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Postexposure Prophylactic Effect of Hepatitis B Virus (HBV)-Active
Antiretroviral Therapy against HBV Infection

Tsunamasa Watanabe,™” Susumu Hamada-Tsutsumi,® Yoshiyuki Yokomaku,” Junji Imamura,® Wataru Sugiura,® Yasuhito Tanaka®

Department of Virology and Liver Unit, Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan®; Department of Infectious Diseases and Immunology
Clinical Research Center, National Hospital Organization Nagoya Medical Center, Nagoya, Japan®

Retrospective study indicates that hepatitis B virus (HBV)-active nucleoside (nucleotide) analogues (NAs) used for antiretroviral
therapy reduce the incidence of acute HBV infections in human immunodeficiency virus (HIV)-infected patients. Learning from
HIV postexposure prophylaxis (PEP), we explored the possibility of using NAs in PEP following HBV exposure, if preexposure
prophylaxis is feasible clinically. Using freshly isolated primary human hepatocytes cultured in vitro, we analyzed the effect of
HBV-active tenofovir and lamivudine in primary HBV infection and also the effect of treatment with these NAs after HBV infec-
tion. HBV-active NAs applied from 24 h before inoculation could not prevent the secretion of hepatitis B surface antigen into the
culture medium, and cessation of the NAs after inoculation allowed the cells to establish an apparent HBV infection. In contrast,
hepatitis B immune globulin was able to prevent HBV infection completely. NA treatment before infection, however, can control
the spread of HBV infection, as detected by immunohistochemistry. Practically, starting NA treatment within 2 days of primary
HBY infection inhibited viral spread effectively, as well as preexposure treatment. We demonstrated that preexposure NA treat-
ment was not able to prevent the acquisition of HBV infection but prevented viral spread by suppressing the production of ma-
ture progeny HBV virions. The effect of postexposure treatment within 2 days was similar to the effect of preexposure treatment,

suggesting the possibility of HBV PEP using HBV-active NAs in HIV- and HBV-susceptible high-risk groups.

Satients infected with human immunodeficiency virus (HIV)
~ are at high risk of hepatitis B virus (HBV) infection, and an
estimated 10% of HIV-infected individuals worldwide have
chronic hepatitis B (1). Because of the shared transmission routes
of the two viruses, i.e., sexual intercourse and blood contact (2),
HIV-infected individuals, particularly men who have sex with
men (MSM) and intravenous drug users, are at high risk of acute
HBV infection.

Two recent retrospective studies from Japan and the Nether-
lands indicated that HBV-active nucleoside (nucleotide) ana-
logues (NAs) used for antiretroviral therapy (ART) reduced the
incidence of acute HBV infections in HIV-infected patients (3, 4).
The prophylactic effects of regimens containing NAs as reverse
transcription (RT) inhibitors are well accepted against HIV infec-
tion (5, 6), because RT is an initial essential step following HIV
entry into susceptible cells. However, considering the differences
between the HIV and HBV replication cycles, this notion cannot
be applied simply to HBV infection.

Unlike HIV, when HBV enters the hepatocyte, its genomic
DNA is transported to the nucleus and converted to covalently
closed circular DNA (cccDNA), which serves as the template for
transcription. One transcript, the pregenomic RNA, is converted
to genomic DNA by RT, which is the target of NAs.

Studies of occult HBV infections strongly suggest that HBV
cccDNA remains in the hepatocyte nuclei for a long time after
resolution of acute infection (7), often leading to reestablishment
of infection (HBV reactivation) following immunosuppressive
therapy, i.e., anticancer chemotherapy (8). The phenomenon of
HBV reactivation suggests that cccDNA remaining in the hepato-
cytes can produce infectious virions, leading to very rapid viral
spread. Therefore, establishment of cccDNA in the nuclei means
HBYV infection of susceptible cells.

Nonetheless, human clinical studies have shown that HBV-
active ART protects against the occurrence of de novo HBV infec-
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tion, indicating that NA-based strategies inhibit the serological
changes of HBV markers (hepatitis B surface antigen [HBsAg],
hepatitis B surface antibody [anti-HBs], and hepatitis B core an-
tibody [anti-HBc]) that provide evidence of HBV infection and
have a clinical prophylactic effect against incident HBV infection.
Learning from HIV postexposure prophylaxis (PEP), we consider
the possibility of NA-based PEP against HBV exposure, given that
preexposure prophylaxis (PrEP) is feasible clinically. Therefore,
using freshly isolated primary human hepatocytes (PHH) cul-
tured in vitro, we analyzed the effect of HBV-active NAs on pri-
mary HBV infection and showed the possibility of prophylaxis by
NAs not only as PrEP but also as PEP against acute HBV infection.

