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Factors associated with the effect of interferon-o sequential
therapy in order to discontinue nucleoside/nucleotide analog
treatment in patients with chronic hepatitis B
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Aim: The factors associated with the outcome of sequential
therapy with interferon-o. (IFN-o) in order to halt nucleoside/
nucleotide analog (NUC) maintenance treatment for chronic hep-
atitis B were analyzed.

Methods: A total of 50 patients with chronic hepatitis B who
underwent IFN-a sequential therapy for cessation of NUC were
enrolled retrospectively. The subjects received NUC plus IFN-a
for 4 weeks followed by IFN-o alone for 20 weeks. Natural IFN-a
of 6-MU doses was administrated three times a week. A success-
ful response to NUC/IFN-o. sequential therapy was defined as se-
rum hepatitis B virus (HBV) DNA below 4.0 log copies/mL, serum
alanine aminotransferase (ALT) below 301U/L, and hepatitis B e-
antigen negativity at 24 months after completing the treatment.

Results: Multivariate analysis revealed that hepatitis B surface
antigen (HBsAg) of 3.0 log U/mL or more (P < 0.002) and hepatitis
B core-related antigen (hepatitis B core-related antigen [HBcrAg])

of 4.5 log U/mL or more (P < 0.003) at the start of IFN-o. administra-
tion were significant factors associated with a 24-month non-
response. Maximal levels of ALT and HBV DNA during the
follow-up period after completing IFN-o therapy were significantly
related (P < 0.001), and receiver operating characteristic analysis
showed that both maximal ALT (P < 0.001) and HBV DNA (P < 0.001)
were significantly related to the final 24-month response.

Conclusion: The combinational use of HBsAg and HBcrAg
levels may be useful to predict the 24-month outcome of
NUC/IFN-o. sequential therapy. Maximal levels of ALT and HBV
DNA during post-treatment follow-up may also help monitor
responses to IFN-a sequential therapy.

Key words: hepatitis B core-related antigen, hepatitis B surface
antigen, interferon-a, nucleoside/nuclectide analogs, sequential
therapy

INTRODUCTION

EPATITIS B VIRUS (HBV) infection is a widespread
health problem with an estimated 350-400 million
carriers worldwide. Prolonged infection with HBV can
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cause chronic hepatitis, which may eventually develop
into liver cirthosis and hepatocellular carcinoma
(HCC).'? Currently available antiviral treatments for hep-
atitis B include nucleoside/nucleotide analogs (NUC) and
interferon-o. (IFN-o).* NUC are p.o. administrated and are
associated with low rates of adverse effects. Although treat-
ment with NUC, such as lamivudine (LVD), adefovir
dipivoxil and entecavir (ETV), induces virological and bio-
chemical responses in most patients, NUC therapy also
carries the risk of drug resistance. Furthermore, patients
with hepatitis B are required to undergo extended
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treatment with NUC because early discontinuance often
leads to relapse.>® In contrast, the remission of chronic
hepatitis B by IFN-a is prolonged, but is achieved only in
a small percentage of patients.

Serfaty etal.” conducted a pilot study on sequential
therapy using LVD and IFN-o and conduded that this
treatment could induce a sustained virological response
in patients with chronic hepatitis B who did not respond
to IFN-a alone. However, ensuing reports®'? were unable
to confirm such a cooperative effect. Because the clinical
backgrounds of the enrolled patients also differed among
the above reports, it has become necessary to clarify the
factors associated with the outcome of IFN-a sequential
therapy in order to estimate its clinical significance.

We previously analyzed patients with chronic hepatitis B
who ceased NUC therapy and showed that lower hepatitis
B surface antigen (HBsAg) and hepatitis B core-related an-
tigen (HBcrAg) levels were associated with a favorable clin-
ical outcome in subjects negative for hepatitis B e-antigen
(HBeAg) and HBV DNA at NUC discontinuation.'*'*
Although we identified patients in whom NUC could be
safely halted with high reliance, such patients accounted
for a relatively minor percentage. Therefore, we conducted
the present study to analyze the effect of IFN-a sequential
therapy on successfully stopping NUC.

This report retrospectively analyzes the factors associated
with outcome of IFN-a sequential therapy following NUC
treatment. As the subjects were followed long term, treat-
ment responses at 24 months after stopping IFN-o were
evaluated and compared with those at 6 and 12 months.

METHODS

Patients

TOTAL OF 50 patients with chronic hepatitis B who

underwent IFN-o, sequential therapy in order to halt
NUC therapy between May 2002 and September 2010
were enrolled. Subjects received NUC plus IFN-a for
4 weeks followed by IFN-a alone for 20 weeks (Fig. 1). Nat-
ural IFN-o (Sumiferon; Sumitomo Dainippon Pharma,
Tokyo, USA) at a dose of 6 MU was administrated three

Hepatology Research 2015

times a week. Doses were reduced to 3MU during
exceptional circumstances, such as side-effects. All pa-
tients completed 24 weeks of IFN-o administration and
received over 80% of the scheduled dose. Patients were
recruited retrospectively from eight hospitals across
Japan (Shinshu University Hospital, National Hospital
Organization Nagasaki Medical Center, Toranomon
Hospital, Hiroshima University Hospital, Chiba Univer-
sity Hospital, The Hospital of Hyogo College of Medicine,
Kumamoto Shinto General Hospital,and Teine Keijinkai
Hospital). The demographic data of the subjects are pre-
sented in Table 1. The median age at NUC cessation was
35years. Approximately three-fourths of the patients were
men. Genotype C HBV was predominant as has earlier
been reported for Japan.' Eighty-six percent of patients
began NUC therapy with LVD and 14% did so with ETV.
The duration of NUC administration ranged from 4 to
121 months. The follow-up period was defined as the
point of stopping IFN-a administration up until the last
visit or to when NUC were re-administrated due to reacti-
vation of hepatitis B. NUC were recommenced in 25
(50%) of the 50 patients enrolled. Among them, 17 were
treated before judgment of the 24-month response to se-
quential therapy. All patients requiring re-administration

Table 1 Demographic data of 50 enrolled patients

Characteristic Value
Age at start of NUC administration 34 (21-57)
(years) T

Age at end of NUC administration 35 (22-62)
(years)t

Sex (male: female) 38:12
Genotype (B: C: undetermined) 3:36:11
NUC at start (LVD : EIV) 43:7

NUC atend (LVD :EIV: 40:8:1:1
LAM + ADV: ETV + ADV)

Duration of NUC administration 6 (4-121)

(months)t

HBeAg positivity at start of NUC#
HBeAg positivity at end of NUCt
Follow-up period after stopping IFN-a
administration (months)t

70% (35/50)
42% (21/50)
28 (2-102)

4w 20w Evaluation of responses o

S>> v " o Patients requiring re-administration 50% (25/50)

Patients developing HCCt 0% (0/50)
0 6 12 24 tData are expressed as the median (range).

Months after stopping IFNa administration
(follow-up period)

Figure 1 Experimental design of the present study. IFN, inter-
feron; NUC, nucleoside/nudeotide analog; w, weeks.

© 2015 The Japan Society of Hepatology

$Data are expressed as a positive percentage (positive number/total
number).

ADV, adefovir dipivoxil; ETV, entecavir; HBeAg, hepatitis B e-antigen;

HCC, hepatocellular carcinoma; IFN, interferon; LAM, lamivudine;

LVD, lamivudine; NUC, nudeoside/nuceotide analog.
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of NUC possessed alanine aminotransferase (ALT) levels
of over 80IU/L and HBV DNA levels of over
5.8 log copies/mL at or just before the point of NUC re-
continuation, which fulfilled the established requirements
for restarting NUC,'*1 16

Hepatitis B surface antigen was confirmed to be posi-
tive on at least two occasions at least 6 months apart in
all patients before NUC treatment. Tests for hepatitis C
virus and HIV antibodies were all negative. Patients
complicated with HCC or signs of hepatic failure at
the cessation of NUC administration were excluded
from the study. No such complications were observed
during follow up.

