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THhort, WOABIIHELEZZO 9 X
HOMTFR, 417702 FEENRo
WRlsEn 4 » XEARHICETT A48
THha, Lal, sl Ti, 317
LRI L D 19 A2 1 AAREEST
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Wi R OEBIIEETNETH
5,

BEYE
DHESIE FDARRERHEr 2700
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2006:21(11) :110-116
3 Food and Drug Administration, Center
for Drug Evaluation and Research,
Tamifit AE Review 2006{Memorandum),
hetp: /fwww.fda.gov/ohrms/dockets/ac/
06/briefing/2006-1251b_09_01_Tamiflu %
20AE % 20Review % 202006%
20Redacted_DOG0309_002.pdf
o ) de LTS B B R 17 S
{ORFFEs s, T4 o 7 b > 34 1B 5 BEfE
e BT IE T 5 B | (Euf
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5 VI B - R 3 T BE A5 2 TS No.229
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GHEAMEOET, 0 yEA Ry YL
{(# 2 70 LEATE BRITHIEL OME
M3 A%E-TO(2)y 27 0{HED
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3, RBITENE E oMEs M 3 8
2o 3180591 514 B DIAPR R (R
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SUEARM,WOEF J sy s
(93700 & PEE, BEITEE L it
M AFRE-—Folle FIEBITAIE
SpRER U FGR, SRR, RETEN o
- REEO 27 b [ pl65, 2005
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HHIFETHA-FT LT IELORR
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10V ¥ 2 78 LIREFEH 04
Felas X o, DB a3t | & o[58
Bl 5 EEEHQ0E L A ITH)
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pif

WEREE, BNE, B S » 7Lz L
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) SRR S .
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Therapeutics 11eh ed Mclraw-Hitl, 2006
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DL ABENGRDN, Y7 YAOTA Y
PEAELT, SRS LA BECH
MEELREDEithine, #IVAD~
A Skl X D EEREEICHR L T
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O & RIRSEIER 2 W[ LA 32 (5595, 4 BEIEIELA 46(79%),
(n=58) . 6 BRI LLN 53(0195), B 24 Bl
R - vl | ik Cildk 65, RETOHRE 10,
B JEETHE 13, 2REMSHEE 9
. i (%) s
RO 75 [ oL 1216 [ i< ] BFF
ViREFHEEICAE] 7 3t 14 4 4 60
2 BEEEEERES 0 0 1 0 5 6
3 iy FEElE 0 0 0 0 3 3
4 | B4 (delusion) 0 g 1 1 1 3
5 | E# 0 1 4 i 6 12
6| EEL~NLOET 0 3 0 2 1 [
7 | BBupE 4] 1 0 0 3 d
3| rofpEeil) 0 4 1 0 4 9
SR L7 10 21 3 27 103
B, CbRCH2E, SR 2PN SRTOR FERRE FEL LS L0

BB, yI 7R IPBIERPLFENEL, THRIZMRALTHS

BRI THRNE

2hy, dRREE LA, 56 BB, 1 BE R RA 2 SHERICHINERSS D, 225 oiREILe D

Bl {4,

T rOIRALRUBLAZLE I Laod, TEHHOILEEVE

REEEot BAEEREREL, yI7EREOREDT.

28




(HEH 1 W25 B 8T

The Informed Prescriber

211152000 CPE 18 £1) § 28 BRF

]

VT, BEOESOFHLE» S, W
BOFT IR THoABRTHTL
7, EERENAIESAREINTVS,

FRDA W, i ooEROBFRIIOW

THFRLIZTEDHTAS.

1, #Eny 2 ELOEEE, FRHEa
BEAtH A,

2. #iELCEMOS { i S UAEERI
LABEERTHH LKL T A,

3. RETEC HEMEHA TS T
ETHN, 4070 kPR
AEORBNERERL 3,

1. ERRIBUERE(CDLTH,
FmE AL, 103 A, 54 A (52%) #F
IEHNRERTE&ETWwAZE, 5HE
{2 QOMBOIRRTY £ ULl
E1FLdrvzl, BEE TORMO
EERFHLE8MIToLTARBE, 120
{21%) 134 30 SRR ERANL R
Lo k% FDA BEHLTw A,
HolzF— ¢ #&DE, 75 A(T3%)4
L, 2HBIRBECTREL TS, 18
IR OB IT AR 24 (7 (4196), 4BE
BIMLNAT 46 7] (79%), 6 BEMLANC 53
7l (91%) LS4,
EARFTIE, 60 A, 1 B0
ATEL O, 38 A 63%), 2@B
AL A (23%), 1@ 2ECEE 52 A
(87%) TH o7 LiHoT, 60 AH
FERGARA WA ISR L TnA I L8
HPTHA.

2 BELEEBOS(F2ITNLED
BB % MU TV AER

HLLAEMOEL{ T I 7 LOH
AEBLTVAEEE LTTFDA N, {f
HrubtEe izt L Cwa s
&, BEESETCHRZE, REMHRER
{2k, .
AUBLTWEZ L 2HBL Ty
A,

fEMEhRF R LL, B EHIRSHED
FERDFERD H - 7= 97 7 65 FI(67%)
CHRERIGEIRSHEL TwE S &, &
AFEO GO IR, FEe CT/ Bk 7 B MRI
P TRENLWI NI FTHTS
NTWAIL, CAFHOGHEAISE
BE¥Ch- /W IL o LR E
22w TH FDA WG L, EMofLF
DEMHELTHIF T D,

Boliy¥—¥ 45+, 13M13%NHE
20 HERREERASBRLL (@Eo
BiESRETIER (, 20H R THER

RO & IR A R AR

FHHLSaE, [HENCHE] L5
FLTWwB), &35 L, 781 (80%)
Tk PFHIESHOEROW TN, ¥ 3
T EOFBERELTHWS.

E A, BELEETHERS (¢
AR oTEOBEFTRELLE
i, MRI®CT 2% v >, BRiEHET,
P PR O WRET I RIEMS &2
Wwizdh, bLIF 2 ZAHMBEL TS
LOTHIE, BOEROTREELES

eI EkTRA, L LTWA,

B#MRERE L THA S NALTFR
2RHZOEEELRELTCNS. 1H
Bil, BETRREEALIEDRLY0
BB 7317023 EERRAENIST
EHELISFHEELSRE 2D HEN
FERES LT EEZRALTHS
Hikks LCHamEsn ik, fiki
1M »rho/d, EELA 2HA
SEENH 1 BEOy 2 7L EIRM 20
Wikl [HER] 59, Biz5o8%
Blihot. BELL(ENVT ¥ a
DIEISRBLERZLES ko
B, FEbsHIEERGASELY
F o/ BECREEIHEEL, ¥317
LEfibeidhd, REEE, (ET
FER) B RAT I TNERBENSS
# 272 {probably related).

3. A INITREPHEAELR
ERERARETHY BRI ES

FDA &, REITEI H&RMERSE
BHTHETHD, 12702 ¥EE
LA A EORBIHER RS A EE L
T, [dvhilil, R0 gE, -
TN HOBREH, BhSRERL,
WHTHCLALWS IIWEFERT S
LI CE& Lol BELGEPLPHBZIER
1ZonTh, A XTI WIZEEEA
ECEHESTIEREATH L, | EEST
Vg,

DDREIEEZERLERHTHS
[EhEF EECEBBTETORVL] &
[EEETE i

FDA 1, [#SFo TRBTE &4

ELFIVL (YI74) LOMMEE

TR B T & T e A2 b (51l cannot

fully explain the association) | £ &,
[E| g, MEFFIZL 200, &

DHEFWRL T, 2BTHTHL. ]
L, #HBETREULTWA,

Larl, JoOEQZIET (MEd

S ¢E55T [MELL] &

3

——
-

+
7

B EIERFENB I L TR, B3

mivir 1 the adverse consequence

12, FDAREF I TIRLTYELY,
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1)Pediatric  Advisory Commitiee
Navember 16, 2005 http://www.fda.gov/
ohrms/dockets/ac/oc0B um# pac
Briefing Informarion:
htép:/fwww.fda.gov/ohrms/dockets/ac/
{6/ briefing/2006-4254bl-index.itm

