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Abstract

Foscarnet (PFA), a viral DNA polymerase inhibitor, is a clinical agent for herpes viruses. The goal of the study was to evaluate the therapet
efficacy of PFA in hepatitis B virus (HBV) infection. Intravenous infusion of PFA (1 g/day) for 4 weeks significantly reduced serum HBeAg
(p<0.01) and HBV DNA copiesp(<0.05) in 31 patients who were diagnosed with active chronic HBV infection (CHB) and had not received
antiviral treatment previously. Alanine aminotrans-aminase (ALT), aspartate aminotransaminase (AST) and gamma glutamyl transpeptidase
GT) of the patients declinegh £ 0.001, 0.001 and 0.01, respectively). Kidney function (blood creatinine and urea nitrogen) remained unchangec
Another 21 lamivudine-resistant CHB patients with mutations at the tyrosine—methionine—aspartate—aspartate motif (YMDD) displayed a respo
to PFA similar to that mentioned above, with reductions in HBef\g §.05), HBV DNA (p <0.01) and liver enzymes (ALT and ASF<0.001;
v-GT,p <0.05). Moreover, PFA reduced serum HBe4g(0.01), HBV DNA (P < 0.05), AST p <0.05) and ALT p <0.02) in a cohort of 13 severe
CHB patients with advanced liver damage. PFA was also evaluated in vitro and in vivo. PFA inhibited HBV DNA replication in HBV-transfectec
human HepG2 cells (2.2.15 cells) with reduced amount of HBV RC-DNA and DS-DNA. In the duck HBV-infected ducklings, PFA reduced vira
DNA and duck HBsAg in the serunp € 0.01 for both).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction land China. Very few agents have proven effective in managing
HBYV infections (ai et al., 2003. It is highly desirable to dis-
Hepatitis B virus (HBV) infection remains to be one of cover safe and effective anti-HBV agents with new structures
the major medical problems worldwide, especially in China.and distinct mechanisms of action.
Patients with chronic replicative HBV infection are at high  Foscarnet (PFA), which is effective in inhibiting DNA poly-
risk of developing cirrhosis and primary hepatocellular carci-merases of viruses, is currently applied in clinic mainly for the
noma (PHC). Alpha-interferon is only partially effective for treatment of acyclovir-resistant herpes simplex virus (HSV) and
clinical use and is limited by its side effects. Lamivudine sup-ganciclovir-resistant cytomegalovirus (CMV) infection®e(
presses HBV through inhibition of reverse transcriptase, bu€lercq, 2004. This small molecule has a structure distinct from
the treatment often fails due to the emergence of mutationthe known antiretroviral nucleoside analogs and a unique bind-
within the catalytic site of HBV DNA polymerase (tyrosine— ing site on viral DNA polymeraseHess et al., 1980 It has
methionine—aspartate—aspartate, YMDD maotif), which leads t@rovoked our interest as to its therapeutic efficacy for HBV
drug-resistanceButi et al., 2001 Lai et al., 2003 in patients.  infection. Although treating chronic replicative HBV infection
Adefovir has been only recently introduced in hospitals in main-with PFA has been explored in two clinical studies in Europe
(Bain et al., 1989Schvarcz et al., 1994the conclusion is far
from satisfactory, because (1) only few patients were included
"+ Corresponding author. Tel.: +86 10 63165290; fax: +86 10 63017302, N the studies (three and eight patients, respectively); (2) PFA
E-mail address: jiandong.jiang@mssm.edu (J.-D. Jiang). was given only for a short term (1 and 2 weeks, respectively);
1 These authors made equal contribution to this work. and (3) no reference groups were used as controls. It remains to
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be questioned as by which extent PFA inhibits HBV replication,patients (median age of 38 with a range between 17 and
whether PFA effective in lamivudine-resistant HBV infection 78; 15 males and 6 females) had been on lamivudine ther-
and whether or not PFA can be used in HBV(+) patients withapy for 1-3 years, and the treatment was terminated due
severe liver injury. to failure in response to lamivudine. Sequences of the cat-
The aim ofthe present study was to investigate PFA as a singkdytic domain of HBV DNA polymerase were determined
agent in the treatment of HBV infection. PFA was evaluated inby sequencing analysis of the DNA samples isolated from
patients with active chronic hepatitis B (CHB), including those patient serum. Briefly, a DNA sample was isolated from patient
who were not treated with any antiviral agent, or those who weraerum with QIA-amp DNA blood mini kit (Foster City, CA,
treated with lamivudine and carried HBV YMDD mutants with USA). The target region of HBV DNA polymerase was ampli-
resistance phenotype, or those who had suffered from sevefied in a PCR reaction. The following set of primers was
CHB with advanced liver damage. The changes of HBV antigenemployed to amplify the YMDD-containing sequence: for-
and antibodies, viral DNA copies as well as liver enzymes in thevard primer, 5ACTTGTATTCCCAT CCCATCA-3; back-
plasma were determined before and after PFA treatment. PFAard primer, 5GGTTCAAATGTATTCCCAAAGAC-3. The
was also tested both in vitro and in vivo in order to promoteamplified sequences were then examined with a conventional
our understanding of its therapeutic effect in HBV patients. Wesequencing analysis using a commercial kit (USB sequence Kit,
consider these results informative for the clinical application ofCleveland, OH, USA). Out of the 21 patients, 14 had the YIDD

