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Abstract
Adefovir dipivoxil (ADV) is esterolytically cleaved to the 20-deoxyadenosine monophosphate (dAMP) analog adefovir, subsequent

phosphorylation leads to the formation of the anti-Hepatitis B virus (HBV) agent adefovir-DP. To better understand the mechanism of

action of ADV, metabolism studies were done in Hep G2, Huh-7 and primary human hepatocytes. Separation of radiolabeled adefovir

metabolites after incubation in Hep G2 cells suggested that adefovir in its mono- and di-phosphorylated forms are the only metabolites

formed from adefovir. Incubation of 10 mM adefovir with hepatic cell lines and fresh monolayers of primary human hepatocytes

from two donors and analysis of intracellular metabolites by liquid chromatography coupled to tandem mass sepctrometery resulted in

adefovir-DP levels of approximately 10 pmol/million cells. Adefovir was more efficiently phosphorylated in primary hepatocytes

than cell lines with adefovir-DP accounting for 44% versus 26% of total intracellular adefovir after 24 h. Egress studies showed

adefovir-DP to have a half-life of 33 � 3 h, 10 � 1 h, 48 � 3 h and 33 � 2 h in Hep G2, Huh-7, and primary hepatocytes from two

separate donors, respectively. The markedly shorter half-life in Huh-7 cells was inferred to be transport dependent based on its

sensitivity to the transport inhibitor MK-571. Effective phosphorylation coupled with a long intracellular half-life and small competing

dATP pool sizes in primary hepatocytes forms the cellular metabolic basis for the efficacy of adefovir dipivoxil in the treatment of

chronic hepatitis B.
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1. Introduction

The World Health Organization estimates that approxi-

mately 400 million people world wide are chronically

infected with HBV and at least 30% will develop cirrhosis

and/or hepatocellular carcinoma. ADV (Hepsera1, Gilead

Sciences, Inc.) is a 10 mg once daily oral treatment for

HBV infection [1]. It has been shown to be effective in both

HBV e antigen-positive and -negative patients [2,3] and is

efficacious in patients with lamivudine resistant virus [4].

A novel resistance mutation to adefovir has recently been
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identified with an infrequent occurrence in the treated

population [5]. These findings demonstrate that ADV is

both an efficacious and durable therapy for chronic hepa-

titis B.

ADV is an oral prodrug of adefovir, an acyclic 20-
deoxyadenosine monophosphate (dAMP) analog. The

pivoxil moieties act to increase cellular permeability [6]

and are rapidly cleaved, chemically and by esterase activ-

ity, to adefovir during absorption through the gut wall [7].

To exert an antiviral effect, adefovir has to enter cells and

be phosphorylated to its active diphosphorylated form

(adefovir-DP). Adefovir has been shown to be transported

into cells by a saturable protein mediated process in Hela

cells [8] and by fluid-mediated endocytosis in CCRF CEM

T-lymphoblastoid cells [9]. After entry into the cell, ade-

fovir is phosphorylated to its monophosphate form (ade-

fovir-MP) by adenylate kinase 2 [10,11]. Many enzymes

have been shown to be able to phosphorylate nucleotide

analogs to their triphosphate forms [12]. However, the
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Fig. 1. Putative pathway for the activation of adefovir dipivoxil to the dATP analog adefovir-DP.
enzyme responsible for most efficiently catalyzing the

phosphorylation of adefovir-MP is not known. A direct

mechanism for the conversion of adefovir to adefovir-DP

through the enzymatic addition of pyrophosphate has also

been described [13]. The putative activation pathway for

ADV is presented in Fig. 1. Upon phosphorylation, ade-

fovir-DP competes with dATP for incorporation by the

HBV reverse transcriptase. The lack of a 30-hydroxyl group

causes chain-termination when adefovir is incorporated

into viral transcripts.

To better understand the pharmacological basis for the

inhibition of HBV, cellular metabolism studies were done

with adefovir in primary human hepatocytes and cell lines

commonly used to study anti-HBV agents. Utilizing ion-

pairing liquid chromatography coupled to tandem mass

spectrometry (LC/MS/MS) it was found that adefovir is

efficiently phosphorylated in hepatic cells. A long intra-

cellular half-life serves to maintain levels of adefovir-DP

sufficient to effectively compete with dATP and inhibit

HBV replication. Taken together these results provide a

metabolic profile consistent with the known efficacy of

once daily administration of ADV in chronic hepatitis B

treatment.
2. Materials and methods

2.1. Chemicals

Cell culture supplies were purchased from Irvine Scien-

tific. [Adenine-2,8-3H]-adefovir was obtained from Mor-

avek Biochemicals, Inc. Adefovir was used fresh and

double purified by the vendor to limit the appearance of

radiolabeled adenosine metabolites (see results). Adefovir

and adefovir-DP were provided by Gilead Sciences, Inc.