MATERIALS AND METHODS

Freshly isolated PHH. Freshly isolated primary human hepatocytes
(PHH) from severe combined immunodeficient mice transgenic for
urokinase-type plasminogen activator, whose livers were repopulated
with human hepatocytes, were purchased from Phoenix Bio Co., Ltd.
(Higashihiroshima, Japan), without cryopreservation. The isolation and
culture of PHH were described previously (9).

Received 3 October 2014 Returned for modification 3 November 2014
Accepted 8 December 2014

Accepted manuscript posted online 15 December 2014

Citation Watanabe T, Hamada-Tsutsumi S, Yokomaku Y, imamura J, Sugiura W,
Tanaka Y. 2015. Postexposure prophylactic effect of hepatitis B virus (HBV)-active
antiretroviral therapy against HBV infection. Antimicrob Agents Chemother 59:
1292-1298. doi:10.1128/AAC.04459-14.

Address correspondence to Yasuhito Tanaka, ytanaka@med.nagoya-cu.acjp.
TW.and SH-T. are equal contributors.

Copyright © 2015, American Society for Microbiology. All nghts Reserved.
doi:10.11 28/AAC 04459-14

The authors have paid a fee to allow immediate free access to this article.

February 2015 Volume 59 Number 2

290

1senb Agq G102 ‘0g Arenuep uo /Bio wse oee//:diy wWoly pepeojumo(



Day 22
HBV infected PHH

B  inoculation

Wash
(On-Tx)

210
F
'5105‘ -~ Mock
[=]
% 1 = HBIG (On-Tx)
2 -+ LAM (On-Tx)
ﬁié 10t - TFV (On-Tx)

10°

102
-
g
7]
1]
=

0 357 12 17

22 (Days)

FIG 1 Incomplete prevention of primary HBV infection by NA. (A) Freshly
isolated PHH susceptible to HBV infection. Single-stranded HBV DNA
(ssDNA), a replicative intermediate in PHH on day 22 postinfection, was vi-
sualized by Southern blotting. rcDNA, relaxed-circular, partially double-
stranded HBV DNA. ssDNA denotes HBV replication following infection in
susceptible cells. (B) The kinetics of HBV DNA (top) and hepatitis B surface
antigen (HBsAg; bottom) concentrations in the culture medium of HBV-
infected PHH with various treatments. PHH (2.1 X 10° cells/cm?) were inoc-
ulated with HBV (2 X 10° copies/ml) for 48 h at 37°C, and then PHH were
washed several times and sampling of the supernatants throughout the course
(days 3, 5, 7, 12, 17, and 22 postinfection) was performed. The concentrations
of HBV DNA and HBsAg in the culture supernatants, mainly remaining inoc-
ulum, decreased until day 5; however, HBV DNA and HBsAg began to increase
after around day 5 because of HBV replication in PHH. On-Tx, HBV-infected
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HBYV infection experiments. Inoculation of PHH with 10 HBV ge-
nome equivalents per cell was carried out in culture medium without
polyethylene glycol for 48 h at 37°C. PHH were washed with medium
three times on days 2 and 3 to remove the inoculum. Supernatants were
collected, and the culture media were replenished on days 3, 5, 7, 12, 17,
and 22 postinfection. To specifically block HBV attachment to the PHH,
the HBV inoculum (2 X 10° copies/ml) was preincubated with 1,000
mIU/ml of hepatitis B immunoglobulin (HBIG) for 2 h, and the mixture
of HBIG and HBV was added to the PHH. Also, 2.5 mM lamivudine
(LAM) or 100 pM tenofovir (TFV) was added to the culture medium,
starting 24 h before inoculation. According to previous results, using the
HBV-expressing cell lines (Hep2.2.15), the 50% effective concentration
(ECs,) value of LAM (10) is around 0.12 uM and that of TFV (11) is
around 1.1 pM. Thus, the doses of LAM and TFV used in our study are
20,000 times and 100 times higher, respectively, than the EC,, for HBV
inhibition and thus provide sufficient excess for the desired clinical effect.
In addition, the high concentration of LAM and TFV could not cause any
cytotoxicity on the cells.

