . HHTFDA FIEMA E4LHE 5
MR H TR AR R Z 0N, B4
Aldurazyme (FHFIRI7 = o-L- 3 FEBE T B2 1 14
Hurler £ 54 ) . Elaprase (T IRYT B S FT AR
PR B FR R RE Y Hunter Z550E ) . Vimizim (FTRYT
fift 2 N- £ I >F= LW i -6~k 195 iR 16 1Y) 52 35 L ZR 50
A#Y) | Naglazyme (HTIRITHEZ N-Z 1200
J¥g -4- it B2 T W 19 Maroteaux-Lamy £ 45 4 ) Fil
Mepsevii (FHFIRTT B = B-75 % b 15 R il 1Y) Sly 25
GHE), XL RO T
1.1.2 A B FEAE 254

B 1A EEHA YR LASS, ERT 38 AT L FHoAlh
AR BEAE IRYT o [FIREHD, 3 S/ QB A 1 7~
AR ZA AT IH R TR K R ok = (5 ANk
RG> SiF  (hypophosphatasia) . 5o K FEMH il -7
77 25 BH i Bt = JE  (congenital sucrase-isomaltase
deficiency, CSID) DL K # & £ % 9% (purpura
fulminans) T4 MRl . BEHEE . SHH
[T A T R e Al S e G R =
JIE AR Al i Hp Y 41 2 AR R S M B PR T
(TNSALP) il = Jir 1 B (1 38t 1% 1 B 130 52 % -
TNSALP Ji& 4y £5 Bl Fl L % [ 5'- W X 7 1k 2
FINHIVERT, DR ma A g 1 e = AT 5 | e B A
(80) F R R eIF R A I R AE M A, xR
A o8 s SE R R - A 2R e =
E W46 R TR 588, S Eps - 2 42 2 p il
Joik e, B A AR B AR A RS 1 R e A
TR, SEURE RS EYHRERE . JEMm
S5 AT AT IE R T AR IS A as A e P TR
R RN — A 2R L 8RR B A AR
Y, HEIR A R T B DR /N 00487 I 5 T 3
FeRAR G, HIRIEE, Jd 5 A R BRI A
TR PEBEI . 28728 Pt iy 2 UK il 3 1 C
R = S22 R M S AR SRR e L 3 R
g 1 58 2 H A AT 49 9138 i f H Strensiq . Sucraid
Ceprotin 552454, X prik = WBSET T4b 58, LLIA %
BITH .
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T RIS 53 fife 10 i e 2 Bl B SR T T AR
fity, {H[FIFEREA A AR AU K SN o %l =
I ] 35 dATP FRUER R L0 248 L ) e A 3 i
AT, SR REZAE . W AR
AT & T BUCEAE R B L BB (severe combined
immunodeficiency, SCID) f{— 4~ Z[H & "¢,
FI AT 8% FDA LT T SCID VYT A R E TR 2
T (PEG) &4 i B M 22 1 245 4 Adagen F11
Revcovi,

5 LR oK s = s | i e Bem A, RN
Filid R 5iE (phenylketonuria, PKU) J&—Fh KN &
¥R bl (PAH) JEHRZRAS SR E N & WAL
PR, FERRAS REORN AR A BB IE F 52 1k
&R, 18 AR TN 2R SRR = My A AR N & RO T
MIRH R AR . RN R 0 T 223
BEE KT IFEAREMIT I % 17, Palynziq /&
H AT FDA F1T EMA (58 B0 P4 B DRAE 36 77 24
Yy, HZGR o R B A IR TN R A I R Y
pegvaliase, PR N R IR L AL A2 F s X RHERR ,
AT REAR ML h AR N 2 R VR, el AR (R A T
i, (HIS RN, pegvaliase J& T 24 A, X
TELUK B E B W, 54h, R
NAR AR ZNEE I, MR T2
A 8 (Anabaena variabilis) TR, K
FLIEAT PEG B4 LA AR Ao Sk
1.2 EEEMEXERZY

