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Molecular Properties of HIV-1 Resistant to (+)-Enantiomers and
Racemates of Oxathiolane Cytosine Nucleosides and their
Potential for the Treatment of HIV and HBV Infections. Schinazi,
R.F.!* McMillan, A} Lloyd, RL,, jr.,! Schlueter-Wirtz, S.,!
Liotta, D.C.,! and Chu, C.K.? Emory University/VA Medical
Center, Decatur, GA,! and Univ. of Georgia, Athens, GA, USA2

The development of resistant viruses to (-)}-B-L-oxathiclane
cytosine nucleosides produced variants that are highly (> 1,000-
fold) resistant to 3TC [(-)-BCH-189] and (-)-FTC, but that
remained susceptible other nucleosides, NNRTI, and protease
tnhibitors. The combination of AZT and 3TC is one of the most
successful drug combination for treating HIV infected individuals.
especially when combined with protease inhibitors. In cell culture
the (+)-B-D-enantiomers and racemates of both FTC and BCH-189
are effective inhibitors of HIV and hepatitis B virus (HBV).
However, (+)-BCH-189 was found to be toxic in certain cells such
as CEM and human bone marrow cells. whereas (+)-FTC or
racemic FTC are essentially non-toxic. In this study, we
demonstrate that in HIV-1 infected human PBM cells, (+)-BCH-
189 readily selected for a virus that was > 8-fold less susceptible
to {(+)-BCH-189 or racemic BCH-189. DNA sequence analysis of
the RT gene amplified from (+)-BCH-189-resistant viruses consis-
tently identified a single mutation at codon 215 from T (ACC) to
Y (TAC). Clinically this change has been associated with AZT-
resistance. It was markedly more difficult to select for resistant
virus with the 215 mutation with (+)-FTC or racemic BCH-189,
although mutations at codon 184 (M to V) were observed with
racemic BCH-189. but not with either (+)-enantiomers. Racemic
FTC appeared to prevent the development of a mutation at codon
215, but not at 184, These studies demonstrate that it may not
always be rational to clinically develop only pure enantiomers of
nucleoside antivirals. Unfortunately, one cannot use (+)-BCH-189
or racemic BCH-189 clinically or as part of a combination due to
the high toxicity in vitro. However, the potential use of (+)-FTC or
racemic FTC should be considered for the therapy of HIV and
HBV. (Supported by the Dept. of Veterans Affairs and NTH).
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Identification of the Antiviral Nucleoside Drug Binding Site of
HIV-1 Integrase by Proteolytic Peptide Mapping. R Drake. N
Neamati. P. Sunthankar. A. Mazumder. Y. Pommicr. Dept. of
Biochemistry, Univ. of Arkansas for Med. Sci.. Little Rock, AR 72203
and Laboratory of Mol. Pharm.. NCL. NIH. Bethesda, MD, 20892

The recent successes of combination therapics targeted o
HIV-1 reverse transcripiass and protcase provide an increased impetus
for identifying HIV-1 integrase (HIV-IN) inhsbitors. Phosphon lated
metaboliles of antiviral nucleoside drugs. ty pified by azidothy midine
monophosphate (AZTMP). are capable of inhibiting the 3'-processing
and strand transfor reactions of HIV-IN via a specific low affinity
nuclcotide site Jocated within the catabviic core residues 30-212. A
photoafTinity analog of AZTMP. 3-azido-3"-az1do-2".3"-didcon) undine
monophosphate (3N AZddUNIP). was used to wdentifs this nucleotide
site i recombinant WT and mutant HIV-IN. Photoincorporation of
[*PISN,AZddUMP into HIV. [ inicgrase was bali-maximal ay Y0 pM.
and 1t was competitively inhibited by AZTMP. Also. SN, AZJAUMP
was an inhibutor of the 3™-processing and strand transfer reactions with
30-70 M IC, values Non-nucleotide. high affimty inhibitors thought
to bind in the D.D-35-E catah tic region had little intubitory effect on
photolabcling. A new proteohytic mapping procedure was used to
identify photocrosshinked peptides. and by companison with different
protcase digestions, a peptide region corresponding to amino acids
158-170 was determined as the site of crosshnking, Structurally_ this
peptide corresponds 10 a surface site on the w4 helix domain adjacent
to the catalytic core D.D-35-E region. Site-specific mutants in this
region result in loss of DNA binding and catahtic activity. Because
mosl polent HIV-IN mhibitors bind at the catabhtic site and are
predomunantly lipophilic. identification of this 158-170 site will allow
the design and testing of new hvdrophilic drugs for HIV-IN
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FROM CARBOVIR TOQ 1592,

