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FIGURE 3. Defining the steps of the HBV life cycle targeted by IL-13. A, HepaRG cells were pretreated with IL-1f or heparin for 3 h and then infected with HBV
in the presence (A, panel a) or absence (A, panel b) of IL-18 or heparin for 16 h. HBV infection was monitored with HBs protein secretion from the infected cells.
Only pretreatment with IL-153 and not heparin could inhibit HBV infectivity. d, day. B, HepaRG cells were pretreated with IL-1p or left untreated (—) for the
indicated time (h) and infected with HBV without [L-18. Anti-HBV activity was amplified by a prolonged treatment time. C, panel a, HepaRG cells were pretreated
with 10 ng/ml IL-18, 100 IU/ml [FNe, or 1 um lamivudine for 3 h, followed by infection with HBV for 16 h in the absence of cytokines (pretreatment). C, panel b,
HepaRG cells were infected with HBV for 16 h without pretreatment. After washing out the input virus, cells were cultured in normal medium for the first 8 days
and then cultured with IL-13, IFNe, or lamivudine for the following 4 days (post-treatment). HBV DNA in the cells was measured by real time PCR. IL-13 showed
an anti-HBV activity in both pretreatment and post-treatment, although an anti-HBV effect of IFNa was seen only with post-treatment. D, HepAD38 cells were
treated with 100 ng/mlIL-18 or T um lamivudine, or left untreated for 6 days in the absence of tetracycline. HBV replication was evaluated by measurement of
HBV DNA in the medium. £, HepaRG cells were pretreated with IL-18, lamivudine, or heparin for 3 h or left untreated and infected with HBV for 16 h in the
presence or absence of each compound. After trypsinization and extensive washing of the cells, cellular DNA was immediately recovered to detect HBV DNA.
HBV DNA at 16 h post-infection was decreased by treatment with IL-18 but not lamivudine.
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press HBV replication (19, 20, 26). Thus, the anti-HBV activity
of IL-1B is likely to be mechanistically different from that of
[FNa.

The HBV life cycle can be divided into at least two phases as
follows: 1) the early phase of infection that includes attachment,
entry, nuclear import, and cccDNA formation; and 2) the late
phase representing HBV replication, including transcription,
assembly, reverse transcription, DNA synthesis, and viral
release (58). The early phase of HBV infection is not supported,
but HBV DNAs persistently replicate in HepAD38 cells in the
presence of tetracycline (38). IL-13 decreased the HBV DNA
levels in HepAD38 cells (Fig. 3D), suggesting suppression of
HBYV replication. In addition, to examine the early phase pre-
ceding HBV replication, we infected HepaRG cells with HBV in
the presence of IL-1 for 16 h and then immediately recovered
cellular DNA in the trypsinized cells for quantification of HBV
DNA (Fig. 3E). This procedurc likely detected HBV DNA that
had been internalized and evaded the host restriction before
initiation of HBV replication because lamivudine showed no
effect on the amount of DNA detected (Fig. 3E). In this exper-
iment, IL-18 significantly decreased HBV DNA (Fig. 3E).
cccDNA was also decreased by IL-1f3, suggesting that the early
phase of HBV infection before cccDNA formation was also
interrupted by IL-1p.

IL-1 and TNFa Induced the Expression of AID—The innate
immune pathway against HBV infection remains largely
unknown. Recently, accumulating evidence suggested that sev-
eral APOBEC family proteins, especially A3G, suppressed HBV
replication when overexpressed (27-33). In contrast, there was
no report available suggesting the anti-HBV function of other
restriction factors against HIV, TRIM5q, tetherin/BST-2, and
SAMHD1. We then investigated APOBEC family proteins as a
candidate for an anti-HBV effector. The APOBEC family
includes APOBEC1 (A1), A2, A3s, A4, and AID (59). Because
somc of thesc proteins arc reported to be up-regulated in cyto-
kine-stimulated hepatocytes (27, 28, 60, 61), we examined the
expression of these genes in cells treated with IL-13, TNF«, and
[FNaas a control for 12 h. The mRNA levels of A7, 42, and A3A
were below the detection threshold. A3G and A3F mRNA were
significantly expressed in HepaRG cells, and their expression
levels were remarkably increased by IFN« treatment (Fig. 44),
as observed in other reports (27, 28, 61). IL-13 and TNF« did
not significantly up-regulate A3s, and only AID was up-regu-
lated 6 -10-fold by both cytokines (Fig. 44). Induction of A3s by
bothIL-1fand TNFa was not observed at any time point exam-
ined until 12 h (data not shown). In contrast, induction of AID
mRNA by IL-18 and TNF« was conserved in human hepato-
cyte cell lines, such as HepG2 and FLC4 cells, and in primary
human hepatocytes (Fig. 4B). AID protein production was also
increased in primary human hepatocytes by treatment with
IL-1B and TNFa (Fig. 4C). This AID induction by IL-1f3 was
suggested to be NF-kB-dependent, because the up-regulation
of AID mRNA was canceled by addition of NF-«B inhibitors,
Bayl1-7082 or QNZ (Fig. 4D).

