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(-)-P-L-2',3'-Dideoxycytidine (L-ddC) and (-)-p-L-2',3'-dideoxy-5-fluorocytidine (L-FddC) have been re-
ported to be potent and selective inhibitors of human immunodeficiency virus type 1 (HIV-1) and type 2
(HIV-2) in vitro. In the present study, the 5'-triphosphates of L-ddC (L-ddCTP) and L-FddC (L-FddCTP) were
demonstrated to competitively inhibit HIV-1 reverse transcriptase (RT), with inhibition constants (Kis) of 2
and 1.6 ,uM, respectively, when a poly(rI) * oligo(dC)j01_5 template primer was used; in comparison Ki values
for D-D-2',3'-dideoxycytidine 5'-triphosphate (D-ddCTP) and P-D-2',3'-dideoxy-5-fluorocytidine 5'-triphos-
phate (D-FddCTP) were 1.1 and 1.4 ,uM, respectively. Use of the mutant RT at position 184 (substitution of
methionine to valine [M184V1), which is associated with resistance to P-L-2',3'-dideoxy-3'-thiacytidine (3TC)
and P-L-2',3'-dideoxy-5-fluoro-3'-thiacytidine (FTC), resulted in significant increases (50- to 60-fold) in K1
values for L-ddCTP and L-FddCTP, whereas the elevation in Ki values for D-ddCTP and D-FddCTP was
moderate (2-fold). L-ddCTP and L-FddCTP did not inhibit human DNA polymerases a and 0 up to 100 FiM.
In contrast, D-ddCTP and D-FddCTP inhibited human DNA polymerase 1, with Ki values of 0.5 and 2.5 FIM,
respectively. By using sequencing analysis, L-ddCTP and L-FddCTP exhibited DNA chain-terminating activities
toward the parental HIV-1 RT, whereas they were not a substrate for the mutant M184V HIV-1 RT. L-ddC and
L-FddC did not inhibit the mitochondrial DNA content of human cells up to a concentration of 10 FiM, whereas
D-ddC and D-FddC decreased the mitochondrial DNA content by 90% at concentrations of 1 and 10 FiM,
respectively. All of these results suggest that further development of L-ddC, and L-FddC in particular, is
warranted as a possible anti-HIV candidate.

(-)-13-L-2',3'-Dideoxycytidine (L-ddC) and its 5-fluoro de-
rivative (L-FddC) have been shown to have potent antiviral
activities against human immunodeficiency virus type 1 (HIV-1)
and type 2 (HIV-2) and human hepatitis B virus (HBV) in vitro
(13, 14, 18, 22, 25). L-FddC potently inhibited HIV-1 and
HIV-2 replication in vitro in various cell lines and exhibited
a 90% effective concentration of 0.15 ,uM in human peri-
pheral blood mononuclear cells infected with HIV-1 (14).
Interestingly, L-FddC showed the highest selectivity index (SI;
SI = 9,000) compared with those for L-ddC (SI = 37),
3-D-2',3'-dideoxy-5-fluorocytidine (D-FddC; SI = 35), and 3'-

azido-3'-deoxythymidine (AZT; SI = 100) when the index
was determined relative to that for toxicity to human bone
marrow progenitor cells (14). L-ddC and L-FddC demonstrated
a cross-resistance to HIV-1 variants resistant to 2',3'-dideoxy-
3'-thiacytidine (3TC; BCH-189) and its 5-fluoro-derivative
(FTC) (14). Mutations of the reverse transcriptase (RT) at
codon 184 from methionine (ATG, Met) to valine (GTG or

GTA, Val) or isoleucine (ATA, Ile) have been generated
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through in vitro selection with 3TC or FTC (11, 12, 23). DNA
sequence analysis of the RT gene amplified from a patient who
had received 3TC therapy for 4 months revealed a mixture of
the mutation at codon 184 from Met to Val (M184V) and the
parental genotype, indicating that the mutation at the methi-
onine at codon 184 (Met-184) can occur in vivo (23). In order
to understand the mechanisms of action and drug resistance,
the 5'-triphosphates of L-ddC (L-ddCTP) and L-FddC (L-
FddCTP) were synthesized, and the inhibitory effects of these
triphosphate derivatives toward HIV-1 RT recombinant wild-
type (WT) (WT RT) and the site-directed mutagenesis recom-
binant mutant RT at position 184 (substitution of Met to Val
[M184V]) were evaluated and compared with those of the
natural (+)-p-D enantiomers 2',3'-dideoxycytidine 5'-triphos-
phate (D-ddCTP) and 2',3'-dideoxy-5-fluorocytidine 5'-tri-
phosphate (D-FddCTP). The dideoxy-DNA chain termination
sequencing procedure of Sanger et al. (20) was used to assess