Determination of HBsAg and HBV DNA levels. The levels of HBsAg
were determined by chemiluminescent enzyme immunoassay as de-
scribed previously (12). The detection limit of the HBsAg assay is 0.05
IU/ml. HBV DNA was quantified by quantitative PCR as described
previously (13). The detection limit of HBV DNA was set to 2.0 X 10
copies/ml. cccDNA was measured by quantitative PCR with primers
cccF2 and cccR4, described previously (14), and a fluorescent probe,
cccP2 (5'-FAM-CTGTAGGCATAAATTGGT-MGB-3' [FAM is 6-car-
boxyfluorescein]). The detection limit of cccDNA was set to 1.0 X 102
copies/ig DNA.

Southern hybridization. Southern hybridization was performed with
full-length probes for HBV as described previously (12, 15).

Immunofluorescence assay. Fluorescence staining of intracellular
HBsAg was performed by standard methods using goat anti-HBs (Bioss,
Inc., MA, USA) and donkey anti-goat IgG conjugated with Alexa Fluor
488 (Life Technologies, Maryland, USA).

RESULTS

Effects of HBV-active NAs against primary infection. Freshly
isolated PHH were confirmed to be susceptible to HBV primary
infection by using Southern blot analysis (Fig. 1A). We examined
the effect of NAs on the establishment of HBV infection in the
hepatocytes. PHH were treated with the HBV-active NAs, LAM
and TFV, at extremely high concentrations (2.5 mM and 100 uM,
respectively) starting 24 h before HBV inoculation to gain full
efficacy of NAs. Figure 1B shows the kinetics of HBV DNA (top)
and HBsAg (bottom) concentrations in the culture medium of
HBV-infected PHH. After day 5, HBV DNA concentrations in-
creased in the supernatants of nontreated cells, indicating HBV
replication, i.e., accumulation of cccDNA in the cell and release of
progeny virions into the culture medium. Because NAs inhibit RT
activity, treatment with LAM or TFV results in a continuous de-
crease of HBV DNA in the supernatants. In contrast, HBIG, which
inhibits viral entry by blocking receptor binding (16), effectively
prevented HBV infection, and HBV DNA could not be detected
for 22 days. As shown in the bottom panel of Fig. 1B, LAM and
TFV treatment have a small effect on the HBsAg concentration in the

PHH were treated continuously with lamivudine (LAM), tenofovir (TFV), or
hepatitis B immune globulin (HBIG) up to 22 days. Ongoing treatment with
LAM or TFV resulted in a continuous decrease in HBV DNA in the superna-
tant. However, the production of HBsAg increased after day 5. Data are pre-
sented as means * standard deviations (SD) (n = 3 experiments). The NAs
were LAM and TFV. Mock, the HBV infection control experiment without
treatment.
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FIG 2 Preexposure NA treatment fails to prevent HBV infection. (A) PHH
were inoculated with HBV for 48 h at 37°C and washed several times, and
sampling of the supernatants was performed (as described in Fig. 1B). The
concentration of HBV DNA increased gradually after day 12 when the LAM or
TFV treatment was stopped on day 5, despite the complete cessation of hepa-
titis B immune globulin (HBIG) treatment. The production of HBsAg in the
control experiment increased further after day 12, and HBsAg productions in
cases in which NA treatment was stopped on day 5 (Off-Tx) gradually in-
creased in the supernatant. Off-Tx, HBV-infected PHH were treated for only 5
days with Jamivudine (LAM), tenofovir (TFV), or HBIG. Data are presented as
means * SD (n = 3 experiments). (B) Increasing production of HBsAg in the
supernatants during the period from day 12 to day 22. In order to confirm the
change of HBsAg production, the HBsAg titer on day 22 was divided by that on
day 12. The increase of the rate in the nontreatment experiment was 6.8 from
day 12 to day 22; otherwise, the rates of the cells treated continuously with NAs
(On-Tx of both LAM and TFV) were maintained at steady levels (the ratio was
approximately 1). In the cases with cessation of NA treatment on day 5, the
increase of HBsAg production during the period from day 12 to day 22 was
observed in the culture medium (Off-Tx of LAM, 2.3; Off-Tx of TRV, 2.6).
Data are presented as means * SD (n = 3 experiments). Mock, the HBV
infection control experiment without treatment. Statistical analysis of the dif-
ference was conducted using the analysis of variance with a nonparametric
Mann-Whitney U test. *, P < 0.05.
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cccDNA (copies / ug DNA)