With few exceptions, patients were seen at least once a
month during the first year of follow up, at least once every
3 months during the second year and at least once every
6 months afterwards. No patient developed HCC or he-
patic failure during the follow-up period. Stored serum
samples were kept frozen at —20° C or below until assayed.
This study was approved by the ethics committees of all
participating institutions (approval reference 1117 for
Shinshu University Hospital, 24085 for National Hospital
Organization Nagasaki Medical Center, 758 for Toranomon
Hospital, 321 for Hiroshima University Hospital, 934 and
977 for Chiba University Hospital, 779 for The Hospital
of Hyogo College of Medicine, 411 for Kumamoto Shinto
General Hospital, and “Analysis of efficacy of IFN- to stop
NUC in patients with chronic hepatitis B” for Teine
Keijinkai Hospital).

Hepatitis B viral markers

Serological markers for HBV, including HBsAg, HBeAg and
antibody to HBeAg, were tested using commercially avail-
able enzyme immunoassay kits (Abbott Japan, Tokyo,
Japan; Fujirebio, Tokyo, Japan; and/or Sysmex, Kobe,
Japan) at each hospital. Quantitative measurement of
HBsAg'” was performed using a chemiluminescence en-
zyme immunoassay (CLEIA)-based HISCL HBsAg assay
manufactured by Sysmex (Kobe, Japan). The assay had a
quantitative range of -1.5 to 3.3 logIU/mL. End titer was
determined by diluting samples with normal human
serum when initial results exceeded the upper limit of
the assay range.

Serum HBV DNA was determined using a COBAS
TagMan HBV kit (Roche, Tokyo, Japan)'® with a quantita-
tive range of 2.1-9.0 log copies/mL. According to the man-
ufacturer’'s instructions, detection of a positive signal
below the quantitative range was described as a positive
signal, and no signal detection was regarded as a negative
signal. Six HBV genotypes (A-F) were evaluated according

NUC/IEN-o sequential therapy 3

to the restriction patterns of DNA fragments from the
method reported by Mizokami etal.'”?

Serum HBcrAg levels were measured using a CLEIA
HBcrAg assay kit with a fully automated Lumipulse System
analyzer (Fujirebio) as described previously.”>*' The
HBcrAg assay measures all antigens transcribed and trans-
lated from the precore and core genes of the HBV genome,
which include hepatitis B e, core and p22cr antigens.'*°
HBcrAg concentration was calculated based on a standard
curve generated using recombinant pro-HBeAg. The im-
munoreactivity of pro-HBeAg at 10 fg/mL was defined as
1 U/mL. We expressed HBcrAg in terms of log U/mL, with
a quantitative range set at 3.0-6.8 logU/mL.

Evaluation of response to NUC/IFN-a. sequential
therapy

The clinical conditions of a successful response to
NUC/IFN-o sequential therapy were set at serum HBV
DNA below 4.0log copies/ml, serum ALT below 30IU/L
and negative HBeAg, according to established Japanese
guidelines in which patients who meet these conditions
are not recommended to start antiviral therapy.?> We
assessed the final response at approximately 24 months
after completing IFN-o sequential therapy and compared
results to those at 6 and 12 months after the treatment.

Statistical analyses

Fisher's exact and Pearson’s y>-tests were adopted to test
for differences between subgroups of patients. The
Mann-Whitney U-test was employed to compare continu-
ous data. Each cut-off value was decided using receiver
operating characteristic (ROC) analysis, and results were
evaluated by measuring the area under the ROC (AUC).
Multivariate analysis was performed using a logistic
model for the 24-month response to NUC/IFN-o sequential
therapy. Correlations between maximal values of ALT and
HBV DNA were calculated using Spearman'’s rank correla-
tion coefficient test. The non-relapse rate was analyzed by
the Kaplan-Meier method.

All tests were performed using the IBM SPSS Statistics
Desktop for Japan version 19.0 (IBM Japan, Tokyo, Japan).
P < 0.05 was considered to be statistically significant.

RESULTS
Factors associated with the 24-month
response to NUC/IFN-a sequential therapy

F THE 50 patients enrolled, 18 were judged as
responders at 24 months after completing IFN-a
sequential therapy (i.e. 24-month responders), while the

© 2015 The Japan Society of Hepatology
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remaining 32 were classified as 24-month non-responders.
The clinical backgrounds of both groups are compared in
Table 2. The median age at NUC commencement and sex
distribution did not differ remarkably between the groups.
Genotype C was similarly predominant. The types of NUC
administrated at the start and end of treatment were
comparable between the groups, but the duration of
NUC administration was significantly longer in
responders. Re-administration of NUC due to aggravation
of hepatitis B before judgment of the 24-month response
was observed in approximately half of the 32 non-
responders. After the final evaluation at 24 months, re-
continuation of NUC was seen in only one of the 18
responders versus roughly half of the 15 non-responders
who had previously not required it. The follow-up period
was significantly longer in responders because observation
was discontinued when NUC were re-administrated.

Biochemical and virological markers were compared be-
tween 24-month responders and non-responders at the
start of NUC, at the start of IFN-a and at the end of IFN-a
(Table 3). Positivity for the HBeAg was significantly lower
in responders at all time points. HBsAg and HBcrAg levels
did not differ between the groups at the start of NUC, but
became significantly lower in responders at the start and
end-points of IFN-a administration. A significant differ-
ence in HBV DNA level was seen between the groups at
the end of IFN-a administration only. ALT levels did not
differ between the groups at any point.

Multivariate analysis revealed that HBsAg and HBcrAg
levels of 3.0 or more and 4.5logU/mL or more, respec-
tively, at the start of [FN-a administration were significant
factors associated with a 24-month non-response to
NUC/IFN-a sequential therapy (Table 4). The factors
adopted for this logistic model were as follows: age at

Hepatology Research 2015

end of NUC of 37 years or more, duration of NUC admin-
istration of 18 months or more, sex, type of NUC at start,
HBV genotype, HBeAg positivity at the start of IFN-q,
HBsAg level at the start of IFN-a of 3.0 logIU/mL or more,
and HBcrAg level at the start of I[FN-a of 4.5logU/mL or
more. The corresponding cut-off values for each factor
were determined by ROC analysis.

Of the 50 patients enrolled, 23 (46%) had HBsAg of
3.0loglU/mL or more and HBcrAg of 4.5logU/mL or
more, 27 (54%) had HBsAg of less than 3.0logIU/mL or
HBcrAg of less than 4.5logU/mL, and none had HBsAg
of less than 3.0loglU/mL and HBcrAg of less than
4.5logU/mL at the start of IFN-a administration. Whereas
none of the 23 patients with the highest HBsAg and
HBcrAg levels were responders, 18 (67%) of the remaining
27 patients responded to NUC/IFN-a sequential therapy
(P=0.005).

Comparison of responses to NUC/IFN-a
sequential therapy at different time points

We assessed the responses to NUC/IFN-a sequential ther-
apy at 6 and 12 months after completing IFN-o adminis-
tration using the same criteria as those for determining
the 24-month outcome. Responses were in 78% agree-
ment (P<0.001) between 6 and 24 months and 80%
agreement (P < 0.001) between 12 and 24 months.

Prediction of response to NUC/IFN-a sequential
therapy using maximal levels of ALT and
HBV DNA

The maximal levels of ALT and HBV DNA during follow
up were found to be significantly related (r=0.777,
P < 0.001). ROC analysis showed that both maximal ALT

Table 2 Comparison of clinical backgrounds between 24-month responders and non-responders

Clinical background

24-month P
non-responders (1 =32)

24-month
responders (n=18)

Age at start of NUC (years)

Sex (male: female)

Genotype (B:C:undetermined)

NUC at start (LVD : EIV)

NUC at end (LVD : ETV:LAM + ADV: ETV + ADV)

Duration of NUC administration (months)*t

Follow-up period after stopping IFN-o administration (months)t
Re-administration of NUC before judging 24-month responses
Re-administration of NUC after judging 24-month response¥

36 (21-56) 34 (21-57) 0.486
15:3 23:9 0.497
1:16:1 2:20:10 0.101
16:2 275 1.000
16:2:0:0 24:6:1:1 0.610
51 (5-121) 5 (4-72) 0.001
30 (23-102) 22 (2-81) 0.014
0% (0/18) 53% (17/32) <0.001
6% (1/18) 47% (7/15) 0.012

tData are expressed as the median (range).