the DNA chain termination of L-ddCTP and L-FddCTP toward
both the parental and mutant HIV-1 RTs. The selectivities of
L-ddC and L-FddC were assessed by evaluating the effects of
their triphosphate derivatives on human DNA polymerases a

and L as well as the effects of these L-nucleosides on the
mitochondrial DNA (mtDNA) content.
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MATERIALS AND METHODS

Compounds. L-ddC and L-FddC were synthesized as de-
scribed previously (13). D-FddC was kindly provided by V.
Marquez (Laboratory of Medicinal Chemistry, National Insti-
tutes of Health, Bethesda, Md.). L-ddCTP, L-FddCTP, D-
FddCTP, and 3TC 5'-triphosphate (3TCTP) were prepared by
a standard phosphorylation method (28) from their corre-
sponding nucleosides. The 5'-triphosphate derivatives were
fully characterized by nuclear magnetic resonance (1H,31P),
fast atom bombardment mass spectroscopy, high-performance
liquid chromatography, and UV spectroscopy.

Materials. [3H]dCTP (24 Ci/mmol) and [at-32P]dATP (3,000
Ci/mmol) were purchased from ICN Biochemicals Inc. (Costa
Mesa, Calif.). 2',3'-Dideoxycytidine (ddC) and oligo(dC)1-15
were purchased from Sigma Chemical Co. (St. Louis, Mo.).
The Sequenase version 2.0 DNA sequencing kit and ddCTP
were purchased from U.S. Biochemical Corp. (Cleveland, Ohio).
Human DNA polymerases a and ,B were purchased from
Molecular Biology Resources, Inc. (Milwaukee, Wis.). Calf
thymus-activated DNA, poly(rI)n, and M13mpl8 plus-strand
DNA were purchased from Pharmacia LKB Biotechnology
(Piscataway, N.J.). 3'-Azido-3'-deoxythymidine 5'-triphos-
phate (AZTTP) was purchased from Moravek Biochemical
Co. (Brea, Calif.). All other chemicals and reagents were of the
highest analytical grade available.
Enzyme sources. (i) Plasmid construction. The construction

and preliminary characterization of the mutations in the
Tyr-Met-Asp-Asp (YMDD) regions of HIV-1 RT have been
described previously (27). For the studies described here, both
the mutant RT, designated M184V (methionine to valine), and
the WT genes were individually amplified by PCR. The
following oligonucleotides (Oligos Etc., Wilsonville, Oreg.)
were used to amplify a region of the HXB2 genome from
nucleotides 2095 to 3774 consisting of the RT gene in the
plasmid pHXB2gpt (19): oligonucleotide 1, 5'-CTG GAT CCT
TAT AGT ATT TTC CTG ATT CCA G-3' and oligonucleo-
tide 2, 5'-CGA CCA TGG CTC CAA TTA GCC CTA TTG
AGA C-3'. The oligonucleotides were selected so that unique
NcoI and BamHI restriction sites were created 5' and 3',
respectively, in the amplified PCR product. Following PCR,
the DNA was digested with the restriction enzymes NcoI and
BamHI and the product was cloned into the expression vector
pET-lld (Novagen Inc., Madison, Wis.), placing the genes
under the control of the T7 promoter. As a result of the
cloning into this vector, two additional amino acids, methio-
nine and alanine, are added to the amino terminus of the
expressed RT.

(ii) RT expression and purification. The above plasmids
were transformed into Escherichia coli BL21 (DE3), which
contains the T7 RNA polymerase gene under the control of the
lac promoter. One-liter cultures were grown to an optical
density at 600 nm of 0.8 before the addition of 3-D-thiogalac-
topyranoside (0.5 mM) to induce gene expression. Cultures
were centrifuged at 10,000 x g, and the pellets were resus-
pended in M-buffer (Tris-HCl [pH 7.5], 5 mM ,-mercapto-
ethanol, 75 mM KCl, 10% glycerol) and were disrupted by
sonication. After centrifugation, the soluble material was then
loaded directly onto a phosphocellulose column equilibrated
with 75 mM KCl in M-buffer. The bound proteins were eluted
with M-buffer containing 175 mM KCl. The material was then
loaded onto a DEAE-cellulose column, and the flowthrough
was collected and concentrated. The purities of the enzyme
preparations were evaluated to be 95% by Coomassie blue
staining of sodium dodecyl sulfate-polyacrylamide gels.
Enzyme assays. Assays for RT kinetics studies contained 60