*

Mock TFV LAM LAM HBIG
(On-Tx) (Off-Tx)

FIG 3 HBV-active NAs can inhibit viral spread after acquisition of HBV in-
fection in freshly isolated PHH. (A) Immunohistochemical staining of HBV-
infected PHH with various treatments. Viral spread occurred over 10 days
from day 12 to day 22 in the nontreatment experiment (Mock); however, the
numbers of cells staining for HBsAg did not change from day 12 to day 22 with
continuous treatment by either LAM or TFV. HBIG, treatment with HBIG for
12 days; no HBV, PHH at day 22 without HBV inoculation; green, staining of
HBsAg; blue, staining of nuclear DNA. (B) The level of cccDNA in HBV-
infected PHH at day 22. Compared to the control experiment (Mock), the
levels of cccDNA treated continuously with NAs (On-Tx of both LAM and
TFV) were suppressed and that with LAM treatment for only 5 days (LAM
Off-Tx) exhibited an increase following the cessation of LAM treatment. The
asterisk indicates a value below the detection limit.

supernatant up to day 12; presumably, these NAs could not protect
against the formation albeit at high concentration but do inhibit the
accumulation of cccDNA as the template for HBsAg. Through the
experiments, we did not see evidence of cytotoxicity by 3-(4,5-di-
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FIG 4 HBIG treatment in freshly isolated PHH post-HBV inoculation inhibits viral spread, while delaying HBIG addition allows viral spread. (A) Schematic
representation of the schedule for continuous treatment (On-Tx) with hepatitis Bimmune globulin (HBIG) after HBV inoculation. IHC, immunohistochemical
staining for intracellular HBsAg. (B) IHC of PHH on day 22 with HBIG treatment started at 2, 3, 5,7, 12, and 17 days after HBV inoculation, as indicated in panel
A.The addition of HBIG after inoculation did not protect against primary HBV infection (On-Tx Day 2), and delaying the addition of HBIG allowed gradual viral
spread (On-Tx Day 2 to Day 17), detected by fluorescence IHC at day 22 postinoculation.

methyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
assays or by microscopic examination of cell morphology after treat-
ment with these high concentrations (data not shown).

Next, to confirm the prophylactic effect of NAs, treatment was
stopped at day 5 (Fig. 2A). As expected, HBIG continued to pre-
vent HBV infection. When LAM or TFV treatment was stopped
on day 5, however, the concentration of HBV DNA increased
gradually after day 12, suggesting that these agents did not protect
against the establishment of HBV infection (Fig. 2A). The produc-
tion of HBsAg in the control experiment also increased after day
12, and HBsAg production in cases in which NA treatment had
ceased on day 5 (Off-Tx) also slowly increased. Previously, it was
thought that the rapid differentiation of PHH leads to a loss of
susceptibility to HBV infection within a few days. However, the
PHH used in this study were isolated from living chimeric mice
without cryopreservation. We therefore confirmed the suscepti-
bility to HBV infection over 10 days using the increase in HBsAg
production as a surrogate marker for the accumulation of
cccDNA and thus the increasing number of HBV-infected PHH.
Although HBsAg production increased markedly in the nontreat-
ment experiment (the relative increase ratio was 6.8) during the
period from day 12 to day 22 (Fig. 2B), there was no increase in
cells continuously treated with NA (the ratios of LAM and TFV
On-Tx were approximately 1). However, in the cases with cessa-
tion of NA treatment on day 5, HBsAg production increased in the
culture medium from day 12 to day 22 (the ratios of LAM and TFV
Off-Tx were 2.3 and 2.6, respectively). These results indicated that
freshly isolated PHH, without cryopreservation, have prolonged
susceptibility to HBV infection. Although we did not compare
fresh and cryopreserved PHH, our observations indicate that
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freshly isolated PHH remain susceptible to HBV infection at least
for 1 month after preparation (data not shown).