Stable isotope labeled 13C15N dATP was purchased from
Spectra Stable Isotopes. Adefovir-MP was synthesized by

modification of an existing method for converting acyclic

phosphonate nucleotide analogs into their diphosphory-

lated forms [14]. Briefly, adefovir was first treated with

carbonyl diimidazole in dimethylformamide, followed by

methanol at room temperature. A mixture of tetrabutylam-

monium phosphate and tributylamine was added to com-

plete the formation of adefovir-MP. The resulting

nucleotide was then purified using a linear gradient of

triethyl ammonium bicarbonate and strong anion exchange

chromatography on a mono Q HR 5/5 column purchased

from Amersham Biosciences. Purity of nucleotides were

verified by reverse phase ion-pairing HPLC (described

below). The transport inhibitor 3-[[3-[2-(7-chloroquinolin

to 2 to yl)vinyl]phenyl] and (2-dimethyl-carbamoyl-ethyl-

sulfanyl)methylsulfanyl] propionic acid (MK-571) was

obtained from Biomol Research Laboratories, Inc. All

other chemicals used were the highest grade available

from Sigma–Aldrich.
3. Cell culture

Hep G2 (American Tissue Type Culture number HB-

8065) and Huh-7 cells (provided by Dr. Joseph Torresi,

Royal Melbourne Hospital and The University of Mel-

bourne) were maintained in Earle’s modified essential

medium supplemented with 10% heat inactivated fetal

bovine serum, L-glutamine, nonessential amino acids and

penicillin-streptomycin. Fresh monolayers of primary

hepatocytes were obtained from Gentest pre-plated in

12 well tissue culture plates and experiments were done

immediately using Gentest’s recommended media (Hepa-

tostim media). Cell lines were transferred to twelve well

tissue culture plates by trypsonization and grown to

confluency (0.88 � 106 cells/well). For uptake experi-
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ments, cells were continuously treated with 10 mM ade-

fovir (1000 dpm/pmol 3H adefovir for experiments using

radioactive detection). At each time point the reaction

was stopped by removing the drug containing media and

washing the well two times with 5 mL ice cold phosphate

buffered saline. Cells were then scraped into 1 mL 70%

methanol and frozen overnight to facilitate the extraction

of nucleotide metabolites. Cell lyses was inferred to be

complete by the measurement of intracellular ribonucleo-

tide concentrations similar to those found in the literature

(data not shown). Samples to be analyzed by LC/MS/MS

had 2 pmol tenofovir diphosphate (tenofovir-DP)/1 � 105

cells added to the 70% methanol to serve as an internal

standard. Egress studies were done similarly but after

24 h incubation with media containing adefovir, the

adefovir was removed from the well by washing two

times with 5 mL warm media and the well replenished

with media lacking adefovir. Time points were then taken

as described for uptake. All samples were then dried

under vacuum and resuspended in dH2O (for radioactivity

analysis) or 80 mM tetrabutylammonium hydroxide

(TBAH) and 4 mM monobasic ammonium phosphate

(for LC/MS/MS analysis). Recovery during sample pre-

paration of all measured analytes from lysed cell matrix

in 70% methanol was observed to be greater than 95% in

control experiment.

3.1. Calf intestinal phosphatase (CIP) treatment of

radioactively labeled intracellular metabolites

In order to distinguish whether phosphorylated radiola-

beled metabolites formed in Hep G2 cells arose from

adefovir or adenosine, dephosphorylation reactions were

done. To intracellular metabolites extracted from 1 � 105

Hep G2 cells 10 units of CIP (Sigma–Aldrich) was added

with provided CIP buffer. After 2 h at 37 8C reactions were

analyzed by ion-pairing reverse phase HPLC (described

below). While phosphorylated metabolites are not easily

separated, the difference in retention between adefovir and

adenosine allows for unambiguous identification of which

gave rise to phosphorylated metabolite peaks observed in

the absence of CIP treatment.