mM Tris-HCl (pH 8.0), 10 mM MgCl2, 40 mM KCl, 2.50 mM
dithiothreitol (DTT), 0.10 mg of bovine serum albumin per ml,
20 ,uM [3H]dCTP, 2 ,uM poly(rI)n * oligo(dC)1_15 (annealed in
a 1:1 ratio with respect to their 5' ends), and various concen-
trations of inhibitor in a final volume of 40 RI. The solution was
equilibrated at 37°C, and the reaction was initiated by the
addition of 0.2 jig of the WT or mutant recombinant RT. All
of the assays were performed for 30 min at 37°C. DNA
polymerase a and ,3 activities were measured in 40-,u volumes
by the procedures detailed by the manufacturer. All of the
assays were performed for 60 min at 37°C. The reaction
mixtures were then treated as described previously (23). Lin-
ear, steady-state rates were determined by linear regression
analysis. The experiments were performed under conditions
that led to linear reaction rates. The amount of product formed
was proportional to the incubation time of the substrate
intervals studied. Dixon plot analysis was used to determine
inhibition constants (7).

Sequencing procedure. Sequencing procedures and acrylam-
ide gel electrophoresis were performed as recommended in the
sequencing kit. The nucleotide analog reaction mixture con-
tained 60 mM Tris-HCl (pH 8.0), 40 mM KCI, 1 mM DTT, 2
,uM dT'lP, 2 ,uM dCTP, 2 ,uM dGTP, 5 mCi of [32P]dATP
(3,000 Ci/mmol) per ml, 0.15 pmol of single-stranded
M13mpl8 plus-strand DNA, 3.50 pmol of 17-base primer
(universal primer -40), and various concentrations of inhibi-
tor. The reaction was initiated by adding 0.5 ,ug of WT type or
mutant HIV-1 RT in a total volume of 5.5 RI. Samples were
incubated for 15 min at 37°C and were chased for an additional
15 min at 37°C with 0.5 jil of a solution containing the four
natural deoxynucleoside triphosphates to a final concentration
of 10 jiM. The reactions were terminated by the addition of 4
jil of formamide stop solution, and the DNA reaction products
were analyzed by using autoradiographs of wedge polyacryl-
amide sequencing gels.
mtDNA content analysis. Isolation, purification, culture of

human bone marrow progenitor cells (CD34+ cells) into
granulocyte-monocyte (GM) lineages, and slot blot analysis
were performed as described previously (9).

RESULTS

Effects of L-ddCTP and L-FddCTP on HIV-1 RT. L-ddCTP
and L-FddCTP proved to be potent competitive inhibitors of
HIV-1 RT (WT) with respect to dCTP incorporation when
poly(rI)n - oligo(dC)10-15 was used as the template primer.
L-ddCTP was less inhibitory than its natural P-D analog ddCTP
to WT HIV-1 RT (Kis, 2 and 1.1 jiM, respectively). In contrast,
the P-L and 6-D enantiomers of F-ddCTP exhibited similar
inhibitory effects toward HIV-1 RT (Kis, 1.35 and 1.60 jiM,
respectively). L-ddCTP and L-FddCTP exhibited much higher
Kis with the mutant M184V HIV-1 RT (56- to 60-fold),
whereas D-ddCTP and D-FddCTP showed slight elevations in
their Kis (2-fold). 3TCTP, which was used as a control,
exhibited a Ki of 0.95 and 88 jiM toward the parental and
mutant HIV-1 RTs, respectively. By using poly(rA)n oligo
(dT)10 as a template primer, AZTIT was the most potent
HIV-1 RT inhibitor toward both WT and mutant enzymes
(Table 1).

Effects of L-ddCTP and L-FddCTP on human DNA poly-
merase a. None of the cytidine analogs demonstrated an
inhibitory effect on human DNA polymerase a even at a
concentration as high as 100 jiM (Table 2). This enzyme
exhibited a steady-state Km of 4 jiM.

