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T T 7AW AR BERR I X3 5 sulfated sialyl lipid DPL7 4 )V A5hHE

8F AR, FH

DI I IR SLIR BER IR AR R 2,

f&—>,%kH L8, KB ZEEEY, FK IhHEY
AR B ST R BRI A

VILHRE AR F R B R TR R RS U R AR YR R AR 0 T, Y ARIER
N

B W: 7T/ 74NV R(AAV)EREICH LT, BE
FRICERATERMIAINVAERIRENE ZABFELY
W, E4IEINE T, FHRLEYW TH 3 sulfated sialyl
lipid (FfE&{L> 7L E F, NMSO 3) D AdV 1Z#5
BERICHT DMV ANV AMREAREL /2. SE, F4l
REEREESSDBEL - AdV EERDBEERIZ DWW T, N-
MSO 3 DIMTAIWAMMREAEB AN Z X L% EET L 7.

B OE I VANRIGHEERBEDL S HEES N ERERS
Bt¥kD AdV 3, 4, 8, 19, 37H, FEHF|ENMSO03, >
K 7 # EJ (cidofovir, HPMPC) & %L % E > (zal-
citabine, ddC) Z#F\ f=. 3-(4,5-dimetylthiazol-2-
yl) -2,5-diphenyltetrazolium bromide method (MTT
Fc& ), HEp-2#@aIZ&(1T5 AdV D 50% effective
concentration (EC;,), 50% cytotoxic concentration
(CCso) & & U selectivity index(SI) #RE L=, &5
12, NMSO3 52V A NV ARERFDOHICMAT-HBED

AdV DETEIIHIZR 25T L 1=,

# 8 :NMS03, HPMPC, ddC 9 ~ T EH|
T, AdV IZX39 2 EFEIHIIRHA H -7, NMSO 3 (L
HPMPC, ddC &EEE L, BEETHYVANVAMRS
KLU, HREMLERD TEA -1, 71, NMSO3 (%
A IV ARERHCHEEL- T T IV AR ERL

W 5H I NMSO3 (3, AdVEBERDEERRISH L TH™Y
ANRMBRAERLIZ, XOAEAHZXLIETTA IV
BRETHZ EZ LNz, (HEESEE 107 : 196—201,
2003)
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Hisatoshi Kaneko?, Shuichi Mori?, Shiro Shigeta?, Shigeaki Ohno® and Koki Aoki?
Y Department of Ophthalmology, Fukushima Medical University School of Medicine
2 Department of Microbiology, Fukushima Medical University School of Medicine
3 Department of Ophthalmology and Visual Sciences Hokkaido University Graduate School of Medicine
Y Aoki Eye Clinic

Abstract

Purpose : Currently, there is no antiviral drug
for adenovirus (AdV). We have reported that sulfat-
ed sialyl lipid(NMSO)3, a NMSO, has an antiviral
effect against AdV prototype strains. We evaluated
the antiviral inhibitory effect and the mechanism of
NMSO 3 against AdV strains from patients with
conjunctivitis in vitro.

Methods : Viruses used for the experiment were
clinically isolated AdV type 3(AdV 3), AdV type
4(AdV 4), type 8(ADV 8), AdV type 19(AdV 19),
and type 37(AdV 37). We examined three antiviral
agents, i. e., NMSO 3, cidofovir (HPMPC), and zal-
citabine (ddC). 50% effective concentration(EC;,),
50% cytotoxic concentration(CC;,), and selectivity
index (SI) of compounds were determined for AdV
infection in HEp-2 cells using 3-(4,5-dimetyl-
thiazol-2-yl) -2,5-diphenyltetrazolium bromide (MTT)
methods. We also evaluated the anti-AdV activity
of NMSO 3 when it was added during the stage of

virus adsorption.

Results : NMSO 3, HPMPC, and ddC showed an
inhibitory effect against all five AdV clinical strains.
The EC;, values of NMSO 3 were lower than those
of HPMPC and ddC. NMSO 3 exhibited minimal
cytotoxicity. NMSO 3 inhibited AdV infection only
when it was added during the stage of virus adsorp-
tion.

Conclusions : NMSO 3 inhibited the replication
of all clinical AdV serotypes tested. NMSO 3 was the
most potent and selective anti-AdV compound. The
mechanism of anti-AdV activity by NMSO 3 was
inhibition of viral adsorption to cells.