AID Played a Significant Role in the IL- 1-mediated restriction
of HBV—To examine the function of AID during HBV infec-
tion, we transduced AID ectopically into HepaRG cells using a
lentiviral vector (Fig. 5A, left panel). The susceptibility of these
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AlD-overexpressing cells to HBV was decreased by approxi-
mately one-third compared with the parental or empty vector-
transduced HepaRG cells (Fig. 54, right panel), suggesting that
AID can restrict HBV infection. An AID mutant AID(M139V),
with reported diminished activity to support class switching
(48), also decrecased the susceptibility to HBV infection,
although the reduction in HBV susceptibility was moderate
compared with the case of the wild type AID (Fig. 5B).

To examine the relevance of endogenous AID in the anti-
HBV activity of IL-1, we transduced a lentiviral vector carrying
a short hairpin RNA (shRNA) against AID (sh-AID) or a non-
relevant protein cyclophilin A (Fig. 5C), and we observed the
anti-HBV activity of IL-13 in these cells. IL-18 decreased HBV
infection in the control and sh-cyclophilin A -transduced cells
by ~3.0-fold as determined by HBs secretion (Fig. 5D, lanes 1
and 2, black bars). In contrast, anti-HBV activity of IL-153 was
limited to only 1.6-1.7-fold in the cells transduced with sh-
AlIDs (Fig. 5D, lanes 3 and 4, black bars). Such relieved anti-
HBV activity following AID knockdown was not observed in
the case for heparin treatment (Fig. 5D, lanes 1-4, gray bars).
Similar results were obtained by monitoring intracellular HBV
DNA after infection (data not shown). Although the anti-HBV
effect of IL-13 was not completely blunted, these data suggest
that AID plays a significant role in mediating the anti-HBV
effect of IL-13.

Similar obscrvations were obtained in HBV-replicating cells
overexpressing AID (Fig. 5, E and F). Core particle-associated
HBV DNA in HepG2 cells transfected with an HBV-encoding
plasmid was decreased by overexpression with AID as well as
with A3G (Fig. 5F, lanes 1 and 3). Intriguingly, HBV DNA in
core particles was also decreased by expression of an AID
mutant AID(H56Y), which contains a mutation in the cytidine
deaminase motif and is derived from a class switch deficiency
patient (Fig. 5E, lane 2) (48). Southern blot also showed that the
HBV rcDNA level in HepG2.2.15 cells was reduced by trans-
duction with AID and another mutant AID(M139V), with
diminished activity to support class switching (Fig. 5F) (48).
These data suggest that AID could suppress HBV replication,
and this restriction activity can be still observed with reduced
enzymatic activity. In addition, AIID was shown to interact with
HBV core protein by coimmunoprecipitation assay (Fig. 5G).
Moreover, overexpression of AID reduced the levels for nucleo-
capsid-associated HBV RNA (Fig. 5H). These results further
suggest an antiviral activity of AID against HBV replication.

