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In vitro Evaluation of Anti-Human Immunodeficiency Virus Activity of Nucleoside
Derivatives and Studies on Their Mode of Action

Chong-Kyo Lee, Dong Ki Kim, Jee Hyun Kim, Hae Soo Kim, Mi Kyoung Pi,
Jong-Beak Park and Baek Kim'

Pharmaceutical Screening Center, Korea Research Institute of Chemical Technology, Taejon
305-600 Korea, 'Department of Pathology, University of Washington, Seattle Washington

To evaluate in vitro anti-HIV efficacies of nucleoside derivatives, MT-4 cell line was infected

with HIV-1 and HIV-2 respectively and treated with various compounds and the formerly
approved drugs such as AZT, d4T, ddC and ddl. CPE method was used to evaluate their
antiviral activity. Most dideoxynucleosides, AZT, d4T, ddC and ddl, showed anti-HIV activities
against both viruses but no other compounds including anti-herpesvirus drugs did any. Further
experiments were carried out to study their inhibitory mechanism of viral adsorption. The results
showed no inhibition of syncytium formation due to an interaction between the gp120 expressed
in HIV-infected cell surface and CD4 receptor on the uninfected cell surface in the presence of
AZT. AZT showed no activity up to. 100 pg/ml. Inhibition of reverse transcriptase (RT) in the

presence of AZT-triphosphate was tested by using RT expressed in E. coli and purified and its ICso

was 4.5 nM.
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FHY WHZREF (AIDS) [1,2]12 Lodle
human immunodeficiency virus (HIV)e} gz}t
AMNAH oz @A 3,009 ooz 2H3x
I Yok HIV-1ZFge] difEe|n HIV2E 1%
n|gtojt}, &4t g HAAF A ALY GAA}
F 24 (reverse transcriptase, RT) A&} 4, proteinase
A A Sl A AIDSX A ZA FUA= £
Fagidl ol 853 YA FARZ RE nHpo)
H2E gAs wadAT e NB8AE ofF A
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52 gkskth Al Euiek AAE o] 8- FHIV
E97}A CPEASEE o] &3 dx oA &
FE Vel FBEL Y3 T/ vpolgx
TFs 48 7R AEFFNAMY FF, WAL
F 298Q T R NEE Fo FEI}
A ojol &id, A& ALIAT FHH o
ot AP AoA F2 o] &HI Y MT-4r}
MT-2 A& vlo]g234g 9 F A27F FA
Hol g9 kg 9l Holde NEFE
7 - b Ao BHrE 4 Q7] W2 AF
QM) 2 o] &5 3 YT} 3] ThE A EE
MNE FEEAe) FaekA &ol vhol g & core



HAQ p2ARAE ZH A Hlolg 2 g1 5
< &334 F2E #A=sa Jot waA, B
=EANA = MT-44 2| FA) A & o] &3l CPE
HAEH o2 AZT, ddl 59 HAFEASL o] &
3l FHIV-13} HIV-2¢tE S zA}bela, 3wt
ol FAHYIIA Fao AFY AR Fz
2853 I vius BAFH AT p24FAA A
HE ol &3 AZTY FEE ZAMIYLS B
st gt g LV AATE Yty AZT
7t vpolEl & A Eoly F FH7)1ZQ, HIVEY
A X HPE nloja] 2 gp120 FE A} A E
] CD4 receptor$}e] Aol 718 HEE2] &
oz oF71€ syncytium (SC) (3] AN A £) §
4€ Addte A= AIDSH8A AZoA 7}
Z AFEA AHEEYGD HIV RTANH L =

AFet7] st ol LAY RTE o] &3}

o 2AbSE e HstnA B,
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Algo] o] 49 AEE F MT-4 (human T-cell
transformed by co-cultivating with leukemia lym-
phocytes harboring HTLV-1) [4]= Q& £7 9] 7}
Fgme] N. Yamamoto 42 5€], H9 (human
cutaneous T-cell)2 [S] 'MRC AIDS Reagent Pro-
jecto] ©]8le] <3 National Institute for Bio-
logical Standards and Control (NIBSC)2] Harvey C.
Holmesw 2 BE 7]ZF2%ted 9 A2A=
R. Gallo@ =2 4] 'the NIH NIAID AIDS Research
and Reference Reagent Program'o] 2]3}e] =] &=
e, HuT 784 £ ATCCERE T3t
10% fetal bovine serum (FBS) (Gibco, Grand Island,
NY)7} 3 7+l RPMI 1640 (RPMI) (Gibco) M) 9<)
o2 34 wit} Al ohu st ok

