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Advances in the application of enzymes as therapeutic drugs
SHI Qing-Hua QIN Bin~ YOU Song
Shenyang Pharmaceutical University, Benxi, Liaoning 117000, China

Abstract: The research on the application of enzyme drugs has become a hot spot in the field of
biopharmaceuticals. Increasing number of enzymatic drugs have contained in pharmacopoeias in various
countries, and most of them have become effective treatment drugs for various major diseases. Enzymes
have great affinity and specificity for substrates and can catalyze the transformation of a variety of target
molecules into desired products that make enzymes as special and effective drugs and perform therapeutic
biochemical reactions, which can’t be performed by small molecules. Utilizing biotechnology to promote
the development of new enzymatic drugs, and chemical modification to reduce the immune prototype of
therapeutic enzymes and improve their relative stability are the current research direction of exploring
enzymatic drugs. This review systematically summarizes the latest research progress and prospects of
enzymes as therapeutic drugs at home and abroad.
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Figure 1 Wide range of therapeutic enzymes and representative enzymes
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Figure 2 Therapeutic mechanism of partial therapeutic enzymes
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Note: A: L-asparaginase hydrolyzes L-asparagine to L-aspartic acid, thus preventing feeding of L-asparagine to tumor cells; B: Arginine
deiminase hydrolyzes L-arginine to L-citrulline, thus preventing feeding of L-arginine to tumor cells; C: Glutamine hydrolyzes L-glutamine
to L-glutamic acid, thus preventing feeding of L-glutamine to tumor cells; D: Phenylalanine aminolyase degrades phenylalanine into
trans-cinnamic acid, thus reducing the accumulation of phenylalanine in the body; E: Glucose oxidase oxidizes glucose into gluconic acid
and H,0, so as to kill tumor cells; F: Kynureninase hydrolyzes kynurenine into L-alanine and anthranilic acid, so as to stimulate the human

immune system to attack tumor cells; G: Carboxypeptidase A hydrolyzes methotrexate phenylalanine prodrugs into methotrexate and
L-phenylalanine, and restores the cytotoxicity of methotrexate.
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Fh 2 B IE FUAE (mucopolysaccharidosis, MPSg)
A ZFET, MPS 1 BUZE MPS Hifig ™ 5 1 —FiE
Ko MPS AU o-L- SR WHRERR 1 i R 525 5 |
LA — T G ARG o a-L- SRR G A
T2 £ Tk ST 2R FHB IR K Bk 3R 5 22 W % fit ok 782 o T
T, BRGSO R SRR TE & L 2 Bl
PRINHERR, 52 EAE R PG RAEAR o (23 ] 1Y
1 TEEEREEAILAY BB RF

TR MM E R I W (aldurazyme) 2003 3% FDA it
HEET, MO E TR AL MPS TR
CLSESEZ B

MPS I 22—l UL AV BRI BT , iy
EHFLEAE(Hunter’s syndrome) , 42 2 it SR b
R -2-Hi R i it (iduronate-2-sulfatase, IDS)FHE R %
oL, FRGAERE MR IR IRRA R EA
—, BT A8 (1 e S A AR AR G P

Table 1 Enzyme varieties approved as orphan drugs in the United States of America