+Data are expressed as a positive percentage (positive number/total number).
ADV, adefovir dipivoxil; ETV, entecavir; HBeAg, hepatitis B e-antigen; HCC, hepatocellular carcinoma; IFN, interferon; LAM, lamivudine; LVD,

lamivudine; NUC, nudeoside/nucleotide analog.

© 2015 The Japan Society of Hepatology
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Table 3 Comparison of ALT level and viral markers between 24-month responders and non-responders at the time points of starting
NUC administration, starting IFN-o administration and stopping [FN-¢. administration

ALT/viral marker

24-month responders (n=18)

24-month non-responders (n=32) P

At start of NUC administration

ALT (IU/L) 242 (32-2274)
HBeAgt 44% (8/18)
HBV DNA (log copies/mL)t 8.0 (<2.1->9.0)
HBsAg (logIU/mL) 3.5 (1.8-4.9)
HBcrAg (log U/mL)t >6.8 (3.7->6.8)
At start of IFN-¢. administration
ALT (IU/L)t 29 (12-103)
HBeAg} 11% (2/18)
HBV DNA (log copies/mL)t <2.1 {neg.-3.9)
HBsAg (log IU/mL)t 2.9 (1.5-4.1)
HBarAg (log U/mL)t 3.6 (<3.0-5.9)
At end of IFN-¢ administration
ALT (IU/L)t 25 (10-48)
HBeAg 6% (1/18)
HBV DNA (log copies/mL)t <2.1 (neg.-4.1)
HBsAg (logIU/mL)t 2.8 (1.9-4.0)
HBcrAg (log U/mL)t 3.4 (<3.0-5.5)

281 (22-1044) 0.872
84% (27/32) 0.008
7.8 (<2.1->9.0) 0.866
3.5 (2.5-4.4) 1.000
>6.8 (<3.0->6.8) 0.121
29 (12-111) 0.779
59% (19/32) 0.001
<2.1 (neg.-4.8) 0.142
3.7 (2.5-4.3) 0.028
5.6 (<3.0->6.8) 0.002
28 (12-134) 0.384
59% (19/32) <0.001
4.6 (<2.1->9.0) <0.001
3.6 (2.6-4.7) 0.007
5.5 (<3.0->6.8) 0.017

tData are expressed as the median (range).

$Data are expressed as a positive percentage (positive number/total number).
ALT, alanine aminotransferase; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e-antigen; HBsAg, hepatitis B surface antigen; HBV,
hepatitis B virus; IFN, interferon; neg., negative; NUC, nudeoside/nucleotide analog.

Table 4 Multivariate analysis of factors associated with 24-month
non-responders to NUC/IFN-u sequential therapy

Selected factor Odds ratio 95% CI P
HBsAg >3.0 log IU/mL 17.7 2.9-108.2 0.002
at start of IFN-a.

HBcrAg >4.5 log U/mL 15.0 2.5-88.6 0.003

at start of IFN-g

Cl, confidence interval; HBcrAg, hepatitis B core-related antigen;
HBsAg, hepatitis B surface antigen; IFN, interferon; neg., negative;
NUC, nudeoside/nucleotide analog.

and HBV DNA levels were significantly associated with the
treatment response (Fig. 2), with an AUC for each param-
eter of over 0.8. The cut-off values providing the highest
significance in ROC analysis were 128 IU/L for ALT and
4.5 log copies/mL for HBV DNA. The existence of a second
cut-off value was also identified for HBV DNA
(6.0log copies/mL) to discriminate between 24-month re-
sponders and non-responders. These results indicated that
patients reaching a maximal ALT level of over 128 IU/L or
maximal HBV DNA level of over 6.0log copies/mL during
post-treatment follow up were likely to be non-responders.

Lastly, we analyzed the changes in cumulative non-
relapse rate of hepatitis B during and after IFN-a

administration by tentatively defining relapse as ALT level
exceeding 128IU/L during follow up. We selected
maximal ALT instead of maximal HBV DNA because: (i)
the inflection point to distinguish a response was clear
for maximal ALT but ambiguous for maximal HBV DNA;
(ii) the value for “sensitivity + specificity - 1" as calculated
by ROC analysis was larger for maximal ALT (7.5 vs 6.5);
and (iii) the maximal levels of ALT and HBV DNA were
closely associated, and thus ALT values were considered
to represent those of HBV DNA. The cumulative non-
relapse rate decreased rapidly after completely halting
NUC until just prior to 6 months after stopping IFN-a
and then was seen to plateau until the study end-point
(Fig. 3). This suggests that the recurrence of hepatitis asso-
ciated with a 24-month non-response can be expected to
occur primarily during the first 6 months after stopping
IFN-o administration.

DISCUSSION

HE COOPERATIVE EFFECT of NUC/IFN-a sequential
therapy has been controversial.”**> Enomoto etal.'®
first analyzed the results of ETV/IFN-a sequential therapy
in patients with HBeAg positive chronic hepatitis B and de-
tected several differences. Although their results were nega-
tive, they witnessed that patients who had achieved HBeAg

© 2015 The Japan Society of Hepatology
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Start of"j;\lao 612 24 3% 48 60 72 B4 96 tion of NUC administration were not fixed in this study

Months after stopping [FNa administration
Figure 3 Kaplan-Meier analysis of the non-relapse rate after stop-

ping interferon (IFN)-o administration by defining relapse of hepatitis
B as alanine aminotransferase (ALT) level exceeding 128 TU/L.

© 2015 The Japan Society of Hepatology

because IFN-a sequential therapy was implemented to dis-
continue NUC in patients who were undergoing mainte-
nance treatment. Although a prospective study would
have been ideal to elucidate the factors associated with
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[FN-a sequential therapy outcome, we undertook this ret-
rospective trial because no variables have been sufficiently
analyzed to date. Furthermore, we were able to address the
long-term response to [FN-a sequential therapy in relation
to the results of earlier retrospective studies. It has been re-
ported that pegylated IFN-o (PEG IFN-a)) provides a higher
HBV response rate than does conventional IFN-a.?* There-
fore, additional prospective studies of sequential therapy
using PEG IFN-¢ are needed as well.

Both HBsAg and HBcrAg levels at the time of NUC cessa-
tion were factors significantly associated with the response
to NUC/IFN-a sequential therapy. HBsAg has been closely
linked with PEG IFN-a therapy outcome.?*?” Moucari
etal.*® analyzed HBeAg negative hepatitis B patients who
had been treated with PEG IFN-a for 48 weeks and con-
cluded that an early serum HBsAg drop was strongly pre-
dictive of a sustained virological response. Sonneveld
etal® assessed HBeAg positive hepatitis B patients who
had received PEG IFN-o with or without LVD for 52 weeks
and observed that patients who experienced no decline in
HBsAg level from baseline at week 12 had little chance of
achieving a sustained response and no possibility of
HBsAg loss. HBcrAg includes antigens that are transcribed
and translated from precore and core genes of the HBV
genome, and HBeAg is a primary component of these
antigens. Thus, our results were consistent with those de-
scribed by Enomoto etal. '© that the proportion of patients
losing HBeAg positivity during ETV treatment was signifi-
cantly higher in responders to ETV/IFN-a sequential
therapy than in non-responders.

Hepatitis B surface antigen and HBcrAg levels have both
been associated with intrahepatic HBV cccDNA, which is a
key molecule in HBV replication whose value is closely
related to HBV replication activity.?"*”*® Several re-
ports?”??3% haye shown that HBV cccDNA level is associ-
ated with the response to antiviral therapy, such as with
PEG IFN-o. and NUC. Sung etal.*® analyzed HBeAg posi-
tive hepatitis B patients who had been treated with either
LVD monotherapy or a combination of PEG IFN-a and
LVD and concluded that intrahepatic HBV cccDNA level
at the end of therapy was superior to serum HBV DNA in
predicting a sustained virological response. Serum HBV
DNA is associated with intrahepatic HBV cccDNA and is
widely used as a marker for HBV replication activity. How-
ever, such associations may be incompatible with antiviral
therapies, and especially NUC treatment, because NUC di-
rectly hamper production of the HBV virion by inhibiting
reverse transcription of pre-genomic RNA without affect-
ing HBV cccDNA directly. As serum levels of HBsAg and
HBcrAg are easier to measure than intrahepatic HBV
cccDNA, these two antigen assays may be more suitable

NUC/IIN-o sequential therapy 7

as surrogate markers for HBV replication activity in
patients undergoing antiviral therapy. We previously re-
ported that the combinational use of HBsAg and HBcrAg
was beneficial to forecast the risk of hepatitis relapse after
discontinuation of NUC."*'* The present study confirms
this notion; it is possible that HBsAg and HBcrAg have
complimentary roles in monitoring antiviral effects be-
cause the production of these two antigens is regulated
by alternative enhancer-promoter systems in the HBV
genome.

