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LONG-TERM OUTCOME OF SEQUENTIAL LAMIVUDINE AND IFN THERAPY

= TABLE 2 Characteristics of the Patients at the Start of IFN in the Initial
Sequential Therapy Classified According to the Short-term Response 24 Weeks

: kjjly,-':’ést-treatment

| Responders Nowresponders

Varigbles . . i@p=%y o @-19 .

ALT (UAC B 26 (25, 27) 41 (22, 69) 0.26

HBsAg (logio TU/mNb 3.65+0.37 3.47+0.67 0.84

HBcrAg (logo IU/ml)P 5.64 % 0.89 642£1.15  0.091

1/4 13/6 0.12

HBeAg (+/-)2

HBV DNA (+/-)2* Y 14/5 0.0059
aNumbers of patients; PMean + SD; cMed1an interquartile range).
ALT, alanine aminotransferase; }IBsAg,”:h‘éf)aﬁt "k"}"?;fsmface antigen; HBcrAg, hepatitis

B core-related antigen; HBeAg, hepatitis B e-aﬁ HBV, hepatitis B virus.

*HBV DNA was measured using an Amplicor Monitor test (Roche Diagnostics K.K.,

Tokyo) [33]; the I,QWerylimit of qiiantiﬁcatibn of the assay was 2.6 logo copies/mL.
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Figure Legends
FIG. 1 Proportion of patients who had a short-term response 24 weeks post-treatment,

and who had a sustained off-treatment response 1, 2, 3, and 5 years post-treatment.

FIG. 2 Comparison of drug-free status between the two groups classified according to

the short-term response to initial therapy 24 weeks post-treatment.

FIG. 3 Changes in‘ sérufh HBsAg (a) and HBcrAg (b) levels at baseline, at the start and
end of IFN therapy, at 24-48 weeks post-treatment, and at the most recent hospital visit
after long-term follow-up. Patients were classified in the NUC or IFN group according

to the agent used for retreatment aftex the end of the initial sequential therapy. NUC,

nucleos(t)ide analogue; LAM, lamivudine.

FIG. 4 Changes in ALT, HBsAg, HBcrAg, HBeAgand HBV DNA levels in a
41-year-old man (Patient 19), in whom HBsAg sei;;);:learance was achieved through
repeated use of IFN after the completion of the initiai sequentlal therapy. The patient
previousl& had no response to IFN monotherapy. His IL28B geﬁéfype at rs8099917 was
TT, and the viral genotype was C. The precore stop codon mutaﬁoﬁ at nucleotide (nt)
1896 was not detected, but basal core promoter mutations at nt 1762 and nt 1764 were
detected. At baseline before the start of initial sequential therapy, a liver biop's‘y‘showed

severe inflammation and moderate fibrosis (A3F2).
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Supplementary FIG. S1 Changes in serum HBsAg (a) and HBcrAg (b) levels at
baseline, at the start and end of IFN therapy, at 2448 weeks post-treatment, and at the

"‘;‘mois/t,recent hospital visit after long-term follow-up. Patients were classified in the

responders or non-responders according to the short-term response to the initial

VH py 24 weeks post-treatment. LAM, lamivudine. *P values < 0.05.

Supplementary kIG. SZ The agents used for retreatment after the end of the sequential
therapy in each patient The gray bars indicate a drug-free state; purple green, and blue
bars indicate the use of nuik (t)ide analogues; and the orange and red bars indicate the
use of non-pegylated and pegylatedIFNs respectively. Patients are classified into the
drug-free group (Patients 1-7), NUC group given nucleos(t)ide analogues only (Patients
8-15), and IFN group also given IFN subsequently (Patients 16—24). LAM, lamivudine;

ADV, adefovir d1p1vox11 ETV, entecavir; PEG-

N, pegylated IFN. The asterisk (*)

1ndlcates “lost to follow-up”.
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30 Figure 3

32 Changes in serum HBsAg (a) and HBcrAg (b) levels at baseline, at the start and end of IFN therapy, at 24—
33 48 weeks post-treatment, and at the most recent hospital visit after long-term follow-up. Patients were
34 classified in the NUC or IFN group according to the agent used for retreatment after the end of the initial
35 sequential therapy. NUC, nucleos(t)ide analogue; LAM, lamivudine.
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Changes in ALT, HBsAg, HBcrAg, HBeAg and HBV DNA levels in.a 41-year-old man (Patient 19), in whom
HBsAg seroclearance was achieved through repeated use of IFN after the completion of the initial sequential
therapy. The patient previously had no response to IFN monotherapy. His IL28B genotype at rs8099917 was