2. Hioj2A

HIV-1 strain s [(HIV-1(lls)] [4]%} strain RF
[HIV-1 (RF)] [4), HIV-2 strain CBL20 [HIV-2
(CBL)] (7] A R. Weiss)E 9§ 22| NIBSCZ %
B BFEsith. 2 nlo] 3 A8 HOAM X o gh4zt
AN ¥ 349 2t o2 Alguereld s, M X
E AAT Y EE 359 & volg2F @ g0
2 F3te -70°Col] B&3tm AP A A 37°Col
3o ALE-3A T
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3.AHEA

Algol) o] §d SFEEY o|EF FA A
Z3 A} 2 EAaE Table 10] EAISIP oA
8o N Y EEL Lee 5 [6]9] A& vlel 2t}
AZTE AAelAlge 2 $E 7|3dgten vn
Ale FulstH . 25 dimethyl sulfoxide (DMSO)
o] 20 mgmlg %o DMSOS HnE=7}t 0.5%
€ AL EE 543519 A&

a.ulolal2 7|5 A

Mg upolH2dE MT-4A X 7HG A7)
3,5 97 37T, 5% CO» Wi g7l A gt o}
< EvAAAR MITAEHES B3] cy-
topathic effect (CPE)E &4 3 t}-2, CCIDsp (50%
cell culture inhibitory dose)ztS T3} T}

5. gdlojH & A4EAHM

FEZH N2 MITHY S o] &2 virus-induced
CPE A&#PE ]88t TH3]. 96-well plated
well B 2vj2 3)AME G5 100 pis} FHZ o)
100 CCIDsp0] H =2 vlo)g 2o ZgGE 1.0 x
10* 7§ o] MT-441 % 100 WS H718t3 37T CO:
M F7] oA 5T i FS v, AR B2 T
A MITHAY S o] &3] Hold e AXE &
£ cell control (CC)$} ¥l w3l &9 Fulo]
2839} 54& 481t CCst v w3t w}
ol 2 ZAFA X 50%8 HoidEE F
Hlo)B] A H-E B FEe FEE ECy (50%
effective concentration)2 A, ule] 2| 2o 7+¢d = %]
o2& (mock-infected) A X 2] 50%S EEE EA4
< Vel kB4 FXE CCxo (50% cytotoxic
concentration)Z A 443l o}

6. HIV p24%t A&

HIVS] p243t9] &3 & HIV-1 p24 core profile
ELISA kit (NEN)E sty AgAd 714
uho} 2] ALg-3HgiT.

1.t A ZH S

Zt vlolgl ao] TAZTAE HOM XS 7
A %2 HuT 784 £ 2te] Al EF ol 27 SCH
XA} E Schols 5 [8]] 4B u}g} Zo] A
3ok FEo] FA e 96-well plate2] Z} well
ol HuT 7849 HOMEE 371 ohe 37C



CO; H F7olA] 18 A|Zt Wk The, Av|7 o
2 o 9% SCHY AHNHEE BHE=FHA).
Virus control3} H] 3 8} SCEAIE 50% A 3 g
FE9 FEE ECoZ AAtsioch

8 AXAMNES M

HeterodimerQ! HIV RT2] p667-AA17F A=
plasmid pBK33%} p51H-HA}2] plasmid pBK45&
z}z} E. coli BL21¢] 2@ A}3] [8] TS His.Bind
kit (Novagen, Madison, WI) A& A o] o}a} &4
e g 99d & Hsta 2z pe6st
pSIRM A S HAPAHA £F Aol Aol
o]&3tAtt BEAEAHL 74 Fxo GBS du-
plicateZ 2 ZAPBIY L 37C A weA]71
& TCA AW & o] &3] GF/C filters] A A
EE ¥R E v} liquid scintillation counterZ
o] &3t AL 3tn BEAZAYL AL
StATH AAWEY 50 ul o) BARAHL O
<3} Zgkth: 50 mM Tris.HCI, pH 7.8, 75 mM
KCl, 8 mM MgCl,, 5 mM DTT, 2} 1 mM¢} dATP/
dCTP/dGTP, 0.5 uCi "H)-TTP (Amersham) (specific
activity: 46 Ci/mmol), 0.3 pg poly (tA).(dT)i2-1s
mixture (Pharmacia Biotech), 0.04 pg HIV RT.
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Aol 7143 nke} Zo] MT4 A XE
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Fig. 1. Anti-HIV activity and cytotoxicity measur-
ed by using CPE assay in MT-4 cell culture system.
®, Mock-infected, O, HIV-1 (Illlg)-infected, </,
HIV-2 (CBL)-infected.