PFA in antiviral therapy. and 7 had the YVDD mutant. These patients were assigned to
receive PFA therapy about 4 weeks after the lamivudine was

2. Materials and methods terminated. The regimen was identical to that mentioned above
(1 g/day, i.v. infusion, b.i.d., for 28 days).

2.1. Subjects and clinical study The patients in the third cohort € 13, median age of 28

with a range between 17 and 54, 11 males and 2 females)

Three cohorts of patients were enrolled at the Nanjing Secwere diagnosed with severe CHB with elevated serum biliru-
ond Hospital, Nanjing, China, between 2002 and 2004. All ofbin (>170 mmol/ml), prolonged prothrombin time (<40%) and
these patients with positive readings of HBsAg, HBeAg andreduced serum albumin (<30 g/L). These 13 patients were on
HBV DNA in the serum were diagnosed as having active CHBtherapy with herb formula, and not treated with lamivudine
according to the diagnostic criteria for hepatitis in Chingeq,  before they entered into the study.
2001). Detailed clinical information of the patients is shown in ~ Blood samples taken before and after therapy were examined
Table 1 The first cohort (CHBp =42) was enrolled from an to determine the blood levels of HBV as well as liver and kidney
outpatient clinic under the principle that none of these patientéunctions with conventional methods used in Chinese hospi-
had been previously treated with anti-HBV chemotherapy. Outals. HBV infection markers (HBsAg, anti-HBsAg, HBeAg,
of the 42 patients, 31 (median age of 35 with a range betweeanti-HBeAg and anti-HBcAg) were qualitatively measured with
23 and 72; 26 males and 5 females) were randomly assigned toe commercial test kits from Abbott (Chicago, USA), and the
receive PFA therapy (1 g/day, i.v. infusion, b.i.d., for 28 days)numerical reading values of the tests were used for statistical
and 11 patients (median age of 31 with a range between 25 arahalysis in this study. HBV DNA in the blood was quantified
52; 7 males and 4 females) were assigned to take Gan-Le-Xiusing a commercial kit from Shenzhan PiJi bioengineer Co.
(4 g/day, oral, t.i.d., for 28 days), an anti-hepatitis Chinese herbtd. (Shenzhen, China). Briefly, 1Q0 of serum sample was
formula from Suzhou Pharmaceutical Co. Ltd. (Datong, China)treated with DNA purification buffer followed by centrifugation.
This group served as a reference in this study to compare PFAhe DNA sample was then mixed with the amplification buffer
with the herb regimen commonly used in Chinese hospitals. containing HBV PCR reaction solution and Taq enzyme. The

The second cohort consisted of those previously treateteaction was performed under the conditions recommended by
with lamivudine (lamivudine-resistant CHB=21). These 21 the vendor. The final reaction product was measured in a fluores-