PR IR E AR S R —, T
SEVRIT 252 AT A ) SOG4 . HFT A
VR A . AR R RS a2 B A R i
TEA 0 R B2 (R R ACTBE M, DRI P R A% I B it
TR A MER e B, TSl iy A, BinyT
S RE ) A K W . B T C A Asparlas,  Elspar,
Erwinaze, Oncaspar. Rylaze. Spectrila 53 K4
PR B 25 e b A, a2 2R T 2tk
WRES 20 M 11 I (acute lymphoblastic leukemia,
ALL) WYY (3R2) "

e 2 BT 25, TR T2 Fiol
PEMPIE o BSOS Y AT R HE R A
A, BRI 24 B B T RE B ) U, i P A
W xR I ) Ak T g v BEARAS X R B LA Bt
E 0 LL R BK B glucarpidase SN A AL AL 43 #Y
Voraxaze, Hef%H4 F 2R 7K it i ml HE RS g
Yy, DI i T R Vs R B, RT3 B ) S2 40
(%) P A e 25 0 Aol ] 8 oA AT I 3 e PR 0 i

JE L I et AT S, KR iR A R R
NP GE R R T, RS S 3805
PRI I /9 A o e v 1Y) PR IR W L Rl 1R 45 45
fm, BUEE I, PICARTT IS Qnfe] i 6 s PR IR LLAE
(1) 2 A R AT I IRE TR Y7 B A 2005 BRI S B fm] At 127
PRPR %A fL il Rasburicase BE %1 17 fifk B 58 22 14 PR IR
A SR B IRIR , T TR G Al R ik i 2
W RER, By THM . BHAr kT
Rasburicase [ {5 FR 2 IUAE {697 25 W) 145 4 FDA 4t
T4 FH 19 Elitek F1 EMA #1L#E ffi ] %) Fasturtec., It
A, 3 — B3t TR 1R 4 Ak T pegloticase 1Y 25 9
Krystexxa # FDA b/ FH A 5 IRIR BT 5 | 62 1) 1 1
FAMIRYT (R2) 2
1.3 EARRERERE. #M. REHEXKEARY

MRS 207 F SR E LR IS L T, AL
mHBSKERER . BN, RE, E2SHTHN
W HECRWE AU . BRI I I 4 e
FEXTHLARAR T ER (2414 2 s, 7 Zim K
) ALY R 1 I AN AL AR 4R R
g, (HAEREEE LT, B 50 G
B RAEMPIR XA B F, H2FHE
T2 AR FBFRE R AR AN RS Y A% 8 11 BT 2SR
7Y, NATTRT BRI R 1 B R SR AR B 1
RGYHARI DS (R2).

SO NIBESE R e S B A i 2 ERE,  ATE
B AR DAL R B2 R R PR R 259
FEMFRE R, BRI 2R OIS A 2T B, B
AR BTS2 AT DS 2R i B,
AR N 2R Vs T, DT ik & B8 1 K SR R B vy, A
VR . BT A FDA R EMA b FH 7 #a
W40 $5 55 AR 25 %) Activase 1 Eminase A5 =AY
24 Metalyse, TNKase. Rapilysin Fll Retavase ‘*',
%% T Eminase [ 250l 43 anistreplase J2 £1 % i I A1
BEEEE R TR EYLIAN, HAb 25 s N2
RIS IS B (¢PA) 2259,

Br T A LASS &R e n] T AR
45 $E (Dupuytren’s disease, DD) . #% i 4l 41
(cellulite) . % ¥ K & 5 4% i 2% &5 4 (vitreo-
macular traction, VMT) G T M BZ 1k 452 495 A4 b
BRSBTS TF
A I BYRER . FEIER AT, FEHBHI
AU B A o, (H 2 i R 2R i ohe B 2 i T AR R
MRV A B, ST EMR R IR, TH6
i, S0 FHEIhAE . Xiaflex /& H FDA HEAE(E FHAY
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Table 2 Summary of approved therapeutic enzymes targeting to other diseases except metabolic deficiencies