It is noteworthy that ROC analysis revealed maximal
levels of ALT and HBV DNA to be closely associated with
the 24-month response to NUC/IFN-a sequential therapy.
We observed that patients with ALT higher than
128 IU/mL or HBV DNA higher than 6.0logcopies/mL
during follow up were likely to be non-responders. When
a relapse of hepatitis B was tentatively defined as ALT ex-
ceeding 128 [U/L during observation, relapses occurred
frequently during the first 6 months after ceasing IFN-a
and then became more sporadic afterwards. The timing
of judgment of a virological response to NUC/IFN-u
sequential therapy is critical when evaluating treatment
efficacy. As this period is usually set at 6 months after
completing therapy, our results confirm that 6 months is
indeed appropriate. Our findings also suggest that maxi-
mal levels of ALT and HBV DNA are useful for monitoring
the results of NUC/IFN-u sequential therapy. Accordingly,
patients who are likely to be non-responders can now be
identified as early as 24 weeks in advance and alternative
strategies for treatment may be considered in a more
timely fashion.

In condusion, the combinational use of HBsAg and
HBcrAg levels may be useful to predict the response to
NUC/IFN-0 sequential therapy. Maximal levels of ALT
and HBV DNA during follow up may also be employed
for monitoring the results of IFN-u sequential therapy.

ACKNOWLEDGMENTS

HIS RESEARCH WAS supported in part by a research

grant from the Ministry of Health, Labor and Welfare
of Japan. We thank Ms Hiroe Banno for her secretarial
assistance and Ms Nozomi Kamijo for her technical
assistance. We also thank Mr Trevor Ralph for his English
editorial assistance.

REFERENCES

1 Hoofnagle JH, Doo E, Liang TJ, Fleischer R, Lok AS. Manage-
ment of hepatitis B: summary of a clinical research
workshop. Hepatology 2007; 45: 1056-75.

© 2015 The Japan Society of Hepatology

— 264 —



8

10

11

12

13

14

15

16

17

A. Matsumoto et al.

Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology 2007;
45: 507-39.

Lee WM. Hepatitis B virus infection. N Engl ] Med 1997; 337:
1733-45.

Ghany M, Liang TJ. Drug targets and molecular mechanisms
of drug resistance in chronic hepatitis B. Gastroenterology
2007; 132: 1574-85.

Honkoop P, de Man RA, Niesters HG, Zondervan PE, Schalm
SW. Acute exacerbation of chronic hepatitis B virus infection
after withdrawal of lamivudine therapy. Hepatology 2000; 32:
635-9.

Honkoop P, de Man RA, Heijtink RA, Schalm SW. Hepatitis B
reactivation after lamivudine. Lancet 1995; 346: 1156-7.
Serfaty L, Thabut D, Zoulim F et al. Sequential treatrnent
with lamivudine and interferon monotherapies in patients
with chronic hepatitis B not responding to interferon alone:
results of a pilot study. Hepatology 2001; 34: 573-7.

Shi M, Wang RS, Zhang H et al. Sequential treatment
with lamivudine and interferon-alpha monotherapies in
hepatitis B e antigen-negative Chinese patients and its
suppression of lamivudine-resistant mutations. J Antimicrob
Chemother 2006; 58: 1031-5.

Manesis EK, Papatheodoridis GV, Hadziyannis SJ. A partially
overlapping treatment course with lamivudine and interferon
in hepatitis B e antigen-negative chronic hepatitis B. Aliment
Pharmacol Ther 2006; 23: 99-106.

Enomoto M, Nishiguchi S, Tamori A et al. Entecavir and
interferon-alpha sequential therapy in Japanese patients with
hepatitis B e antigen-positive chronic hepatitis B. ]
Gastroenterol 2013; 48: 397-404.

Enomoto M, Tamori A, Nishiguchi S, Kawada N. Combina-
tion therapy with a nucleos(t)ide analogue and interferon
for chronic hepatitis B: simultaneous or sequential. J
Gastroenterol 2013; 48: 999-1005.

Minami M, Okanoue T. Management of HBV infection in
Japan. Hepatol Res 2007; 37: S79-82.

Matsumoto A, Tanaka E, Suzuki Y et al. Combination of hep-
atitis B viral antigens and DNA for prediction of relapse after
discontinuation of nucleos(t)ide analogs in patients with
chronic hepatitis B. Hepatol Res 2012; 42: 139-49.

Tanaka E, Matsumoto A. Guidelines for avoiding risks
resulting from discontinuation of nudeoside/nucleotide
analogs in patients with chronic hepatitis B. Hepatol Res
2014; 44: 1-8.

Orito E, Ichida T, Sakugawa H et al. Geographic distribution
of hepatitis B virus (HBV) genotype in patients with chronic
HBV infection in Japan. Hepatology 2001; 34: 590-4.

JSH Guidelines for the Management of Hepatitis B Virus
Infection. Hepatol Res 2014; 44 (Suppl S1): 1-58.

Schuttler CG, Wend UC, Faupel FM, Lelie PN, Gerlich WH.
Antigenic and physicochemical characterization of the 2nd
International Standard for hepatitis B virus surface antigen
(HBsAg). J Clin Virol 2010; 47: 238-42.

© 2015 The Japan Society of Hepatology

18

19

20

21

22

23

24

25

26

27

28

29

30

— 265 —

Hepatology Research 2015

Ronsin C, Pillet A, Bali C, Denoyel GA. Evaluation of the
COBAS AmpliPrep-total nucleic acid isolation-COBAS
TagMan hepatitis B virus (HBV) quantitative test and compar-
ison to the VERSANT HBV DNA 3.0 assay. J Clin Microbiol
2006; 44: 1390-9.

Mizokami M, Nakano T, Orito E et al. Hepatitis B virus geno-
type assignment using restriction fragment length
polymorphism patterns. FEBS Lett 1999; 450: 66-71.
Kimura T, Rokuhara A, Sakamoto Y et al. Sensitive enzyme im-
munoassay for hepatitis B virus core-related antigens and
their correlation to virus load. J Clin Microbiol 2002; 40:
439-45.

Suzuki F, Miyakoshi H, Kobayashi M, Kumada H. Correlation
between serum hepatitis B virus core-related antigen and
intrahepatic covalently closed circular DNA in chronic hepati-
tis B patients. ] Med Virol 2009; 81: 27-33.

Kumada H, Okanoue T, Onji M et al. Guidelines for the treat-
ment of chronic hepatitis and dirrhosis due to hepatitis B virus
infection for the fiscal year 2008 in Japan. Hepatol Res 2010;
40: 1-7.

Cooksley WG, Piratvisuth T, Lee SD et al. Peginterferon alpha-
2a (40kDa): an advance in the treatment of hepatitis B e
antigen-positive chronic hepatitis B. J Viral Hepat 2003; 10:
298-305.

Sonneveld MJ, Rijckborst V, Boucher CA, Hansen BE, Janssen
HL. Prediction of sustained response to peginterferon alfa-2b
for hepatitis B e antigen-positive chronic hepatitis B using on-
treatment hepatitis B surface antigen decline. Hepatology 2010;
52:1251-7.

Brunetto MR, Moriconi F, Bonino F et al. Hepatitis B virus sur-
face antigen levels: a guide to sustained response to
peginterferon alfa-2a in HBeAg-negative chronic hepatitis B.
Hepatology 2009; 49: 1141-50.

Moucari R, Mackiewicz V, Lada O et al. Early serum HBsAg
drop: a strong predictor of sustained virological response to
pegylated interferon alfa-2a in HBeAg-negative patients.
Hepatology 2009; 49: 1151-7.

Chan HL, Wong VW, Tse AM et al. Serum hepatitis B surface
antigen quantitation can reflect hepatitis B virus in the liver
and predict treatment response. Clin Gastroenterol Hepatol
2007; 5: 1462-8.