AID Could Induce Hypermutation of HBV DNA-—Major
enzymatic activity for APOBEC family proteins is the introduc-
tion of hypermutation in target DNA/RNA, and hypermutation
accounts for antiviral activity for A3G against HIV-1 to some
extent (2). Several groups reported that APOBEC family pro-
teins could induce hypermutation in HBV DNA (27, 30, 32, 34).
Next we asked whether AID could induce hypermutations in
HBV DNA. In differential DNA denaturation PCR analysis,
a high content of A/T bascs introduced by hypermutation
decreased denaturation temperatures (51). As shown in Fig. 64,
ectopic expression of AID decreased the denaturation temper-
ature of HBV DNA as shown by that of A3G. Sequence analyses
of the HBV DNA X region amplified at 83 "C by differential
DNA denaturation PCR indicated a massive accumulation of

JOURNAL OF BIOLOGICAL CHEMISTRY 31721

- 400 -

F10T ‘91 Ateniqaq uo AusioAlun) 010Ky e /810°0ql mam//:dny woly popeojumo(]



Anti-HBV Activity of IL-1 and TNF« Mediated by AID

A A3B ASC A3D
i,‘ 25 ! 2 g 6 l .
g 2 1.5 i!
= 15
8 1 3
s 1 5 |
3 o5 0.5 e
g g = g P 0
53EF  3rEf  psif
E = £ = e 2 R EJEL
o o o
A3F A3G A3H AID
) i 60 1.2 12 '
K] ! 50 1 10 f
S ; 40 0.8 8 i
.g 30 0.6 6
@ 20 0.4 4
4 10 0.2 2
Q. . 0
3 s =8 5 5 @ 3 38 s 2 & 3 3 &2 3
EZEE £3EE  EIsE  ELEE
5 = g = s =2 g = £ 4 g & E 2 £ =
o © a o
B primary human
HepG2 FLC4 hepatocytes
T 20 15 ‘ ;
O
c - 10 ] |
S 10 ] i
723 5 i
g . ‘x
8 se=gz 3EPELE  TETEGE
2 T2 2k T aZ K T ok
< 8 8 8
g @« B § 1.2
= - . [=] 1
83 E S
g o
g 0.2
" a 0
a E R ©
< 8 =
>
©
o
IL-1g

FIGURE 4. AID expression was induced by IL-1 and TNFa. A, mRNAs for A3B,

-G, -D, -F, -G, -H and AID were guantified by real time RT-PCR analysis in HepaRG

cells treated with 100 ng/ml IL-18, 100 ng/ml TNFe, or 100 IU/ml IFNa for 12 h or left untreated. Graphs show the relative expression levels compared with the
controls setat 1. B, AID mRNA was detected in HepG2, FLC4 cells, and PHH treated with IL-13, TNFa, or IFN« or left untreated. Induction of AID by IL-18and TNF
was observed in HepG2 and FLC4 cells and primary human hepatocytes. C, AlD protein (upper panel) and actin levels as an internal control (lower panel) were
examined by immunoblot of primary human hepatocytes treated with IL-1/3 or TNF« or left untreated. D, AID mRNA was detected in PHH treated with 100
ng/ml IL-18 in the presence or absence of NF-«B inhibitors, Bay11-7082, or QNZ for 12 h.

G-to-A mutations by AID (Fig. 6B). The frequency of G-to-A
mutations was augmented by AID expression (Fig. 6C). In this
experiment, AID(JP8Bdel), a hyper-active mutant of AID (62),
further promoted the accumulation of the G-to-A and C-to-T
mutations, although AID(H56Y) showed mutations in HBV
DNA equivalent with mock GFP control sample (Fig. 6C). Thus,
ATID had the potential to introduce hypermutation in nucleo-
capsid-associated HBV DNA.

IL-1 Suppressed the Infection of Different HBV Genotypes but
Not That of HCV—We examined whether the antiviral activity
of IL-1B and TNFa could be generalized to other viruses or was
specific to HBV. As shown in Fig. 74, the production of infec-
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tious HCV and HCV core proteins in the medium was not sig-
nificantly altered by treatment with these cytokines in HCV-
infected cells, compared to when IFNa was used as a positive
control (Fig. 7A). In contrast, IL-1 suppressed the infection of
HBYV genotype A and C into HepaRG cells (Fig. 7B) as well as
genotype D (Fig. 1C). These data suggest that the antiviral activ-
ity of proinflammatory cytokines IL-1 and TNF« is specific to
HBV.