232004 Safety Alerts for Drugs, Biologics,
Medical Devices, and Dietary
Supplements Tamilla {oseltamivir phos-
phated  htip:/Awww fda.gov/medwateh/
safety/2006/safery08.him# ramiflu

21 http i/ /www. fda.gov/ohrms/dockets/ac/
06/ briefing /2006~
4254h_09_01_Tamifius20A E%20Review?
202006%20Redacied _DOS0300_092.pdf

3)Bdwards ET. Et al (Post-Marketing
Safety Evaluator: Division of Drug Risk
Evaluation :DDRE) Tamifly AE Review
2006 Memorandum(Department  of
Health and Human Services, Public
Health Serviees, Food aznd Drug
administration: Center for Drug
Evaluationr and Research=FDA CDER}
Sept. 20 2006 http!//www.ida.gov/
ohrms/dockets/ac/05/bylefing/2006-
42516_00_01_Tamifiu®s20AE%20Review
202006%20Redacied_DOG0300_092.pdf

4 YR 1845 7 B 6 HPRL IS4ERCY 1 mEEE-
Jent etk Ee R R e o e
fii ¥ #No2-2  http: /fwww.mblw.gojp/
slingi /2006/07/d1/ 50706 - 2e.pdf

37N BE(MERER) CREEHER.T(ED 1)
EXEMRIFRERE F D ABEEEL DI ERER M
NPOEABEMY ISy Awrd— (EnFovy) & R

it

[4 270z #Fo g3 EEERosE
TR A WEE] (L
HEFE SR B S O EEH (L
F, [HEEE] LES) MU AT2006 45 10 B
26 iz AR SN ZoREETE,
¥ 7N CRE L A5 2800 A
BAMRIILTHFL, BEEHhosH
oW T, X3 FISEERABEEI N
EEHERG L LS, HIFICE
BLZERRShED -k, I 7NEM
BELPHL A, EdLhiTwas, $i5
gl YRVLEREENL Y EOMN
M, THELSSTEL LIRS E
DWHMNBETHE] LLTwEH, E
HEHEO QEA" TRENI LTS
aF, g\ spaFEkaesy
ot ThOaEMEL Rt ER
LEASELCITHFRIEHESUTHa,
HELOTARAF AT HEIZITHY, B
Rz an Ty sy,
BEIERATHE EHL, HEEIISHL

FOHE BHETOF—FFOLO
A, 4 IR HEEUHORIIES

WloETEcy 3 7LEREEHEELY
Tz ERFRLTHE 203 2, %
Bz, SEAEHERPRITARIC, Y17
N OEEBAFFICECERLENITA
DfEiER D 5 -oBIREEFLELR
WILE S o SR A NS S ILA D
LIThbI LAHIHLL. EOBAES
NEFDAGESCH, TAENOHI
50 2 FMBEHERITET, MMESEEREL
PHISREL TWwA S L EEHLTv A,
HE IRt EREFL (B2,

f 33, FEIE, 5038 EH RN
Fare EI2ARFEANEES T IS
TRELAHEL IOy IT7LER
WEEIMT A B SEE MG E
DI, B X UL BE I
+aEAST s, SS5CRETINAKET
LihoTdHa.

(1] BESEHETRNNESE | OBRE
(1) HEBOBERNEEFIT X
gy 2005/06 FD L — X S 1Z,
A 27 LI E R B L,
mEOEENELERELT, 212
MEONBRERIC LD, BdEER L

OHHTA 7 VLY WOBWFUT S
LA MEER MR, B TR 10
AW A HECIRBR AL s
e TdHb.

{(2) F-4lR&hk

7 yGHER, BEE  EATAEE
=R mERERIC MR L, L BT - B
AIFREAC, Bl - KRMEATET T
MY, BALER, BESTarulys
DWTHTEES TR IR LER. 3
T, BE - RIERHNEES, 8%
FIRICFE s, 1 HHEOTBEICT
R ERRICEE L7,

WH7— yEEE, ERNHEOIZ
o, BE-REAMEETIE, L BUL
BelfnfE, 2 BB R ONORNE
M, 3307k, BHRRAFERLY, 48
g CEH MY, priild, =) EH
A4 AL BN Lol LT
, EREREF--ELC [EEED] &
LI L 72, &¥nio, BEM
SCERHCE W AR B LA

AL TE, By, e,
Ty APVR, IR, )L THE
HENLH, EIHEETE, BAMEL
CTTPE PP I/ 7B oiiTunis
A, AT O FiREROARIH
TSt nidaia,

30




Cell Research (2007) :1-6.
© 2007 IBCB, SIBS, CAS  All rights reserved 1001-0802/07. § 30.00
wwnw,nature.comfor

ORIGINAL ARTICLE

A nonsynonymous SNP in human cytosolic sialidase in a
small Asian population results in reduced enzyme |
activity: potential link with severe adverse reactions to
oseltamivir

Chuan-Yun Li"", Quan Yv’, Zhi-Qiang Ye'”, Ying Sun’, Quanyuan He"*, Xiao-Mo Li". Wuxue Zhang',
Jingchu Lue’, Xiaocheng Gu}, Xizofeng Zheng?, Liping Wei .

‘Contar for Bioinformatics. *Department of Biachemistry and AMolecilar Biology, National Laboratory of Protein Engineering and
Plant Genetic Engingering. College of Life Sciences, Peking Universitn. Beijing 100871, China: *Laborarory of Biochemistry, College
of Life Sciences, Hunan Novimal University, Changsha 410081, China '

The use of oseltamivir, widely stockpiled as one of the drugs for use in a possible avian influenza pandemic, has been
reported fo be associated with neurepsychiatric disorders and severe skin reactions, primarily in Japan. Here we identi-
fied 2 nonsynonymous SNP {single nucleotide polymorphism) in dbSNP database, R4[Q, near the enzymatic active site
of haman cytosolic sialidase, a homologue of virus neuraminidase that is the target of oseltamivie. This SNP occuured
in 9.29% of Asian population and none of European and African American poputation. Our structural analyses and Ki
measurements using 71 vifro sialidase assays indicated that this SNP could increase the unintended binding affinity of
human sialidase to oseltamivir carboxylate, the active form of oseltamivir, thus reducing sialidase activity. In addition,
this SNP itself results in an enzyme with an intrinsically lower sialidase activity, as shown by its increased Km and
decreased Fmax values. Theoretically administration of oseltamivir to people with this SNP might further reduce their
sialidase activity, We note the similarity between the reported neurepsychiatric side effects of oseltamivir and the known
sympioms of human sialidase-related disorders. We propose that this Asian-entiched sialidase variation caused by .the
SNP, likely in homozygous form, may be associated with certain severe adverse reactions to oseltamivir.

Kevwords: Asia, SNP, neuraminidase inhibitor, oseltamivir, sialidase, bioinformatics

Cell Research advance online publication 10 April 2007; doi: 18.1038/cr.2007.27

Introduction phosphate (Tamiflu, Roche) and zanamivir (Relenza,
(Glaxo), have been marketed; and peramivir {BioCryst)
has progressed to advanced clinical development. Among
them Tamifln is the only orally applicable drog so farand is
currently considered to be the appropriate drug against the
human influenza virus H3N1 infections [ 7]. Many coanfries
have stockpiled the drug in preparation for a possible pan-
demic [8]. However, over a thousand adverse events have
been reported to pecur with ifs use during seasonal influ-
enza, including a small number of rare but severe adverse
events [9]. Seventy-five pediatric cases have been studied in
detail, including eight fatalities, 32 neuropsychiatric events,

Infleenza neuraminidase (NA) has been one of the most
attractive drug targets against influenza [ [-4] and numer-
ous efforts have been made on the design of NA inhibitors
[5-6]. Two effective neuraminidase inhibifors, oseltamivir .
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and 12 skinshypersensitivity events [9]. Interestingly, 69
of the 75 cases were identified in Japan, the country that
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lras the highest use of oseltamivir in the world. Although
whether Temiflu directly cansed these cases is still being
debated, the possible severe side effects of Tamiflu should
not be ignored. ‘

Oseltamivir is processed in the liver by esterases into
the active form oseltamivir carboxylate, which can inhibit
the neuraminidase of influenza virus with high affinity [10~
13]. Oseltamivir carboxylate resulied from two successfuf
principles in the history of NA inhibitor design. The first is
to substitute the C'6 group with a more hydrophobic group
that would pack well in the hydrophobic pocket created by
the rotation of Glu276"s carboxylate group which forms a
salt bridge with Arg224. The second is to replace the C4
group of NeuSAc2Zen, a transition state analogue, with a
basic group that would interact with Glul19 and Glu227
of the virus neuraminidase [10-13].