&2 A TRGERIEERTT SNt A EE B LAY
AR TRTT RN 2y T 2 i FDA/EMA
B2 FLHER L
i IR AN L R 7R e A A 7 £ Asparaginase Spectrila EMA
(acute lymphoblastic KA Asparaginase Elspar FDA
leukemia, ALL) asparaginase erwinia chrysanthemi Erwinaze FDA
asparaginase erwinia chrysanthemi Rylaze FDA
(recombinant)-rywn
Pegaspargase Oncaspar FDA/EMA
calaspargase pegol-mknl Asparlas FDA
DU 2P IS T R FE R ORI (2 3t R R4 R gt Glucarpidase Voraxaze FDA/EMA
1R
AT B PRI LAE Rasburicase Elitek FDA
(chemotherapy-induced
. . Rasburicase Fasturtec EMA
hyperuricemia)
21478 X R FH PR A Bl e AER SR R VAR 2 Pegloticase Krystexxa FDA
VN Altepl. Acti FDA
EESFHB AIEONBIE acute I 1K B RE LT P e
skl myocardial infarction, Anistreplase Eminase FDA
T e AMID) Reteplase Rapilysin EMA
Reteplase Retavase FDA
Tenecteplase Metalyse EMA
Tenecteplase TNKase FDA
i AR G ) 33 D o i s i B 1 Collagenase Clostridium histolyticum Xiaflex FDA
(Dupuytren’s disease)
L EiE Collagenase clostridium histolyticum-aaes Qwo FDA
PSR AR ZEAIE MR REEED . BERE Ocriplasmin Jetrea EMA
(vitreomacular traction, HH. IKJFEHE A% EENR
VM)
FEekets. vhlx s RIS RS R R R R Anacaulase-bedb NexoBrid FDA/EMA
g I o e A B2 DR Bl Collagenase Santyl FDA
I FEELT 4L (lung cystic F F Dnasel B4 i fiti 55 457 -F DN A Dornase alfa Pulmozyme  FDA
fibrosis)
BB A AT I FH B G AR f 2 3R AR (1 1 G Imlifidase Idefirix EMA
Ao, stk AT P17 5 O 4 2 0 Hyaluronidase - (bovine) Amphadase  FDA
SRS B Hyaluronidase (bovine) Hydase FDA
Hyaluronidase (human) Hylenex FDA
Hyaluronidase (bovine) Vitrase FDA
HAAR I 2 oK ik e B 8 T 0 vh UE B Pancrelipase (amylase, lipase, Creon FDA
feli AR protease) Pertzye FDA
Pancreaze FDA
Viokace FDA
Zenpep FDA

VR SUR B RAEZEY . REN KRR, T
TFRMIE AR TR . A, B

AR S TR R R PR B (v
BEWiVD) B R E N 2 — 2, PR e
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25 (I Qwo) W H THZRIIRYT o SIS I
BEAE 7 25 G 0E 2 e AN IR B B R 5 B BEAS R E 5 43
B, BEE R, XM A AR R, B
S el v HL , M E AR ] 5 R B P
F, 3 ™ B A IR 5 0 Jetrea 25— B AL
FTZBRIBT T 254, H25R083 ocriplasmin &
— PP A, I IE R E AR RN . 2
TR0 T B 1R i B 1 A B L SR A TR A 0, (AR
IR T A BB U8 AR B BB R 5 B B 2 W] i 3%
MR RRZ B, R R AR e kAR
e, AT, NexoBrid f2 5 T3 2 & H B 1Y J&)
WAL, AT TSR E R B E B LR
i, RIGTT I E B T AR T A,
Jig AR F B 25 25 %) Santyl 38 n] FH X 15t 97 B2 Ik A K
e IR T A
14 HERBHY

R b3k 3 2841, BB 2530 n] ] T HA g
WERYT (R2). BN, FEErker4Eibm S35 07
W38 Hh A3 U & e DNA, AT S8 GE B 2E .
%) Pulmozyme )45 553 J2& B 2H DNase I (JRFR
Dornase o), RJ LLFEf# DNA, DI i B3 B 26 7
LR GRS 2, AT DL S e AT b R
FHHMIIEE . Imlifidase J& —Fh 2 Bt &R &E H
fitg, WTRE SRR IR 1 1gG,  LAZREN 25300
431 1defirix 8% EMA ki FF B B A AR & 1 i
IHIT