3.2. Effect of MK-571 on adefovir egress

from Huh-7 cells

To assess the role of cellular transporters in the rapid

egress of adefovir and its phosphorylated metabolites from

Huh-7 cells, experiments were done in the presence of

MK-571. MK-571’s inhibition of the multi drug resistance

proteins-4 and -5 has been characterized in the literature

[15] but it is likely that its inhibition of transport is not

limited to these two transporters. Side by side egress

experiments were done in the presence or absence of

200 mM MK-571 essentially as described above. To study

the effects of MK-571 wells were washed twice with 5 mL
warm media containing MK-571 and then media was

replenished containing MK-571 but lacking adefovir. Time

points were taken as described above and metabolites

analyzed by LC/MS/MS (described below).
4. Analysis

Studies using radiolabeled adefovir for detection were

analyzed using reverse phase ion-pairing chromatography

and a Phenomenex Prodigy 5u ODS C18 column (Phe-

nomenex). The gradient was run with 2 min isocratic buffer

A (5% acetonitrile, 5 mM tetrabutylammonium bromide

(TBAB), 25 mM potassium phosphate (pH 6.0)) followed

by a linear gradient to 50% buffer B (60% acetonitrile,

5 mM TBAB, 25 mM potassium phosphate (pH 6.0)) over

25 min. The column was then washed with 100% buffer B

and re-equilibrated before injection of the next sample.

Fractions were collected every minute and subject to

scintillation counting.

Transient ion-pairing high performance liquid chroma-

tography coupled to positive ion electrospray tandem mass

spectrometery (LC/MS/MS) was used to analyze adefovir

and its phosphorylated forms for uptake and egress studies.

Methods will be described in detail in a separate manu-

script. Briefly, earlier methods for nucleoside triphosphate

analysis using TBAH as an ion pair [16] were modified to

include an acetonitrile step gradient in order to attain

sufficient retention of adefovir and adefovir-MP on an

Xterra MS, C18, 3.5 mM, 1.0 � 100 mm reverse phase

column (Waters Corporation). Mobile phases included

0.25 mM TBAH, 4 mM ammonium phosphate, pH 6.0

and concentrations of acetonitrile ranging from 6 to

20% using a flow rate of 50 mL/min. Parent/daughter mass

transitions of 274.2/162.4, 354.0/162.4, 434.0/162.4 and

448.3/176.4 (all in atomic mass units) for adefovir, ade-

fovir-MP, adefovir-DP and tenofovir-DP (internal stan-

dard) were monitored on an API-4000 triple quadrupole

mass spectrometer purchased from Applied Biosystems/

MDS Sciex. Concentrations were determined based on

calibration curves covering three orders of magnitude with

linearity in excess of r2 equal to 0.99. Typical lower limits

of quantitation of 20–60 fmol on column (0.2–0.6 pmol/

million cells in a 10 mL injection of lysate from 1 � 105

cell) were achieved. Stable isotope methods for the mea-

surement of dATP will be described in detail along with the

adefovir detection methods elsewhere (manuscript in pre-

paration). Briefly, standard curves in cellular matrix were

done utilizing stable isotopically labeled dATP (mass

transition of 506.7/145.6 amu) while concurrently the

amount of dATP (mass transition of 492.1/136.2 amu) in

the cellular sample was monitored. LC/MS/MS methods

described above were used for these analyses. Data from

uptake and egress experiments were fitted using non-

linear regression and the program Kaleidagraph (Synergy

Software).
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Fig. 2. Analysis of metabolites from cellular incubations with adefovir. (A)

Metabolism of 10 mM adefovir after a 24 h incubation in Hep G2 cells

showing 1.4, 14, 4.1 and 8.8 pmol/million cells of adenosine, adefovir,

adefovir-MP, and adefovir-DP, respectively. (B) Separation of 2 pmol

adefovir, adefovir-MP, adefovir-DP and tenofovir-DP (used as internal

standard) by ion-pairing LC/MS/MS methods. Sample was generated by

adding 200 nM of each analyte to Hep G2 lysate at a concentration of 1 �
105 cells/10 ml TBAH injection buffer and injecting 10 ml.
5. Results

5.1. Metabolism of [3H] adefovir in Hep G2 cells

Metabolites formed from incubation of Hep G2 cells

with 10 mM [3H] adefovir (1000 dpm/pmol) for 24 h

(metabolic pathway for ADV activation to adefovir shown

in Fig. 1) were assessed by HPLC and radioactivity

detection. Adenosine, adefovir, adefovir-MP and adefo-
Table 1

Uptake of 10 mM adefovir in hepatic cell lines

Hep G2 (pmol/million)