-71-

ANEEAAE dn73 FEI MITE ©] 439
CPEX I =& &4 3t ALY 2 AR EA
S 100 pgmlE HAE T2 5 8} A&3) 431 4
-9 =R APt 23 3 ECsogk (Fulol B2
FAzH3 CCsot (MEEA ) 2 SI S Tabel
20] EASQ o, AZTY %o @& GRS
Fig. 1o A 3t5ith. AIDSA| 54| 24 34 3
AREA AREE FoAE AZT, T, ddC,
ddl &M 2 FupolH 2R 9} SIS JeEY e
™ ddA, ddT € ddU %-9] dideoxynucelosideE- 2]
AF7t #&FE Y o, FherpesvirusF T E LEL
Y= ACV, GCV, IdUrd 59| 3B S %33
02 NFFEEAME 100 pgml =5 CCso3t
ojgtofl A <kErst |EAEA gkt HIV-1 (lls)
o g FEAHNFGe] Aoz Y 53
Rt MT-44 o) FA Aol A AZTS] Flo]
2842 CPEAA AN 5L @93 833
MTT A o] 8o wto]e] 2K F A 719} p243
AL & 2ASIY] vl E Y= (Table 3), =5
TEo mE {FAE FulelEi 2w ARE B
ot &, HIV2 (CBL)9] A% &7} fle AZTE
ZoA It FAT AL WA FAH X
Yog #2l9 nlojg B0 BERASE 9 Ao
AtgE T, Age) o] 88 AJZ & HIV-2 (CBL)S]
PAFTLE EHE F 2 ¢ 5 AT

2. oot M| YA X o

HIVS] A xofo] F F&7)29l wto]g 2 gp
120 A 3} A E 9| CD4 receptor}e] S
A& ete AL71AE =387 9dte, HIVY

120

~O— % SC formation
—&— RT (DPM x1000)
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100 10! 102

Concentration of compound (ug/mi)

Fig. 2. Dose-response curves for AZT against
syncytium formation (O) and for AZT-triphosphate
against HIV reverse transcriptase activity (@). Syn-
cytium formation: HIV-infected H9 cells and un-
infected HuT 78 cells were cocultured in the pres-
ence of AZT for 18 hours. Reverse transcriptase as-
say: RT expressed in E. coli and purified was used.
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Table 1. List of the tested compounds

Abbrev Compounds Source Fw
AZT 3'-azido-3'"-deoxythymidine Samchunli 267
AZT-TP AZT 5'-triphosphate Moravek 912
8BrAdo 8-bromoadenosine Sigma 346
5BrCyd S-bromocytidine Sigma 322
8BrGuo 8-bromoguanosine Sigma 362
8BrIno 8-bromoinosine Sigma 347
5BrUrd 5-bromouridine Sigma 323
3dzAdo 3-deazaadenosine Sigma 266
3dzUrd 3-deazauridine Sigma 243
3'dThd (ddT) 2',3-dideoxythymidine Sigma 226
5'dThd 2',5'-dideoxythymidine Sigma 226
d4T 2',3'-didehydro-3'-deoxythymidine Sigma 224
ddA 2',3'-dideoxyadenosine Sigma 235
ddC 2',3'-dideoxycytidine Sigma 211
ddI 2',3'-dideoxyinosine Sigma 236
ddu 2',3"-dideoxyuridine Sigma 212
SICyd ~ S-iodocytidine Sigma 369
SIdAdo 5-iodo-2'-deoxyadenosine Sigma 377
5IdCyd 5-iodo-2'-deoxycytidine Sigma 353
5IUrd 5-iodo-2'-deoxyuridine Sigma 354

%Y 7Y HOAE S ¥ Y HT 788 37
18 A2k W F3 ThE AZTS) SCEA Ao e =
Al ol 8 %8718€ 742 heparin 59
k3t ¢e (3% 219 AZTE H 3 100
pg/ml 742 HIV-1 () (Fig. 2), HIV-L (RF) 2
HIV-2 (CBL)*] 43} £347} $13ich.