Table 1
Study cohorts
Patient cohorts and characteristics HBV/wt(42) HBV/YMDD (+) Severe CHB

PFA Gan-Le-Xin
N 31 11 21 13
Age (yeary 35(23-72) 31 (25-52) 38 (17-78) 28 (17-54)
Male/female 26/5 714 15/6 11/2
Clinical diagnosis CHB CHB Lamivudine-resistant CHB Severe CHB
Serum HBV DNA (copies/mlx 10E6) 4 (0.02-640) 6.6 (0.5-500) 6.9 (0.15-560) 11 (0.03-970)
ALT (IU/L)® 251 (22-1560) 380 (99-527) 289 (61-839) 286 (20-2098)
Previous anti-HBV treatment None None Lamivudine Chinese herbs

@ Chronic Hepatitis B infection (active).
b Median (range).
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cent PCR qualitative reader and the result was expressed as HRB¥Mth 0.1x SSC (containing 0.1% SDS) at 22, and twice
DNA copies per ml serum. The liver enzymes (alanine aminoat 65°C. The filter was then exposed to X-ray film (Kodak,
transferase, ALT; aspartate aminotransferase, AST; and gamniochester, NY, USA). Relative band intensities on the mem-
glutamyl transpeptidasg;GT) of the patients were determined brane were quantified by absolute integrated optical density
with the kits from Randox (England). Blood creatinine (Cr) and(IOD) scanning using a Gel-Analyzer Version 3.0 software
urea nitrogen (BUN) were examined using conventional meth{Media Cybernetics, Silver Spring, MD, USA).
ods in the hospitals. All participants gave informed consent.
2.5. Southern blot analysis for DHBV DNA
2.2. Anti-HBYV activity of PFA in cell culture
For the measurement of DHBV DNA in the serum, a pre-

2.2.15 cells, aHBV-transfected human HepG2 cell Iidells  viously reported method was used with modificatioGbén et
etal., 1987, were kindly provided by Dr. Y.C. Cheng (Yale Med- al., 1983 Yao et al., 200}. Briefly, 50l of duckling serum was
ical School, New Haven, CT, USA). Cell viability was assessedlirectly spotted on the nitrocellulose membrane, and DHBV
by the MTT assay [3-(4,5-dimethylthiazol)-2,5-diphenyl tetra-DNA was detected with Halpha$2P] deoxycytidine labeled
zolium bromideRubinstein et al., 1990TC50 of PFA, defined  full-length DHBV genomic DNA (from plasmid DHBV-PUC18,
as the concentration that inhibited 50% cellular growth in comkindly provided by Dr. W.G. Yang, Peking Union Medical Col-
parison to untreated controls, was over 2490ml in 2.2.15 lege, Beijing). Quantitative measurement was done by exami-
cells. Cells at 2 10* cells per well (96-well microplates, Fal- nation of IOD unit.
con, Oxnard, CA, USA) were treated with PFA at °¥7 for
9 days in a concentration range from 0.1 to 10@dml, non-  2.6. ELISA detection of DHBsAg
toxic to 2.2.15 cells. HBV-relaxed circular DNA (RC-DNA) and
double-strand DNA (DS-DNA) were quantified by Southernblot  Ninety-six-well plates were coated with 100 of purified
described below. anti-DHBsAg capture antibody (polyclonal 1gG from rabbit,

Lamivudine (kindly given by Dr. BDberg, Medivir, Sweden) 1:100, from Dr. J.T. Guo, Peking Union Medical College, Bei-
was used as a positive control in the experiments, and ribavirifing), and incubated at4C for 16 h. After removing the coating
(Hubei Pharmaceutical Institute, Wuhan, China) as a negativeolution, the plates were blocked with 200of blocking buffer

reference. (1% BSA in PBS) at room temperature (RT) for 60 min. After
washing in PBS, 100l of 1:50 diluted serum samples were