R4 A4 HEHESEGy T AT A PR AL
Trade name Generic name Approval time Indication Sponsor
Revcovi Alapegademase-lvir 2018 For the treatment of children and adults with severe Leadiant Biosciences
adenosine deaminase combined immunodeficiency
syndrome
Palynziq Pegvaliase 2018 Used to treat phenylketonuria in adult BioMarin Pharmaceuticals
Brineura Cerliponase alfa 2017 Treatment of neuronal lipopolysaccharide BioMarin Pharmaceuticals
lipofuscin type 2 in late infants
Kanuma Sebelipase alfa 2015 For the treatment of lysosomal acid lipase deficiency Alexion Pharmaceuticals
Strensiq Asfotase alfa 2015 Used for the treatment of childhood type Alexion Pharmaceuticals
of hypophosphatasia
Vimizim Elosulfase alfa 2014 Treatment for mucopolysaccharidosis IV A (MPS  BioMarin Pharmaceuticals
IVA)
Cerdelga Eliglustat 2014 Long-term treatment of adult patients with type I ~ Sanofi Synthelabo
Gaucher disease
Voraxaze  Glucarpidase 2012 Used to treat methotrexate poisoning caused by Bio-Technology General
renal failure
Elelyso Taliglucerase alfa 2012 Treatment of pediatric patients with type I Gaucher Pfizer/Protalix
disease
Hunterase  Idursulfase-beta 2012 Treatment for mucopolysaccharidosis II (MPS II)  Green Cross Corporation
Erwinaze  Asparaginase Erwinia 2011 Used for the treatment of cute lymphoblastic Jazz Pharmaceuticals
Chrysanthemi leukemia
Lumizyme Alglucosidase alfa 2010 For Pompe’s disease of all ages or phenotypes Genzyme Corporation
Krystexxa Pegloticase 2010 Used to treat Gout Savient Pharmaceuticals
Vpriv Velaglucerase alfa for 2010 Used for the long-term treatment of type 1 Gaucher Shire Pharmaceuticals
injection disease in children and adults
Naglazyme Galsulfase 2005 Treatment for mucopolysaccharidosis VI (MPS VI) BioMarin Pharmaceuticals
Aldurazyme Laronidase 2003 Treatment for mucopolysaccharidosis I (MPS I) Genzyme Corporation
Fabrazyme Agalsidase beta 2003 Used to treat Fabry disease Genzyme Corporation
Elitek Rasburicase 2002 Used to treat hyperuricemia caused by tumor Sanofi-Synthelabo
chemotherapy
Sucraid Sacrosidase 1998 Used for the treatment of congenital sucrose- Orphan Medical
isomaltase deficiency
Oncaspar  Pegaspargase 1994 Treatment of acute lymphoblastic leukemia Enzon Pharmaceuticals
Cerezyme  Imiglucerase 1994 Used to treat Gaucher disease Genzyme Corporation
Pulmozyme Dornase alpha 1993 Used to treat the decrease of mucus viscosity Genetech
caused by cystic fibrosis and to clear tracheal secretions
Ceredase  Glucocerebrosidase injection 1991 Treatment of Gaucher disease type I Genzyme Corporation
Adagen Pegademase bovine 1990 Treatment of immunodeficiency syndrome Enzon Pharmaceuticals
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RN | G IR R, 2 — Pl s 24T 24
I, TR T (I v e D AR A
2B SRR A, TERE . InER . HA
FEZF WA RRAMG
24 MBESREURKRG. BREEBERTT

VS A A — R AR BT, 7R 1 A 2%
Rz . B4, Lee-Huang S5HRGEFR, WH
g AT LR AR 7 RNA , HoA B30 o
AT PERY . BISE R IR SR S A A
o D A O A R ) E L R Ay, R PRI R
PR, B, RRREOKEH ST R AL T Bl R —
PR AR BB 7717

VS 4 7 BR AT T ] TR YT He 4 60 A BRI
B R ONESR . TR iR B TOLR
HAE . EWhEE AR R RS (BB | M
FLIRIE ) o A 45 08 (03 A BR AT T 2 M (m) ) H 2
FEIR X S (IR YT R R LA PR
T 2 2 i 2 3K TR T Y 7 i 0 ) 2 R AT R g
A A SRR iz —P . F RSN R 4L w4
BRIEBEIR N ETE B s AR S LR BRI A
FRZS R UEA 7 ITEIG PRI

IR b N g . BRI, N
FEFSEIRYT ARAE NP LU BRIAFERIZH L | HE in2H 21
TAEPE . A AR kR ZH SR A HE R T
A ZERTE A SEISIERH , 11 AR X S il A
s A A AR SR I A VE T R R IR 97
AR A AFE ] 250 S T 50074 Al - ol 229 N 2% i

g% I
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5 BT SCA BT AR S A, B 1 AT T
Betniins, HEBREGSTMZCRUIE ; MRy R
ARG, ReA U e R Y
BE.