TT, and the viral genotype was C. The precore stop codon mutation at nucleotide (nt) 1896 was not
detected, but basal core promoter mutations at nt 1762 and nt 1764 were detected. At baseline before the
start of initial sequential therapy, a liver biopsy showed severe inflammation and moderate fibrosis (A3F2).
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30 Supplementary Figure 1

32 Changes in serum HBsAg (a) and HBcrAg (b) levels at baseline, at the start and end of IFN therapy, at 24~
33 48 weeks post-treatment, and at the most recent hospital visit after long-term follow-up. Patients were
34 classified in the responders or non-responders according to the short-term response to the initial sequential
35 therapy 24 weeks post-treatment. LAM, lamivudine. *P values < 0.05.
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The agents used for retreatment after the end of the sequential therapy in each patient. The gray bars
indicate a drug-free state; purple, green, and blue bars indicate the use of nucleos(t)ide analogues; and the
orange and red bars indicate the use of non-pegylated and pegylated IFNs, respectively. Patients are
classified into the drug-free group (Patients 1-7), NUC group given nucleos(t)ide analogues only (Patients
8-15), and IFN group also given IFN subsequently (Patients 16-24). LAM, lamivudine; ADV, adefovir
dipivoxil; ETV, entecavir; PEG-IFN, pegylated IFN. The asterisk (*) indicates “lost to follow-up”.
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 Supplementary TABLE S1 Baseline Characteristics of the Patients Classified

%ﬁlAccording to the Subsequently Used Therapy Agents

Variables

43 +13 38+10 0.39

7/1 8/1 - 0.99

ALT (IU/1)C 101 (69, 164) 123 (74,147)  0.92

HBsAg (logso IU/m)P 3514052  3.75+070  0.92
HBerAg (logio [U/mDb 6.78+1.56  7.96=0.96  0.092
HBYV DNA (loglo copies/ml)b o - 7.6+£0.9 82+0.6 0.15

Precore (wild/mixed/mutant)2 5/0 5/410 0.64
Basal core promoter (wild/mixed/mutant)@ 212/5 0.27
IL28B genotype at 1s8099917 '

8/0/0 _72/0 0.18

(TT/TG/GG)?

Grade of inflammation

, . 1/2/4 O 0/1/4 0.53
(mild/moderate/severe)d

Stage of fibrosis @
3/211/1 1/4/0/0 - 0.33
(mild/moderate/severe/cirrhosis)a* -

aNumbers of patients; bMean + SD; “Median (interquartile range).
ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen; HBcrAg, hepat’i"ti\s" 4
B core-related antigen; HBV, hepatitis B virus; IL28B, interleukin-28B.
*The liver histology was not determined in five, because informed consent was not

obtained.
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The treatments for chronic hepatitis B (CHB) are interferon and nucleoside analogues reverse transcrip-
tase (RT) inhibitors. Because both treatments are less than ideal, we conducted to identify novel anti-viral
agents for HBV-reverse transcriptase (HBV-RT). We determined the ligand-binding site of the HBV-RT by
conducting a homological search of the amino acid sequence and then we also determined not only struc-
tural arrangement of the target protein but the target protein-binding site of the ligand using known pro-
tein-ligand complexes in registered in the protein data bank (PDB). Finally we simulated binding
between the ligand candidates and the HBV-RT and evaluated the degree of binding (in silico screening).
PXB cells derived from human-mouse chimeric mouse liver, infected with HBV were administrated with
the candidates, and HBVDNA in the culture medium was monitored by realtime gPCR. Among com-
pounds from the AKosSamples database, twelve candidates that can inhibit RT were also identified,

Keywords:

Hepatitis B virus

In silico screening
Reverse transcriptase

two of which seem to have the potential to control HBV replication in vitro.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

An estimated 350 million people worldwide are chronically
infected with hepatitis B virus (HBV). Fifteen to forty percent of
these patients will develop serious sequelae during their lifetime,
and then progress to liver cirrhosis (LC) or hepatocellular carci-
noma (HCC). Approximately 12-20% of infected patients will expe-
rience a 5-year progression from chronic hepatitis B (CHB) to LC.
The 5-year cumulative risk of developing HCC is estimated to fall
between 10% and 17% in patients with LC. These figures vary from
country to country according to the disease endemicity and preva-
lence [1-3]. CHB is complex and meanders through different

Abbreviations: RT, reverse transcriptase; PDB, protein data bank; FP, fingerprint;
LMV, lamivudine; ADV, adefovir dipivoxil; TDF, tenofovir disoproxil fumarate.

% Corresponding author at: Department of Hepatology, Graduate School of
Medicine, Osaka City University, 1-4-3 Asahimachi, Abeno-ku, Osaka 545-8585,
Japan.