2.3. Inhibition of duck HBV (DHBYV) replication by PFA in added to the wells, followed by 1-h incubation at RT. The plates

vivo were then washed in PBS (five times) and reacted withyd00

per well of 1:100 diluted anti-DHBsAg polyclonal IgG at RT for

Duck serum positive for duck HBsAg (DHBsAQ) at 1:1000 of 1 h. After wash, the plates were treated with 20®f 1:1000
dilution was used for infection. Ducklings at 1 day of age (Bei-diluted goat anti-rabbit IgG labeled with horseradish peroxi-
jing Nanyan Fowl Inc., Beijing) were i.v. infected with DHBV dase (Sigma, St. Louis, MO, USA) for 1 h at 3Z. Color was
at a dose of 0.2ml DHBV(+) serum per duckling (containing developed after 20 min of exposure to 10®f ABTS substrate
5.7 x 10° cpm of DHBV DNA equivalents). Seven days later, solution (Sigma) at RT. The reaction was stopped by adding
PFA was administrated (62.5, 125, or 250 mg/kg, i.p., b.i.d.) fob0ul of H,SO4 (2N) per well. The optical density (OD) was
14 days. DHBV DNA and DHBsAg were measured once a weelobtained at 405 nm. The mean OD value in naive duckling con-
by Southern blot and ELISA, respectively (see below). trol serum =18) was 0.042-0.011.

The animal and human studies were approved by the
Research Committees of the Institute of Medicinal Biotechnol=2.7. Statistics
ogy and Nanjing Second Hospital.

To compare the values before and after treatment, a paired stu-
2.4. Southern blot analysis for HBV DNA dentr-test was employed. Differences in the mean of duck serum
DHBV markers among study groups were tested by unpaired

2.2.15 cells were collected for DNA extraction with a method student-test for equal or unequal variances depending on a pre-
described beforel{ang et al., 1998 DNA (10 wg/sample) was liminary F-test for the homogeneity of variance.
loaded onto a 1% agarose gel for electrophoresis, which was
followed by transfer to a nitrocellulose filter. The filters were 3. Results
prehybridized in a prehybridization buffer §6SSC, 0.1% SDS,
5 x Denhardt's solution, 10Qg/ml denatured salmon sperm 3.1. Anti-HBV effects of PFA in patients with CHB
DNA, and 50% formamide) at 42 for 4 h. Hybridization
was done in the prehybridization buffer plus<3.0’ cpm of The results are shown ifable 2 In the 31 CHB patients
5-[alpha®2P] deoxycytidine-labeled full length HBV genomic who were not treated with lamivudine before, PFA signifi-
DNA (from psp65-HBV5.1 plasmid kindly provided by Dr. J.T. cantly lowered the serum levels of HBeAg<0.01) and HBV
Guo, Peking Union Medical College, Beijing) for 24h at42  DNA (p <0.05), both of which are important clinical markers
with agitation. The nitrocellulose filter was rinsed three timesfor active HBV replication. The levels of HBsAg and serum
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Table 2
Therapeutic effect of PFA in patients with chronic active hepatitis B virus infection
Measurement (unit, normal range) PFA treatment{=31) Gan-Le-Xin treatmeni(= 11)
Before After Before After
Anti-HBV effect
HBsAg (SIN, <2) 159 (51.3-2141.5) 132 (0.6-321) 260 (93-356) 216 (98-368)
Anti-HBsAg (mIU/ml, 0-10) 3.1(0-12.5) 2.5(0-13.5) 0.8 (0-10.1) 0.6 (0-10.5)
HBeAg (PEIU/mI, <0.28) 125 (0.32-5064) 10 (0.025-2984) 203 (1.2-6700) 192 (1.3-6897)
Anti-HBeAg (S/CO, >1) 1.04 (0-27) 0.8 (0-28) 1.44 (0.24-9.35) 1.54 (0.12-3.2)
Anti-HBCcAg (S/CO, >1) 0.067 (0.015-0.72) 0.075 (0.03-0.9) 0.096 (0.077-0.122) 0.1 (0.078-0.091)
HBYV DNA (copies/ml, <5x 10E2) 4 (0.02-640x 10E6 0.012 (0-140} 10E6 6.6 (0.5-500)% 10E6 4.3 (0.24-500) 10E6
Liver function
ALT (IU/L, 0-40) 251 (22-1560) 43 (17-395) 380 (99-527) 333 (28-882)
AST (IU/L, 0-40) 161 (25-817) 38 (18-139) 289 (26-986) 266 (29-880)
v-GT (IU/L, <50) 108 (16-360) 63 (3-288) ND ND
Kidney function
Cr (wmol/L, 53-97) 74 (65-110) 83 (67-105) 71 (56-95) 79 (60-101)
BUN (mmol/L, 2.86-8.2) 4.49 (2.05-7.06) 5.26 (3.25-6.7) 3.92 (2.7-6.9) 4.15 (3.0-7.3)