To further demonstrate the susceptibility of freshly isolated
PHH to HBV infection, we investigated HBsAg expression and
measured PHH cccDNA concentration. Detection of HBV-in-
fected PHH by fluorescence immunohistochemistry (IHC) re-
vealed that the number of infected cells on day 22 was approxi-
mately 6 times greater than that on day 12, indicating viral spread
during this period (Fig. 3A, Mock). In contrast, no increase in the
number of infected cells was observed following continuous LAM
or TFV treatment. Although the level of cccDNA in cells treated
continuously with NAs (LAM and TFV) was suppressed on day
22, compared to the control experiment, those treated with LAM
for only 5 days (LAM Off-Tx) exhibited an increase following
cessation of LAM treatment (Fig. 3B). Because NAs inhibit the
production of infectious virions at the stage of conversion of pre-
genomic RNA to genomic DNA, the release of progeny virions is
inhibited by NAs. This allows us to suggest that secondary infec-
tion of neighboring cells by newly produced HBV virions, viral
spread, occurred in the in vitro system. From these results and
basic mechanisms regarding the HBV replication cycle, we con-
clude that NAs do not prevent the establishment of cccDNA and
acquisition of HBV infection but prevent viral spread by suppress-
ing the production of progeny HBV virions.

Feasibility of NA-based HBV postexposure prophylaxis.
Considering that HBV-active NAs act only on viral spread, we
explored the possibility that the addition of LAM to the culture
medium shortly after HBV inoculation might have an effect sim-
ilar to that of preexposure LAM treatment, as shown in Fig. 1 and
3. Again, to confirm the susceptibility to HBV infection during the
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FIG 5 Effects of LAM on post-HBV inoculation in vitro. (A) Schematic representation of the schedule for continuous treatment (On-Tx) with lamivudine
(LAM) after HBV inoculation. IHC, immunohistochemical staining for intracellular HBsAg. (B) IHC of PHH on day 22 with LAM treatment started at 2, 3, 5,
7,12, and 17 days after HBV inoculation, as indicated in panel A. The addition of LAM before and after inoculation did not protect against primary HBV infection
(On-Tx Day — 1 and Day 2), and the delay in the addition of LAM resulted in viral spread at day 22 postinoculation. (C) The HBsAg concentrations in the culture
medium collected on day 22 from the HBV-infected PHH with LAM treatment as shown in panel A. Data are presented as means = SD (n = 3 experiments). ctrl,

HBV-infected PHH without treatment.

follow-up periods, the addition of HBIG after inoculation was
explored for 22 days (Fig. 4A), because HBIG treatment protects
completely against new HBV infection (Fig. 1B, 2A, and 3B). The
addition of HBIG after inoculation was not able to protect against
primary HBV infection (Fig. 4B, On-Tx Day ~1 compared to Day
2), and delaying adding HBIG allowed gradual viral spread, mon-
itored by fluorescence IHC at day 22 postinoculation (Fig. 4B,
On-Tx Day2 to Day 17 compared to None). These results strongly
indicate that delaying starting HBIG treatment after HBV inocu-
lation allowed viral spread into the freshly isolated PHH system.
Next, the effect of the addition of LAM after inoculation was mon-
itored and quantified, based on the HBsAg titer in the supernatant
(Fig. 5). Delaying the addition of LAM (Fig. 5A) allowed gradual
viral spread, as observed in the HBIG treatment. However, the
addition of LAM on day 2 after inoculation effectively inhibited
the viral spread observed on day 22 (Fig. 5B, On-Tx Day 2). Fur-
thermore, the HBsAg levels in the culture medium on day 22 in-
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dicate that starting LAM treatment within 2 days of inoculation
has a similar effect on viral spread to preexposure treatment
(Fig. 5C).