Human has four sialidases that are homologues of virus
neuraminidases. The structure of human cytosolic sialidase
{HsNELU2} was published recently [14] and shown to be
similar to that of viral newaminidases, containing exactly
the same active site residues. I seemed reasonable to inves-
tigate whether hursan stalidases could also bind oseltamivir
carboxylate, thus potentially causing adverse reactions.

Searching the dbSNP database at NCBI[15], we found
that a nonsynonymous SNP from G to A (refSNP ID
r52233385) causes Argdl in HsNEU? (o be substituted
by Gln in a small portion of Asian populations. Here we

present results from structural bioinformatic analyses and .

i vitro enzymatic activity assays showing that the R41Q
SNP could increase human sialidase’s binding affinity to
oseltamivir carboxylate, thus rendering it more sensitive
to inhibition by the drug. In addition, the SNP itseif results
inan enzyme with an intrinsically lower sialidase activity.

We suggest that this sialidase variation caused by the SNP, |

likely in homozygous form, may be associated with certain
severe adverse reactions to Tamifln. :

Materials and Mcthods

Secarching for the newraminidase octive site in afl known -
man protein structures

We used the active site residues in influstza virus neuransinidase
N9, Argl18, Areg371. Arg292, and Tyrd06, and their sequential and
spatinl spacing to generate a template of the active site. We used this
template to search all known human protein structures in Protein Data
Bank (PDB). Eleven of' the structures contain the same four residues
in the correct order in sequence and Jess than 2.0 angsteoms of Root
Mean Standard Deviation (RMSD) [rom the template i space.
Manuat inspection of docking analyses using these structures with
sialic acid and oseltamiviy carbosylate showed that ooly HsNEES2
had the correet binding pocket.

Molecular simulation
. We retrieved and analyzed the following structires from PDB:

humaa sialidase HsNEU2 (PDRB [D:EVCU), influenza viras neur-
aminidase W2 (PDB 1D:2BAT), and influenza viras neusaminidase
N9 complexed with osellamivir carboxylate (PDB ID2QWK). The
structure of HsNEU2 R4 1Q variant was built by substituting the side
chain of Argd 1 1o GIn. The complex structures of wild-type HsNEU2
and HsNEUZ R41Q with oseltamivir carboxylate were huift by su-
perimposing HeNELU2's active site residues Arg2 |, Arg304, Arg237
and Tyr334 10 N%'s active site residues Argl 18, Arg371. Arg292 and
Tyrd06, respectively. The complex structures of N2 with osellamivir
carboxylate were buill by the same procedure. ATl of these complexes
were optimised in Tnsight T {Accelrys, San Diego, USAY); afier adding
a two-Angsirom water layer and fixing the profein backbone atoms,
we performed 300 steps of steepest descent with derivative valve
of 0.01 keal'mol™-A™* and 1 000 steps of conjugate gradient under
Consisient Valence Faree Field (CVEF) with derivadive value of 0.001
keal-mol™ A", We evaluated dillerent aspects of the binding affinity
between oseltamivir carboxylate and HsNEU2 in these complexes,
including intermolecular energy under CVFF (van der Waals tenn
and electrostatic term) and inhibition constant derived by Tnsight 71
The cutoff for intermolecular enetgy calcutation under CVFF was
100 Angstroms. The scoring fuaction in Insight 1T was an eimpirical
function taking into aceount the contribution of hydrogen bonds,
ionic interactions, hydrophobic contacts. freezing of internal degrees
of freedom and aromatic-aromatic interactions.

Expression of HsNEU2 wild-type and its R41Q variam pro-
feins in E. coli

We expressed aad purified both wild-type HsNEUZ and its R41Q
variant by tollowing the standard protocol [16-171 The full-length
coding region of FsNEL/2 was obtained by PCR amplification using
an isolated buman genomic library as the template. Exonl was ampli-
ficd nsing HsNEU2Z-Ntl (3-CGG AAT TCATGG CGT CCC TTC
CTGTCC TG-3" with a 3LeoR T restriction site and HSNEU2-Cti
{53-CTG AAC CTG GTG GGT GGG TGC-37. fxonZ from Trp68
ta the stop codon was amplificd using HsNEU2-N2 (5-TGG CAA
GCT CAG GAG GTG GTG-3') and HsNEU2-C#2 (5-~ACG CGT
CGA CTC ACT GAG GCA GGT ACT-3" with a 53-8a/ 1 restriction
site. The two PCR products were ligated by T4 DNA ligase and the
resulting full-lenpth fragment was subcloned into the EcoR [ -- Sal |
sites of pET-28a expression vector, The HsNEU2 variant, R410Q,
was gencrated by mutagenesis through PCR amplification using the
overlap extension technigue [18]. with two PCR primers R41Q-M1
{(5~CGG AAC AGC GAG CAA GCA AGA-3) and R41Q-M2 {5-
TCTTGCTTG CTCGCT GTT CCG-3'). The resulting recomnbinant
plasmids were verified by DNA sequencing, followed by transforma-
tion inio the £. coli expression strain Rosetta (DE3). Both HsNEL2
wild-type and its R41Q variant proteing were purified by a two-step
purification procedure using a Ni-affinity coluron and a gel filtration
Hitoad Superdex-73 column {Amersham, USA) {19]. They showed
apparent molecular mass of about 435 kDa in SDS-PAGE. which was
consistent with the predicted molecular weight. For bath the wild-
type und R4EQ variant, about 3 mg of proteins in high puriiy were
obtained from 1 L of culture for further experiments.

Sialidase assay ‘

Sialidase activities of both recombinant wild-type TISNEU2 and
its R41Q variant against the subsirate 2'-(4-methylumbetiileryo-D-
N-acetylncuraminic acid (MU-NANA) {Sigma) were determined by
fuorimetric assays to measure the amount ofd-methylumbello ferone
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Figure 1 An SNP causing R41Q sabstitation in HSNEUZ, oceurring primarily in Asias population. could significastly reduce si-
alidase activity. (4, B} Binding of oseltamivir carboxylate to HsNEUZ wild-type (HsNEUZ-WT) (A} and HsNEUZ R41Q vaviant
(HSNEU2-R41Q) {B), The stmétures of HENTU2 and oseltamivir carboxyiaté were retrieved from PDB entries 1VCU and 20WEK,

respectively. The complex structures wete optimized by. [asight [ Residues close to the active site were shown as lines while SNP-

refated residues (Arg in HsNEU2-WT and Gln in HsNEU2-R41Q) were hightlighted as sticks. Carbon nambering of oseltamivie
carboxylate followed that of the native ligand. (€, D) Qseltamivir carhoxylate is a competitive inhibitor for HsNEV2. The Ki value
wag (1175 mM for HsNEU2 R41Q and 0,432 mM for HsNEU2 wild-type, suggesting that HsNEU2-R410) was more sensitive to
oseltamivir carboxylaie. Inthe absence of oseltamivir carboxylate, compared with wild-type HsNEU2, R41Q variation cagsed Km to
increase from 2.736 mM 1o 2.795 mM, and Fmax to decrease from 24.272 ymol/L-min io 10.846 pmolLonin. Data were presented
as mean=SD (n=6 independent experiments).