ok

ALT, alanine aminotransferase; AST, aspartate aminotransfeyaS&; gamma glutamyl transpeptidase; Cr, creatinine; BUN, blood urea nitrogers 0.0001;
" p<0.01;" p<0.05; as compared to that before treatment. ND, not done.
2 Median (range).

antibodies to HBsAg, HBeAg as well as HBcAg remained sta-with PFA at 1 g per day (i.v. infusion). As shownTable 3 PFA
tistically unchanged. In concordance with the anti-HBV effect,significantly reduced the serum levels of HBeAg<(0.01) and
liver function was largely improved by significant reductions HBV DNA copies P <0.05). Accordingly, liver function of the

of ALT (p<0.001), AST $<0.001) andy-GT (p<0.01). PFA  patients was significantly improved, as indicated by the reduc-
was well-tolerated by all subjects. Kidney function was exam-ion of AST (p <0.05) and ALT p<0.02). All of the patients
ined by measuring Cr and BUN before and 4 weeks after PFAad their jaundice reduced. Their serum bilirubin declined from
treatment. As shown ifiable 2 Cr and BUN were both within above 170 mmol/ml to the range between 60 and 95 mmol/ml
the normal range and without significant change after PFA therafter 4 weeks on PFA therapy.

apy (p=0.1 and 0.23, respectively). In the Gan-Le-Xin group

(n=11), the reductions of the HBV markers were notsignificant;s 4 - junibition of HBV replication in 2.2.15 cells and

liver transaminases declined after treatment, with a significanbgpv. infected ducklings

reduction in AST < 0.05), but not ALT =0.12).

The anti-HBV activity of PFA was then tested in vitro and in
3.2. PFA treatment of lamivudine-resistant CHB an animal model in an attempt to correlate its primary action
on DNA polymerase with the clinical outcome. It has been
To evaluate the anti-HBV efficacy of PFA in patients with demonstrated that the HBV-transfected HepG2 cell line (2.2.15
resistance to lamivudine, 21 patients with mutations in the HBVcells) can support the assembly and secretion not only of several
YMDD motif were enrolled in the study after the lamivudine replicative intermediates of HBV DNA, but also of Dane-like
treatment was terminated and were treated with PFA. The theparticles Gells et al., 198 This cell line is recommended as
apeutic regimen was identical to that mentioned above, and gn in vitro model to study the life cycle of HBWP¢ice et al.,
significant reduction of HBV replication was observed in these1989. As shown inFig. 1, treating 2.2.15 cells with PFA inhib-
patients 4 weeks after PFA treatmeTalle 3. The serumlevels jted the levels of intracellular HBV RC-DNA and DS-DNA,
of HBeAg as well as HBV DNA copies in these patients wereand the inhibition was dose-dependent. Lamivudine, as a posi-
significantly decreaseg & 0.01 for both) after 4 weeks on PFA tive control in the experiment, showed a significant inhibition on
therapy; serum HBsAg was without change. Liver function wasHBV DNA replication at a concentration as low as 0,agml,
also monitored, and ALT, AST as well gsGT declined signifi-  whereas ribavirin, as a negative reference, showed no inhibition
cantly withp values less than 0.001, 0.001 and 0.05, respectivelyyn HBV even when the dose was upto 289ml.
These results were consistent with that of the patients treated The effect of PFA on HBV replication was further evaluated