DISCUSSION

Coinfection with HBV and HIV increases the morbidity and mor-
tality beyond those caused by either virus alone, and the burden of
coinfection is greatest in developing countries, particularly in
Southeast Asia and sub-Saharan Africa (1). Therefore, the assess-
ment of HBV status is warranted for all HIV-positive persons, and
hepatitis B vaccination should be offered to all susceptible indi-
viduals. Although immunization remains the mainstay of disease
prevention, HIV-positive individuals mount poorer antibody re-
sponses to hepatitis B vaccine than healthy donors (17, 18). More-
over, as the course of hepatitis Bimmunization involves injections
at 0, 1, and 6 months, a coordinated effort and period of time are
required.
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Because NA-based PEP has been used as an HIV prevention
strategy for nearly 20 years, we explored the possibility of HBV
PEP using NAs, with reference to clinical evidence that PrEP may
be feasible for de novo HBV infection. In Japan, Gatanaga et al.
explored NA-based PrEP using sequential serum samples from
HIV-infected MSM who had no detectable HBsAg, anti-HBs, and
anti-HBc at baseline (3). Evidence of HBV infection was detected
in follow-up samples from 43 of the 354 men (12.1%) after a
median time period of 1.6 years. The rate of incident infection was
approximately 90% lower for patients taking LAM or TFV than
for those receiving no ART or a non-LAM/TFV-containing regi-
men. Moreover, no new HBV infections occurred in patients
taking TDF; however, the 7 men who developed HBV infection
despite taking LAM were more likely to be infected with LAM-
resistant strains (50.0%) than the 36 individuals not receiving
HBV-active ART (7.1%). Another serological follow-up study
from the Netherlands reported that LAM and TFV protected
against the occurrence of de novo HBV infection among HIV-
infected MSM over a median of 6.8 years and also demonstrated a
superior protective effect on HBV seroconversion in the group
taking TFV (4). These clinical data indicated that HBV-active NAs
can prevent acute HBV infection, defined by the absence of the
serological markers HBsAg, anti-HBs, and anti-HBc, and TFV-
based PrEP has a significant effect on HBV primary infection. In
the case of HIV infection, the prophylactic effects of NAs as RT
inhibitors are well accepted, because these block the initial step
following virus entry. However, during HBV infection, RT inhib-
itors act after cccDNA formation and do not prevent HBV infec-
tion completely, confirmed by our original HBV-infected PHH
system. Our results clearly indicate that the effect of NAs on HBV
primary infection was simply prevention or inhibition of viral
spread.

It remains largely unknown how NAs act as prophylaxis. As
clinical data showed, treatment with NAs protects against the ac-
quisition of HBV without an antibody response. We speculated
that acquired immunity, especially humoral immunity, could not
be responsible for the clinical outcome of prophylaxis by NAs.
Recent reports show that natural killer (NK) cells contribute to
protection against acute HCV infection (19-21), and NK cells may
play important roles in the eradication of HBV from hepatocytes
(22, 23). Continuous treatment with NAs could prevent viral
spread and, consequently, the cccDNA would be confined to the
cells infected initially. If this is the case, the small number of
cccDNA-containing cells could readily be eradicated by the major
innate immune cells, i.e., NK cells, without an antibody response,
and/or the cccDNA could be diluted during hepatocyte turnover
with subsequent diminishment of hepatocytes harboring cccDNA
in the absence of immune responses (24).

Although the extent to which the data from in vitro studies can
be extrapolated to clinical human studies is largely unknown, we
postulate that treatment with NAs should be used for longer peri-
ods of HBV prophylaxis than of HIV prophylaxis, typically for 4
weeks in HIV PEP (5, 25), because of the evidence from our in
vitro data regarding acquisition of HBV infection. Correspond-
ingly, the use of NAs for preexposure and postexposure prophy-
laxis to prevent HBV transmission must also be studied in the
context of HIV prevention in areas where there may be problems
in obtaining and/or storing HBIG. Despite the fact that our results
with higher concentrations of NAs than those in the clinical set-
ting indicate the possibility of NA-based HBV PEP, as well as PrEP
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shown by retrospective human studies, further research and hu-
man clinical trials are needed to evaluate brief screening, drug
selection, as well as dose, timing, and duration of NA-based PEP
against de novo HBV infection in susceptible high-risk groups.
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Background & aims: Immunotherapy using dendritic cells (DCs) is a promising cancer therapy. The success of this
therapy depends on the function of induced DCs. However, there has been no consensus on optimal conditions
for DC preparation in vitro for immunotherapy of hepatocellular carcinoma (HCC) patients. To address relevant
issues, we evaluated the procedures to induce DCs that efficiently function in hepatitis C virus (HCV)-related HCC.
Methods: We studied immunological data from 14 HCC patients. The DC preparation and the surface markers
were assessed by flow cytometric analysis. Four different additional activation stimuli (Method I, medium

ﬁm;g’; erapy alone; Method 11, with OK-432; Method III, with IL-13 + IL-6 + TNF-o;; Method 1V, with IL-13 + IL-6 + TNF-

HCV o + PGE2) were tested and the functions of DCs were confirmed by examination of the ability of phagocytosis,

Cancer cytokine production and allogeneic mixed lymphocyte reaction (MLR).