Table I Results of sinlidase assays

Fmax/Em ' K {m mol/L)

K (m mol/L) Prmax (pmol/L rin)
FIsNELU2Z-WT 2.136 24272 11.363 G.432
FEsNEU2-R41Q . 2793 10.846 3.879 . 0173
HsNLUT2-R4TQ/WT 1.308 (.447 0.341 0.403
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cteaved by HsNEU2 from the fluorogenie substrate MU-NANA as
described by Venerando ef al., in the absence or presence of oselia-
mivir carboxylate, respectively [20]. The reactions were setup in 33
mM MES bulfer pH 6.5 containing 4 mi CaCly. Differest amounts
of substraie were mixed with 1 pg olwild-iype HSNEU2Z or HsNEU2
R41Q in the seaction mixture with a final volume of 100 pL. After
incubation at 37 °C for 13 min, 300 pL of stop buffer (0.042 M
Na, (05, 0.133 M glycin pH 10.0, 0.06 M NaC1) was added to stop
the reaction. The fluorescence emigsion was measured on Synergy
HT (BioTek) with excitation at 360 nm and emission at 460 nm. The
calibration curve was plotied using different amounts of d-methylum-
belliferyl (4-MU) (Sigma), and | nmol of 4-methy fumbellitery] was
equal td 6 378 fluorescence units. Am and Vmax were deterniined
by the method of Lineweaver and Buck [2§].

Stalidase inhibition assay

Sialidase inhibitfon assay by oseltamivir carboxylate obtained
by saponification of e oseltamivir phosphate [22] was carried out
to determine the KT values following the same sialidase assay pro-
cedure but with pre-incubaiion of wild-type HsNEU2 and HsNEU2
R41Q with osellamivir carboxylafe hefore adding the MU-NANA
substrate. The concentration of oseltamivir carboxylate versus the
reaction rate was plotted, and the K1 values were determined by the
mzthod of Lineweaver and Burk {21].

Results

Close inspection of molecular docking of the HsNEU2
structure and oseltamivir carboxylate showed that HsNEU2
could bind oseltamivir carboxylate but the binding is weak-
ened by the basic side chain of Arg4 | in HsNEU2 that could
have arepulsive effect on the basic C4 group in oseltamivir
carboxylate (Figure 1A). The nonsynonymous SNP from
G to A (refSNP 1D 152233385 in dbSNP database at NCBI
[15]) causes Argd ! to be substituted by Gln in HsNEU2.
The uncharged and shorter side chain of GInd 1 would not
have the same repulsive effect on the C4 basic group in
oseltamivir carboxylate. On the contrary, nearby acidic
residues Glu39 and Asp46 might now be able to create a
negatively charged pocket to potentially form a stronger in-
teraction with oseltamivir carboxylate. Molecular docking
simulation between oseltamivir carboxylate and HsNELU?2
wild-type vs. R41Q variant showed enhanced binding
affinities between oseltamivir carboxylate and the R41Q
variant (Figure 1B).

Sialidase assays with the MU-NANA substrate confirmed
the docking prediction. The results of the Ki measwements
showed that oseltamivir carboxylate was a competitive
inhibitor for HsNEU2 (Figure 1C and 1D). The Ki constant
was 0.175 mM for the HsNEU2 R41Q variant, 2.2 times
lower than the Xi constant for HSNEU2 wild-type (0.432
mM). Thus the R4£Q variant was mote sensitive to inhi-
bition by oseltamivir carboxylate than the wide-type was
(Figure 1 C and 1 D). We also eompared the sialidase activity
of the wide-type and variant enzymes towards the MU-

NANA substrate in the ahsence of oselamivir carboxylate.
The Kt and Vmax of wild-type HsNEU?2 were 2.136 mM
and 24.272 wunol/L-min, respectively, wheress they were
2.795 mM and 10.846 wumol/L-min for the R41Q variant,
respectively (Figure 1C and 1D: Table 1). The Finax/Kin
ratio was 11.363 for wild-type HsNEUZ, and 3.879 for
the R41Q variant. This result suggested that the aclivity
of the R41Q variant was about three times lower than that
of HsNEU2. Taken together, the HsSNEU2 R41Q variant
had reduced sialidase activity compared to the wild-type
enzyme in the presence of oscltamivir carboxylate.

Discussion

Variations in haman sialidase activity have long been
implicated in serious diseases and symptoms including
neuropsychiairic problems sucl as seizing and convulsions
and skin problems [23-26]. Some of the symptoms coincide
with several reported side effects of Tamifiu. People with
the HSNEUZ R410) variation might already have dampened
sialidase activity, and because this variation also increases
the enzyme’s sensitivity to oseltamivir carboxylate, ad-
ministration of oseltamivir could further reduce sialidase
activity and cause symptoms similar 1o those in well-known
sialidase-related disorders. We suspect that only homozy-
gotes of this SNP might show adverse oseltamivir reactions
because heterozygotes could presumably compensate by
the other wide-type allele. Furthermore, most of the known
sialidase-related disorders were discovered in people with
homozypous mutant sialidase alleles, and the total num-
ber of reports of severe adverse reactions that occur with
administration of Tamiflu was small,

Our hypothesis was supported by results from structural
bioinformatic analyses and in vitro enzymatic activity
assays. The difference in stalidase activity between wild-
type HsSNEU2 and the R41Q variant in the presence of
oseltamivir carboxylate is likely to hold in vive as well
at least partly. Oseltamivir carboxylate is a competitive
inhibitor of HsNEU2 (Figure 1€ and 1D). Although the
plasma concentration of oseltamivir carboxylate is known
to be only up to 1.2 pM afier an oral dose of 75 mg capsule
twice-daily (hitp/fwww.rocheusa.com/products/tamifius).
the conceniration in local tissues and cells (in some indi-
viduzls) may be much higher, Indeed there is evidence
from a recent stady that edministration of aseltamivir could
inhibit wild-type human sialidase in vive [28].

We further observed that, based on the data in dbSNP,
the frequency of the minor allele (A) of this SNP was
9.29% in Asian, 0.55% in Sub-Saharan Aftican, and none in
European and African American. This differential popula-
tion distribution might offer a clue in explaining why most
cases of severe neuropsychiatric side effects of oseltamivir

Cell Research | www.cellresearch.com
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were reported in Japan and few in America or European
countries [27]. However, this circumstantial evidence is
confounded by the much higher per capita oseltamivir use
in Japan compared to ofher countries. Further testing of
our hypothesis would require population genetic studies
to determine whether homozygotes of the minor allele (A)
of this SNP were significantly enriched inl cases reporting
severe adverse reactions to oseltamivir. Because of the
relatively low prevalence ofthe SNP, the population genetic
tests would require a large number of cases for stafistical
significance. We also suggest further genotyping and en-
zyine assay of all four sialidases to discover any additional
SNPs that tay be relevant.
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Side effects of Tamifiu: clues from an Asian single
nucleotide polymorphism

Manyuan Long'

! Department of Ecology and Evolution. The Universitv of Chicago. 1107 East 37ih Street, Chicago. IL 60637, USA
Cell Research (2007} 17:309-310.-doi: 10.1038/cr.2007.30; published online 16 April 2007

Tamiflu (Oseltamivir phosphate) seems to Ire a double-edged sword to some in Asia. While it is counted on against
influenza and a feared avian influenza pandemic [1], the drug is also associated with side effects, ranging from neu-
ropsychiatric, gastrointestinal, to hyperthermia and skin problems. According to a document from US Food and Dimg
Administration in 2005 [2], 1184 cases of side effects have been reported. Interestingly 69 out of the- 75 pediatric cases
were from Japan, inchiding two teen suicides. The situation seemed to have made a gloomier turn recently. It wasreporied
in Febraary, 2007 that two Japanese teenagers jumped from apartment buildings after taking Tamiflu and died, bringing
the total nomber of deaths afier taking Tamiffu in Japan to 54 [3,4]. Although no direct cansal relationship had been es-
tablished yet, the Japan Health Ministry warned doctors about giving the drug to teenagers. In comparison, relatively few
cases of severe side effects were reported from America and European countries [5]. What is wrong with this piciuré? Tt
has concerned and bewildered many. The pages in this issue {6] offer one fascinating hypothesis that tries to explain the
mtystery using an integrated approach combining structural bioinformatic dndf}’?ls and enzyme assays.