Wong DK, Tanaka Y, Lai CL, Mizokami M, Fung ], Yuen MF.
Hepatitis B virus core-related antigens as markers for monitor-
ing chronic hepatitis B infection. J Clin Microbiol 2007; 45:
3942-7.

Sung JJ, Wong ML, Bowden § et al. Intrahepatic hepatitis B
virus covalently closed circular DNA can be a predictor of
sustained response to therapy. Gastroenterology 2005; 128:
1890-7.

Wursthom K, Lutgehetmann M, Dandri M et al. Peginterferon
alpha-2b plus adefovir induce strong cccDNA decline and
HBsAg reduction in patients with chronic hepatitis B.
Hepatology 2006; 44: 675-84.



FFE 55%11% 653660 (2014)

<JEHIHRE>

1:653

B# - D RIFHRY A4 NV A BEBIEIIC L B FEEEIC LT
R V=T v PETH-7- 14

HFEIED" B A
BIORRS  E 8
R B B

e BT ML AT
A A R &
7 B

BE EME 2658, kko®ey VAL BAEEE LT BEBMNIFAERD 5. A6, #3T
T ARk Fedi & L, B BB IF SR ERIE 0O BT TR BB & e B KB IN TR JFRE
EHTE % F 745, HBV-DNA fiti 2.8 log copy/mL &fEA#7Z 5 7. F 7AB0 7 £ )V ARG ATH,
PBC b HEHE o7z, IlRP LW U7z O MR CREBBIE L L 25, JFEEIIIR4ICH
SRURH U, 1R 30 A CHEE L7 MR D HBV-DNA f EREED T, FEEmEicsE Lz
A%, WEDNS 9 ABRICHEFENEL RO COBRBTDEFHRY A VA (HDV) OX
BRGek # 2, PAFILS % VT HDV-RNA 2 L7z S AR HIL, HBV v ) 7
345 HDV BEBIEG & BW U7z, Peg-lFNo-2a OG5 2HIE L7z & 2 A, FEEIIS%®EL, B

#e o HDV-RNA & Bafkfb L7z,

HAIZ B W T HDV &SI 2 R B TdH 525, HBV-DNA

T ORI % b 2 v B BRI Se 2R ESE S8 L 72361003, HDV BRURSe 2 SBICE

AREELEDbNT.

FE|HZE . DRFR  PegIFN

EC®Ic

D BT 4 WA (HDV) i, 1977 4 Rizzetto 512
£ 080 TH S N7 E RSB REND 1
SEEMDORNA VA VATHYY, ZORE - HAHICIE
BRIFFY A VA (HBV) 2AMN—T AL VAELT
VBEELTHY. o HDV EEICLY, BEEEFLO
IRRRRSHASEAL L7z Y, BRI ko mE %51
EREFT I EPFHLNATW A R TIZHBV Fv
TIZBI 5 SHURHMRITN 1% LIRwZ Lk an
THE Y, ERO D BFROBHT - WRICHT 285
L, SH, T4 HBV Fx ) 7 THBLEYITNVA

1) &HBEZRTFHREHELEAT

2) ZEEHVARERZEREEZNAIHRBER

3) BEBWIARERZREFETNERE LS - REAF
#

4) BT ERREHE{CEAT

*Corresponding author: akusakabe@nagoya2.jrc.or.jp

<%ZfFH20144E6 B 28 H ><HRIRH20144E8 A 16H >

IR % 324 & U7 PR Rk % 32, iy I HBV
& HDV OBEHRIEBUWL, TS vy —T7=zav
(PegIFN) IZ X WML MA L2 L CIFREE OB
TR 1 Pl L0 THET 5.

fE Bl

26 5%, i EYIVAL

R ¢ FFRRREREE.

KIRRE © XX, B, BIFLEOBEHEL L.

BEER - G248 B (REAH, SR THRE
W) TEVINVORBEICAR. 0B, RRELRYE
TESZOE LITbERIhTwi oz k.

MRS : 2 L.

M - 7 L.

HETERE ¢ ARVE - BREdRIC R L.

R  BER.

IERRE | 2003 EICE Y TIVTHRE LD, 0,
ALT2000U/L ¥ c—#@¥EICERL, BBVFx U7
(genotype D) TH 5 Z & 23HIHH L 7=, 2004 FEICEV T

— 266 —



21654 FF 7

55 % 11 & (2014)

Table 1 Laboratory data on admission

Hematology Biochemistory
WBC 5900 /ul TP 76 g/dl
Neut 61.9 % Alb 45 g/dl
Lymph 29.7 % AST 448 U/1
RBC 470x 108 /ul ALT 1029 U/1
Hb 139 g/dl LDH 284 U/1
Plt 22.0x10% /ul ALP 339 U1
TBil 0.5 mg/dl
Coagulation CK 48 U/1
PT 102.2 % BUN 9 mg/dl
PT-INR 0.99 Cre 0.5 mg/dl
APTT 922 % Glu 91 mg/dl
HPT 884 % Na 137 mEq/I
FDP <25 pg/ml K 4.7 mEq/1
DD dimer 0.9 ng/ml Cl 104 mEq/I]
CRP 0.10 mg/d!
Immunology
IgG 1379 mg/d! TSH 1.582 uIU/mL
IgA 271 mg/dl FT3 294 ng/dl
IgM 160 mg/dl FT4 0.76 pg/mL
ANA 40 X
AMA-M2 5 Index

Virus marker

HBsAg (CLEIA) >2000.0 (+) C.OI

anti-HBs (CLEIA) 09 (-) mIU/mL
HBeAg (CLEIA) 01(-)ColI
anti-HBe (CLEIA) >100.0 (+) %
HBV-DNA (realtime PCR) 2.8 log copy/ml
HBV genotype genotype D

HBV preC/CP mutation

preCore wild type 100 %

preCore mutant type 0%

Core promoter negative
anti-HCV (CLEIA) 01(-)COlI
HCV core protein =0.1 fmol/1
IgM-HA (CLIA) <080 ()
HEV-RNA negative
CMV IgM (EIA) 044 (-)

CMV IgG (EIA) 276 (—)

anti-EBNA (FAT) 40 X

VCA IgM (FAT) <10 x

VCA IgG (FAT) 80 x
Tumor marker

AFP 3.7 ng/ml

PIVKA-II 22 mAU/ml

N HARANBAE 41, 2010 4E 6 B 1 HOMB T AST
227U/L, ALT 468 U/L LFEE2 BRI 2.6 A 10
ARHE%2Z2 LR M%2fTo7L 5, AST 376 U/L
ALT 767 U/L L FEEOHE LR /720, B g
JFFRamEELr LT6 H 14 ASRBNE42. FEE
1T L7-BR&RIM T AST 48 U/L, ALT 1020 U/L &
BEQEZAMELRWO 7%, AHREARL 2 5.
%P, 6 A 13 BICEEFTROERREE TR L
5, HRRSEETH o 7.

ABRREIRAE © f98 36.3C, I/E 125/70 mmHg, IR
70 /4 - ¥ FAEY VSE R ST, WEICREE R
T, FEEIEEHE - RTEBEEROT. B E
R L. THRPELZRDT.

ABBEEFRR (Table 1) : B3R, ARIuEk, I
WEIIIEHE THh o 7. — iR EERA Cid AST448 U/
L, ALT1029U/L & ALT D + 5 Y A7 I+ — ¥
DERZFTD %, PT1022%, HPT 834% L &ER
CIREERRDO P o7 TBil b 05me/dl & E¥E
THholz, BEFUTY VICHEFIRDOORT, B

itk Eo HOHA S BEETH - 72 HBs HURBYE,
HBe kBt HBV ¥ % V) 7 THh- 724%, HBV-DNA
&1 28 log copy/ml L&KM TH o 7. HBRMFERH
b ABFRYANVA, CHRFFRYA VA, ERFEY
ANVZ, F4 M2 HBTAL VA, EB T4V ZES
THhIBEWNTHo7%. FREBBICHIEFTEIRD S
Nixdoiz.

ST O— BERHNOFRZ2EDLOATH>
7=.