DNA i 17378 Bz Ik g FIRE T R 402 ) R A R g vh
EHEEAEH . R BUAZUARS 40 T8 DNA &5 (T4
BIRNYING V)M T4 G0 T B 5 H £
(R, AT RPN 5 0 & sk B, i HLAEIRYT
—AENICA RN, Debrase BERCHEORL, £
IR REIIR SV, T8 2002 554K FDA it
HE, HAFIRIFER M4 2 5eth . Vibrilase (T4
vibriolysin) & — #' & A ¥ ¥ G 4= ¥ Vibrio
proteolyticus WIEE KNG, CRUERIXT K BBt
AR R A TR
2.5 BHEKRRIATT

I TR A T A AR 2 AR 36 7 P Tl ) B L
o X VE R KA b sy,
BT, BERAIIRESE, W RS e I 0 Bl
HAH, ZRSAEAN. WEHEE. IslimEFmer4e
EENp e P

JER TR 5 ARG . 2R R ATE A B S
BRI, FTFIRYT RS BEAT R BRI A A 2, JEH:
S NH L 4 PR N o B A2 5 ) TheraclEC
TotalTM J& 3 Fh4h fh e ACHRAL BRI & Jr A, T
2002 AEFESEEHLUENE A IO LZ51) . Jpet il n 2 an
SR IERIETETH A R 0 F 2450, AT LA RGR
ST IRBRIM T I REA 4, it R o

3 JRYTEEHT AN A
3.1 FUAMEEEH AP RIET R
3.1.1 FEHEEILE

2 E L (glucose oxidase, GOx)J&—F)~
AT TR N ) N R P AR R . APk,
GOx RIILIHA WA ARSI | JCBEPE AR X 1)
EEOIMEARIE R, FEAE RS R T Ok 2
(DG o GOX o RICHE A 7 26 W S Ak 1 i 2 R N ot
AME(H0,), FIHEA R A YGRS TR e e

HEYIbREY . T GOx mfEfbtEE, HalfEMA
JPIRREM 234 DU Bl . (1) AR IS A b
FEPUHIAI TR L T — R s (2) ARSI h
JAGRE, TR T EREEIRYT s 3) mANERR)™
AERERR T MR ORI IR, R pH e 2
PRI 5 (4) HaOn 17 A3 0 1 e S8 A oK
H,0, AL A B R0 38 H f 2L, 7RO EY Fenton
FUNE T ARSCIE AN . S E RS, GOx 7] L5 HHAh,
it . BAEIRTETTZS . JEHGN L Fentons iRIAHSS &,
PR RE IUARIATT  BRBOEIRYT | AAARIBYT
s 1R BOCHIARTT B 2 RIERE R YT . )
WX Fh 2807 B3Ry B U EA SR ITE
TR,
3.1.2 KREERE

T R A0 rh 2 iR Ak Il 2,3- XU A
1 (indoleamine 2,3-dioxygenasel, IDO 1)k {42/
2,3- XU 4 if§ (tryptophan-2,3-dioxygenase, TOD),
IDO 1 5% TOD 2 fb 8 2 R 1o B A= R IR AR , A\
AP GsE . RIREATRIG AT LIAEL R IR AR K A=
BUCEER AR R IR SN ERR , IR AR
B 2 R G B0 IR s 2018 4R K R AE Nature
Biotechnology %% FHIWFIE R, KN PEG-KJR
RAREHAYT PIIEBR R IR AR, 5 Sy A sl il 54
FhE s KA R B 2R . FUARIE S S e
L R IIRI T RCR 1,
3.1.3 WHAREEERZERILE