The stovy behind the work by Li ef of. [6] exemplifies the old saying “Curiosity is the mother of invention” (and
indeed a mother was involved!), In 2005 while the fear of a bird flu pandemic was looming, especially in Bastern Asia,
computational biologist Liping Wei at Peking University, the senior author of this paper, was concerned for her one-year

old baby son after reading the tragic news of the Japanese children who died after taking Tamiffu., Out of concern and - -

curiosity, she decided to investigate whether and why Tamiflu might have caused the side effects and why Japan was hit
the hardest. Her group focused on human sizlidases which were homologues of the virus neuraminidase (NA), the intended
target of the drug. Intersstingly, they found that the minor allele 6f a nonsynonymous single nucleotide polymorphism
(SNP)Y in human cytosolic stalidase (HsNEUZ) ocowrs in 9.2% of Asian and, in striking contrast, pone in Buropean and
African American, according to the NCBI dbSNP database. |

A hypothesis came into being that the human enzymes mloht also be able io bind to oseltamivir, and thc 1dcnt1h<.d
nousynonymous SNP may impact on the binding potential with the drug, Could this interaction with oseltamivir be the
reason for the drug’s side effect? The authors noticed the similarity between the reported severe side effects of oseltamivir
and the known syimptom of sialidase variations——several lines of evidence showed that variations of sialidase activity has
significant impact on the functions and development of neurons in brain {7, 8]. The defected genetic variation of HsNEU2,
if it reduces sialidase activity in the presence of oseltamivir. could be related to the severe side effects of oseltamivir.

The anthor’s hypothesis made two testable predictions: (i) the binding ability of oseltamivir carboxylate, the active
metabolite of oseltamivir, to HsNEU2 would be enhanced by the SNP and {i1) subsequently the activity of the HsNEU2
enzyme would be reduced. This hypothesis was first tested using jusi the published structure of HsNEU2 [9]. HsNEU2
contains the same active site as virus neuraminidase in terms of sequence and structure. The replaced residue as  result
of the SNP is located nearby the active site. Molecular docking simulation showed that the amino acld change from
Argdl to Gln could increase human sialidase’s binding affinity to nseltarivir carboxylate. Then, in collaboration with
biochemist Xiaofeng Zheng’s group at Peking University, the authors expressed both the regular and the mastant protein
product of HSNEUZ in E. cofi. Measuring the enzymatic activities of these HsNEU2 proteins in both the absence and
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presence of oseltamivir carboxylate, the authors confirmed that the SNP could increase human sialidase’ unintended
binding affinity to oseltamivir carboxylate, reducing sialidase activity. Interestingly, they also found that this SNP itself
could reduce sialidase activity in the absence of oseltamivir. Thus people with this SNP likely already have dampened
sialidase activity. Administration of oseftamivir might further reduce the sialidase activity in some patients to a danger-
ously low fevel, :

To this point it may be tempting to jump to the conclusion that oseltamivir’s interaction with the HsNEU2 SNP variant
is causally related to the severe side effects reported in Japan through regulating the neuronal fimetions. Not so fast. The
authors cautioned that their experiments were conducted i vifro and further population genetic tests with a large sample
size would be required. It would also be important to genotype alt four human sialidases to identily any other SNPs that
may. be involved in a simitar mechanism. Side effects are complicated and oflen cannot be explained by one single factor.
Nevertheless, this work offers the first testable hypothesis for the sobering and bewildering cases of reported Tamiflu
side effects in Japan. The resulis provide a likely mechanistic cause for ow the drug may impact functions of sialidases
through changed structure of the enzyme in the SNP variant. Supported by structural, enzynatic, and circumstantial
evidence, this study sheds first light on a mystery and points to a direction o pursue,

Patlents in a high-risk population, e.g.. the ones who suffered in fapan, could be tested before the drug is administered.
It will be also valuable to investigate ihe nucleotide divergence of luuman sialidase genes in the Japanese population
and other Asian populations and their relevancy to the side effects of Tamiflu, It may even be good news for Roche,
the maker of Tamiflu, as the test may separate high-risk patients from the remaining vast majority of the population for
whom the drug is gencrally safe and effective. The methodology adopted by this study is an integration of bioinformat-
ics, population genetic swrvey, and biochemical analysis. The efficient collaboration belween computational biologisis
and biochemists was essential,
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A nonsynonymous SNP in human cytosolic sialidase
in a small Asian population results in reduced enzyme
activity: potential link with severe adverse reactions to
oseltamivir. -

LICY. Yu @, Ye Z3, Sun Y, He Q, Li XM, Zhang W, Luo J, Gu X, Zheng X, Wei L.

Center for Bicinformatics, National Laboratory of Protein Engineering and
Plant Genetic Engineering, College of Life Sciences, Peking University, Beijing
100871, China.

The use of oseltamivir, widely stockpiled as one of the drugs for use in a
possible avian influenza pandemic, has been reported to be associated with
neuropsychiatric disorders and severe skin reactions, primarily in Japan. Here
we identified a nonsynonymous SNP (single nucleotide polymorphismy) in
dbSNP databése, R41Q, near the enzymatic active site of human cytosolic
sialidase, a homologue of virus neuraminidase that is the target of oseltamivir.
This SNP occurred in 9.29% of Asian populatiori and none of European and
African American population. Our structural analyses and Ki measurements
using in vitro sialidase assays indicated that this SNP could increase the
unintended binding affinity of human sialidase to oseltamivir carboxylate, the
active form of oseltamivir, thus reducing sialidase activity. In addition, this SNP
itself results in an enzyme wi';h an intrinsically lower sialidase activity, as
shown by its increased Km a_nf:i decreased Vmax values. Theoretically
administration of oseltamivir to people with this SNP might further reduce their
sialidase activity. We note the similarity between the reported
neuropsychiatric side effects of oseltamivir and the known symptoms of
human sialidase—related disorders. We propose that this Asian—enriched
sialidase variation caused by the SNP, likely in homozygous form, may be

associated with certain severe adverse reactions to oseltamivir.

PMID: 17426694 [PubMed — in process]

39



40

: AV TN FEEMERATRSHORS
} R e - tom0
: Y 7 e ZE AT LR AE ]
(@@#ﬂ]ﬂ,dyscontrohﬂfﬁﬁﬂﬁ])l._.J:l») LN N o <y P 80D .
Al A= _— 12 | -~
%%%b;%ﬁﬁ%%ﬁ‘—j— gw 1 soo Jjb¢
jm =
- z N N
RRERIEIcIcHHETHD X D 35
. - . f E §$
2007.6. 10X EXHEAELETRAEMR ol e B
0,162 i B an 2 r
NPOEABEE O30 At 8— (FEOFzvd) , RIEDRE ,
hitp:www.npojip.org Gi 02 03 04 05 06 07
H= - £
' - MMEDEA . RA2ABREE
ERGEIERFETHRR (2007.4.25%%) REITER S (SE R R)
ADRERE (R 0EE <10 | 106% | A | &5t RETEHENED
EIRTE TS H BT 14 | 4 RV | - -+ Sl = Wl . .-
ZIEIE (RIS LD B AR 3 2 5 140 141
WRRE It " 17 ] 33 | 50 420
2l RETEH-FEARL “a 0 5 3 8 500 |
3| SRR EN - sk - RS AR S B4R 4 | 4 A e
4| BB LT bR AR 2 s | 1 Y
5| TObFEE . RS, BETHORS) | 9 a | o &0
& £ #b 20 5 | 57 | 82 40
*a: OB TURISSEELIT) &. 2088 L FIXBARTEL DL, e 1 2 3 2
102 fRITRATE IR TH-FHEL LT, 0 —— *
"b:07.4.25/E5H ERTOALEBL  EHEIMETITA, f v ez o Gr 00
HEHT TIZB2 AT, 0645511 B30 B B, EHA ARz . " i
BRHLLEERE24A SHRAT-DIELIKITA L 0 BiE4R ~RFIRET, OTRIMATTAET

DT AN FRE IS MIEEEIO
FEEOGABFIEIEATa 2 EH (NSAIDs)

KBICBTBTMERBOEPREOHER.

:

i 0e0

e Tg I

FREJVHEDRETLEE

=

At #HCa0)

FUSHE0) ]

SAmien

[Hrleg

WIARLEH

4 ERCES5)

T ol
0 prs prs
AL BAT (%)

—— —

60

B0

MEHMAEIZLDIEE, FAEV - DERMD RN, HE
BITHFBF AL UL RAEAYE FLTOE, Thiz,

O FEH

LER 14

7RV RS
s e T
L

3 -!- —~—
j“ o —— o FTRRIES

e RIS i
A S B

RMREEAT AL

sy | R TS

HEEEBLESE.
BRMILEERSEM
HT.2R&%ICHERM,

1]

S pet ren

mrramaA LR e

[ |

ELHIZBEDDELN
HAL, B LRI
Y, 9YEEe 7.