DISCUSSION

In this study, cytokine screening revealed that IL-1 and
TNFa decreased the host cell susceptibility to HBV infection.
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FIGURE 5. AID played a significant role in IL-1-mediated anti-HBV activity. A and B, left panels, HepaRG cells were transduced with a lentiviral vector carrying
the expression plasmid for AID (RG-AID), AID(M139V) mutant (RG-AID(M139V)) (B), or the control vector (RG-EV). Protein expression for AID (upper panel) and
actin (lower panel) in these cells, the parental HepaRG cells (HepaRG), and those transiently transfected with AlID expression plasmid (AID overexpression) (A) was
examined by immunoblot. Right panels, these cells were infected with HBV followed by detection of secreted HBs protein as Fig. 1A. AID-transduced cells were
less susceptible to HBV infection. C, HepaRG cells were transduced with lentiviral vector carrying shRNAs for AID (RG-shAID#1 and RG-shAID#2) or for cyclophilin
A (RG-shCyPA) as a control. AID mRNA (left panel) and protein (right panel) were quantified by real time RT-PCR and immunoblot analysis. D, cells produced in
C were infected with HBV in the absence or presence of IL-13 or heparin, and HBs was detected in the medium as in Fig. 1A to examine the anti-HBV effect of
IL-1B and heparin. The fold reduction of HBV infection by IL-18 treatment is shown as /L-13 anti-HBV above the graph. The white, gray, and black bars indicate
HBs value of the cells without treatment and with heparin and IL-13 treatment, respectively. The anti-HBV activity of IL-13 but not heparin was reduced in the
AID-knockdown cells. E, AID and its mutant suppressed HBV replication. HepG2 cells were cotransfected with GFP-tagged AID, AID(H56Y), A3G, and GFP itself
along with an HBV-encoding plasmid. Following 3 days, cytoplasmic nucleocapsid HBV DNA was quantified (upper graph), and the overexpressed proteins as
well as actin were detected (lower panels). F, lentiviral vectors carrying AID, AID(M139V) mutant, A3G, or an empty vector (empty vector) were transduced or left
untransduced (no transduction) into HepG2.2.15 cells. Nucleocapsid associated HBV DNA in these cells or in HepG2 cells (HBV—) was detected by Southern blot
(upper panel). AID (middle panel) and A3G protein (lower panel) were also detected by immunoblot. G, HBV core interacted with AID. HepAD38 cells transduced
without (no transduction) or with AlD-expressing vector or the empty vector (empty vector) were lysed and treated with anti-core antibody (1st panel) or control
normal IgG (2nd panel) for immunoprecipitation {IP). Total fraction without immunoprecipitation (3rd to 5th panels) was also recovered to detect AID (7st to 3rd
panels), HBV core (5th panel), and actin (5th panel) by immunoblot. WB, Western blot. H, HBV RNA in core particles was extracted as shown under “Experimental
Procedures” in HepG2 cells overexpressing HBV DNA together with or without AID or A3G.
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FIGURE 6. AID could induce hypermutation of HBV DNA. A and B, HepG2 cells were cotransfected with an expression vector for GFP-tagged AID, HA-tagged
A3G, or GFP along with an HBV-encoding plasmid. 3 days after transfection, nucleocapsid-associated HBV DNA was extracted, and differential DNA denatur-
ation PCR was performed to amplify the X gene segments. The numbers above the panels in A show denaturing temperatures. The X gene fragment amplified
at 83 °Cin the AID sample was cloned in to a T vector and sequenced in B. Alignment of independent five clones with reference sequence (X02763) is indicated.
C, AID and its mutant (JP8Bdel) induced G-to-A and C-to-T hypermutations in HBV DNA. HepG2 cells were transfected with expression vectors of GFP-tagged
AID, AID(H56Y), AID(JP8Bdel), or GFP itself together with HBV encoding plasmid. Three days after transfection, cells were harvested, and nucleocapsid-
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mental Procedures.” The numbers indicate the clone numbers carrying the mutation. D, expression of GFP, GFP-tagged AID, AID(H56Y), and AID(JP8Bdel) is

shown by immunoblot.

This antiviral mechanism is rather unique, given that the intra-
cellular immune response against viruses is typically triggered
by IFNs. So far, type I, II, and IIT IFNs are reported to suppress
the replication step of the HBV life cycle (19, 20, 25, 26). In
contrast, we suggest that IL-1 and TNF« inhibit the carly phase
of HBV infection as well as the replication. This is consistent
with cumulative clinical evidence suggesting that these proin-
flammatory cytokines contribute to HBV elimination (63— 65).