Cytokine Results: The numbers of DCs induced and their cytokine production ability were not different between healthy
controls and HCC patients. T-cell stimulatory activity of DCs in MLR was significantly lower in HCC patients
than in healthy controls. The maturation of DCs with OK-432 boosted production of cytokines and chemokines,
such as IL-2, [L-12p70, IEN-, TNF-c, IL-13 and MIP1a, and restored T-cell stimulatory activity of DCs in MLR.
Conclusions: The clinically approved compound OK-432 is a candidate for highly immunocompetent DC
preparation and may be considered as a key drug for immunotherapy of HCV-related HCC patients.

© 2014 Published by Elsevier B.V.

1. Introduction chronic liver disease and leads to liver cirrhosis, contributing to the

Hepatocellular carcinoma (HCC) is the seventh most common
cancer worldwide and the fourth leading cause of cancer-related deaths
in Japan [1]. Hepatitis C virus (HCV) infection is a common cause of

Abbreviations: DC, dendritic cell; HCV, hepatitis C virus; IFN, interferon; PBMC, pe-
ripheral blood mononuclear cell,
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incidence of HCC [2]. Although some therapies for HCC exist, tumor re-
currence rates are extremely high in these patients after curative treat-
ments, including hepatic resection and radiofrequency ablation (RFA)
[3]. In terms of the reason of this, HCV-related chronic hepatitis and cir-
rhosis are known to have carcinogenic potential for the development of
HCC [4]. For the secondary chemoprevention of HCC patients with HCV-
related cirrhosis, recent studies showed the efficacy of long-term and
low-dose interferon-o therapy [5]. Among many strategies for HCC re-
currence, immunotherapy is considered to be an attractive strategy to
eradicate tumor cells completely [6].

Until now, different immunotherapeutic approaches have been
tested for patients with HCC [7]. However, tumors have evolved
numerous immune escape mechanisms, including the generation
of cells with immune suppressor functions, such as Tregs and
myeloid-derived suppressor cells [8]. Dendritic cells (DCs) are the
most potent professional antigen-presenting cells with the unique
ability to initiate and maintain adaptive immunity, and are considered
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to overcome the immune-suppressive environment produced by
tumors [9,10]. DCs are also known to enhance antitumor immunity by
activating the functions of endocytosis, trafficking, maturation and
cytokine production. Numerous studies have shown that DCs from pe-
ripheral blood of HCC patients are reduced in number, have an imma-
ture phenotype and an impaired function [11]. Moreover, to date,
there is no consensus on optimal conditions for DC preparation
in vitro for immunotherapy of HCC patients.

Recently, we have developed the combined immunotherapy of
transcatheter hepatic arterial embolization (TAE) with infusion of
immature and mature monocyte-derived DCs (MoDCs) for HCC [12,
13]. In this study, we evaluated the procedures to induce MoDCs that
efficiently function in the immune-mediated treatments for HCC.

2. Materials and methods
2.1. Patients and healthy controls

Fourteen patients (four women and ten men) attending Kanazawa
University Hospital (Ishikawa, Japan) between September 2007 and
December 2008 were enrolled in this study. All patients were serologi-
cally positive for HCV. HCC was radiologically diagnosed by computed
tomography (CT), magnetic resonance imaging (MRI) and CT angiogra-
phy. Blood samples were taken from 14 patients with HCC and 14
healthy controls having no hepatitis history and serologically negative
for both hepatitis B and C. The clinical profiles of the patients and con-
trols analyzed in the present study are shown in Table 1. All patients
gave written informed consent to participate in the study in accordance
with the Helsinki Declaration and this study was approved by the
regional ethics committee (Medical Ethics Committee of Kanazawa
University, No. 829).

2.2. Preparation of immature DCs

Immature DCs were separated from peripheral blood mononuclear
cells (PBMCs) of patients and healthy controls. PBMCs were isolated
by centrifugation using Lymphoprep™ Tubes (Nycomed, Roskilde,
Denmark). The cells were resuspended in serum-free medium (GMP
CellGro DC Medium; CellGro, Manassas, VA) and allowed to adhere to
6-well tissue culture dishes (Costar, Cambridge, MA) at 1.4 x 107 cells
in 2 mL per well. After 2 h at 37 °C, non-adherent cells were removed
and adherent cells were cultured in the medium with 50 ng/mL recom-
binant human IL-4 (GMP grade; CellGro ) and 100 ng/mL recombinant
human GM-CSF (GMP grade; CellGro ) for 5 days to generate immature
DCGs.