Nippon Ganka Gakkai Zasshi (J Jpn Ophthalmol
Soc 107 : 196—201, 2003)
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7 AV AMEFERER D 80~90% 17 7/ 7 A4 WX (AdV)
BFEREY AN ESNTED, BREY —1 72D
Wt 5, RIETIXEM 100 FARTESHERT 2 & 0b
nTw3, AdV BERIZEEIINHGBRGEERE—R D

o, BT LHEEEIFIRS N, FROBEORE
PREXSSINTLED. 5618, AdV BEERIZBEAN
BEDFERE 2 VB 5, i, ERFRIEEHINT
Wb, AV FERE OFRENES, i REREDORE
AR CTORNBEIHEI NS Z &b DD, MR IH
EENTW3,

I, AdV EEROAEZ 2B E LT, REr
ux NI 74 ERWET T F oy 7O0FE I
7z. %7z, polymerase chain reaction(PCR){ & re-

([}

striction fragment length polymorphism (RFLP) %
A E D ¥ 72 PCR-RFLP #:%° PCR-sequence ¥ & \» 5
7o TR 2 AdV OIMIEE, #EEFHOZWEIC

DWTHHHEINTWE, Z0X51E, AdVicxHd 3
RRZWE L SN TETWS, L, KRELT
AdV 39 2 IGERIIEAERT T, AdVFEERCEL T
BHAFIR A7 a4 FRIOSIRE W o THERESTh
NTWwBIZTERY, AdV I L TH Y 4 VAR D
b DEARED OV T, FHEHRESN TS, F
12, ¥ N7 %t (cidofovir, HPMPC)V-® L ¥ v %
£ > (zalcitabine, ddC)®~®i3#1 AdV %h&E» in vitro,
in vivo DIHZHTHESNTBY, Bicfho > 1 v A%
BROWTRBKROGTHHAESNT WS, ZD®D
AdV BSEDIREFE E L TR SN T W B 3, RIGHE
FAiEE->Tnkn,

TR IIHHEY T H % sulfated sialyl lipid (&1L
7o) ey, NMSO3) (K1) ot AdV 3 & %,
AdV ZEH#ERRE W THRET L 729, ZOFER, JEE I EE
BETH YA NVAEIRERL, BEME~NOFE KL,
ZOMHEA D =R LT TANABRERETH-T2, L
L, BE» 500 S NzRIZO W T, NMSO3 D5t
AdV FROBET IZ1T b it Twis v, AdV SR 53 BERE
X, ZNEFNOMBEEOELER» SR AL L T2
TREMEDSE V., A RE L S SRS Lz AdV D5
TFEEWFENT DTN T WS, TR RSB
X, SRR A DS OO ERERE &l L ¢
WL TOLAREENH 2 b 59, Licd- T,
FERIDOPLY A N ABHF & EFEHERR L 2D > T L 2 AJREMED
b5,

SE, BEXEE» oSBT AdV kot T, R
WIFEIR R OFIEHEE NS WILER TH 5 AdV 3, 4, 8,
19, 37 #hizxf3 % NMSO 3, HPMPC, ddC o in vitro
T OEFEIHIZI R I1C DT, 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide method (MTT
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NaOsSO . OCz2Has

AcHN

OC22Has

0SO:Na
1 Sulfated sialyl lipid DR,

B ZHWTHE L., & 512, NMSO3 03l AdV %)
HIZOWTOHEX =X LIZDOWT HHRETL7z0D TH
5935,

I 5B 7k

1. #

1) Mifge > A A

BREEMIREE, © b RSN (HEp-2 fife) = w7z,
F 7z, EHEEIHICIE 8 % v v HRAIMIE N Eagle’s mini-
mum essential medium (MEM) (H/K8138), HERrELH
WX 2% v v BBIRIME N Eagle’s MEM % Fwiz, v
ANV AE, FLRO—IRBIZE T & 53 S iz AdV 3,
4, 8, 19, 37T HOEKRSHEIEEZRH W, ZheDv A
IV ARRIE, HEp-2 flifd TRER U 72 8%, SRS RERE % 3 5]
7w, 4°C, 3,000 [Hl#E, 10 4fEOLL, 20O LEE Y
ANVAWE L THERLT.