31724 JOURNAL OF BIOLOGICAL CHEMISTRY

IL-1 and TNF« are generally produced mainly in macrophages
and also in other cell types, including T cells and endothelial
cells (66). Although the main producer cells of these cytokines
in hepatitis B patients are not defined, it has been reported that
the secretion of IL-1 and TNF« in nonparenchymal cells were
increased by HBV infection into hepatocytes (67). TNFa pro-
duction in macrophages was augmented by addition of recom-
binant HBc (68). A number of clinical studies cumulatively
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FIGURE 7. Antiviral activity of AID was specific to HBV. A, Huh-7.5.1 cells
were pretreated with IL-18, TNFe, or IFN« for 3 h or left untreated and then
coincubated with HCV for 4 h. After washing HCV and cytokines and culturing
the cells with normal medium for 72 h, the infectivity of HCV (left panel) as well
as HCV core protein (right panel) in the medium was quantified. B, HepaRG
cells were treated with IL-1 or heparin or left untreated for 3 h prior to and
16 h during infection of HBV genotype A (left graph) or C (right graph) as
shown in Fig. 1A. HBV infection was monitored with cellular HBV DNA at 12
days after the infection as Fig. 1C.

show that serum levels of IL-1 and TNF« are increased in hep-
atitis B patients (12). Recently, it has been a significant clinical
problem that HBV reactivates during the course of treatment
with immunosuppressants such as anti-TNF« agents (64, 65).
Taken together, it is proposed that acute or chronic HBV infec-
tion induces IL-1/TNFa from macrophages or other cells in the
liver of infected patients, which can directly suppress HBV
infection in hepatocytes, in addition to their immunomodula-
tory effects to the host immune cells. Although IL-1 level in
HBV-infected patients varies between papers, Daniels et al. (63)
reported that the peak IL-13 level in HBV-infected patients was
9-36 ng/mlunder Toll-like receptor stimulation, at which con-
centration IL-13 showed significant anti-HBV effects in this
study. In general, downstream genes of NF-«B include a num-
ber of antiviral factors such as viperin, iNOS, and RANTES (69).
Although some of these genes may function cooperatively for
IL-1- and TNFa-induced anti-HBV machinery, our data sug-
gest that AID, at least in part, plays a role in the elimination of
HBV that was potentiated by proinflammatory cytokines IL-1
and TNFa.

AID belongs to APOBEC family proteins that share enzyme
activity to convert cytidine to uracil in mainly DNA, and occa-
sionally RNA (51, 70, 71). Although AID was initially identified
in B cells, chronic inflammation can trigger its cxpression in
hepatocytes (60). The induction of AID was reportedly medi-
ated by NF-«B (60), consistent with the results in this study.
Although AID in B cells is essential for class switch recombina-
tion and somatic hypermutation of immunoglobulin genes (70,
72), the physiological role of AID in hepatocytes is unknown.
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Although expression of AID in hepatocytes is still lower than in
B cells, AID) is reportedly expressed in the liver both in cell
culture and in vivo settings (34, 60). Our results raise the idea
that AID plays a role in innate antiviral immunity. AID also has
arole in virus-induced pathogenesis as it was reported to coun-
teract oncogenesis induced by Abelson-murine leukemia virus
(73). In addition, AID was reported to restrict L1 retrotranspo-
sition, which can predict the role of AID in innate immunity
(74). This study is significant in that it revealed a biological
function of AID in viral infection itself, linking it to the restric-
tion of a pathogenic human virus. It will be interesting to ana-
lyze the role of AID in the infection process of other viruses in
the future.

Although the mechanism for AID suppression of the HBV
life cycle is the subject of future study, AID possibly targets the
early phase of HBV infection, including entry as well as the
replication stage, including assembly and reverse transcription
(Fig. 3). It has been recently reported that chicken AID reduced
cccDNA of duck HBV possibly through targeting cccDNA as
well as nucleocapsid-associated HBV DNA (75). This study is
likely to support the idea that AID may target cccDNA formed
after HBV entry into hepatocytes, and also associates with
nucleocapsid-associated HBV DNA during HBV replication,
although it is not clear whether the innate immune machinery
against HBV/duck HBV is conserved in human and chicken
cells. A3G blocked HBV replication through the inhibition of
reverse transcriptase (29), packaging of pregenomic RNA (33),
and the destabilization of packaged pregenomic RNA (31) inde-
pendently of its deaminase activity, and it also induced hyper-
mutation of HBV DNA (27, 30, 32, 34). It was recently reported
that AID was packaged into the HBV nucleocapsid (51). More-
over, AID induced C-to-T and G-to-A hypermutations in HBV
DNA/RNA, although the anti-HBV activity has not been dem-
onstrated so far (51). The hypermutation activity of AID was
likely to be dispensable for its anti-HBV replication function
(Figs. 5 and 6), as reported for APOBEC3G by several groups
(29, 30, 33). Further analysis is required to elucidate the precise
mechanisms for AID-mediated suppression of the HBV life
cycle.