3. AZTS| ANAIELEYE Ml

WA ZANAN FRALAR 1, A AE HIV-
1 RTE ©]| &3} AZTS} utolei 2EA 3} &2
Q AZT-TPZ ©]-§-3t] HIV RT A &) & & 213}
%t} AZTE 200 pg/ml (750 uM)7H<] A3 RTE
AL A#stA] Xt ot AZT-TPY] A% 4
T 42 Y e (Fig. 2), ICso (50% inhibitory
coficentration)= 4.1 ng/ml (4.5 nM) ] ¥t}

e
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A2 AIDSH BANLE 95te] o Fu}
o|H A FEH Mo FH5E MT-44) Luj %) A of
A MTTZ ©] &3 CPEAAY oz o7 714 o

A=A Y] FHIVEEE ZASI o AIDSA|

CEBA=R 3" FEEF dideoxySFEEANA
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Bt BEHAC vtolH 2o G A EH)
ool ol A97let HIV core A Q] p24
P4 =3 & o] -43td AZT9] HIV-1 (ls)¢} HIV-2
(CBL20)o] th3t <& E ¥ w3l%l&vl, CPEA )
Ho|\} virus yield F4AHI p24 J4 42 S
o o3 2% FA13 AAE Vel kg e
2 nlolg A A7l oz AASE virs yield
Zraol 718 AT AA2A AFH T glo]
g AL AP o]g§Hxu ey HIV-2
(CBL)J| A 9} o], A XA Z2= o] 4= uj
FR o2 MEH violg) vt B3 E A7t
o] ¥ wWay] w&d wE Azt ol AFE
Hlolg) 297} Wslsl maislojokaich. wakA
vho] 2] 2o wheh A Al o] A= ojok
AT p24 FAZALU-E 2 AT o] &H
NENA}S] 2% kitd] £ 0.2 & HIV-2 39S 7%
A 22 HASA 1, A AU o] AR g
A et JAGEHEL F2 ulolg 2H
AR F24& A, vlo] g 2Eold-& A



Table 2. Summary of anti-HIV activity of various compounds in MT-4 cell cilture system

Cytotoxicity and Antiviral activity (ug/ml)

Selectivity index

HIV-1 HIV-2 HIV-1 HIV-2
(CCs) I, RF CBL-20 118 RF CBL-20
ACV >100 >100 >100 >100 ND ND ND
AICAR 42 >42 >42 >42 <1 <1 <1
Ara-A 37 >37 >37 >37 <1 <1 <1
Ara-AMP 30 >30 >30 >30 <1 <1 <1
Ara-C 0.36 >0.36 >0.36 ND* <1 <1 ND
Ara-H >100 >100 >100 >100 ND ND ND
Ara-T 6.1 >6.1 >6.1 ND <1 <1 ND
Ara-U 82.4 >82.4 >82.4 >82.4 <1 <1 <1
AzaUrd 0.002 >0.002 >0.002 ND <1 <1 ND
AZT 3.1 0.0009 0.0024 0.0033 3,444 1,292 939
AZT-TP 4.7 0.003 ND 0.008 1,741 ND 566
8BrAdo 12 >1.2 >1.2 ND <1 <1 ND
5BrCyd 42 >42 >42 >42 <1 <1 <1
8BrGuo >100 >100 >100 ND ND ND ND
8BrIno >100 >100 >100 ND ND ND ND
5BrUrd >100 >100 >100 ND ND ND ND
5BrdCyd 82.0 >82 >82 ND <1 <1 ND
5BrdUrd 95 >9.5 >9.5 ND <1 <1 ND
BVdUrd >100 >100 >100 ND ND ND ND
3dzAdo 27.2 >27.2 >27.2 ND <1 <1 ND
3dzUrd 0.0032 >0.0032 >0.0032 ND <1 <1 ND
5'dThd >100 >100 >100 ND ND ND ND
a4aT 43 0.031 0.071 0.18 139 61 24
ddA >100 7.5 9.2 11.1 >13 >11 >9
ddC 37.4 0.48 0.9 0.30 78 41 124
ddl >100 5.8 7.2 8.2 >17 >14 >12
ddT (3dThd) >100 0.94 1.7 20.0 >106 >59 >5
dduU >100 51.8 >100 >100 >2 ND ND
DMAPR 0.21 >0.21 >0.21 ND <1 <1 ND
FC >100 >100 >100 ND <1 <1 ND
FC-ara 0.023 >0.023 >0.023 ND <1 <1 ND
FdUrd 16 >1.6 >1.6 ND <1 <1 ND
FTFU 19.9 >19.9 >19.9 ND <1 <1 ND
FU 0.6 >0.6 >0.6 ND <1 <1 ND
FUrd 16 >1.6 >1.6 ND <1 <1 ND
GCV 31.7 >31.7 >31.7 >31.7 <1 <1 <1
HoUrd 94 >9.4 >9.4 ND <1 <1 ND
5ICyd 18.8 >18.8 >18.8 ND <1 <1 ND
SIdAdo 18 >1.8 >1.8 ND <1 <1 ND
SIdCyd 68.2 >68.2 >68.2 ND <1 <1 ND
51dUrd 12.8 >12.8 >12.8 ND <1 <1 ND
MeAdo 24.2 24.2 24.2 ND <1 <1 ND
MeCMS >100 >100 >100 ND ND ND ND
MeCyd 479 >47.9 >47.9 ND <1 <1 ND
MeThd 6.4 >6.4 >6.4 ND <1 <1 ND
MeUrd >100 >100 >100 ND ND ND ND
MoPR"’ 21 >2.1 >2.1 ND <1 <1 ND
NU >100 >100 >100 ND ND ND ND
PsUrd 68 >68 >68 ND <1 <1 ND
Ribavirin 2.9 >2.9 >2.9 ND <1 <1 ND
TFT 14 >1.4 >1.4 ND <1 <1 ND