E-mail address: m2079633@med.osaka~-cu.ac jp (Y. Murakami).

hitpfdxdolorg/ 10.10716/Lbbre 2014.11.024
0006-291X/© 2014 Elsevier Inc. All rights reserved.

immunological phases that may overlap. In its early phases, HBV
infection is characterized by minimal liver damage, a high level
of HBV replication and presence of HBe-antigen (HBeAg). Patients
in this “immunotolerant phase” {3,4] are asymptomatic and have
normal levels of serum alanine aminotransferase (ALT). The goal
of CHB therapy is to suppress HBV replication thereby preventing
progression to LC, decompensated LC, HCC, and death {5]. The ideal
treatment outcome is the elimination of HBsAg, however currently
available anti-HBV agents are not efficacious in this regard. As a
result, the induction of sustained or maintained virological remis-
sion is the highest outcome that can be expected from current
treatments.

Over the last 20 years, seven HBV life cycle inhibitors have been
approved by the United States Food and Drug Administration. Two
are interferon (IFN)-based therapies that participate in activating
immunity response in infected hepatocytes or RNA degradation
(IFN and pegylated interferon). The other five are oral nucleoside/
nucleotide analogues: lamivudine (LMV), adefovir dipivoxil
(ADV), entecavir, telbivudine, and tenofovir disoproxil fumarate
(TDF). IFN related treatments deliver sub-par outcomes and nucleic
acid analogs need to be administered for the long term. Therefore,
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Fig. 1. Schematics of protein-ligand docking protocol. Two kinds of input data:

21

“target protein sequence” and “drug candidate from AKos Library”. The target protein
sequences were found in PDB and template protein binding with ligand was found. Using CE, homologous protein biding ligand was fit to template protein, then each ligand
of each homologous protein oriented together. A structural model of the target protein was built using FAMS. The initial structure of the drug candidate compound was built
using Open Babel, then druggable substructures were collected and named FP (A). Similarly ligand and oriented ligands were also collected and named FP (B). FP (A) and (B)
were compared and matching substructures went to next step (C). In step (C_) Cartesian coordinates for each substructure were prepared in FP (A) and (B). In each
substructure, one pair of Cartesian coordinates was selected, and used to calculate the FPA score. One thousand pairs were selected and the best FPA score was saved.
Rotatable single bonds of drug candidate compound were randomly rotated, and the process repeated 1000 times. Drug candidates fitting the coordinates of the best FPA

score were identified.



Table 1
List of anti-HBV candidates applied in vitro.

Code No./AKos Chemical compound/molecular weight/rational formula Solvant FPAScore/ Structural formula
accession No. Bimolecular ’
collision

Pyrimidine type

MB8/AKO0S015896907 5'-Deoxy-5-fluorocytidine/245.2/CoH1,F1N3O4 H,0 1087.881/0,1,1

M9/AKO0S015853117 2'-Deoxy-5-fluorocytidine/245.2/CoH1,F1 N304 H,0 1076.47/0,0,2

M10/AKOS015896924 2'-Deoxy-5-methylcytidine/241.2/CyoH5N304 H,0 1044.132/0,2,3

M14/AK0S022143151 1-(3-0-Acetyl-2-deoxypentofuranosyl)-5-methyl-2, DMSO 1163.647/0,3,4
4(1H,3H)-pyrimidinedione/284.27/C;,H16N206

M15/AK0S015966242 5'-Deoxy-2',3'-di-O-acetyl-5-fluorocytidine/ DMSO 1048.699/0,2,4
329.281/Cy3H16F1N306

M16/AK0S016315844 2',3'-Isopropylidineuridine/284.265/C;3H16N206 DMSO 1142.412/3,3.3

(44
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Table 1 (continued)

Code No./AKos Chemical compound/molecular weight/rational formula Solvant FPAScore/ Structural formula
accession No. ) Bimolecular
collision
Purine type
M11/AK0S022184395 S-Adenosylhomocysteine/384.411/Cy4H20Ng05S, H,0 1173.418/4,8,12 et

M12/AK0S015951000 5/-N-Ethylcarboxamido-adenosine/308.293/C;2H;6Ng04 DMSO 1010.174/23.4
M13/AK0S015966900 8-Bromoguanosine/362.137/C;oH;2Br;NsOs DMSO 1006.288/1,2,6
N R
PR
T NN&;
e OH
I¢] |
N
/ “ox
HO~
M17/AK0S004910269 2,3,5-Tri-0-acetyl-1,4-anhydro-2-C-(2,6-dioxo-1,2,3, DMSO 1077.439/3.4,5 ne LN
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Structural formula

Bimolecular
1049.61/4,6,11

FPAScore/
collision

Solvant

DM

2'.2' 5'-Tri-O-acetyl-2-fluoroadenosine/411.342/C;gH1gF;N5sO7

Chemical compound/molecular weight/rational formula

Code No./AKos
accession No.
M18/AK0S016009590

Table 1 (continued)
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despite the progress that has been made, there is still a pressing
need for more effective treatments that target HBV.