Robert Vince*, William B. Parker** and William M.
Shannon** Department of Medicinal Chemistry, College of
Pharmacy, University of Minnesota, Minneapolis, MN 55455 %
Southern Research Institute, Birmingham , AL.**

Carbocyclic-2".3’-didehydro-2°,3°-dideoxyguanosine is the
parent compound in a series of 6-substituted-2-amino purine
carbocyclic nucleosides (called carbovir, CVR) that are potent
and selective inhibitors of human immunodeficiency virus
|Vince et al., BBRC 156: 1046, 1988; Vince and Hua, US
patents 4.916.224, 4,931.559, 4,950,758, (l990)|.
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We hav ¢ identified the active CVR enantiomer, characterized its
metabolism, identified its active form ( CVR-triphosphate) as an
inhibitor of reverse transcriptase, and demonstrated its potent
synergy with AZT. The 6-alkylamino and 6-alkoxy derivatives
were also active against against HIV. The 6-substituted CVR’s
ire metabolized dnreclly to the monophosphates and are
subsequently converted to CVR-triphosphate via of CVR-
monophosphate. The adenosine deaminase inhibitor. EHNA,
had no effect on anti-HIV activity of these compounds, while
the adenylic acid deaminase inhibitor, 2-deoxycoformycin,
inhibited antiviral activity. The 6-substituted CVR, 1592, a
prodrug of CVR-monophosphate, has recently been reported as
a clinically active candidate for the treatment of AIDS.
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Piperazinyloxnquinoline deriy atives, potent and selective inhibitors
of HIV-1 transeription

M Baba', M. Okamoto. M. Makino™. Y. Kimura . T Ikeuchi .

I Sakaguchi and T. Okamoto

“Dpeaston of Human Retroviruses. Center for Chronre iral Diseases
Facadty cf Vedicire, Kagoshima Umiversiy, Kagoshima S90. Japan. “New
voaitn 1 Rosearch Laporatories  Daich Pharmacentical Co. Lid. Tokya
(34 dapan. and Ceparnment of Muolecular Geneties. Nagova Cine
O nversin Sfedical Scicol. Nagova 467 Japan

We have found novel piperaziny loxoquinoling derivati ¢s to be potent
and seleetine inlubitors of HIV-1 replication in both acutely and chroni-
cally infected cells. K-12. the most potent congencr of the series. com-
pletely 1nlubited HIV-1 replication in MOLT-4 cells {acutely infected with
11 stram) at a concentrations of 0 16-0.8 pM without showing any cvio-
Toaety [1s 30" effective concemration (EC<.) and 30%, ¢yvtotoxic con-
centration (CCs 1 were D061 and 6 6 M. respectisely . K-12 was also
Infubions 1 HIV-1 1 MT-4 and penpheral blood mononuclear cells. It
was actne against an HIV-1 chinical 1solate (HE) and HIV-2 (EHO). The
compound completely suppressed tumor necrosis factor (TNF)~u-induced
HIV-1 evpression in Jatently wfected cells (OM-10.1) and constitulive
virad production 1n chronically nfected cells (MOLT-4/illy) at a concen-
tration of U % uM. as determined by p24 antigen production in culture
superatants. The HIV-1 protease inhibitor VX-478 was also effective,
howerer. the Tat inhibitor Ro24-7429 showed marginal effectin OM-101
cclls The reverse transcriptasc inhubitor zidovudine was totally inactive
Farthermore. K-12 could mhibit HIV-1 antigen expression in OM-10.1
smd MOLT-4131, cells. whercas VX-478 did not affect the antigen cx-
pression at non-toxic concentrations. Northern blot analysis revealed that
K-12 solectin ety prevented the accumulation of HIV-1 mRNA in MOLT-
3 0f . and TNF-u-treatod OM-10 1 ceils in a dose-dependent fashion
[hese results dicate thal the piperaziny loxoquinoline dertsatives repre-
ent it group of HIV- [ inhibrtors with a unique mechanism of action