ABRSRE : AL B REETFAEEREI X
AIEERRS 20, ARBOERANDSEICHIER
4~5BTH BT LHHER IR, BIARKRILTPT
1022% L RIFTHolZ bhd, FEEIINT A%
AT T, BR - B TRABEL LS. 20Kk A
BERFERIN© HBV-DNA £7% 2.8 log copy/m! & &{ETH
5Z AL, BREEFASEEEIC L 2 FREEI
B E 27 6 A 26 AfRILT AST 890 U/L, ALT
1731 U/L ¥ TWET 295, ZOoRIERIKCERLT
B8 HiBkL 5. ARTHHREITHITRBHLED
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Peg-IFN AT EI TH - 72 D BF£0 1 #1

Genomic sense

16 79/|1 N
1289as-1267s 872as-853s
Name Location Sequence 5’23’
853p 853-872 CGGATGCCCAGGTCGGACC
1267N 1267-1289  GAAGGAAGGCCCCTGGAGAACAAGA
Delta-F7 868-887 GCATGGTCCCAGCCTCC
Delta-R2  1268-1287 TCTTCGGGTCGGCATGG

Fig. 1 Strategy for HDV genome amplification. Re-
gions 853-1289 were indicated by arrows. The se-
quence and position of primers (853p, 1267N) were
listed. In addition, the primers (Delta-F7, Delta-R2)
were designed for real-time PCR quantification.

A THo2h%, HEERNIC AST 220 U/L, ALT 268 U/
L & o B Rk R 7 UAE AST 50U/L, ALT
100 U/L i cHER L, 20114E2 H 8 B, TR 39 AT
WML 2%, WMEHOIFEIEEL AST, ALT & $1250
U/Lait s CIERT L, FFREEORE & UCTERIMT S
POBBERIZLTWAbDEELL. ZO#HITE S
TVIC—RERE L2720, 7+8—7F7 v 7 TELZho
72, BN HRE L7 2011 48 11 BRI D S
BUNEEREL#EY, ERVAORERIC X o Tk
EWEER LTS LHBT L. FFRE OB <
7=, 12 H 28 HFEARE L 2 5. B, BHY 4 VAR
YR HORIERB L EIZoWTRET 2 bITE RS
RCEMTH o7z EF CT TRENEBROFEIZOW
THHR LD, HorhREELED Loz 20
BT, 1) HBV £ %V 7 Tdh %058 HBV-DNA
BIMEETHERBLTWS, DEVYIVATHS, ME
D2 FH S HDV OBEERBEIC X 2 FBEL BV, Ykt
SRR S OEFIE (20104 8 A 25 H, 201142
H2H,20114£11 B 16 HD 3 K4 ¥ M) 2 HWTHDV
BRDFEIZOWTHERE L. HDV (20§ 28582187
54 < —%&%E (forward : 853-872, reverse : 1267—
1289) L (Fig. 1)9?, RT-PCR #4To7:: 25, Zhb
3HEETTPCREBMETH B Z LA L, &EEH)S HBV
L HDV BEHBRRICLAFEE LS L2 201241
H 3 H#» 5 Peg-IFNa-2a 180 ug 2 & BiAE 2 BE L7,
ZRIZX Y AST/ALT 1350 U/LABEE T CHEUICET L

3:655

P OHDV-RNA b BB & 72 o 72, TICHDV-
RNA OSES & AT 720, BFOWEEBEIC) TV Y
A & PCR BIMAROMEL b WA 7P, e aaET (2011
4R 11 A 23 H) OBRAFINTA S S iz cDNA I L
C Delta-F7, Delta-R2 % 75 1 < — & LT#E L (Fig.
1), TaKaRa LA Taq(% % 5354 k&4, #8) %
B TR SR 2 RIG L7z, 2ok, TA 7u—=v 7
W VTSRO 7 0 — v 2B L, A5 V85—
FHr7ne LT L. ) 7V o 4 A PCR I Delta-
F7, Delta-R2 % 75 4 < — & L, FastStart SYBR Green
Master (Roche Diagnostics, Switzerland) % fv»T
LightCyclerd80® (Roche Diagnostics) {2 & D 1T - 7z
(95C T60sec ® #%, 95T 15sec, 60T 25sec, 72T
15sec® 45cycle). Fl ¥ A7 LA D EHBWHTIZ L 1, Thresh-
old cycle #5E®, EfEITo 2. AEIMETL LIZROK
HUEEE L 1.0 X 10" copies/mL Td ¥, 201148 11 A 16
H @ HDV-RNA fit & 1.2x10° copies/mL, 2012 4E 2
A 1 Hi% 1.0x10" copies/mL ki © ¥ 7 VB, #h
DA R BE LT Td o 72 (Fig. 2). HDV genotype
DWW TSRIINT L 728513 genotype I 'TH - 7z (Fig.
3). WP TIPS, BEMLITL D 201245
HEVINVEEE &5 BRICREFORKERL Fig
41587

z =

D BIFRY 4 VAL, BRIFRY A VR EIFT S
EREoTHOAMIL, FRERBZTREEYA VA
T, HBV & OREELED) HBV F v 1) 7O BB RES
TRRYAIRT 5. FIRERS Tk B AT 0% i
b, EHRYLTIE B BUEHIT &0 2 HHER KT
EIT2RDLZEFMONT VS,

SR 1T 4 4% 2000 FAD HBV % ) 7HFAET 5
EHERE BT 375, 1980 BRI IER O LIk HBV
Fry7aengs Lz HD ik HvwiREREic X
5 & HD PUEBHERIZ 5% TholzZ b, RO
HDV e 138 2000 H A & EE S TwaY, HDV
PUAB MR R PICEET 5 b 00, HBV BREE O
S EERRY, WWEERE, BEER, FRTIT,
R (7 =V VIR, BAFEHRBO—ETZOH
BEAE L, —F HBV ¥ v ) 7RI B WFEREE & Vo
RE7 V7 TIRBENI LAHREIRTHWAY, LiL,
HFEIZEVE Y TNIZB W T HDV Bt E
™, 24~41% O HBV ¥+ 1) 712 HDV Bt 2 72
EDOMED H DY, FIFTIE 1989 ECLE O ESRKEEE
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4 : 656 ixs 4
before

Treatment

55% 11 % (2014)

after
Treatment

2011
11/16

2012
2/1

2012
2/29

2012
3/29

Negative
control

Real time PCR | 2011/11/16 | 2012/2/1 | 2012/2/29 | 2012/3/29
HDV=RNA 12x10° | <1.0%10* |Not detected|Not detected
(copies/mL)

Fig. 2 The results of RT-PCR assay for serum HDV-RNA on each day.
The 420-bp fragment indicates the amplified HDV genome. HDV-RNA
level at baseline was 1.2x10% copies/mL on November 16, 2011. After
starting Peg-IFN treatment, HDV-RNA decreased (<1.0x10* copies/mL:
2012/2/1) and finally became undetectable (2012/2/29, 2012/3/29).

31 Fagk #0812 1306 oo HBV ¥ v V) 7 ¢ HD itk
BHEERELZEC S, SHOARBETEOEER
061% LEMETH o722 5, AFIKHBIT 5 HDV
BREZOHERIMBEVWIDEZEZ LA TVSY,

HDV I3k X { 320 genotype 4 EN TV 5D,
Genotype L 3R FIEL ST H 54 7THY, &
FEB D RIRMBAT L7245 R, genotype I TdH o 72. Geno-
type TIZHA L HEIFOLBME SN TE D, genotype
I BERO7 <V VIRBICHH LT 5. RIETIE
1 L\ genotype SHEHEINRTEY, 2RIk B L
genotype I 7*& VIII @ 8 ©D® genotype 25 ST
\1‘614).