Researchers have successfully discovered protein targets impli-
cated in various diseases [6,7] resulting in fierce competition
among pharmaceutical companies and other organizations to dis-
R cover drug-candidate compounds that inhibit or activate these

= protein targets |81. Experimental screening to determine the inter-
bt action of the experimental compound with the target protein is
usually done using industrial robots. This type of screening is
expensive and therefore, in silico screening is becoming increas-
ingly popular to determine the efficacy of compounds against their
targeted protein.

Our aim in this study was to discover HBV protein inhibitors
using a novel method, ChooseLD (CHOOse biological information
Semi-Empirically on the Ligand Docking), which uses simulated
annealing based on bioinformatics for protein-ligand flexible
docking. We believe this ChooseLD method can improve the search
for new drug targeting proteins implicated in various
diseases {9].
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2. Material and methods
2.1. In silico screening

We selected one or more low molecular weight ligands. Fig. 1
shows the schematic diagram of our protein-ligand docking proto-
col; the target protein sequence is in the upper left corner, We did
a query in the PDB [10] for the amino acid sequence of the target
protein and restricted the results to those with a CE Z-score of
3.7 1111 that included ligand molecules, termed the family ligand
set. Amino acid sequence alignment methods such as PSI-BLAST
{12] were then applied.

A fingerprint (FP) of the chemical descriptor was defined based
on the presence of particular substructures in the molecule. Each
substructure is composed of two to four atoms connected with
covalent bonds, has no ring and includes information about the
atom-type based on SYBYL mol2 format (http://tripos.com). The
drug candidate compounds were selected from the AKos
(Germany) library. The initial 3D structures were written in mol2
format and were built using Open Babel software. Druggable sub-
structures were extracted based on MDL comprehensive Medical
Chemistry (CMD) Library. FP of drug candidate was built by collect-
ing druggable substructures, (A) in Fig. 1.

The same process was applied to the family ligand set, (B). The
FPs of (A) and (B) were compared and unmatched substructures
were deleted to generate FP with common substructure as shown
in (C). Cartesian coordinate vectors of FP (C) were subsequently
used to calculate the FP alignment score (FPA score). (C_) repre-
sents Cartesian coordinate’s vectors in FP(C). Each substructure
in the (C_) band includes the assembly of several atom vectors,
each with its own Cartesian coordinates. For example, the sub-
structure of two aliphatic carbon atoms frequently appears in most
organic compounds and other types of substructures are common
in drug candidate molecules or family ligand set. If the same sub-
structure was found in the FP(A) drug candidate molecule or in
FP(B) in family ligand set, that substructure was considered redun-
dant. However, such redundant substructures still had Cartesian
coordinates that differed in (C_). In the (D) or (E) step, substruc-
tures of the same type in the drug candidate or family ligand set,
to compose a Cartesian coordinates vector, one vector set was
selected from redundant substructure. One Cartesian coordinate
with a redundant Cartesian coordinate vector in the (D) or (E) band
was selected during the simulated annealing process. We per-
formed the substructure selection process and changed the confor-
mation one thousand times by random rotations about single

DMSO

(2R,3R,4R,5R)-2-(Acetoxymethy)-5-(6-amino-9 h-purin-9-
yl)tetrahydrofuran-3,4-diyldiacetate/393.351/Cy6H;sN507

M19/AK0S004903253
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bonds. At each step of the simulated annealing, the maximum FPA
score and Cartesian coordinates of the drug candidate were stored.

2.2. In vitro HBV infection

2.2.1. Human sample

Serum samples were obtained from a 54 year-old CHB patient
with slightly elevated levels of serum alanine aminotransferase
who was positive for HBs and HBe antigens and had high-level
viremia with genotype C. No histological examination was per-
formed for this patient. The exclusion criteria for the patient were:
co-infection with human immunodeficiency virus (HIV) types 1
and 2, decompensated liver disease, organ transplantation,
immune suppression, autoimmune disorders, consumption of
>20 g/day alcohol, and past history of intravenous drug use. The
patient provided written informed consent, and Osaka City Univer-
sity Graduate School and Faculty of Medicine's Ethics Committee
approved this study in accordance with the Helsinki Declaration
2013.

2.3. Transfection procedure

4 % 10° PXB cells/well (for 24 well plate) (Phoenix bio, Hiro-
shima, Japan) was cultured in dHCGM medium [13]. 5 GEq of
HBVDNA from patient’s serum was mixed with 4% PEG8000 (MP
Biomedicals, CA) and then inoculated into the PXB cells. dHCGM
medium was changed 24 h, 48 h, and 168 h (5 days) after starting
incubation. Thereafter, the medium was changed every five days.