P 22 G R Y Tl A VAR I T A < %) e g A A= 9
T ARG A o T RT 2 B 20 R T VA
PRERAL , AR AR P ol HXT G i S B AURK
A% I 1t N 22 B K A B A e e 250 1
W IE A FHRR RO,
3.2 iaeiEE AR

2 5B (natto kinase, NK)J2& 144 SR, 5L 28
FOAT TR A= ) — B BT 9 ZU VA R T RE Y 2R 1 T
NK SR PG R B, 7 T AR B
Rty eths, A5 RN R 5. 93
fifg H Ay R ARl ), Al fb 5 i 5 R s
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25 % il (desmoteplase) J& — il 4T 4 2 11 4% 5+
PEm BICA 2 st 2 . 1974 A PR it Wi 4
Desmodus rotundus FJMEVR 53 B8] . XL 15
WIFE LA 3 0 R S S 25 il DAPRRE I
W BE, W AR . TR R £F
A ARERE, TotharE, B 2 h,
i1 L 2SN —FRAA AR TSR], BAAh
JEO MBI T o (B, XS S FEUEF TR
I RSB N BAT R Rk, IRE A
R R TARGE B TR 2% ). il
fRIE T —Fhah G T R RS 3 AN RS
#| Tenecteplase Z5H4R AR, TEIZIEARAR A
% T Tenecteplase A% Kringle 2 25444k, F1¥F Finger
SER IR R R A A, DA R T A 4 AR
FIRRE S, SRR A 28R IR L ¢-PA FES 1
8 1%, A FL A Bk AR 25 1510, B—Fhoy ik
M TR 1k t-PA BYRUEEIE 207 A o 21 i UL
S 25 S0 il (Arg275His . Te276Ser . Lys277Thr)
AR P AN BAS S 4 1 e g & 1T 28 1%
3 — J7 M, B £F U Tl RO S (His191Arg |
Ser192lle., Thr193Lys)5| A2 i - Boks 4
PG AR, IIMIESE T2 X 3o 27 2 8 e B
(it B0
33 oD ESTER /RZZGEER RN AR

BAT /R 2% 767 BRAE (Alzheimer’s disease, AD)J&—Fh
R PR W T R R RGBT,
FEMTEEMNAN B-IEMFEE A (B-amyloid, AP)
I RA . S R TF A B Hi07 . RN AB
J&H APP (amyloid precursor protein)Z: P-4 Al
Y- IR RSDK AR . A, APP W ATHE -5k
TR -3 DA T AT IR A5 ol FH IS 7K A ke A4t PR AT i 70 L
4b F Bt (soluble amyloid precursor protein alpha,
sAPPa), [FIHTERR AR SE8 A FROTIEL, Mk,
o7 I AT IAE A AD IGYTRE AL, G o-73 At
(22151 sSAPPa 432 FHRIRYT AD A RGE
RN 2R TR B & N4 B 1 11 1 (adisintegrin

and metalloproteinase, ADAM)Z % i 52 1) 25 11 i
(F%45 ADAM10. ADAMI17 #l ADAMY), #ilkH
BA o-7rWABGHIAE ) I RE s XTI B 245
MBI RED, HEREEOESmEE L% o
I3 UABEHEPER CHETAL ;s 45 ADAMSs FEPRIH JL 341
P RESE I ADAMS (235 , AT sAPPa 73 MASE N,
AB ULBUSAD, T FH RNAL TR, =4 A
RS R wATesE s s, R i RE AR At T
K2y, A2 5 PR IR S R 515 S I T S
PR LT ANHE AD KA MIfERPEREAL, RS AaF
R IX L2 R L A R AR AR o0 1A
ARG PR AU s =g IR & A0 BT 52 APP
S AN B B B, SR HA AT REVEIAYT
AD [T 25 R 5100,
34 BEBRMESTIHREZAMAR