Time (h) Adefovir Adefovir-MP Adefovir-DP

2 4.54 � 0.65a BLOQb 0.34 � 0.02

4 5.94 � 0.21 0.62 � 0.27 0.83 � 0.08

8 9.61 � 1.55 1.53 � 0.12 2.17 � 0.14

24 21.8 � 0.9 3.63 � 0.75 8.95 � 0.80

a Values are the mean � S.D. of three experiments.
b BLOQ = below limit of quantitation. Defined as signal less than five-fold gre

million (20–60 fmol on column).
vir-DP were found to be the main radiolabeled peaks

formed (Fig. 2A). Dephosphorylation with CIP can be

used to clearly identify the phosphorylated peaks as arising

from adenosine or adefovir because of their distinct ana-

lytical retention times. Dephosphorylation of radiolabeled

nucleotides showed that after 24 h a majority of the radio-

actively labeled metabolites were due to adefovir. How-

ever, at early time points most radiolabeled peaks arose

from adenosine in its mono-, di- and triphosphorylated

forms (94% at 2 h, data not shown). Careful HPLC analysis

of the radiolabeled adefovir showed a minor contaminant

(<1% of total radiation) that coeluted with an adenine

standard. These results illustrated the necessity of devel-

oping a more accurate method of quantitation using LC/

MS/MS (Fig. 2B, manuscript detailing analytical method

being prepared separately).

5.2. Analysis of adefovir uptake in cell lines and

primary hepatocytes

To study the kinetics of uptake and phosphorylation of

adefovir in different cell types, incubations were done over

24 h with cells continuously exposed to 10 mM adefovir in

the media. Incubations in hepatic cells lines (Hep G2 and

Huh-7) led to similar levels of adefovir and its phosphory-

lated metabolites in each cell type. After 24 h of incubation

26% of the total adefovir taken up into the two cell types

was converted to adefovir-DP (Table 1). The uptake in Hep

G2 cells showed a slow accumulation of adefovir only

approaching equilibrium after 24 h and linear increases in

adefovir-MP and -DP (Fig. 3A). Similar to cell lines,

analysis of uptake and metabolism in primary hepatocytes

from two donors showed a slow accumulation of adefovir

in cells and linear increases in adefovir-MP and -DP.

adefovir-DP was formed more efficiently in primary hepa-

tocytes relative to either of the cell lines, comprising 44%

of the total intracellular adefovir after 24 h in each of the

two separate donors (Table 2).

5.3. Half-life of adefovir and its phosphorylated

metabolites

After exposure of cells for 24 h to 10 mM adefovir, the

rates of decay of intracellular adefovir, adefovir-MP and
Huh-7(pmol/million)

Time (h) Adefovir Adefovir-MP Adefovir-DP

2 4.36 � 0.28 BLOQ 0.23 � 0.06

4 5.43 � 0.52 BLOQ 0.80 � 0.05

8 7.94 � 0.20 0.61 � 0.15 2.00 � 0.15

24 19.1 � 0.7 1.74 � 0.59 7.20 � 0.39

ater than background. For these analytes this was defined as 0.2–0.6 pmol/
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Table 2

Uptake of 10 mM adefovir in primary hepatocytes

Donor 1 (pmol/million) Donor 2 (pmol/million)

Time (h) Adefovir Adefovir-MP Adefovir-DP Time (h) Adefovir Adefovir-MP Adefovir-DP

2 2.91 � 0.41a 0.84 � 0.27 1.11 � 0.03 2 2.20 � 0.34 BLOQb 0.39 � 0.02

4 4.74 � 0.33 1.42 � 0.15 2.22 � 0.13 4 2.46 � 0.24 0.37 � 0.11 0.84 � 0.05

8 6.45 � 1.56 2.82 � 0.28 5.36 � 0.34 8 3.94 � 0.15 0.99 � 0.12 2.03 � 0.02

24 12.4 � 1.2 6.32 � 1.13 14.8 � 1.8 24 6.47 � 0.33 2.69 � 0.31 7.21 � 0.27

a Values are the mean � S.D. of three experiments.
b BLOQ = below limit of quantitation. Defined as signal less than five-fold greater than background. For these analytes this was defined as 0.2–0.6 pmol/

million (20–60 fmol on column).
adefovir-DP were studied following the removal of drug