The chemical compound was added each time the dHCGM medium
was changed.

2.4. DNA extraction and quantification of HBVDNA

HBVDNA was extracted from 50 pl of serum or 100 pl of culture
medium using SMI TEST EX R&D (Medical & Biological Laboratories
CO.LTD Nagano, Japan) and was dissolved in H,0 at 20 pl for serum
or 50 pl for medium. HBVDNA in medium was quantified by real
time gPCR (Roche Diagnostic, Tokyo, Japan) by comparing serially
diluted HBV/C1.24 (HBVDNA containing plasmid) obtained from
Prof. Yasuhito Tanaka, Nagoya City University {14]. Primer
sequences used were modified as follows: Forward primer 5'~CACA
TCAGGATTCCTAGGACC-3, Reverse primer 5'-AGGTTGGTGAGTGA
TTGGAG-3', Tagman probe 5-FAM-CAGAGTCTAGACTCGTGGTGG
ACTTC-TAMRA-3'.

2.5. Quantification of HBsAg in medium

HBsAg in the medium was measured by Mycell Il HBsAg detec-
tion kit (Institute of Immunology Co., Ltd., Tokyo, Japan) according
to the manufacturer’s instruction.

2.6. Quantification of albumin

The human albumin content in the medium was detected using
the Human albumin ELISA quantitation kit (Belthy, Montgomery,
AL, USA) according to the manufacture instructions. Samples were
analyzed in duplicate under each condition.
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Fig. 2. In vitro HBV infection. (A) Time course of HBVDNA levels post HBV inoculation, three levels of HBVDNA from CHB patients serum were chosen as baselines; 5.74E+06
(high titer), 5.74E+05 (moderate titer), and 5.74E+04 (low titer). HBVDNA level was examined three times independently. (B) Time course of the level of HBsAg and amount of
albumin after inoculation of HBV, left and vertical axis indicate the levels of HBVDNA and HBsAg. Left and vertical bars indicate HBsAg levels in the medium; semi-
quantitative HBsAg assay was done with serial dilutions of serum samples. Right and vertical bars indicate the amount of albumin in the medium. These experiments were
performed in duplicate. (C) Time course of the effect of interferon-alpha and entecavir, the three dosages of each drug were used and the antiviral effect was measured. The

HBVDNA was quantified by real-time gPCR.
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2.7. Chemical compound

Entecavir and IFN-o, were purchased from Toronto Research
Chemicals (Toronto, ON) and Sigma-Aldrich (St. Louis, MO),
respectively. Chemical compounds for the in vitro study are listed
in Table 1. Code No. M11, M12, M16, and M19 were purchased
from Sigma-Aldrich. Code No. M8, M9, M10 and M13 were pur-
chased from Tokyo Chemical Industry Co., Ltd (Tokyo, Japan).
M14, M15, M17, M18 were purchased from AKos.

2.8. Statistical analysis
Statistical analysis was performed using two-way repeated

measures ANOVA and Dunnett’s test (SPSS, IBM, Chicago, IL). P val-
ues of less than 0.05 were considered statistically significant.

3. Result
3.1. In silico screening for reverse transcriptase inhibitors
A model experiment on the HBV RT domain was performed

using the reference domain for the HIV RT. Chemical compounds
were selected from the 2,200,000 contained in the AKos databank
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and then tested by in silico screening for their RT inhibiting activity.
In order to test this in silico screening method, we evaluated sev-
eral medicines that were used in prior HIV or HBV clinical studies.
The FPAScore of medicines selected are: LMV 677.884, ADV
618.177, Entecavir 481.639, and TDF 698.330. Among compounds
from the AKos library, sixty candidates for anti-viral agents for
HBV-RT were identified using in silico analysis; thirty were pyrim-
idine-type nucleotides and thirty were purine-type nucleotides.

3.2. In vitro HBV transfection

HBVDNA in the PXB cell medium gradually increased after the
cells were inoculated with HBV-positive serum (Fig. 2A). The
amount of HBVDNA in the medium correlated with the amount
used to infect the PXB cells (5.74e+06, 5.74e+05, and 5.74e+04 cop-
ies/mL, respectively). The detection of HBsAg in the medium lead
to the detection of HBVDNA (Fig. 2B).