upfront with PFA TTable 2. in DHBV-infected ducklings. These ducklings were infected
with duck HBsAg-positive serum via the intravenous route. The
3.3. Antiviral effect of PFA in patients with severe CHB courses of the major virology indicators in the serum were con-

sistent with those reported previouslpdlmas et al., 2002
To learn whether, or not, PFA could be used in HBV(+) Serum samples were taken at 7-day intervals, and the peak
patients with advanced liver damage, 13 patients diagnosed witevels of DHBV DNA and DHBsAg were observed between
severe CHB were enrolled. Subjects in this cohort were treateday 7 and 14 post-infection. PFA was given i.p. on day 7. As
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Table 3
Antiviral effect of PFA in lamivudine-resistant CHB and severe CHB
Measurement (unit, normal range) PFA in Lamivudine-resistant CHB: € 21) PFA in Severe CHB»(=13)
Before After Before After
Anti-HBV effect
HBsAg (SIN, <2) 205.31 (48.3-341.4) 209.3 (46.3-304.1) 192 (63-411) 181 (41-357)
HBeAg (PEIU/mI, <0.28) 134 (6-7283) 24 (0-560) 3140 (42-7600) 35 (0-3186)
HBV DNA (copies/ml, 5x 10E2) 6.9 (0.15-560) 10E6 0.021 (0.0005-1%) 10E6" 11 (0.03-970x 10E6 0.0017 (0.0005-2.3) 10E6
Liver function
ALT (IU/L, 0-40) 289 (61-839) 33.4 (12-64%) 286 (20-2098) 39 (25-200)
AST (IU/L, 0-40) 172.4 (42-819) 38 (19-109) 428 (25-2441) 48 (18-250)
v-GT (IU/L, <50) 94 (20-195) 52.6 (12.6-197) ND ND

Sk

ALT, alanine aminotransferase; AST, aspartate aminotransfeyas&, gamma glutamy! transpeptidad€.p <0.001;™ p<0.01;"p <0.05; as compared to that
before treatment. ND, not done.
a Median (range).

4.2Kb —» <+— RC

3.9Kb —» <+ DS

<“— GAPDH

Quantification 143 853 850 1029 779 718 597 475 RC
180 785 602 904 601 491 466 319 DS

Fig. 1. Inhibitory effects of PFA on HBV replication in 2.2.15 cells. 2.2.15 cells were treated or untreated with reference agents or PFA for Selsg$ HBV
RC-DNA (RC) and DS-DNA (DS) were determined by Southern blot. GAPDH served as an internal control. Lane 1: lamivuding/(0LlP&s a positive reference;
lane 2: untreated 2.2.15 cells; lane 3: ribavirin (280ml) as a negative reference; and lanes 4-8: PFA at a concentration of 0.86, 2.59, 7.78, 23.3y/onl,70
respectively. Relative band intensities for RC- and DS-DNA were quantified by density scanning, and are demonstrated in IOD units. The expedpeaiedas
three times.

shown inFig. 2a, DHBYV DNA levels in the PFA-treated groups its potential for the treatment of lamivudine-resistant HBV infec-
were significantly lower than those of untreated controls on dagion caused by YMDD alterations. Third, also different from
21 post-infection < 0.05 for 125 mg/kg groupp <0.01 for  lamivudine that requires a process of intracellular phosphoryla-
250 mg/kg group); the inhibition declined to a non-significanttion to convert the compound to thetsiphosphate form by host
level when the dose of PFA was reduced to 62.5 mg/kg (data n&inases for being effective in inhibiting DNA polymeraseray
shown). Accordingly, DHBsAgKig. 2o) went down to a simi- et al., 1995 Zemlicka, 2000, PFA directly inhibits DNA poly-

lar extent as DHBV DNA. The body weights of the ducklings merase; therefore, the anti-HBV activity of PFA is theoretically
treated with PFA were without significant difference to that ofindependent of cellular functions as well as activities of host

the untreated ducklingg € 0.32). cell enzymes, suggesting that PFA might be a potential agent
for treating CHB patients with severe liver injury.
4. Discussion After a 4-week treatment with PFA, a reduction of HBeAg