from the media. Plotting the intracellular concentrations

of adefovir, adefovir-MP and adefovir-DP in Hep G2 cells

over 72 h showed a slow egress from cells consistent with

a single exponential decay curve (Fig. 3B). Similar data

were obtained from egress experiments done in Hep G2

cells using radiolabeled adefovir for detection of meta-

bolites (data not shown). Single exponential decay curves

fitted to the data from Hep G2, Huh-7 and the 2 primary

hepatocyte donors are summarized in Table 3. In general,

Hep G2 and primary hepatocytes showed similar apparent

half-lives for each of the phosphorylated metabolites

ranging from 19 � 6 h (adefovir-MP in Hep G2 cells)
Fig. 3. Uptake (A) and egress (B) of metabolites formed from10 mM

adefovir incubations in Hep G2 cells. Fitting data for adefovir (*),

adefovir-MP (*) and adefovir-DP (~, values represent mean � S.D. of

three experiments) to a single exponential decay curve resulted in calculated

half lives of 38 � 15 h, 19 � 6 h and 33 � 3 h for adefovir, adefovir-MP

and adefovir-DP, respectively.
to 48 � 3 h (adefovir-DP in primary hepatocytes from

donor 1). However, Huh-7 cells exhibited a more rapid

egress of adefovir and its phosphorylated metabolites.

The most marked change was on adefovir which had a

half-life approximately 10-fold less than that found for

the other cells.

5.4. Effect of a transport inhibitor on the rapid efflux

observed in Huh-7 cells

To better understand the efflux of adefovir and its

phosphorylated metabolites from Huh-7 cells, studies were

done in the presence or absence of the transport inhibitor

MK-571. Plotting the concentration over time showed that

the efflux of adefovir, adefovir-MP and adefovir-DP were

all markedly reduced by the presence of MK-571 (Fig. 4).

Rate determination showed that adefovir, adefovir-MP and

adefovir-DP left the cells approximately 3-fold more

slowly in the presence of MK-571 (Table 4).

5.5. Assessment of competing dATP pool size

in different cell types

Adefovir-DP competes with dATP for incorporation by

the HBV reverse transcriptase. The level of dATP was

measured in each of the cell types studied utilizing a stable

isotope method and LC/MS/MS detection (manuscript in

preparation). Consistent with published reports [17], it was

found that primary hepatocytes from the two donors had

5.4- to 32-fold less dATP than either of the cell lines

(Table 5).
Table 3

Half-lives for adefovir and its phosphorylated metabolites in different cell

types

Cell type Apparent t1/2 (h)

Adefovir Adefovir-MP Adefovir-DP

Hep G2 38 � 15a 19 � 6 33 � 3

Huh 7 3.7 � 0.4 13 � 4 10 � 1

Primary hepatocytes donor 1 33 � 2 38 � 3 48 � 3

Primary hepatocytes donor 2 34 � 1 22 � 1 33 � 2

a Errors represent the mean � S.D. of three experiments fit to a single

exponential decay curve by non-linear curve fitting.
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Fig. 4. Efflux in the absence or presence (closed or open symbols, respec-

tively) of the transport inhibitor MK-571 of adefovir (* or *), adefovir-

MP (& or &) and adefovir-DP (~ or ~) from Huh-7 cells. Fitting the data

to single exponential decay curves showed that MK-571 caused an approx-

imate three-fold increase in the half-lives for adefovir and its phosphory-

lated metabolites.

Table 4

Effect of 200 mM MK-571, an inhibitor of MRP 4 and 5, on adefovir and its

phosphorylated metabolites efflux from Huh-7 cells

Conditions Apparent t1/2 (h)

Adefovir Adefovir-MP Adefovir-DP

Huh-7 – MK-571 4.8 � 0.6a 9.2 � 0.5 8.7 � 0.1

Huh-7 + MK-571 15 � 1 35 � 15 32 � 14

a Errors represent the mean � S.D. of three experiments fit to a single

exponential decay curve by non-linear curve fitting.

Table 5

Cellular concentration of dATP as determined by stable isotope LC/MS/MS

Cell type dATP (pmol/million)

Hep G2 12.1 � 0.3a

Huh 7 19.4 � 0.4

Hepatocyte donor 1 0.605 � 0.026

Hepatocyte donor 2 2.23 � 0.03

a Values represent the mean � S.D. of six injects of extracted intracel-

lular material.
6. Discussion

In order to determine the number of metabolites gener-

ated intracellularly from adefovir, radiolabeled adefovir

was incubated with Hep G2 cells. Dephosphorylation

showed that adenosine metabolites (AMP, ADP and

ATP) predominated at early time points (first 10 h) while

adefovir phosphorylated metabolites accounted for a

majority of the radiation thereafter. This radiation profile

is consistent with a contaminant in the radiolabeled ade-

fovir pulse labeling the adenosine nucleoside and nucleo-

tide pools. Consistent with this hypothesis, analysis of the

radiolabeled adefovir showed a minor contaminant with a

retention time consistent with adenine (data not shown).