Table 1
Characteristics of healthy controls and patients.
Controls HCC patients P

No. of patients 14 14
Age (years) 42.6 + 149 68.8 £ 7.6 <.05
Gender (M/F) m 10/4 ns.
WEC (X10%uL) ND 435 4+ 154 ns.
PLT (X10%/uL) ND 131 4+ 60 ns.
PT (%) ND 852 4+ 133 ns.
ALT (1U/L) ND 59.7 + 46.8 ns.
Alb (g/dL) ND 33406 ns.
T-Bil (mg/dL) ND 0.8 4+ 04 ns.
Histology of non-tumor liver
Chronic hepatitis ND 8 ns.
Cirrhosis (Child-Pugh A/B/C) ND 6(5/1/0) ns.
TNM stage (I/1/IIA/IIB/HIC/IV) ND 0/11/1/2/0/0

Data are expressed as the mean =+ SD.
ND: not determined, n.s.: not significant.

Induction of MoDC

PBMC 1.0 % 107 / well
+1L-4 (50ng/mL) + GM-CSF (100ng/mL)

Dayo l

Day &

T harvest

Day 7

'/
Method I + medium
Method II + medium
+ OK-432 (0.1 KE/mL)
Method Il + medium
+1L-6 (100ng/mL), IL-1B (10ng/mL.), TNF-a (20ng/mL)
Method IV + medium
+1L-6, IL-18, TNF-a + PGE2 (1000ng/mL)
. J

Fig. 1. Protocols for preparation of DCs. DCs, which were derived from PBMCs in the
presence of IL-4 and GM-CSF for 5 days, were cultured for 2 additional days with the
serum~free medium only (Method 1), OK-432 (Method 1I), and cytokine cocktails
consisting of IL-6, IL-1p and TNF-ae without (Method [I) or with (Method 1V) PGE2. On
day 7, these cells were harvested and evaluated.

2.3. Activation of immature DCs

Several activation stimuli were tested (Fig. 1). After 5 days of culture,
the immature DCs induced by the above method were cultured for 2
additional days in the serum-free medium (Method I) or stimulated
with 0.1 KE/mL OK-432 (Chugai Pharmaceuticals, Tokyo, Japan) (Meth-
od II), 10 ng/mL IL-13 (GMP grade; CellGro ), 100 ng/mL IL-6 (GMP
grade; CellGro ) and 20 ng/mL TNF-o (GMP grade; CellGro ) {Method
[11), and IL-1p, IL-6, TNF-c and PGE2 (Kaken Pharmaceuticals, Tokyo,
Japan) (Method IV). On day 7, the cells were harvested.

2.4. Antibodies

The following anti-human monoclonal antibodies (mAbs) were
used for flow cytometry: anti-lin1 (lineage cocktail 1; CD3, CD14,
CD16, CD19, CD20 and CD56)-FITC, anti-HLA-DR-PerCP and -FITC
(L243), anti-CD11c-APC (S-HCL-3), anti-CD123-PE (9F5), anti-CCR7-
PE (3D12), anti-CD14-APC (M@P9) (BD Biosciences Pharmingen,
San Jose, CA), anti-CD80-PE (MAB104), anti-CD83-PE (HB15a) and
anti-CD86-PE (HAS5.2B7) (Beckman Coulter, Fullerton, CA).

2.5. Flow cytometric analysis

Surface markers on DCs were evaluated using flow cytometric
analysis. Cells were analyzed on a FACSCalibur™ for four-color flow
cytometry. Data analysis was performed using CELLQuest™ software
(Becton Dickinson, San Jose, CA).

2.6. Endocytosis assay

The endocytic capacity of DCs was assessed by measurement of FITC
dextran (Sigma-Aldrich, St. Louis, MO) uptake. DCs were incubated for
30 min at 37 °C in the presence of 1 mg/mL FITC dextran, washed
three times and analyzed using a FACSCalibur™ cytometer.

2.7. Cytokine production assay

The concentrations of cytokines and chemokines in the supernatants
of culture medium were measured using enzyme-linked immunosor-
bent assay (ELISA) kit for IL-12p40 and IFN<y (Biosource International,
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