L

i 1 LI LN )

=

BABRILIERT O PR TECAM: ST




1y bt : > '~ ‘
{M%EJJ%A@NSNDS;;@EI:@o{tiééu BIEBIESA > T T FRERET L olxt
- — | 4-11BICHRE: DEcoREornE Y
s»a::;»:::;_ I STAXA5EE & | | R R B A - 1981190 BT AR RAGH)
SRALIRE [ ) ke
w1 |b 1wy kL
SneTazac i G » Da#EFM=200
p e — = “ ORESERE 10
g ETWIEC ot e A BEE S B {n=58)
o TUFILA b2 ol ) # 40
2 e 0 - .
— n
ALAFEANLE =3
o s u
H O T "——n:a" D aEsamlirL 1
b T | amimes B
‘ 5 6 7 B %
HaAvZ(Mantel-Haenszel) =10.00 (95%E 8RS0 -30) ‘ EttEnkaoei A
p<0.00000001—E:ESAIREEIX 1S D 1T | “a; LTI FIERE R (411 ) O 30,54 B 155
NSAIDsfE B (XREF FIEOT Rkl BT Rl R ERRF LBE AL | SR
1900 HEMME  1000-02F HHHRM Ll TSEBETRHEERL TS
Sl br— A il 14 iz
Pl — — . B84 14 4 3 4 105
B = [ *Jﬂu?s-i"" T 308 2045 ) o 2> 7
@ : T
& H 5 AT hBR 2 2.4) ] ) 1 2~ s
.y Hl [t ad e I 2 1 3 50
E : E“ HEMAL 31065 | 7500y 2 1 T
£, (. - R ATUIRT 2F DY LI AT o T ARE TR LRI 4 %
by if|® PN TR B S SRR AR OLE
b ([ 20 Skl BEETH  Aex  MEEER
" ] I BEH B % @HEm w K T tm =
i 2HNTxFo(d) 3/85 36 2/4 500 270 184  48¢2 D.O150
e —— 0 - S ATz B 284 24  2/4 500 410 241 1033:1 D081
i) fnan turmh {0/ TESS £5) NSaDs(dz/om) 5/84 60  3/4 750 474 320 1458 00019
P I R TR I 48/84 51 3/4 750 225 019 586 86359
[ 19995131 (1990-92 A5 HBAL TLVEY . |
24 A V1 F9USd NI EA L +a :fisher DEERES
E\Tr;dence -bajed
SO AR R TR 5 gl
B EAFO-rFH#E R LT ) 1, bHa.Jbﬁ? v (§3 7h) 'E«fz?;»z./%aﬁm
- FNECATATREPRRAAL AN R 3 1] (R
- 1. TEERx DEREEEERA S
N N T Y7 Az THEU AR LR E
. RAYZHIVFO4 AR LTRR S A wlamsﬂbbzmmn'ar-» ane
BBl +8F AThbd£AT TEACEELT GBS (1
TTRABBERATLTL22tnE2k,
2L 200 S 2ERS L EROSR 2) 422 e WY HERL I Rr Y A
EE R 3657 2 0 H1T AEAS SRR PO el
AR T . B
Jé:i]a;ﬂgﬁan&:t z}*}_ﬂmﬁ.%«m#mxv : y:.:mmsimubwﬁmmnﬂz
FEL (2=0.0015) 19 8 TR DGl O RRTR BRERY L b2 4 vORE-BEKDIE L
TARGEL, Toms ECrOTPER LT h::kni.-r S P L RAGRARILT S
¢ 10 20 0 40 50 B rendomised controlled study 3t ¢ FACHY MR T—HANL A A AR
-ﬂ-’?/ZliRﬂEh-Chf:h BRATR, © Sl hs EHEESSHOTEY. eytokine
A =) CH TR eRE G v AL 2 :‘:_’:;”:*””‘T’ aass,




42

BELTEHS . FZTTNIE

[T | FRhi-5E2h

s AVTLILEREICH T AAE VI RATIET
DR G SFEST S TULVELY)

o TBHSTCIHTOABNEIEITUTOHESIS
EERTHD]

« HfA

AT FRE 3RS PIEHREROBIEE
THHTEERNTHIRD, BREAFTHbL
HILFSENERALTHEE AT TR ER
BAEFLTLELTLVACIL,

12

HREFHF 43701
T2V E | F I IC&Esh

ER2. 4/7JLIJ*;’*HH{EI¢ AT AFIALIL
ADERABIE RIS ﬁaflib\éfa ﬁ%ﬁ:ﬁﬁm
I-ﬁ-Jr-{.za)EEE ﬁﬂb‘k%é_&(cytokme storm) .

BEBHS3. AEILESE NI, DM ABREFEILETHE
s R 450
ECEIA zﬂ?&&mm‘%%ﬂrumcﬁokme
storm@%ﬂﬁld:iﬁilt‘(%&l.\ &

A5 AITNILABR TRV TEREXL L TEEL
—RHEEFEhTIELEBRATIOREEE .

BOBRE (FAFOIRREEN OERBAAL
EEEZEORCHEORE
BT T T e RS ORCAS
0 [k q1- -A- - HIVEZEWORASTE
s N E= wwhﬁmsﬁl
= A :

a3 20- - ¥
%'s F{NSAIDs#H] &M\
10 A - :
s | NSAIDSH TR LR & »o
, L OSZLBARICHE | , "7
~1996 1088 2000 2001 2002 om 2004
%
20085 FCOSAS THEBHFHERDBL,
r = 0.9188{p<0.05)

Nesesslidng Jrkibite J § B0 l!rlllﬂ ﬂllt} TGLYEY

g"ﬁ;’!,mﬁ’”"’ WRER 1A Iy dibelatian o 20 Semftm
K] 2EET
: : v 4325, Meren ¥ Yo 80
v\ LIEVERE] ARTLOBE:
S ERERLS BER
R COMRLELL
H . | MEBEBERDG
(X7 . T .
W :u ZI“H R ENEEE Y EE] :i't :il i o) S e

BRSO ()
IS A e
EIRER

43P VRE

s ] SN DT DN ?

Bh52 AT AFRERR CHFI v v—aR) Wi

LY umlm fl\.ﬂﬂ IJ' | #eii }Ill ) 7 DA F Bhe] SHITRH
Nﬁ

gt ¥ B D H

FEZIOHNE~ AR B SIRCTIZH DM 5 K TR 32 (DS ENNH

ISR 1 AE 2 (n=515) oAtk
® % 2 % | (aSufEHEM

NNH

P IDERERBRR T I ENCEL
BN k9 ¢ S PIVRE

.l St HUS AN RO WUE ) ~ Ditid 2 oETLRON
S

Be-S42 o SZII LFESME (D757 Y—EE) A (v15ez3)

1HE 16 a1 51 99 3.4 (1.9-6.1) 15

I 2HELE | 32 6.2 25 5 |os04a1-14)

s | mRETH 1 0.2 8 1.5 | 8.10.04-174) 74

HERDITRE (WREE NAP) DTG, ERE ST AR TR

_1 - SRR latﬂw I~‘Cli$ﬁ*‘
¥oaEd Hmam ':ﬁl;,ig\;lu;;‘:lg;t]m oM EET Hi s

(%, BARTRICERICSESE




TN MEER- B ICAR-EHER @Eswn

DB M OX % W M T W e DR N S e e R 8 0 r B o B e e B

AUt & RN
TRt At Wik Wi P g P i e Pt

e =1

N
4 (0 |imvHEE: L

. o
HE S [mraw smer. newunr wras-Fan

198 e ¥

oo ZS 5 M14A 8- HRIET. BREDET | q;ﬁmﬁﬂgﬁs!
Q

%13&§1000mglkg:|

FETIAR(megke)
=

v TR als, A= | 120 4| 1B/24TEL,6/18IC
oo e T | mrwFEFr s —E
Slf_ﬂlhﬂﬁi}‘ﬂi
26/54 208 ‘@-
1 popt2ns (Rt R e z -“..“‘-“...“..“.."’..“.i 85.7 ‘1""'
B ;mm |
20 40 &0 BO 100

EovenERutY  Noxmmnat | IR R -5 G AR |

RIVNFRELERPEELRTHE

0 0005)( 1 mw
,. R=09237 1
R
0 5000 10000 15000 20000 25000
FETNFEHFRDEE (1 e/s)

REBIT (SRARZE - ik iED

+ 3E5{EEEBIR(BW13.5kg). 02.12 AES 2 F39.6°C.
RAERECAIILIVTA, BERBCTT/ 70
Y2 50mg R B A

» 14BEEIRE, BEEASTIL27 Sma(2malkg) Rk

TCETISSHiEE. FEAR,

16MER ($9 2 B B4k ) B s T IT IR 5 AL R FB 1

R[fthh, HERE, BHEERTI7:- 155,

B e B AmK Bt s,

» [REEIES ERE~ L= 77EL),microgliosis, Bk 2eE
BRIZTIA LI I FREEF BLEL | EEhiz,

L]

.