Effects of L-ddCTP and L-FddCTP on human DNA poly-
merase P. The P-D enantiomers of ddCTP and FddCTP were
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TABLE 1. Comparative inhibitory activities of L- and D-nucleoside
triphosphates on WT and mutant (M184V) HIV-1 RT

WT RT M184V RT Ratio
Inhibitor (Ki mutant/

Ki (ij.M)' Km/KiC Ki (jiM) K1/Kj Ki WT)

D-ddCTP 1.1 ± 0.10 6.4 2.2 ± 0.5 4.1 2
L-ddCTP 2.0 ± 0.25 3.5 120 ± 20 0.08 60
D-FddCTP 1.35 ± 0.15 5.2 3 ± 0.35 3 2
L-FddCTP 1.60 ± 0.10 4.4 90 ± 5 0.1 56
3TCTP 0.95 ± 0.08 7.4 85 ± 8 0.1 90
AZTTPd 0.0075 ± 0.003 120 0.025 ± 0.05 48 3

a Assays were performed as described in Materials and Methods. Inhibitors
were analyzed by Dixon plot analysis.

b Each set of data represents the arithmetic mean value of the standard
deviation of at least three independent experiments. Each set of data represents
the arithmetic mean value of the standard deviation of at least three independent
experiments.
cThe Km value was determined by using poly(rI), oligo(dC)Q -15 as the

template primer and dCTP as the substrate. Under these conditions, the
calculated meanKm for dCTP was approximately 7 p,M for WT RT and 9 p.M for
the M184V RT.

d The Ki of AZTTP was determined by using poly(rA),, - oligo(dT)10 as the
template primer and dTJP as the substrate. The calculated mean Km for dTTP
was approximately 0.9 ,uM for WT RT and 1.2 p,M for the M184V RT.

found to be potent inhibitors of human DNA polymerase f,
with Ki values of 0.50 and 2.50 ,uM, respectively (Table 2). In
contrast, P-L-ddCTP and P-L-FddCTP did not exhibit any
inhibitory effect up to 100 puM. AZTTP inhibited DNA poly-
merase ,, but with a Ki of 40 ,uM.

Incorporation of L-ddCTP and L-FddCTP into DNA. Both
L-ddCTP and L-FddCTP were analyzed for their chain-termi-
nating activities and were compared with their D enantiomers
(Fig. 1). When the WT RT was used, L-ddCTP and L-FddCTP
acted as chain terminators at every 2'-deoxycytidine residue.
D-ddCTP and D-FddCTP produced DNA chain terminators at
similar positions, with stronger effects at the earlier 2'-deoxy-
cytidine residues, indicating more premature DNA chain ter-
minations (Fig. 1). 3TCTP and AZTTP, which were used as
positive controls, exhibited terminations at the anticipated
stops. When the mutant RT was used, L-ddCTP and L-FddC
did not act as DNA chain terminators, whereas D-ddCTP and
D-FddCTP exhibited DNA chain terminations similar to those
found with the parental RT. 3TCTP exhibited DNA chain

TABLE 2. Comparative inhibitory activities of L- and D-nucleoside
triphosphates on human DNA polymerases a and 13a

DNA polymerase a DNA polymerase a
Inhibitor

Ki (>IM) KmlKib Ki (ILM)l KmI14
D-ddCTP >100 NAd 0.5 ± 0.3 10
L-ddCTP >100 NA >100 NA
D-FddCTP >100 NA 2.5 ± 0.8 2
L-FddCTlP >100 NA >100 NA
AZTIP >100 NA 40 ± 5 0.05

a Assays were performed as described in Materials and Methods. Inhibitors
were analyzed by Dixon plot analysis.

b The Km value was determined by using calf thymus-activated DNA as the
template primer and dCTP or dTTP as the substrate. Under these conditions, the
calculated mean Km values of human DNA polymerase at for dCTP and dTTP
were approximately 4 and 1.5 ,uM, respectively. Human DNA polymerase ,B
exhibited a steady-state Km of 5 ,uM for dCTP and 2 pLM for dTTP.

c Each set of data represents the arithmetic mean value of the standard
deviation of at least three independent experiments. Each set of data represents
the arithmetic mean value of the standard deviation of at least three independent
experiments.

NA, not applicable.

L I..

M184V HIV-1 RT SkXjt FNASF WT HIV-1 RT

FIG. 1. Autoradiograph of chain-terminating sequencing reactions
with deoxynucleoside triphosphate analogs by using WT or mutant
(M184V) HIV-1 RT. Experimental conditions are described in Mate-
rials and Methods.

terminations toward the mutant RT, although this effect was
less significant than that with the parental enzyme. AZTTP
exhibited effects similar to those observed with the parental
WT enzyme.