3.3. Drug response in vitro transfection system

To test whether PXB cells infected with HBV was a suitable cul-
ture for screening the anti-HBV compounds, the culture was trea-
ted with either IFN-a (10-1000 U/mL) or entecavir (1-100 ng/mL),
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Fig. 3. Anti-viral effect by novel candidates. HBV infected PXB cells were treated with three amounts of M10 (A), M12 (B), M14 (C), and M15 (D). The line graph indicates
HBVDNA levels in the medium while the bar graph depicts human albumin level in the medium. The data was taken from three independent experiments. Asterisks indicate a
significant difference of p < 0.05. Cell morphology treated in 22 days after adding each candidate is shown in right part. Scale is 200 um.
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established medicines that target CHB. The quantity of HBVDNA
used for the infection was same as in high titer (Fig. 1A). As shown
in Fig. 2C, 47 days after inoculation IFN treatment reduced
HBVDNA in the +culture medium by half or two-thirds unlike the
culture without IFN treatment. In the cell lines treated with ente-~
cavir, HBVDNA gradually decreased by 99% 47 days after inocula-
tion (Fig. 2C). No obvious difference in anti-viral effect was
observed even when the drug dosage was changed.

3.4. Novel candidate for anti-HBV drug

We were able to identify 60 candidates by in silico screening;
from this twelve candidates were chosen suing two exclusion con-~
ditions: prior in vitro or in vivo use in HIV or HBV treatment, and
cell toxicity for example anti-cancerous drug.

Six of the twelve candidates were purine type chemical
compounds: S-Adenosylhomocysteine (M11), 5-N-ethylcarbox-
amidoadenosine (M12), 8-bromoguanosine (M13), 2,3,5-Tri-O-
acetyl-1,4-anhydro-2-C-(2,6-dioxo-1,2,3,6-tetrahydro-9H-purin-
9-yl) pentitol (M17), 2/,2',5'-Tri-O-acetyl-2-fluoroadenosine (M18),
and (2R,3RA4R,5R)-2-(acetoxymethy)-5-(6-amino-9h-purin-9-yl)
tetrahydrofuran-3,4-diyldiacetate (M19). The remaining six were
pyrimidine compounds: 5'-Deoxy-5-fluorocytidine (M8), 2’-
Deoxy-5-fluorocytidine (M9), 2’-Deoxy-5-methylcytidine (M10),
1-(3-0-Acetyl-2-deoxypentofuranosyl)-5-methyl-2,4(1H,3H)-
pyrimidinedione (M14), 5'-Deoxy-2’3/-di-O-acetyl-5-fluorocyti-
dine (M15), and 2/,3'-Isopropylidineuridine (M16) (Table 1). In
PBX cell mediums treated with M10, M12, M14, and M15, HBVDNA
significantly reduced compared to non-treated mediums (Fig. 3).
Treatment did not affect cell viability morphologically and did
not change the value of albumin in the medium even when high
concentrations of M10 and M14 were used (¥ig. 3A and C). How-
ever, at high concentrations of M12 and M15, cell viability was
affected morphologically and the concentration of human albumin
in the medium was significantly reduced (Fig. 3B and D).

4. Discussion

Standard clinical treatment of CHB uses nucleot(s)ide analogues
that inhibit viral RT activity. Most nucleotide analogues result in
side effects while entecavir and tenofovir are known to have viral
resistance to HBV after several years. In addition, nucleotide ana-
logue monotherapy cannot eliminate HBVDNA completely. Taking
these current problems into account, our goal was to identify novel
HBV protein-inhibiting agents.

In silico screening has been proven effective for identifying
novel inhibitors for a variety of proteins. To date, several drug can-
didates have been found, for example, inhibitors for ALK, EGLN3,
and NUAK1, which are indicated in squamous cell carcinoma in
the esophagus {15}, lung small cell carcinoma (Umeyama et al.,
BMC Genomics, in press), and autoimmune disease such as sys-
temic lupus erythematous, rheumatoid arthritis, and diabetes mel-
litus {161,

We simulated Induced fit for RT using HIV RT domain and iden~
tified 30 purine-type and 30 pyrimidine-type inhibitor candidates
from two million chemical compounds in the AkosSamples data-
base. For each type, six candidates with no prior use as HIV and
HBV medicines were chosen. Two of the 12 compounds had an
antiviral effect in vitro using PBX hepatocytes. Large amounts of
these compounds are used in in vitro experiment however this
approach did not rely on newly synthesized compounds; therefore,
these related costs and time could potentially be eliminated
thereby allowing compounds to be screened more efficiently. The

primary aim of in silico screening is to identify compounds with
anti-viral activity; the secondary aim is to increase the antiviral
effect of compounds identified by chemical modification, however,
this level of research will be done in the future.

Since the life cycle and replication course of HBV are compli-
cated, it is difficult to eradicate HBV genes only by controlling
the function of DNA polymerase. We created a composition of
inhibitors for HBV related proteins in parallel with DNA polymer-
ase and established a protein model of HBV surface and core anti-
gens in order to adopt an induced fit configuration (unpublished
results). Identifying these protein inhibitors would be done in the
near future.