2

FEBI2  (SRIRTE-FhiKEE)

- ZRERII0MBE, 05421 19 30RCHEREES
§537.5°C, BRI LT oo E8, ERIER
500mL i, AJE 1}2-500mgfhiE.
ﬁ%fﬁ:&_ﬁ% Y=, 5’-.7»2337’-{2)1/%’&}?&%!,
22FHERE,
- B, MEME, DEESIEREERADER, CHERT
SETREH. DKEREICTEE.
- EEFETEHA RIS E (FITILIEASEREE).
i%ﬂ*ﬂrﬁﬁ. PRARLELVM448g, HER G ITAL),

B (EiZL), R T— SRR, M kD

'I'—Jﬁ [ 4 %0)-:.% WERLDEREIC RS AN
ElERALEBTEh,

. ,)Jl:az ﬁllé:%. 9‘71bamﬁaﬁ;§ﬁaf—§ﬁ§wétj

BEE7HEE. REEGILY

0% B (16.5mg/El b askg IRV IFECE TV AR
FHERTIEERD, 7V 552, 188,
BAZMBL, FUBLH. 437033mg/ B, 2B A, BIEEEL
3H B, 10:30 8B ICHEES AL R EEL . 2B hIsIER L.

;sféuxﬁc-'fo‘rﬁi LR i
Ik, DT —UsS TS MDZImgiiE. JCS300.

. ﬁlﬁlculﬁiﬁl_truﬂﬂiﬁ.ﬂ: s )*H‘—/'l'z:‘ftﬁi

uﬁt&x:m&*ﬁ SIINERES T =L H3 50

I wRE RAFAACRI LA (30malka) . }"‘Eﬁ'](CMZ)Eﬁ&‘n*e
BEL M LEAKESY, 127 LT FBEAB(—),
BRIZIFMAEESE, CT. MRITHEERE HY,
DESIE4R%E. ATIERSENLEE, 58 B ~UnE s,
FOVEME~ AR (EILY A—5 LM E) Bk,
BELEETEEEMN A T TRT. AL, BEY
fbl=, R (T 7 /1) SR, BN R () S
s8phE §-§(Eth&®ﬁ)§‘§§§56k?}é'\#)

« 4o+

.8 s 2 s




44

SEFIS (Bl kmgn, BEES)

BE71.2cm,
« 03518 AV INTUYIHFLAEE R EEHER
HBL-AR AR,
 ARBBURERERICTAES 2, ALERE T/
wbiﬂﬂtzﬁ SEEREERE1~ 20 BA, T02
ET&S 6°C§§ﬂo Xn/LT’AET?m?}[I‘]Bmg&&jﬁo

10 BETCLEEEICIESERE, 95 BB E9.0kg,

A7 IRRHs0S Rk A, EEEE, F7/—E.

R L7 RATES REAEI TR E L VR A,
a'ﬁtﬂénlu‘“}L/?ﬂz:\L\éﬁMmg? EL.

STEEHIEEY 1 e, — b, BERERE

t.tu. EUBZTRRPHREELUL R EhRE,

25

FEFI3 ()

s BERDNITFOERRAET, —BREML-AHERE
ITTHER o5 AEIZEE,

» FOEIYTERBETRE (GIf-EL5ELTE, 2%
Zo5RY., ITESELYLY, AEEHERY . TikE#EDH
FLVTHEL)

c 1E 1IN TIEFEYIEET . HEOHREE

TEEDLh. 1850 A B%Lﬂ?bf:aﬁﬁl:tﬁmﬁ

--Fall =iz o (W il

22 ATCIEEYTS, 28110 B 10m T, RA1z

FELTINDH, EEE%HA.*..%!:M:#%_L,

+ 064 A CRIETMRIBEQEGEE, K EEF

HAVEEMERGL . D BRIQTC0.397H 4 IEE).

AZTVIEORRBROBRNFY L 2—ITHE. =»

(2-2)fEI 4 misEnaRLBE)

. ﬁ%ﬁ,osmm 30°CHH, 1T AR
Jbth‘ﬂﬁﬁﬂ 1B MRE NG, Bﬁfsﬁﬁﬂﬁﬁ%b\b%ﬂ% QB?EFW:
($43839.6°C) l.. 2@ B 457U IRF (GrRZEEL) . 185 &,

WASLPEE
Tk, BSENVERNSICER LY, B

2. LB

FEADE. FEEL, REAEL

B Lo, POEE

RELTEE S, ﬂ?ﬂ&ﬁﬂﬁ&%ﬁ&lt#mhd@( HELD
ClEEREESCDE, fadh, HR1X37.5°C

BRI UM RIE. ©Pdrowsy nllﬁ&{*m%s C

I=ELR(1B1B1:458), 7t}~7.~./7;:./ﬁliﬁ GRS
% CPRT3BSEE) | e, MRS LR R Ly,

E%Tﬂﬁmmufp LT

BBEE b (B

bt )] 53

iB236.7°C(2BE 9..7»5&%75#!’6112),
« FEAUCESEN, 1EE 20 B 0oXEy—FoEERE (15
E xﬁmﬂlmﬁ\I-H‘JEE'CG)[ﬁﬁ‘rﬁmﬂqiuﬁ\lﬂili&-kb"}ua

2618 : BHAEE

TR E>ThHBoRCEEE) .

- BRENECIEHE CEDBRAKISERNE) . MEREEL.
B FE CRERESRRO . AR 4 Bk, R

AR Bz E LD IRINFIERSTEL L,
BB 1 SREDRER-TToBus

wE__ |Ewa HEET
= SIS ENIT AL, .
EE B Eis
RSB, PR,
FER B, R |FPRE T
LU, PRSI
S e e
BB @Bt OMEE @Bt
A ®C =

SITNFEAREHEC R ERERORT L. BPER

=B PEIPHER- RO S

36 BIR RIATEBERT, Mk,
7M. 0 Bt VIR

B 7K B : 3Er=1 8RR O

27N 0D ENFHERL ULE 21L&, A JUFEE,
HHEGHY . A OT 2Rk (BZD)ERT S ?

HAET |tA%. 082 RETEEE BtetmaL
. T (BEtEER)
. | BRAAE | BHEL-OUET. BltHES fufzL.
RE g |EONKTCRIEVNSREDE | pRMHAA
s | B BERIAMINICRAE | MSECEAR
REZEARED, iriesss | PRETHES
BIRE |7 e CECHEESR

HERBHENM (YR TLIRELTEN | Eiomhahe, FOME
7 A BRSNS 2] | EEEDT (EOmA0E
Ly),
LhpkE b [P
sz ggg‘*;‘éﬁf&ggﬁff 500me/ Mg TIETEC LB
TL | stk FERANET | & e 100 e e OO
a7 |20 |L BMAAGELIKE, | 0T AT
#Hn | g ﬁ&;&tzﬂ,%*#ﬂ:ﬁ& ERELL ™
a. [ipva :
ER% . MELES R ECBIEA
YE~183#SL, ZBEes B d
ﬁfg’q IS 2N AP ERL TSR :Eg%'&gfgiﬁb%h%;
* ER N OB~OB AT A RIELIIZ)
B prsrsnd, kil sair | PBITHRLY b
122~38 BCHEE TS, f*bhé"ﬁm_"; >
TlEz~4HBDHRE L.