HAl, Xz i b s iiay T nl LI m AT
R, X PR EER S L 1932 S A KR a2 A B A
FIREFBIB 1. Rochu WK, TERNEIHA
24T AE B T 2 A A8 75 7§ (human  plasma-derived
butyrylcholinesterase, HuBuChE)K Hr FI #8557 1)
BV, AU TAATE, ATy IR 2 s
JFINEIIRE T S XA WERE-1 (paraoxonasel
PON1 )& — R RIRFATEM N BN, HA M E
FEAKARBE ST, EHIAY PONI [W] T BEARBE K AR
S (PRI 7 Ol . IHERER R SR . VAR R
TR SN G . 2T A e e PR o 550 A8 R (R
IR 18 | JERRSH A1 i 70 ) S5 A 22 8 700 B AR
K E ST A A, (A3 b, JoHR IR
AR T PR, s R A SR T LA
BT PONT S84, 15 HOm VAN S AR L —1E,
PR HX A BRI RCR, F TSR — a1k
s F iz B, A AN, NS BRI (prolidase)
o ELA AR B AT 1, A A A2 i an 2
I 1% R — 8 i (phosphotriesterase) o fff f1 — 5 75 3
8 B W2 I (diisopropylfluorophosphatase) th 17 7£ 1
P, RS R O R ECH AR R AR
AT S U A AT e S s )
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3.5 BEAYBRUERISEHCSEHNANR

iR A AL W 157 fk i (superoxide dismutase, SOD)
SR b e L e, L R ) AR S
Ak N BB R A & 285 PEG &4 SOD
(PEG-SOD)TEIMAE . (o Bl JRMsi . JH R
ARG . FEME T, PEG-SOD T HEIEMIRE
PRI, G5 N B AL & Sk I RE
kIR B E AL 7EO T, PEG-SOD X FR#E T
OHERFEALO LB M YR T RCR 5 KR SOD &R
MR FEMLHZH, PEG-SOD b1 LARR (L4 7%
PERK AT R I8, BAENRERIF T2
A I 2 5 b R O 1 it A= FL PR 296 7 R A A
PSR A TR A TEE T s R AR PR T 5
H1, PEG-SOD M AHE , Xt i T ik
NEMELL 2 T8 e B IEFFE SR T, PEG-SOD
AIECE . I, X SOD A5 1 5 i2E
— A,

AL ERE S SOD 2K, J2 0 —Fht Ak,
AT LB A S A K IR R T M % (reactive
oxygen species, ROS)JE2 M MHARTE L 48 B e iy
fEE s N R, FUIEITTE G B B R
AR 2 A, RS AT RESZ 4
i A A S AT RETE Mt B R ¥ T PR Y AR
FI, SHIFEAT R RE™ . sk b AU AT SR A ek
TSP A A 3R DI R PR S B 404
4 ZH5RY

AR, WRITYEREC A2 Tk F 252
5% . Bl DA R B AT T s B, B
of A BB AR R AT PTG o Tl i) 2 7 DA S H A 45
Mk H BT W AR B IR ARG BT, DL
it A e SR G v A PG A 0 . S Ah, P2 9R
WA, DA OR RV 1) 2 AT HE 1k AR
RIT RIS . HET, IR EERAE 2L e
e ORI AN AE

FH s A 0 7 A e 2 P T FH AR B 8 1
R, BRI Y. R iR

HUAFRABL IS S H A2 AL AT
SRR FRIRE ST . SR, RS R — >
DRI A R A AR E PE AR R A i )
SRR SRRl AR AR A A R
JE BRI G CHIN R . AR EIL TR YIT
K CARFRRATT R T R an e, A Lepmiy
T C AT ER KSR ARG, 28 A
M AT R, BRAERE AT RGBT RS 13
5, XTRERRIEL TS (TN PEG) L ] AR
RIAT TG e B, SER AR, M HEZTF
RMFEEESE | PUREEARAE 2y, BAFEVE
ZHei. EARTRR, FENA TR A R G
7 i B4 LR AR A ) BRI LA R e AR IO P
R AL TR EARTIT-BL
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