2) HEH

Fw7-3HNZ, Wby 7)) £y R (sulfated sialyl
lipid, sodium [2,2-bis(docosyloxymethyl) propyl-5-
acetoamido-3,5-dideoxyl-4,7,8,9-tetra-O- (sodium-
oxysulfonyl) -D-glycero-a-D-galacto-2-nonulopy-
ranosid] onate, NMSO 3), ¥ ¥ 7 % £V (cidofovir,
(S)-1-[3-hydroxy- (2-phosphonylmethoxypropyl) cyto-
sine], HPMPC), ¥/ ¥ ¥ ¥ > (zalcitabine, 2,3-di-
deoxycytidine, ddC)® 3fEFHTH 5. NMSO 3 iF Mi-
crobiotix #1725, HPMPC iZ Gilead Scientific 2> 5
ddC i3 SIGMA s ZhETh AF LTz,

2. /5 &

1) oA v ARG O HIE

% AdV O EH{fi 12, Kodama »¥ & [EKE D K T
MTT &% v, MTT IDs, (50% infective dose) & L
TRz, FEEIZE, 96 /CEE~Y LV F 7 2)v S — b
WHEE L7z HEp-2 fildic, AdV % 10 fEREEAIR
THEE 6 well T ORI ET, 7 HRICEEED well
DS (optical density, OD) ZHIE L, 6 well O
6% B WED ODfE & Uiz, FEEEGAMAE D OD D 50
% DIED Y A NV ABEDO#E R MTT ID; & L7z,

2) FEHID AAV e T 2HIANVAT v A

96 FOEE~ IV F 7 2V 7L — MNZHEEE L 7z HEp-
2l OBEIEEE I 2R E L, v A v R BEGSHIE O well
PUESIT 2 7o, HERFRSHI T 100 wg/ml 2> & 5 fEHEER
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K1 TT/I74ILR(AAV) I3t 2 EHOIMHEIHR (MTT %)

ECso" (ug/ml)

AdV 3 AdV 4 AdV 8

CCso? (ug/ml)
AdV19  AdV37  piE ’

NMSO 3 3.97+1.81% 4.01+£1.13 3.75%2.01
8.11£1.32 7.54+1.87 4.98+£2.13 5.01£1.78 0.24
5.09£2.33 4.98+2.18

HPMPCY  6.34£2.32
ddC? 4.59+1.38

2.54+1.18 2.76%£0.82 0.63 1,000
184.8+10.5
4.54+1.24 4.04%£0.97 0.86 381.9£15.6

D ECs 2 50% effective concentration, ? CCs, : 50% cytotoxic concentration, ¥ NMSO 3 : sulfated
sialyl lipid, ¥ HPMPC : (S)-1-[3-hydroxy- (2-phosphonymethoxypropyl) cytosine], cidofovir, ® ddC :

2,3-dideoxycytidine, zalcitabine,
) SERE AR A

U 723FEA 100 ] & 100 MTT IDsoD 7 A V& 100 ul
BrzhEhD well 2Nz iz, EFO1GFRIC>E, &
6 well DMIfEZHA L7z, XKz, v A v ARG
well ZF# T 270, FEXF100ul LAV ADHRDLD
WA R RS D A 100 w] 22, 35°C, 5% CO, FT7
HRsFE L, MTT B TREXIOPLY A v AZIR % E
L7z2Y, 21, ECs(50% effective concentration),
CCs0 (50% cytotoxic concentration), SI(selectivity
index, CCs/ECs) 23K 7z, %8B, F—7 4 A%t
L 3MEEML, D% ECy, CCsk L7z,

3) WEHEER

AdV KR (4°C) T35 T %2, #ldicEA
I LZw, Z2UC, MilERECAE L AdV iE 35°CT
MIEANANDORANBIBET 2 Ed8NTWAHRWY BIFoO
WS MR X, o A VA onT v iThh
Twa, FL®IZ, BIHFEYIVF 727 L —hIZ
HJER R L7 HEp2 fild s H o U £2CizimHEiL T
B, HEREHIT 100 ug/ml 20 & 5 fEREBAR L 72 N-
MSO 3 % 100 1 &£ 100 MTT IDso®D 7 A )V & 100 ul %
zhEno wellichnz, 4£CT90 MR ET 5., v A4
WAERD 90 TRICEH L R R EREAE L, X 5
FrEs i ©& well 2 3[EIFEHT 5. £ L C, #MEFEHO
A100ul ZZNZThd welliZhz, 35°C, 5% CO, T
T 7 HMRERT 5. BEEE, iU NVAT v A LER
WMTT#&Z2HWT, NMSO3 DOKIEEICB T 27
A NV AEME R EMO MTT formazan OFEKEIC & 2
ODfEIZ &> THET 29, KEETDODEL S, N-
MSO3 DV A NAHIERZHE T 2H G L2k, 285,
BIRETO OD %, Fl—v A VAL 3EFERML,
ZDOWfEE LTz,