Rt 2 o] DUHIARAR ], X oAt 24 e St By
YEH o W BTl 4 M S E) 5T i £ 2y, 2eXt iz
TS24 W ) 1 S R OB T A — i Y BR
il o 1732 I BT PR P LUK s PR, S A T
TSI G I, BRAEH s HAB 25 W i W iesk
BV, HTTFDA St SR8 %37 B T iR
li 2% 4 Amphadase. Hydase. Hylenex #/l Vitrase,
B T Hylenex J& N 25 H PAAL , H A4 #0240 Ui
HH.

BIRRZHBEI YR Bl oy, (H2
TR A RV Z E2BHEEY, SATER
fiti . AW AIER B, T DAY TR 2R YR
SrFUnvER . BRI AER B TR, AR TR
TEIH AT B i g T AL

H Aij [ N B 25 Py i e 285048 TR 7ETH AL ZE N
PumaeZEi) b, TR RSP U
FEPWG, A 29 FhEEZE 25 Y90S 3 5Bt B Ok B
s (RS . Ak, i EAHEHESE O T 2R H T

TR G250, R e B R A
(#F£S2),

2 BBEIAYIM=. TESWRIETE

it 25 24 ) BAT 1V 2 HAh 25 ) e AN B8 B A o
HoE, MEEA R ARy, T RAX
3 BATRLAE ARG R, DT REARR 1 A A4 Ity
RAEERIVEH] . HK, SHABIGS SIEA R EEM
(25 (Nl . Bk ss) R, R
SERAEIN], — A EE R LU 2R 00 15
e Rr=Wa+, RIAEARRIZET, B2 A&
P/ > T UGG I LA EI 25 &, FRAR T
25 RS B2 AN, YRR, QR I T
B OB S Y 11 7 AN o I [ 51 B S S A R R AT
G AR TR R . ARSIk E 2w TS A
K, AERTIX 0 S A W) K A3 —F AT R A s R
T, HAREEEENREEZ Y B A MRS, 2
AT LKl s 20 F 2R, 2E2hY)
(3K BEARF A 22 o i — T A RORYT B, i
AT HAB P HE LI AT TR YT

A FYIA R T2+ 38, MR R
fE—SER R . RS2 WITEAR NS ) < T Bl
fift 2, BARTEVFZAGOLT . 2590 PRI B X #L
A i, AHSEXTTA LSk, Rl 2 Ea
i YR TT s 2 WS 25 ) B B A R N 3 BRI ]
fn, YRS AT IA A BRI, 25
J& 1~2 h, SREEMES LGS B~ UM 1 1l 04 1080 v B2 I
WRRE, SRR . Rk, B A
FER ISR RIS Ty, AR RN/ ER A4 1]
e, AR IER ALY AR EALURY, =
HEERWEH R KA o Bl S 250 % 26 2 W
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Fig. 2 The pathogenesis of Pompe disease and the development of ERT drugs
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Abstract With the development of biopharmacology, many therapeutic enzymes have been developed for
treatment of various diseases, including metabolic diseases, thrombotic cardiovascular diseases and cancers. Most
of the approved therapeutic enzymes are hydrolases, which are used to clean the toxic organic compounds and
biomacromolecules in vivo, such as saccharides, lipids, proteins and their aggregates. Due to the high catalytic
activity, affinity and specificity of enzyme towards substrate, enzyme therapy has a shorter time frame and fewer
side reactions compared to other therapeutic approaches. However, there are several critical bottlenecks that limit
the effectiveness of therapeutic enzymes, including immunogenicity, short circulation time, and lack of tissue
specificity. Many approaches have been used to overcome these challenges. Several second generation therapeutic
enzymes with significantly improved -effectiveness have been developed using molecular engineering
technologies such as glycan modification and pegylation. In addition, enzyme gene therapy becomes an emerging
approach for treatment of diseases caused by enzymes deficiencies. Here, we reviewed the current enzyme-based
therapeutics, and discussed its advantages, challenges and future perspectives.
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