HDVRREORA 7 ) —= v 7 LT, 20034E4 B F
T HD Skl e B Th o 7223, FES BT
PEREOHE I S TEME, RIFTO HD Hifk

WEIZREE 2o TWAEY., Z07-DHETIE HDV
BYS W RT-PCR B2 X Y i@ HDV RNA #iRH
THRFENRER L 2 555, HDV RNA BT IR
Bk, HHEROWEETNET 52, RESZHL
EAONFREIHET 2 UNEND Y, BE A
BT 5 HDV BREIIFEEICEER b DL Lo Tna.
D &S BREHAEFNC BT HBV - HDV BRI
CEBFEELDBHICELDICER L-ERO—D
CholtBbhb,

HDV oRRE L LTid, HBV & oS4, HBV
FY Y TAOEBRLED 20 EZLLND. FRESE
EE BT, LELBRERRSSEEFAZES
$2%, HDV 0B tizf o% BELHTH L. —K
BRSO 70~95% T HDV Behf KL, D
RBMFRICBITT 59,
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Peg-IFN WD X CdH - 72 D ik 1 6l

genotype I 100

51657

ARBIPRERQ98.1
AD2BF0C0OC-1
AB230972-1
AB2E8DD2O-1

L AB119047-1
ABR21988 1
2¢ AB221982-1
AB221067.1
AB2OL271-1
This case
L AB221243-1

AB222010-1

AB221918-1
F.;B:’.06523~1
AB206526-1
-[_‘—““ ABIL1IVa0-1
AB221982.-1

EBIIS’OQInl

33 ARP0651 9.1

ABR21962-1

AB221953-1

97 AB2219212
7 !
AB230964

AB119040

genotype I
Qs

AFO180 7/

ATJIORSTO

genotypeIll 10O | ABO37948

2.1

L‘T 22063

Fig. 3 Neighbour-joining phylogenetic tree constructed from region 853-1289 of HDV genome.
The strain from the patient in this case was compared with the representative sequences includ-
ing 23 genotype I, 2 genotype I and 2 genotype Il The strain from this patient belonged to gen-
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Fig. 4 Clinical course in this case. After starting treatment with Peg-IFN, AST and ALT
levels became almost normal. Furthermore, HDV-RNA in serum was undetectable

around 8 weeks after the treatment.
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A case of a HBV carrier with HDV superinfection treated by PEG-IFN

Atsunori Kusakabe”*, Yasuhito Tanaka?, Etsuko lio?, Shuko Murakami?,
Kentaro Matsuura®, Noboru Shinkai®, Tomokatsu Miyaki?, Kei Fujiwara®,

Shunsuke Nojiri®, Etsuro Orito”, Takashi Joh?

A 26-year-old Mongolian woman was admitted to our hospital because of liver dysfunction. As she has been
a HBV carrier, acute exacerbation of chronic hepatitis B seemed to be the cause of liver dysfunction at first.
However, the loads of serum HBV-DNA on admission were low (2.8 log copy/ml). As she was pregnant, she was
observed without treatment. Liver function once improved without treatment, but it became worse again after
delivery. At this time, it was suspected HDV superinfection could affect the liver dysfunction. For HDV-RNA
was positive in stored sera by RT-PCR, she was diagnosed as HBV and HDV superinfection and started treat-
ment with Peg-IFN. Although HDV infection is rare in Japan, in case of acute exacerbation of a HBV carrier
with low serum HBV-DNA level, HBV and HDV superinfection should be considered.
Key words: hepatitis D Peg-IFN superinfection
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Structural insights into the substrate stereospecificity
of D-threo-3-hydroxyaspartate dehydratase from Delftia
sp. HT23: a useful enzyme for the synthesis of optically
pure L-threo- and D-erythro-3-hydroxyaspartate
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Abstract D-threo-3-Hydroxyaspartate dehydratase (D-THA
DH) is a fold-type 1l pyridoxal 5'-phosphate-dependent en-
zyme, isolated from a soil bacterium of Delfiia sp. HT23. It
catalyzes the dehydration of D-threo-3-hydroxyaspartate (D-
THA) and L-erythro-3-hydroxyaspartate (L.-EHA). To eluci-
date the mechanism of substrate stercospecificity, crystal
structures of p-THA DH were determined in complex with
various ligands, such as an inhibitor (p-ervthro-3-
hydroxyaspartate (D-EHA)), a substrate (L-EHA), and the re-
action intermediate (2-amino maleic acid). The C”~OH of L-
EHA occupied a position close to the active-site Mg, clearly
indicating a possibility of metal-assisted C”~OH elimination
from the substrate. In contrast, the C”-OH of an inhibitor was
bound far from the active-site Mg®". This suggests that the
substrate specificity of b-THA DH is determined by the ori-
entation of the C”-OH at the active site, whose spatial arrange-
ment is compatible with the 3R configuration of 3-
hydroxyaspartate. We also report an optically pure synthesis
of L-threo-3-hydroxyaspartate (L-THA) and pD-EHA, promis-
ing intermediates for the synthesis of -benzyloxyaspartate,
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by using a purified p-THA DH as a biocatalyst for the resolu-
tion of racemic DL-threo-3-hydroxyaspartate (DL-THA) and
DL-erythro-3-hydroxyaspartate (bL-EHA). Considering 50 %
of the theoretical maximum, efficient yields of L-THA
(38.9 %) and D-EHA (48.9 %) as isolated crystals were
achieved with >99 % enantiomeric excess (e.e.). The results
of nuclear magnetic resonance signals verified the chemical
purity of the products. We were directly able to isolate analyt-
ically pure compounds by the recrystallization of acidified
reaction mixtures (pH 2.0) and thus avoiding the use of envi-
ronmentally harmful organic solvents for the chromatographic
purification.

Keywords D-threo-3-Hydroxyaspartate dehydratase -
Delftia sp. HT23 - Alanine racemase - Pyridoxal
S'-phosphate - Enzymatic optical resolution

Introduction

3-Hydroxyaspartate and its derivatives have attracted attention
because of their biological activity as competitive blockers
against glutamate transporters (excitatory amino acid trans-
porters 1-5 (EAAT1-5)) in the mammalian central nervous
system (Arriza et al. 1994, 1997; Shimamoto et al. 1998,
2004; Shimamoto 2008). 3-Hydroxyaspartate has two chiral
centers, and thus, it exhibits four stereoisomers, namely D-
threo-3-hydroxyaspartate (2R,3R; D-THA), L-threo-3-
hydroxyaspartate (25,3S5; L-THA), p-erythro-3-
hydroxyaspartate (2R,3S; p-EHA), and L-erythro-3-
hydroxyaspartate (25,3R; L-EHA) (Fig. 1). Recently, we have
identified and cloned a gene encoding D-threo-3-
hydroxyaspartate dehydratase (D-THA DH) from a soil
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Fig. 1 Structures of the four 3-hydroxyaspartate stereoisomers. L-7HA L-
threo-3-hydroxyaspartate, D-THA D-threo-3-hydroxyaspartate, L-EHA L-
erythro-3-hydroxyaspartate, D-EHA D-erythro-3-hydroxyaspartate

bacterium Delftia sp. HT23 (Maeda et al. 2010). p-THA
DH displays a preference for the dehydration of p-THA
and L-EHA and is only slightly active against L-THA,
while showing no activity on D-EHA. Although there are
several reported enzymes that act on 3-hydroxyaspartate
(Wada et al. 1999, 2003; Liu et al. 2003; Murakami et al.
2009), p-THA DH is the only enzyme known to exhibit an
efficient dehydratase activity toward D-THA. Thus, this
enzyme was assigned a new Enzyme Commission (EC)
number as 4.3.1.27.

We have also found that D-THA DH belongs to a fold-type
III group of pyridoxal enzymes of which bacterial alanine
racemases are the typical members (Schneider et al. 2000;
Eliot and Kirsch 2004). Our previous work revealed that D-
THA DH contains a pyridoxal 5"-phosphate (PLP) as its co-
factor, but its racemization activities on alanine, serine, and
aspartate were below the detection limit. To date, many crystal
structures of alanine racemases from diverse bacteria have
been deposited in the Protein Data Bank (PDB).
Nevertheless, very little is known about the structure of
dehydratases whose predictive structure closely resembles
that of alanine racemases. Eukaryotic D-serine dehydratase
has been recently identified as a common member of the
fold-type III group of pyridoxal enzymes (Ito et al. 2008;
Tanaka et al. 2008). p-THA DH shows amino acid sequence
similarity (26-36 %) with D-serine dehydratases derived from
Saccharomyces cerevisiae (scDSD; Ito et al. 2008) and chick-
en kidney (chDSD; Tanaka et al. 2008). The crystal structure
of chDSD complexed with D-serine has been previously re-
ported (Tanaka et al. 2011); however, no structural informa-
tion is available regarding 3-hydroxyaspartate recognition
mechanism of this enzyme family.