and HBV DNA copies was achieved in CHB patients who
PFA was selected for this study because of the following reahad not been treated with lamivudine before. The major liver
sons. First, PFA is a small molecular weight inhibitor of viral enzymes (ALT, AST and-GT) accordingly declined at a sig-
DNA polymerase with a structure different from the conven-nificant level, indicating a clinical improvement of liver func-
tional antiretroviral nucleoside analogs. Second, unlike lamivution. Compared to the lamivudine therapies that have shown to
dine that interacts at a dNTP-binding pocket in the C subdomaitower HBV DNA copies to 99.9% with highly sensitive assays
of DNA polymerasel(ai et al., 2003, PFA binds to the enzyme (Honkoop et al., 1998 the effect of PFA is also promising.
at the pyrophosphate-binding sitédss et al., 1980suggesting  Furthermore, the duration of PFA therapy in this study was con-
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2000 infusion atthe dose used (1 g/day, whichis far below that used for
HSV and CMV infections). Since nephrotoxicity is the poten-
B 1500 e _ tial side effect of PFA in a long-term therapy with high doses
= s 1 Unireated contro (n=5) (Aschan et al., 1992Honkoop et al., 1998MacGregor et al.,
o) 1991, kidney function was monitored in the present study. Our
g 1000 data showed that PFA did not cause change in kidney function
2 after 4-weeks treatment.
2 The inhibitory activity of PFA on HBV viral DNA poly-
@ 0 — *PFA, 125 mglkg, Lp, bid (n=5) merase is likely to account for its anti-HBV effect in CHB
= © pea s ma 1o bt patients. Using HBV-transfected human hepatoma cell line
o ¥ , - s 2.2.15 and a DHBV-infected duckling model, we demonstrated
0 7 14 21 28 that PFA significantly inhibited HBV DNA replication, which is
(a) Baysalier BHEV infection consistent with previous reportsreiman et al., 199McMillan
- PP et al., 199%. The a_lctivity of I_DFA was plose-depe_ndent both _in
E cell culture and animal experiments. Since PFA binds to the viral
b DNA polymerase at the site different from that for lamivudine,
% 600 the combination of PFA with lamivudine exhibited an additive
~ =0 nteated conrol (125 effect against HBV in vitro (the results of combination therapy
g ) will be published separately).
g %0 Hepatitis B viral infection is a major medical problem in
m =0 A— China, but the clinical choices of chemotherapy are few, leaving
a 100 . 250mgkg“i_p"bi ] large number of HBV(+) patients going for alternative treat-
0 5 z s = e ' i ment that have not shown convincing therapeutic efficacy against
(b) Days after DHBV infection HBV in clinic. The present study shows that PFA could be a

new therapeutic choice for CHB patients, at various disease
Fig. 2. Inhibition of DHBYV proliferation in ducklings by PFA. DHBV-infected  stages, whether or not they are resistant to lamivudine. The
ducklings were treated with PFA for 14 days (see Sgdborand the levels of ' disadvantage of PFA is the route of administration (i.V. infu-
DHBV DNA (a) as well as DHBsAg (b) were determined. Values presented in_. . . .
the figure are means S.E. derived from five duckling$p <0.05,” p<0.01, Slon)' Newltechnlques or strategies allre needed FO address thIS
as compared to the untreated control group. concern. Since the structure and action mechanism of PFA is
different from that of lamivudine, PFA might be used to treat
CHB patients in combination with lamivudine or other antiviral
siderably short as compared to that of lamivudiHertkoop et  agents.
al., 199§, and the regimen used in this study is a pilot trial
for CHB; larger anti-HBV effects of PFA may be achieved Acknowledgments
by improvement of the treatment protocol. This notion is par-
tially supported by our studies conducted in 2.2.15 cells and The project was supported by the Ministry of Sciences and
the duckling model. The dose-dependent activity of PFA orTechnology, P.R. China, and the National Foundation for Cancer
HBYV proliferation was observed in the HBV-transfected cellsResearch (Bethesda, MD, USA).
and DHBV-infected ducklings. More importantly, for the CHB
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