I R

1. MTTERIC & 2&RADI AdV &%

NMSO 3, HPMPC, ddC i, 5 3 T D AdV
W PR 73 BEPR IC D v THEFEIN IR 2 78 U 7z, ECs, 1
NMSO 32%%2.54~4.01 ug/ml TH Y, HPMPC % ddC
CHE L, ERET ADV OHEZIH L Towiz (R D).
L7zH>T, NMSO3 i3 3EDER O TH v A VA

xR 2 AdV IZXF 2 B EHD selectivity
index (SI)

SI
AdV3 AdV4 AdV8 AdV19 AdV 37

NMSO3 >251.8 >249.3 >266.6 >393.7 >362.3
HPMPC 29.1 22.7 24.5 37.1 36.8
ddC 83.2 75.2 76.6 84.1 94.5

eI

R b A otz, —H CCsld, HPMPC 75 184.8
pug/ml, ddC #¥381.9 ug/mlicxfL, NMSO 3 ik
1,000 xg/ml THHIfEHFEME S Lo/ (D, DF D,
NMSO 3 i35 =M 3 2 BESIEF 1T » - Tz,
ST, 5T X TD AV TNMSO 3 25 b &1l T
Hotz, TOFERIZ, NMSO 323k 0 ERIIZ AV
MEhETR S, EHE L TOLLEEENFE WS Tk
AT (R 2).

2. BEREERBROER

NMSO 3 O~ DWERELR I, WERED A1
NMSO 3 =z ORETHEES ¥, 90 M OPEE,
AdV & NMSO 3 Z¥EH L Th o REEZITVLIRE L T
%, 5FEETXTO AAV OIMER T, VA VA DOHEHE
HHIEhE2 DY, NMSO3 BN EEETH %1E L ODHE
BREL, JFLAAV SR E» -7z (K 2), Z O#EFEH
EOE S, NMSO 3 LA 100 xg/ml T 79~95%,
20 ug/ml T 72~89% ThH -7z, LIzh->T, NMSO3
FIGERE D A DTFAETHL AdV 1R B - 72,

v % %

NMSO3 i3y 7 VBFEERTH Y, {LEVMDOEKIX
KIS TITblz. RSTANVA(RSV)Y, a4 LA
W HERIRE TOH Y A VARIESIREN SN T VD, F
7z, MUEEME DO TEW, Zofth, Hiv A v AZIRIX
ZNFEF L F RV, BNV RATA VR, 7
NIV T AL NV AR, b MUELREL Y A )L A (human
immunodeficiency virus, HIV)IZDOWT3d, VA IR
WHENHIEIR N A SN TwS, AdVIiZow T, &L
DR TIIRAELSBRETH 5 AdV 2, 4, 8, 37THICIE
HIRBETH YA VAR EZR L, SEIFER, Mids
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NMSO3( g g/ml)

2 Sulfated sialyl lipid ® AdV ~DREREE.
W77/ v A A AA)3E, (] AdV 4R, []: AdVE A, B AdV 197, N: AdV 372

HEHEP-729, UL, BEEEE»SSBEL 2 AdV
MERDEERR TOREIZ L TWwiew, AdV X, #hEh
DIMIER O, SEREZL L, F—MEERIEE
DELTENFET 5. HROOHED S, HRTHEE
D% IFEHEHR L IR 2 EETEERL TV, HiE
TRISHE 7 2 MR ERR X, 1EHERR & i LR IR S
Motz V, FEANDOEE OBFIELSHETE L T 2 ATEeE
BHbdEFEZSN, EROPTANARDSE S Z L8
FHlE N5,

Slal, FEREEED» S SEEL 72 AdV EEE v T,
NMSO3 DHL» A WV AKR &2 MET L 7z, Mg,
AdV 3, 4, 8, 19, 37TH L7, ZD5>DMEMIZ,
AdV IR BE P SIEF I S s h 2 BRI TH
D, &RD 95% LLEZ 5D 50, FxBLIFTICRE L
7z AdV E#E 553 Bk T @D NMSO 3 @ ECs0fE 12 0.21~
1.41 ug/ml TH - 72%, SEHRET U 72 ER S EEED ECs,
fH1Z2.54~4.01 ug/ml TH D, LK E W EC,fH %
T, ZOECEDECOEBIRETDH 328,
IR BERR S ARHE S B & O L, RIS EHiflE~ 0
BRGSO TIEETFEENS, L2L, T
AdV 2B D, NMSO 3 Oz 13RO TR 72
B, SHOERCOVWTHERZVW D EEbN 3,