Note. *ND, not determined.
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Table 3. Antivital effects AZT monitored with various markers

C rati Markers
Virus OI(lﬁegI/lnﬁ)lon Microscopic CPE (% cell Virus yield p24 expression
observation” survival)’ (CCIDsp) (pg/ml)
100 cytotoxic 0 <10 154
20 cytotoxic 0 <10 154
4 Cytotoxic 0 <10 165
0.8 - 57 <10 130
0.16 - 105 <10 107
HIV-1 () 0.032 - 107 <10 153
0.0064 - 119 <10 165
0.00128 ++ 110 3,252 91
0.000256 Ftt+ 23 3,5482 o0n
0 ++++ 0 100,000
ECs; (ng/ml) 0.00128 0.00045 ND® 0.00271
100 cytotoxic 0 <10 0
20 cytotoxic 0 <10 0
4 cytotoxic 8 <10 0
0.8 - 90 <10 0
ERYC A
0.0064 ++ 59 3,463 0
0.00128 +++ 23 11,253 3
0.000256 ++++ 5 3,728 1
0 ++++ 0 1,885
ECso (ug/ml) 0.0064 0.00428 ND ND

Note. Microscopic observation, —, no CPE; +, 1-25 % CPE; + +, 26-50 % CPE; ++ -+, 51-75 %

CPE; ++++, 76-100 % CPE, “Not determined.

RTA & A7} AIDSX| &4 7HdelA 718 & 2§
IRz FHAST Holgx 4 279
A1 binding?} fusiong A= & 747
Ag gzt ol&s e Wy Fo shtal SC
A AEH RARFAA R ¢ B
2]€ HIV RTE ©| 8% RTEAQ A3 E o] &3l
AZTS} 84 EHQ AZT-TPY) @ AZTe] F&
717 0] wiol2 2 FAA 7L okt RTE A3
3t SAEAL AZTTPY S 88 4 i)

g £

M2 AIDSH B4 MEe 93 FEHA A
TE 8t FAFERES] FHIVSES A X
E4FEE MTAXEA A9 CPEHAYEE o] &
stel ZA}3 ATk AZT d4T, ddC, ddl 5 AIDSZ]
FARAN FUE FEEH AT, ddA 59 FE
Eo] HIV-13} HIV-2 E5of gulojAnta s
UEbdo] #ZHIAT. AZTY tiatd ARAHF
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oo ulolzix drie} p24 FAE FHEA &
U] 3 #E2 MITE ©| 63 CPEX 4239 Hlw
s ed, FAR 237 FEEU 8714
ATFE Yol npel22o] MEFEANE &
@ 5= e HIVEE A 2o v A d A E9e] 3
o] SCAA 7 RT&A ol 71X AZTS] 932 =
AFgt 23} 100 pg/ml 7HA] SCRA L A8 5tA] &
393, RTEAE 200 pg/ml7tx] A&} 3kx X3}
o}, @ EAQ AZT-TPS ICoE 4.5 pg/ml
(4.1 M) ©] g}

H#Ate 2

MT-A4AEE Bste] & 48 5493 - X3
&t el N. Yamamotox 52} MRC AIDS Directed
Programme Reagent Project® T2 H9AN X9}
HIV-1 (Ills)$} HIV-1 (RF)S} HIV-2 (CBL20)Z
23 9 39] NIBSC2] Harvey C. Holmeszl 57|
ZA= - HOA 29] YA 3491 R. Gallom 4
¢} u]=+o] NIH NIAID Research and Reference
Reagent Programe] ZFAl=g]w{, HIV-2 (CBL-20)
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