In summary, nucleos(t)ide analogues that target CHB result in
potent antiviral response, however they also have a high proclivity
for developing drug resistance HBV. Using reliable public drug dat-
abases, our in silico method can help to identify drug targets for
HBV efficiently. Moreover, this algorithm can effectively identify
candidates with the potential to suppress HBV replication in vitro
HBV infected systems.

Competing interests
The authors have no competing interests to declare.
Acknowledgments

YM, M|, YY, TT, ME, AT, NK, and HU were supported by KOSEI-
KAKENHI, (H25-B sou-Kan-en-general-018). YM, and MH per-
formed the research. MJ, YY, TT, ME, AT, HU, MI, NK, YT, and HU
designed and performed the research. YM, MI, YT, and UH wrote
the paper.

Reference

[1] W.M. Lee, Hepatitis B virug infection, N. Engl. |. Med. 337 (1897} 1733-1745.

[2] RP. Beassey, Hepa 3 virus, The major etiology of hepatoceliudar carcinoma,
Cancer 61 (1988} 19421856,

[3] }. Shao, L. Wex H. Wang, Y. Sun, LE. Zhang, 1. Li, 1.Q. Dong, Relationship berween
hepatitis B vinus DNA levels and Hver histology in patients with dhwonic
hepatitis B, World L. Gastroenterol. 13 (2007) 2104-2107.

[4] G. Daniels, A century of human blood groups, Wien, Kiin, Wochenschr. 113
(2001} 781-786.

[5] L. European, Association for the study of the EASL clinical practice guidelines:
management of chronie hepatitis B vivus infection, | Hepatol, 57 (20123167~
188,

[6] ER Wood, AT Truesdale, 0.8, McDonald, D, Yuan, A. Hassell, S.H. Dickerson, B,
Ellis, € Pennist, B Horpe, K Lackey, K] Alligood, D)W, Rusnak, T.M. Giliner, L.
Shewchuk, A unique structure for epidermal growth factor receptor bound to
GW572016 (Lapatinib): relationships among protein conformation, inhibitor
offerate, and receptor activity in tumor cells, er Res. 64 (2004 559,

[71 }. Stamos, M.X. Sliwkowski, €. Bigenbrot, Structure of the emdexmal growth
factor receptor kinase domaln alope and in complex with a 4~
amhs;squmamhm mhibxmr j Iami Chem, 277 ( 10(32‘ 4:»

C,m?mmd K Hase L,awa K Kubu Y. Emswma, R ‘;umi{; !\ Kuim M St xbnya i
Isae, KRNG5, a highly potent inhibiror of vascular endothelial growth factor
receptor tyrosine kinases, has antitumor ac es and affects funcrional
vascular properties, Cancer Res, 66 (2006) 91349142,

[9] ©. Takaya, M. Takeda-Shitaka, G. Terashi, K Kanou, M. Iwadate, H. Umeyama,
Bioinformartics based Ligand-Docking and in-silico screening, Chem Pharm.
Bull 56 (2008 742744,

[10] . Westbrook, 2. Feng, L. Chen, H. Yang, HM. Berman, The Protein Data Bank
and structural genomics, Nudleic Acids Res. 31 {2003) 488-481.

[11] LN, Shindyalov, P.E Bourne, Protein structure alignment by incremental
combinatorial extension (CE) of the optimal path, Protein Eng. 11 (1998) 739~
747.

[12] SF Alisehul, TL Madden, AA Schaffer, | Zhang, Z. Zhang, W, Milley, DL
Lipman, Gapped BLAST and PSI-BLAST: a new generation of protein database
search programs, Nuclele Acids Res. 25 (1997) 33893402,

[13] €. Yamasaki, C. Tateno, A, Aratand, C Ommi Katay , T, Kohashi, K, Hino,
H, Marusawa, T. Asahara, K Yoshizarve, Growth and differentiation of colony-
forming human hepatocytes in vitro, L Hepatol 44 {2008) 748757,




28 Y. Murakami et al./Biochemical and Biophysical Research Communications 456 (2015) 20-28

[14] A. Abe, K. Inoue, T. Tanaka, L. Kato, N. Kajiyama, R, Kawaguchi, S. Tanaka, M. [16] S. Ishida, H. Umeyama, M. lwadate, Y.H. Taguchi, Rioinformatic screening of
Yoshiba, M. Kohara, Quantitation of hepatitis B virus genomic DNA by real- autoimmune disease genes and protein structure prediction with FAMS for
tirne detection PCR, § Clin, Microbiol, 37 (1999) 2899-2903, drug discovery, Protein Pept. Lett, 21 {2014) 828-839.