Effects of L-ddC and L-FddC on mtDNA content in CFU-GM
liquid culture. By measuring the ratio of the mtDNA content
over that of the nuclear DNA content, D-ddC strongly inhibited
the mtDNA content in a dose-related manner, with 88%
inhibition at 1 ,uM (Table 3), clearly demonstrating the pref-
erential effect of D-ddC on mtDNA synthesis. D-FddC also
inhibited the mtDNA content of cells in GM cultures, but to a
lesser degree than D-ddC, with 90% inhibition at 10 ,uM. In
contrast, L-ddC and L-FddC had no inhibitory effect on
mtDNA content at concentrations (10 ,uM) inhibitory to cell
growth (Table 3).

DISCUSSION

3TC and FTC have been shown to be the first enantiomeric
natural nucleoside analogs with the unusual L configuration to
be markedly more potent than their D-enantiomer counter-
parts against HIV-1 (5, 6, 21, 24) and HBV (8, 10) in vitro. We
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TABLE 3. Effects of L- and D-cytidine analogs on mtDNA
content of human CFU-GM cultures

Compound Concn Ratio of % Decrease
(AM) mtDNA/actina in mtDNA

Control 0.82 ± 0.02 0
D-ddC 0.1 0.50 ± 0.05 39
D-ddC 1.0 0.10 ± 0.04 88
L-ddC 0.1 0.95 ± 0.06 NMb
L-ddC 1.0 1.07 ± 0.10 NM
L-ddC 10 1.20 ± 0.04 NM
L-FddC 0.1 0.93 ± 0.02 NM
L-FddC 1.0 1.04 ± 0.07 NM
L-FddC 10 1.24 ± 0.11 NM
D-FddC 0.1 0.84 ± 0.07 NM
D-FddC 1.0 0.52 ± 0.04 37
D-FddC 10 0.04 ± 0.02 95
a Each set of data represents the arithmetic mean value of the standard

deviation of at least three independent experiments.
b NM, not measurable.

recently reported the antiviral activities of two other L-enanti-
omer analogs, L-ddC and its 5-fluoro-derivative L-FddC,
against various strains of HIV-1 and HIV-2 in different cell
lines including peripheral blood mononuclear cells and cells of
the monocyte-macrophage lineage (13, 14). L-ddC and L-FddC
were also shown to potently inhibit human HBV replication in
vitro (22). In agreement with our data, two other groups have
also recently reported the antiviral activities of L-ddC and
L-FddC against HIV-1 and HBV in vitro (18, 25). L-ddC and
L-FddC showed cross-resistance to 3TC- and FTC-resistant
HIV-1 variants (14). We have previously reported that the
mutation of the methionine at position 184 to valine was
involved in 3TC and FTC resistance (23). The Met-184 residue
lies in a highly conserved polymerase motif (YMDD) adjacent
to the putative catalytic site of the reverse transcriptase
composed of the carboxylate triad Asp-110, Asp-185, and
Asp-186 (27). The mutation to valine at position 184 did not
result in any decrease in viral replication, whereas mutations to
serine or alanine resulted in a lower level of viral replication
(11, 27). By using the homopolymer poly(rI)n * oligo(dC)1-15
as the template primer, the 5'-triphosphates of cytidine ana-
logs competitively inhibited parental HIV-1 RT with respect to
dCTP. The D enantiomer of ddCTP demonstrated a more
potent inhibition ofWT HIV-1 RT than the L enantiomer, with
an approximately twofold lower K1 value (Table 1). However,
the replacement of the 5-position hydrogen by fluorine has led
to the loss of the enantioselectivity by WT RT, since the L and
D enantiomers of FddCTP equally inhibited RNA-directed
DNA synthesis. These results are consistent with those re-
ported with the L and the D enantiomers of 3TC and FTC tri-
phosphates. Hart et al. (16) have shown that the D enantiomer
of 3TC triphosphate (D-3TC) is more potent than 3TCTP in
inhibiting the HIV-1 RT, whereas D-2',3'-dideoxy-5-fluoro-3'-
thiacytidine 5'-triphosphate (D-FTCTP) and L-FTC`IP have
been shown to inhibit HIV-1 RT equally (29). The differential
in vitro antiviral activities of D-2',3'-dideoxy-5-fluoro-3'-thiacy-
tidine (D-FTC) and L-FTC have been suggested to result from
different metabolic and catabolic pathways rather than an
enantioselectivity at the RT target (24). It seems that substi-
tution of the 5-position hydrogen by fluorine enhances the
affinities of the L enantiomer analogs versus those of their
D-enantiomer counterparts toward HIV-1 RT. The mutation at
position 184 to valine, which is associated with resistance to
3TC and FTC, resulted in significant increases (50- to 60-fold)
in Ki values for L-ddCTP and L-FddCTP, whereas the elevation