7z, AdV EHERROMRE & FIRkIC, AdV ERK S B
D NMSO 3 03t AdV IR OERBEF X~ A v AWk
EHETH 57, RSVOIRO Y T A )L RAODH 7 A )L A
ERF L, VANVABREBEHEETH 2 LHFEINL T
5. Tx i AdV 4 BIOBMESGRIHRICOWT, FY4 74
V=TIV VAR F2BE L, NMSO-
3T ANV AR F OMIEERE O binding % fHE L Tw»
5 ERFFHAL Y, SR L 7: AdV ERIR 5B I
DWTIE, FOERIZIT->TWwR0wA, FEU AAV TH

v Tk, WEROARDEFELETH Y A VAR
HolzZ o, BWROMRICOWTHRKRTH S L
bird., VA NABEREOFMAL/ERERFIIIHTS
L, BRDISATAV v—=T T~V LT AV ARLT
TOMRETTIE, NMSO3 i3z v 1 v AANC/ER L TlE
[HEZRT EWVWIFERTH- 12V, /2, NMSO3 i3y
TNVBFHEETH L., Y TNAVERIE AV O A4V ARE
Bove 7y =itk s, LichlosT, vEe7y—
PEEL TWAAREENH L. LrL, AdV I XTD
MERDOLV X7y —3HL PR > TEST, YTV
LAz d AdV OVt 79 — 3 iREWEnTWw 3, 5%
DI SRRV NETH 5.

NMSO 3 oFiv A VW AEREF 7 4 )V ARERE
L 2, AdV »EFMICRA T 2R CIEH
T3, &5, —FEHINIZRA LR Y A Vv A D5HIls
Wi S, FRPEL T LEEE TV A VARIR %
~F. L7eBno>7T, NMSO3 iz AdV O &G F 5 &
AdV BYYEDIBHRE £\ 5 fTHER 3 L e 2 a Rl
b5, Fri, BETFHEWS ATEREREREEDON
R, FHC AdV R OBE NG A ORI &I DO
BEMED D B,

INFETOWET, PiAIVEIESTRTEH & LT
HPMPC & ddC 8% 5. HPMPC 1%, FKICBWTHL
A b AFTTANVA(CMV) A& LT, ddC 3% RK M
TEARSERERE (acquired immunodeficiency syndrome,
AIDS) O ERERHEAR & L TR THHEHINT
W5, Bz, HPMPC I3 v ¥ FIREHRERE 7T VI A
R¥ 2% 2T, WEEAYO AdV ORBSAMMET L 72
EOMEMN D L, LeL, MER LD AdV GEE L
LTREmEnTwizwyy, HPMPC £ ddCiE, &b
MIRFERTH 5, BRFEERETANVADHIE ST,
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EEMEOKREGER E THELCLES 2ep3bb, D
E D, BEFEME, FRCRERA O FE L % 5
TREME A E V. Romanowski & I EGIRIGER D By T,
HPMPC JSIRIC L 2BIfEEBHEBH LI LTWwE, %
7z, Hillenkamp 529293 AdV % 4% #8312 HPMPC
D% LB, ZowEMRIEZHS»TIER L, AR
OEITEA b L Tw 3, 25 wokEIfER I HP-
MPC offifgsEic L2 b0 e FHIsRE, 20O, i
AdV IR 2R TGV OWmE T H 2 b DD, KKFHL
% <, MilEBEEC L 2EEBNOBEABBES S
%5, L»L, NMSO3 BEMFEAE TR ¥ T VIR
FHERTHY, in vitro TOMREHEM LB THEL £ »
IERTHh o7,

M E» 5, NMSO 3 IHEHEE T Y A Vv AZhE %2R
L, iV A VAEORMESTH 2 MifasEE b IEE 12T
LW EPSEEMVEL, £, BEHELWIHY
ANV AVERIEFD & PR LB & WO S THRBH D,
FER DB TOHERANRKVICHIZETE 268 TH 5.
AdV FHIREGE O, FRRERERGEL G A b E S
ZTUVANVATHY, MBI TO AdV EHYE b BB
HINTBY, Fz, ENHREDBED AdV &G
EREGFTRICVEDL->TL %, Led>T, &5EER
TO AV BPFEDIRFEE L LT b HFFES N5, NM-
SO 3%, AdV izxtd 2EMERTOILY A WV AZIRD
BRENI TN TRy, INET, Iy T v 2P
7YX TOMRBYE TNV E2 M > TOPLY A NV ARIR %
BRI LTeikEBH Y, S, 5ol in vivo FEEX
FRRIBER COBSMESHER S e T NIXR 57w, NM-
SO 3 D AdV BIHEDREHE & L CORFENRIN5 &
ZAHTH5,
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