Based on these findings adefovir-MP and adefovir-DP
appear to be the only true metabolites formed from ade-

fovir in Hep G2 cells. Similar conclusions were reached

based on previous studies of adefovir metabolism in lym-

phocytes [18]. These data illustrate the metabolic stability

of adefovir and suggest that it should have a simple activity

profile based on only itself and its phosphorylated anabo-

lites.

Adefovir was efficiently phosphorylated in each of the

hepatic cell lines studied. In primary hepatocytes the

antiviral active anabolite, adefovir-DP, was the predomi-

nant metabolite after 24 h. Efficient phosphorylation was

accompanied by long intracellular half-lives for adefovir

and its metabolites in Hep G2 cells and primary hepato-

cytes. The observation of long intracellular persistence of

adefovir-DP in hepatic cells is consistent with previous

studies in T-cells [19]. These in vitro observations suggest

that pharmacologically effective levels of adefovir and its

metabolites should persist in hepatic tissue and are con-

sistent with the observed efficacy of once daily ADV

therapy.

A number of efflux pumps have been implicated in the

transport of nucleotide analogs including the multi-drug

resistance proteins (MRPs) -2 [20], -4 and -5 [21,22] and

breast cancer resistance protein (BCRP) [23] in cell cul-

ture. However, the physiological importance of these

transporters during anti-viral therapy is still unclear

[24]. The sensitivity of Huh-7 cell efflux of adefovir and

its phosphorylated metabolites to MK-571 suggests that a

transporter maybe involved. MK-571 has been shown to be

an inhibitor of MRP-4 and -5 in transfected HEK293 cells

with 50% inhibition constants of approximately 10 and

40 mM, respectively [24]. However, MK-571 inhibition of

other transporters has not been well characterized and it is

difficult to ascertain the identity of the specific transpor-

ter(s) responsible from these studies. In light of the impor-

tance of Huh-7 cells containing hepatitis C replicons in the

screening of agents for anti-Hepatitis C virus activity [25],

the presence of high levels of a cellular transporter could be

an important factor to take into consideration. Clearly,

further studies into the identity of the transporter respon-

sible for adefovir efflux from Huh-7 cells, the potential

effects of this transport mechanism on other compounds,

and the establishment of its presence in different stocks and

replicon transfected lines of Huh-7 cells are warranted.

Adefovir-DP competes with dATP for incorporation by

HBV reverse transcriptase in order to exert its antiviral

effect. The level of dATP in a given cell type is therefore

important in defining the ability of adefovir to inhibit viral

replication. Our measurements showed that in cellular

samples the amount of dATP ranged from 0.605 to

19.4 pmol/million cells, with a rank order of Huh-7 >
Hep G2 � hepatocyte from donor 1 > hepatocyte from

donor 2. Interestingly, in primary hepatocytes where the

metabolism of adefovir was most efficient the levels of

competing dATP were also the lowest. This suggests that

because of a higher ratio of adefovir-DP to dATP, that
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adefovir should have the greatest competitive advantage in

the physiologically relevant cell type and that anti-HBV

activity determined in cell lines may underestimate the

ability of ADV to inhibit HBV in vivo.

In conclusion, this report demonstrates that adefovir is

effectively phosphorylated in Hep G2, Huh-7 and primary

hepatocytes accumulating high levels of the dATP analog

adefovir-DP. Furthermore, in Hep G2 and primary hepato-

cytes, adefovir-DP has a long intracellular half-life. In Huh-

7 cells we’ve identified evidence for a transport mechanism

which may have implication for hepatitis C drug discovery

efforts. Most importantly, these data illustrate, in the appro-

priate cellular system for HBV infection, that therapy with

ADV should generate levels of adefovir-DP in the liver

sufficient to compete with dATP for incorporation by HBV

reverse transcriptase and that the amount of active metabo-

lite should not vary greatly between doses. Overall these

data provide a metabolic basis for ADV’s efficacy in the

clinical treatment of chronic hepatitis B.
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