in Ki values for D-ddCTP and D-FddCTP was moderate (2-
fold). HIV-1 with the M184V mutation was shown to be
cross-resistant to D-ddC and 2',3'-dideoxyinosine (ddl), but the
level of resistance was low (12). However, Schinazi et al. (23)
was unable to demonstrate any cross-resistance with D-ddC in
cell culture or using HIV-1 RT derived from virus particles.
Recently, a mutation of lysine to arginine at position 65 of the
HIV-1 RT that encodes HIV-1 resistance to ddC was identified
(15, 31). Lys-65 is located on "fingers" subdomain of the RT
crystal structure, whereas Met-184 is located on the "palm"
subdomain (17).
By using a sequencing method modified from that of Sanger

et al. (20), the chain-terminating activities of the L- and
D-nucleoside analog inhibitors toward the WT and the mutant
HIV-1 RTs were assessed. A stretch of 120 bases on the
M13mpl8 plus strand was used for the analysis, which allows
for a better comparison of the number and the potency of
incorporation of each drug (Fig. 1). L-ddCTP and L-FddCTP
were demonstrated to act as potent chain-terminating agents
toward WT HIV-1 RT. In contrast, L-ddCTP and L-FddCTP
were not substrates for the mutant RT because no incorpora-
tion into DNA was observed (Fig. 1). It seems that 3TCTP is
still the substrate for the mutant RT, although it is not
inhibitory to that enzyme. These results showed that although
the ribosyl portion of the substrate is not necessary for the
enzyme-binding site, since HIV-1 RT accepts nucleotide ana-
logs containing an "inverted" sugar ring (26), the methionine
residue at position 184 is particularly necessary for the enzyme
catalytic site for L-enantiomer analogs of nucleoside.

It is important to evaluate the effects of these L- and
D-enantiomer triphosphates on human DNA polymerases to
determine the selectivities of these drugs toward HIV-1 RT
(4). Inhibition of these enzymes could lead to cytotoxicity,
limiting the usefulness of these compounds. None of these L- or
D-enantiomer analogs inhibited the human DNA polymerase
a, the enzyme primarily involved in cell replication, up to a
concentration of 100 puM (Table 2). The D enantiomers of
ddCTP and FddCTP seemed to preferentially inhibit human
DNA polymerase (, whereas the corresponding L enantiomers
did not show any inhibition up to 100 ,uM. The inhibition of
DNA polymerase 3, an enzyme involved in the DNA repair
processes, could lead to an accumulation of damaged DNA,
and could thereby be involved in some cytotoxic events in-
duced by these compounds. D-ddC, along with AZT and ddl,
are the only drugs approved for the treatment of HIV infec-
tion. The dose-limiting toxicity of ddC is severe neuropathy
(30), which has been suggested to be the result of an inhibition
of mtDNA synthesis subsequent to inhibition of mtDNA
polymerase y by D-ddCTP (2, 3). In contrast, use of L-ddC and
L-FddC did not result in any decrease in mtDNA content in
human bone marrow cells after 14 days of culture when they
were used up to a concentration inhibitory to cell growth (10
,uM), whereas the D enantiomers D-ddC and D-FddC inhibited
mtDNA synthesis, by 90% at concentrations of 1 and 10 ,uM,
respectively (Table 3). Consistent with these data, Lin et al.
(18) have also recently suggested that L-ddC and L-FddC did
not demonstrate any effect on mtDNA synthesis in CEM cells
up to 100 ,uM. The lack of inhibition of mtDNA content by the
L enantiomers of dideoxycytidine and its 5-fluoro derivative
may reflect a limited affinity of these compounds toward DNA
polymerase -y or the lack of transport of their triphosphate
derivatives from the cytoplasm to the mitochondria, as previ-
ously suggested for other derivatives (1, 3).
The potent inhibition of L-ddCTP and L-FddCTP toward the

viral RT concomitant to their lack of effects on the host cell
DNA polymerases suggests that the use of L-cytidine analogs,
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nd in particular L-FddC, may be warranted for further evalu-
ation of their use in the treatment of HIV infection.
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