@ Springer

Various effective methods for the preparation of 3-
hydroxyaspartate as a racemate or an individual stereoisomer
have been reported (Kaneko and Katsura 1963; Antolini et al.
1997; Cardillo et al. 1999; Khalaf and Datta 2008). It is of
notable interest to develop a synthesis method for L-THA due
to the obvious demand for its derivative L-threo-(3-
benzyloxyaspartate (L-TBOA) in the field of neuroscience as
a potent blocker of EAAT subtypes (Shigeri et al. 2004;
Shimamoto 2008). L-THA acts as a high-affinity substrate
for EAAT1-4 and as an inhibitor for EAATS, thus providing
a suitable lead compound as a blocker of EAATS (Arriza et al.
1994, 1997; Shigeri et al. 2001). Most of the L-THA synthetic
routes relying on the chemical methods utilize a chiral tem-
plate such as frans-methyl cinnamate as a starting material
(Deng et al. 1995; Bionda et al. 2012). However, these routes
require several reaction steps and are time-consuming. In con-
trast to the synthetic chemistry approach, few bacterial en-
zymes are known to efficiently produce L-THA. Strieker
et al. (2008) have reported the bioconversion of L-aspartate
to L-THA by using a single mutant of asparagine oxygenase
(AsnOpyq n) from Streptomyces coelicolor. However, the
activity and the thermal stability of AsnOpy4y Were found
to be lower than those of AsnOwrt. Alternatively, Hara and
Kino (2010) have reported a more efficient L-THA bioconver-
sion by overexpression of native AsnO using Escherichia colli,
coupled with E. coli asparaginase in vivo. Optically pure 3-
hydroxyaspartate production by using a simple strategy is still
a challenging process in both synthetic and biological chem-
istry. While many groups have attempted to increase the pro-
ductivity, a dramatic improvement in the efficiency has not
been realized, resulting in L-THA being an expensive product.

In this paper, we present crystal structures of D-THA DH
complexed with its inhibitor D-EHA, a poorly active H351A
mutant complexed with its substrate L-EHA and H351A mu-
tant complexed with the reaction intermediate 2-amino maleic
acid. High-resolution structures provide a clear picture of how
substrate/inhibitor binds to the enzyme, allowing us to pro-
pose a model for the catalytic reaction as well as the mecha-
nism for the substrate stereospecificity of D-THA DH. We also
report an enzymatic optical resolution by using purified D-
THA DH and show efficient yields of L-THA and pD-EHA as
isolated crystals with high enantiomeric excess (e.e.). This
novel approach for the production of optically pure 3-
hydroxyaspartate is simple, is environment friendly, and is
applicable for the large-scale production.

Materials and methods

Materials

Oligonucleotides were obtained from Eurofins Genomics, Inc.
(Tokyo, Japan). A (£)-trans-epoxysuccinic acid and DL-threo-
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3-hydroxyaspartate (pL-THA) were purchased from Tokyo
Chemical Industry Co., Ltd. (Tokyo, Japan). L.-EHA was pur-
chased from Wako Pure Chemical Industries, Ltd. (Osaka,
Japan). An isolated strain, identified as Delffia sp. HT23, has
been deposited in the AHU Culture Collection of Hokkaido
University under accession number AHU2003.

Site-directed mutagenesis

Plasmids expressing the H351A and C353A mutants were
constructed using inverse PCR method with a KOD-Plus-
Mutagenesis Kit (Toyobo Co., Ltd., Osaka, Japan) according
to the manufacturer’s instructions. Previously described p-
THA DH expression vector served as a template DNA
(Matsumoto ct al. 2013). The following synthetic oligonucle-
otide primers were used: H351A forward, 5-GCCGCCTGC
GCCACGGGCGCGCAGTTC-3', and reverse, 5-GTTGGG
CAGGATGCGCAGCCGCGTGCC-3; C353A forward, 5'-
GCCGCCACGGGCGCGCAGTTCCCGGCC-3', and re-
verse, 5-GGCATGGTTGGGCAGGATGCGCAGCCG-3'.
The bold bases encode an Ala residue instead of His351 and
Cys353, respectively. The inverse PCR conditions were as
follows: initial 2-min denaturation at 94 °C, followed by ten
cycles of amplification at 98 °C for 10 s and at 68 °C for
5 min. The nucleotide substitutions were confirmed by DNA
sequencing. The nucleotide sequence of the gene encoding p-
THA DH from Delfiia sp. HT23 has been deposited in the
DDBJ/EMBL/GenBank database under the accession number
AB433986. Each mutant was expressed in Rhodococcus
erythropolis 1.88 cells according to a previously described
method (Nakashima and Tamura 2004a, b).

Recombinant protein expression and purification

The recombinant enzymes used in this work contained
additional Met-Gly-(His)s-Ala-Met-Ser residues at the
N-terminus. Recombinant D-THA DH and its mutants
were overproduced using a R. erythropolis expression
system and purified by Ni-affinity chromatography, as
described previously (Matsumoto et al. 2013). The frac-
tions containing recombinant proteins were collected,
dialyzed against the buffer (10 mM Tris-HC], pH 8.0,
0.01 mM PLP, and 0.1 mM dithiothreitol), and subse-
quently concentrated to 15 mg mL™' using a centrifugal
filtration device (10,000 Da molecular weight cutoff,
Merck Millipore, Ltd., Darmstadt, Germany). Protein
concentrations were determined by the Bradford method
using the Bio-Rad protein assay (Bio-Rad Laboratories,
Inc., Hercules, CA) with bovine serum albumin as a
standard. Protein purity was checked using SDS-PAGE
(Fig. S1).

Crystallization and X-ray diffraction studies

All crystallization experiments were performed at 20 °C by
using either sitting drop or hanging drop vapor diffusion meth-
od. The substrate-free wild-type enzyme was crystallized as
previously described (Matsumoto et al. 2013). For the prepa-
ration of the substrate/inhibitor complex, the purified sample
was mixed with molar excess of substrate/inhibitor (~50 mM)
and incubated overnight before crystallization setup. All p-
THA DH crystals used in this work were obtained in the
solution consisting of 0.1 M Tris-HCI, pH 8.5, 0.2 M
MgCl, and 10-20 % PEG 3350. Prior to X-ray diffraction
studies, crystals were briefly soaked in a cryoprotectant solu-
tion containing a crystallization mother liquor and an addition-
al 20 % glycerol. For the structure analysis of a metal-fiee
enzyme, the crystals were briefly soaked in the Mg*'-free
cryoprotectant solution consisting of 0.1 M HEPES-NaOH,
pH 8.0, 2.0 M ammonium formate, and 25 % glycerol.
Crystals were flash-cooled in a cold nitrogen gas stream or
directly in the liquid nitrogen. X-ray diffraction data were
collected using a charge-coupled device (CCD) detector
(ADSC) at the Photon Factory (PF; Tsukuba, Japan). Raw
diffraction images were processed with the program
iMosflm/SCALA (Battye et al. 2011; Winn et al. 2011) or
HKL2000 suite (Otwinowski and Minor 1997).

Structure solution and model refinement

The structure of D-THA DH was solved by a single-wavelength
anomalous diffraction (SAD) method with bromide-soaked
crystals as described (Matsumoto et al. 2013). Bromide sites
were determined using the program SHELXC/D (Sheldrick
2008). Density modification and model building were per-
formed using the program SOLVE/RESOLVE (Terwilliger
and Berendzen 1999; Terwilliger 2000). Model refinement
was performed using the program REFMAC 5 (Murshudov
et al. 2011), and the manual model fitting was done with the
program Coot (Emsley and Cowtan 2004). Ligand models not
found in the Chemical Component Dictionary were created
using the program SKETCHER, and the geometrical restraints
files were generated using the program LIBCHECK provided
in the CCP4 program package (Winn et al. 2011). Molecular
drawings were prepared using the program PyMOL (DeLano
2002). Atomic coordinates and the structure factor amplitudes
of all the structures reported in this paper were deposited in the
RCSB PDB under accession codes 3WQC, 3WQD, 3WQF,
3WQG, 4 PB3, 4 PB4, and 4 PB5. Data collection and refine-
ment statistics are summarized in Table 1.

Enzyme assay

3-Hydroxyaspartate dehydratase activity was assayed spectro-
photometrically by measuring a change in the absorbance of

@ Springer

— 276 —