% F—E w00kt DR 25017 2000me/ke i A 4BAR1EEAZE

BI{TEHE T, BRI ., Bi CRE L. hosHien A CHR(2T
F), 2FE LR sy (BRR. RE. 2ih, /). FFiads
Foh A ACEIDT—RIEREATIREL, |
‘BRSO A LEERRE T, RRETHOMEEN(EE). B
PEBROSHAICHEEER OB N-BER
EHRBZIDA~FA., R/ FEH—E (O TYS—E)EE
=R EREACEE SRS NS BAREI BN




AT )LER A O ZRATE L EELL, AR~
HMARFEL. BEE. TERELE ., B

1, DRRIL  FET (KB BRGSO =87

2. BEEARPZRARTEL, BHTHAESY GEM1. 2)

3. BEMOMELE— 2 8E, XS AR, BRELTHR
BILER. LAL, EEREFEZRETL T ~25H RICET

4. BRSRALEAEI i EsE , X4 ERKEE. BERE{L CHIAREIL
SiEHE. BEEOEIRE (FEY) (3, 4XES &R THEs)

5. BELL—BRMICOMEIL, EREFLE, BEEHEE(E
BESEBRNE RT3 DEE LQTEREL)

5. gg?ééﬁﬁﬁﬁﬁl_m;ﬁgﬁzm iy At d

7. AR RSP E, RemE(EFEHICEE
8. Bz, BLAGHERERE-FP/—E0HTESH( R&EHE
(EHHPI=E%)

]

RO BIEEOEEES:
ERESSVRREEORICE 5L
TAR EEGFBRRE:

1)—@1&1&&% Eﬁﬁ@s(?ﬁbrﬁﬁ#?ﬂ&ﬁhﬁﬁ?
B —BEEY, FEFPE/2oRAL. B
i@iu—@mt’) (EPEEEsTEES T-—‘?_tH"E/
ZrEOBERE, AL O DERER)
EMORUHESET AR ERELIT AN G ME
HICE Lkl ;
NERTEEFETL. BETH B
HEBRTEEET. ESFELEGTh-H
SYEME (BHRLITEZLhGUVH)
6)ZAL(3E) (b B A h S (iR DEIZIADR)
7)?%?&#&0) 1E~30 A (BlLE) BER (ARESD)
£ Ny 2

I N FE TR E R DFEEE (2 FDA)

£88 (n=101) 1.5-907 . ST 12 | 168868, 17-208 8, 21 ~25

# (=101} 332, B69 ~ B95, K5, 2, LRl

RETH/ AAES0(FETD), aRME 6
(FEL=1). M8t 2, L LET6. 2
HilE4. TOMI5

ERmsrE (=103)

SEC3E<TERHFE 11, A28, Rt T

£EhRn=108) Z QAT BICES503]

EfToRAEE | 11554, 1-2[8:75(73%) . BX10E

EERR~ERamE | Q05 12021%), ~15/24(41%) . ~2B5R32 (S5%),
TDHFH(n=58) ~ 4B 51 46(79%), ~ G B [E] 53(91%) B E24h

gmat-grois |HFUETHA 65, BubThiREE 10,
i 2B HTHEE 13. 2B B,5HEE9

CHEDARBE~0744ADEFEHERICITHL.

FAEZRBEOKE
BEAEausnm Vs FITVITAE

ERGEHA o1

|
40
[ | !

20% 40% £0% a0y 100%

u ﬁﬁlﬁw%ﬁ DR/ BREHCRE

£370BA n=35

EFFRAMISH T H2I7IRRAROEZRBHEAERE

OR=44.00(95%Cl:4.37-1081.12) p=0.000018(Fisher)

FEHIIERR FE &1k, 2270720 CHL, NSAIDAOTA US4 E, s
FHEMLEALTOLMAELS, AN ERLTLEAREL=,

B AR REREES ST RN HOEIRGT
BEREFH4-T(1) (p20),554-15(1)-4-15(4) (p36-35)

WEEOEE S (=008 vs RER)
(*ﬁE%#@T—-ﬁﬁﬁl)

A mﬁmﬁam&zﬁ:ﬂgm}ﬁnaﬁm& ) YSTALRSER
FRER it xTRE I
fﬁ“‘ 13 mtr.m ErT) nit
L W ——— J = LY X ;?gslgzn.};?:ﬂn
e l?x[ TTEl =2 :‘Lamj
BHEGE FUETSINOSROBKBEEAE (K) 1§ 3 IALNBLT 5‘{;;;?&:_“;::)
am TR it KEHT 2
REE _E n:; P R m % | D@05 A 128
= (35XC[; 1,02-132)
T LB in 1 om
mln'trju 285 LI"_"JTI s iR 'u..o u
FHGED FHEREPHOCROBMOURES (%) : S TALENXE-3hot & REAFE RRIS
o [AE ] e FE | (e5%CE15-100)
A I ERTG | HER sl ,
THiRE MW Ebh 1 19 gil “'ET‘—‘——“_“W—- < 1 53&& 122::';1)
m n 2 Lt : 135-10.
] L b Gep

BRFRES () B F R L5 AR LSRRI (18
BErERA)EESTAENER(IZ~18ED D BE
EL 4A~EZ N (EEEHY RASIFEE) =

1

QR b 0.0 s 10 15 20 15
BEZINEERea

REAS (%)

SITNEREMFEIPREEER. RER . B THTREREER




46

AZITWFRBOREEHRES VLR

100 e

FEEAEL B 0%-O% 133
—~I— BRI EH 62
{i*ﬂﬂwgf -A-JBKHE 50
o R —e-EUMT 43
?:‘; x::?éi%Q _o—ﬁl%é 4.8
Ve
z o4
1 e el

[ 9B FITLERRER2SD1TD, ST 45537LERE |

0.1

141

%ﬂ|5|§|$ﬂ|3|i§ SB.E
1HE 288 £B

StiE koM

[EOFvIOBRDEEH ()

1LIEDFod | OBES TERELRETHHEEN
SPRATEIXSOA. Sate2 A HiEED
EEDBER XS EATOANRBER(NSAIDS)ICED
2.0V BAELASEL(ASTA)O:
HTIEBRCAEITRE) (B &AERE:
a) HFFVFFECHER 22 713 PR H)
b) BEOSEHOABEEEREh B SEELEIC
c} dyscontrol{fRH1H) CREFTRHAOR . AR
o) FRIBRE T (BB, r T2 ) B0
e) ZRERICH LM KEILEBREEDEL:
SERTADELSEAR IS S KNS
) SRS /47541 (T - L EEE:
EtthaE, Mk, BE&A. HmicBE 5
BLER, BAapopE, EEFAE0RRISA s

[EOFTvIIOBROELD(2)

3. BEAOBNCELTORANAERF
1B, RETEE., S{OEMMSIEERILLTRE
TOFBA. FF A ESEICONTRETSIE
i S, SBARTE. L E AR (ET. 7).
Bk BEETRELIN,—EDLOLEF TR
4. RREFREEICELT:
1)nURS, B 5RO RS R ORI L L
)RAGT CEKEAFHET OB Iz LiE
IBREHQIELEZRHTHIBRY RS ENEUEE
F4~5L L(EE) )
4)ihBREFEEGATE(ES S ~ERERTE

k]

(EOFIVIINDERDEEDH(3)

S 5BOREE
NESHMTET L CRRRNTISONEPRBRESHE.
FTTNFELEOAL VST EEUBZORERLOR S,

EE O/ 1S53 —E (7T —E) IcH T BAE
HNHERAOEC PEEORPREILRIZIINREOAH
DECH OB b DLk - EAREORMEREL
S)RIFARENCEHED RN, SHAEICSAQIEYEE.
TEET R CEALASITIERB O RETEIE, B

SHERSEPOHBICETSMEA
NREASRISERNRRARGL., BEREELHM B

TE I EMBH LD L.
ARMFIL. DRFELVNSEY, EIPRMHTHEAIHAE
‘L, o,