In conclusion, we have identified that host cell susceptibility
to HBV infection is modulated by IL-1 and TNFe, and AID is
involved in this machinery. This sheds new light on the link
between proinflammatory cytokines and the development of
the innate antiviral defense.
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Efficacy and safety of prophylaxis with entecavir and
hepatitis B immunoglobulin in preventing hepatitis B
recurrence after living-donor liver transplantation
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Aim: Hepatitis B recurrence after liver transplantation can be
reduced to less than 10% by combination therapy with lami-
vudine (LAM) and hepatitis B immunoglobulin (HBIG). The aim
of this study was to evaluate the efficacy and safety of pro-
phylaxis with entecavir (ETV), which has higher efficacy and
lower resistance rates than LAM, combined with HBIG in
preventing hepatitis B recurrence after living-donor liver
transplantation (LDLT).

Methods: Twenty-six patients who received ETV plus HBIG
(ETV group) after LDLT for hepatitis B virus (HBV)-related end-
stage liver disease were analyzed by comparing with 63
control patients who had received LAM plus HBIG (LAM
group).

Results: The survival rates of the patients treated with ETV
plus HBIG was 73% after both 1 and 3 years, and there was no

statistical difference between the patients in the ETV group
and LAM group. No HBV recurrence was detected during the
median follow-up period of 25.1 months in the ETV group,
whereas the HBV recurrence rate was 4% at 3 years and 6% at
5 years in the LAM group. No patients had adverse effects
related to ETV administration.

Conclusion: ETV combined with HBIG provides effective and
safe prophylaxis in preventing hepatitis B recurrence after
LDLT.

Key words: entecavir, hepatitis B, liver transplantation,
living donor

INTRODUCTION

HE RECURRENCE OF hepatitis B virus (HBV) infec-

tion after liver transplantation for HBV-related dis-
eases resulted in poor outcomes before the development
of effective prophylaxis with lamivudine (LAM) and
hepatitis B immunoglobulin (HBIG). Without the pro-
phylaxis, the majority of patients developed recurrent
infections due to HBV in the early phases after liver
transplantation, and the recurrence resulted in rapidly
progressive liver injury, early graft loss and reduced

Correspondence: Dr Yoshihide Ueda, Department of Gastroenterology
and Hepatology, Graduate School of Medicine, Kyoto University, 54
Kawahara-cho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan. Email:
yueda@kuhp.kyoto-u.ac.jp

Received 13 February 2012; revision 6 March 2012; accepted 28
March 2012.

© 2012 The Japan Society of Hepatology

survival.'* The development of prophylaxis dramati-
cally reduced the post-transplant recurrence of hepatitis
B and markedly improved prognosis. The most widely
used prophylaxis so far has been a combination therapy
of LAM and i.v. HBIG.

In the non-transplant setting, the long-term use of
LAM resulted in high rates of emergence of resistance to
the drug, with rates ranging 14-32% after 1 year and
60-70% after 5 years of treatment. In most cases, the
resistance was the result of selection of LAM-resistant
mutations in the YMDD motif of the DNA polymerase
domain of HBV." Moreover, the emergence of HBV
strains with mutations that allow escape from hepatitis
B surface antibody (anti-HBs) recognition has been
reported in patients vaccinated for HBV,*® in patients
with chronic hepatitis B and in liver transplant recipi-
ents after BIG administration.”"" Therefore, the emer-
gence of LAM resistance and IIBIG resistance might
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increase the risk of recurrence during long-term admin-
istration of LAM and IIBIG, although the rate of HBV
recurrence in liver transplant recipients who received
prophylaxis with LAM and HBIG for more than 10 years
has not been reported to date. At present, several nucleo-
side analogs are available for the treatment of chronic
hepatitis B*. Among them, there is entecavir (ETV), a
carbocyclic analogue of 2’-deoxyguanosine, which has
been shown to have higher efficacy than LAM in patients
with chronic hepatitis B. In addition, ETV has a higher
genetic barrier to resistance than LAM. The resistance
to ETV requires at least three mutations including
tM204V/1, which causes LAM-resistance, rtL180M, and
a mutation at one of the following codons: rtT184,
1tS202 or rtM250.* Therefore, ETV is now used as a
first-line therapy in the treatment of chronic hepatitis
B worldwide. Data available in the published work
suggest that, in transplant recipients, ETV plus HBIG
represents a better prophylaxis protocol than LAM plus
HBIG for long-term prevention of HBV recurrence after
liver transplantation. However, the efficacy and safety of
this treatment is largely unknown.