[15] R. Kinoshita, M, Iwadate, H. Umeyama, Y.H. Taguchi, Genes associated with
genotype-specific DNA methylation in squamous cell carcinoma as candidate
drug targets, BMC Syst. Biol. 8 {Suppl. 1) (23014) 84,



#1318

an %—%eaé:@&

HEPATOLOGY

doi:10.1111/jgh.12604

Prospective long-term study of hepatitis B virus reactivation
in patients with hematologic malignancy

Akihiro Tamori,* Masayuki Hino," Etsushi Kawamura,* Hideki Fujii,* Sawako Uchida-Kobayashi,*
Hiroyasu Morikawa,* Hirohisa Nakamae," Masaru Enomoto,* Yoshiki Murakami* and

Norifumi Kawada*

Departments of *Hepatology and "Hematology, Osaka City University Graduate School of Medicine, Osaka, Japan

Key words
anti-HBs, HBV-DNA, HBV reactivation,
prospective study.

Accepted for publication 16 March 2014,

Correspondence

Dr Akihiro Tamori, Department of Hepatology,
Osaka City University Graduate School of
Medicine, 1-4-3, Asahi-machi, Abenoku,
Osaka 545-8585, Japan. Email:
atamori@med.osaka-cu.ac.jp

Conflict of interest: The authors who have
taken part in this study declare that they do
not have anything to disclose regarding
funding or conflict of interest with respect to
this study.

Financial support: This work was supported in

part by Grants-in-Aid for Scientific Research,
Japan (KAKENHI no. 23590985).

Introduction

Abstract

Background and Aim: To elucidate the clinical characteristics of hepatitis B virus reac-
tivation (HBV-R), we performed a prospective long-term study of patients with hemato-
logic malignancy, including both hepatitis B virus (HBV) carriers and those with resolved
HBYV infection.

Methods: Twenty-one patients with hematopoietic stem-cell transplants (HSCT) and 36
patients given rituximab-based chemotherapy were enrolled. Entecavir was administered
prophylactically to eight patients with HBV surface antigen (HBsAg). HBV-DNA was
measured every month in 49 patients with resolved HBV infection, and preemptive therapy
was given to eight patients with HBV-R.

Results: HBV-R developed in five (26%) of 19 patients with HSCT and three (10%) of 30
patients given rituximab-based chemotherapy. HBV-R occurred a median of 3 months
(range: 2-10) after the end of rituximab-based chemotherapy and 22 months (range: 9-36)
after HSCT. HBV-R did not develop in patients with an antibodies against HBsAg (anti-
HBs) titer exceeding 200 mIU/mL at baseline. Mutations in the “a” determinant region
with amino acid replacement were detected in four of the eight patients with HBV-R.
Preemptive therapy prevented severe hepatitis related to HBV-R. Entecavir treatment was
stopped in four patients with HBV-R. Since the withdrawal of entecavir, HBV-DNA has
not been detected in two patients persistently positive for anti-HBs. No patient had fatal
hepatitis.

Conclusions: Proper management of patients with HBsAg or resolved HBV infection
prevented fatal hepatitis related to HBV-R in patients who received immunosuppressive or
cytotoxic therapy. Entecavir could be safely discontinued in patients with HBV-R who had
acquired anti-HBs.

HBV-R in patients negative for hepatitis B virus surface antigen
(HBsAg).

Hepatitis B virus (HBV), a circled DNA virus with approximately
3000 bases, causes liver disease in humans, including acute hepa-
titis, chronic hepatitis, cirrhosis, and hepatocellular carcinoma.!
HBYV viral loads in serum are regulated by both viral replication
and host immunity. It is well known that HBV reactivation
(HBV-R) occurs in patients who receive immunosuppressive or
cytotoxic therapy and in patients after transplantation, particular in
those who receive allogeneic or autologous hematopoietic stem-
cell transplants (HSCT).>” HBV-R is generally defined as a con-
secutive more than 1-log increase in the serum HBV-DNA level in
patients with previously inactive or resolved HBV infection.?’ In
patients with HBV-R, hepatitis flare can occur, leading to hepatic
failure.!® De novo hepatitis is defined as a hepatitis flare caused by
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Screening and prophylaxis for HBV-R in patients who receive
cytotoxic therapy have been recommended by several groups of
hepatologists.'"!3 However, it remains unclear how long such
patients should be observed. A meta-analysis has suggested that
prophylactic treatment with lamivudine, a nucleoside analogue
with very potent anti-HBV replication activity, might reduce the
risk of HBV-R and HBV-associated morbidity and mortality.'* As
compared with entecavir, prolonged treatment with lamivudine has
a higher risk of viral breakthrough owing to the emergence of viral
variants with reduced sensitivity to the drug, resulting from muta-
tions in the YMDD locus of the HBV polymerase gene. Entecavir
is speculated to be more suitable for patients with HBV-R who
require more than 1 year of treatment. Recently, retrospective
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