The aim of this study was to evaluate the efficacy and
safety of prophylaxis with ETV and HBIG in preventing
hepatitis B recurrence after living-donor liver transplan-
tation (LDLT).

METHODS

Patients

E RETROSPECTIVELY ANALYZED the medical

records of 97 patients who underwent LDLT for
HBV-related end-stage liver diseases from September
2002 to December 2010. Of these, eight patients were
excluded from our study because they had breakthrough
hepatitis due to HBV with LAM-resistant mutations and
were prescribed LAM plus adefovir before liver trans-
plantation. Accordingly, 89 patients were enrolled in
this study.

Prophylaxis with ETV or LAM combined
with HBIG

Lamivudine plus HBIG therapy was given to all recipi-
ents with HBV-related end-stage liver diseases from
September 2002 to November 2006, as reported previ-
ously.” From December 2006, we changed the protocol
for prophylaxis to ETV plus 11BIG. ETV at a dose of
0.5 mg/day or LAM at a dose of 100 mg/day was given
before transplantation, usually when the patient was
referred to the hospital and scheduled for transplanta-
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tion. Preoperative ETV or LAM prophylaxis was followed
by combination with HBIG after transplantation. The
first application of HBIG at a dose of 200 IU/kg body
mass was administrated i.v. during the anhepatic phase
of LDLT, and repeated every day for the first 5 days
post-surgery. HBV serological markers were examined at
weekly intervals for the first 2 months after the trans-
plant, then at monthly intervals, and 1000 IU of HBIG
was periodically administrated to maintain the serum
anti-HBs titers at more than 500 IU/L during the
first 6 months and 200 IU/L thereafter throughout the
follow-up period.””

Immunosuppression

Tacrolimus and low-dose steroid therapy were adminis-
trated to induce immunosuppression in most patients,"?
Mycophenolate mofetil was administrated to patients
who experienced refractory rejection or required reduc-
tion of tacrolimus dose due to adverse events. Patients
who received ABO blood-type-incompatible transplants
were treated with rituximab, plasma exchange, and
hepatic artery or portal vein infusion with prostaglandin
E1 and methylprednisolone.™

Diagnosis of HBV activation

Activation of HBV was diagnosed when hepatitis B
surface antigens (HBsAg) and/or HBV DNA became
positive in the serum of the patients. After LDLT, HBsAg,
anti-HBs and serum HBV DNA were measured at least at
3 monthly intervals. Serological HBV markers, includ-
ing HBsAg, anti-HBs, hepatitis B core antibody, hepatitis
B e antigen (HBeAg) and antibodies to HBeAg (anti-
HBe), were measured by chemiluminescent enzyme
immunoassay (Fuji Rebio, Tokyo, Japan). Serum HBV
DNA titer was analyzed using a commercial polymerase
chain reaction (PCR) assay (Amplicor 1BV Monitor;
Roche, Branchburg, NJ, USA). LAM-resistant YMDD
mutant virus was detected by the PCR enzyme-linked
mini-sequence assay.'”

Statistical analysis

Baseline characteristics are shown in Table 1. For con-
tinuous variables, medians and ranges are given, and the
significance of the data was analyzed with the Wilcoxon
rank sum test. For categorical variables, counts are given,
and the data were analyzed with the y*-test. Survival
rates and the rates of patients who showed HBV activa-
tion after LDLT were estimated using the Kaplan-Meier
method and compared using log-rank tests. P < 0.05
was considered significant.
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