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Abstract

Background Dendritic cell (DC)-based vaccines have
been applied clinically in the setting of cancer, but tumor-
associated antigens (TAAs) have not yet been enough iden-
tified in various cancers. In this study, we investigated
whether preventive vaccination with unpulsed DCs or
peptide-pulsed DCs could offer anti-tumor effects against
MC38 or BL6 liver tumors.

Methods Mice were subcutaneously (s.c.) immunized
with unpulsed DCs or the recently defined TAA EphA2
derived peptide-pulsed dendritic cells (Eph-DCs) to treat
EphA2-positive MC38 and EphA2-negative BL6 liver
tumors. Liver mononuclear cells (LMNCs) from treated
mice were subjected to *'Cr release assays against YAC-1
target cells. In some experiments, mice were injected with
anti-CD8, anti-CD4 or anti-asialo GM1 antibody to deplete
each lymphocyte subsets.
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Results Immunization with unpulsed DCs displayed com-
parable efficacy against both MC38 and BL6 liver tumors
when compared with Eph-DCs. Both DC-based vaccines
significantly augmented the cytotoxicity of LMNCs against
YAC-1 cells. In vivo antibody depletion studies revealed
that NK cells, as well as, CD4+ and CD8+ T cells play crit-
ical roles in the anti-tumor efficacy associated with either
DC-based modality.

Tumor-specific cytotoxic T lymphocyte (CTL) activity

was generally higher if mice had received Eph-DCs versus
unpulsed DCs, Importantly, the mice that had been pro-
tected from MC38 liver tumor by either unpulsed DCs or
Eph-DCs became resistant to s.c. MC38 rechallenge, but
not to BL6 rechallenge.
Conclusions These results demonstrate that unpulsed DC
vaccines might serve as an effective therapy for treating
metastatic liver twmor, for which TAA has not yet been
identified.
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Abbreviations

DC Dendritic cell

Eph-DCs  EphAZ2 derived peptide-pulsed dendritic cells

CTLs Cytotoxic T cell lymphocytes

s.C. Subcutaneously

SCID Severe combined immuno-deficiency

BM Bone marrow

GM-CSF  Granulocyte/macrophage-colony  stimulating
factor

PBS Phosphate-buffered saline

LMNC  Liver mononuclear cell

TAA Tumor-associated antigen
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Introduction

Dendritic cell (DC)-based vaccines are aftractive cancer
modalities since DCs are competent to coordinately induce
both tumor antigen-specific cytotoxic T lymphocytes
(CTLs) and helper T cells [1-3]. In this regard, DCs pulsed
with TAA derived peptides have proven clinically effective
in eliciting protective and therapeutic anti-tumor immunity
in the setting of a broad range of cancer types [3]. Recent
studies have also suggested that DCs may effectively acti-
vate elements of innate immunity (NK cells [4-9] and NKT
cells [10-12]) via IL-12 secretion and direct cellular inter-
action. The liver is an enriched source of innate immune
cells such as NK cells and NKT cells compared with other
organs, supporting the specialized role of this organ in the
immune system [13-15]. Indeed, it has been shown that
liver-associated innate immune cells play a critical role in
the first-line defense against metastatic liver tumors [16,
17]. However, despite numerous reports supporting the
efficacy of DC-based vaccines in murine s.c. tumor models
[18-20]. the efficacy of this approach in liver tumor models
remains under developed. Given the possibility that DC-
based vaccines may efficiently activate NK cells, NKT cells
and specific T cells in the liver, they could offer a preferred
immunotherapy for liver cancer.

The liver is the most common site of distal metastasis for
tumors developing in distal organs, and physiologic status of
this organ correlates with survival in patients with advanced
disease, even if primary tumor site are resected curatively
[21, 22]. Recently, adjuvant chemotherapies have been
reported to yield significant improvement in disease (includ-
ing liver metastasis) free interval and overall patient sur-
vival, however, dose-limiting toxicities were often observed
and liver metastasis could not be completely prevented [23—
25]. In contrast, several peptide-pulsed DC vaccines have
been shown to be clinically capable of stimulating tumor-
specific T cells in patients with tumor liver metastasis 26—
28], suggesting that such treatments may represent a new
strategy option in the setting of metastatic liver cancer. In
this context, several tumor-associated antigen (TAA) pep-
tides have been identified in various types of cancer that
often metastasize to liver [29-31], however, this approach
remains encumbered by the necessity lo restrict patient
accrual to those individuals harboring specific HLA types.

We previously demonstrated that the recently defined
TAA EphA2 derived peptide-pulsed DC (Eph-DC) vaccine
prevented the subcutaneous tumor growth in mice, but
unpulsed DC vaccine did not [32]. In the present study, we
examined the anti-tumor protection of Eph-DC vaccines in
the liver tumor model, which is under the unique immuno-
logical environment. Unexpectedly, we observed that
preventive vaccination with not only Eph-DCs but also
unpulsed DCs provide anti-tumor protection as a result of
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the activation of both innate immune cells and specific
T cells. This suggests that cultured autologous DC (alone
or pulsed with TAA peptides) may represent an effective
modality for patients with tumors localized to their livers.

Materials and methods
Mice

Female C57BL/6 mice and severe combined immuno-defi-
ciency (SCID) mice were purchased from Clea Japan, Inc.
(Tokyo, Japan) and were used at 6-8 weeks of age. They
were housed under conditions of controlled temperature
and light with free access to food and water at the Institute
of Experimental Animal Science, Osaka University Gradu-
ate School of Medicine. All animals received humane care
and our study protocol complied with the institution’s
guideline.

Cell lines and culture

MC38, a mouse colon carcinoma cell derived from
C57BL6/] mice, was generously provided by Dr. Kazu-
masa Hiroishi (Showa University School of Medicine,
Tokyo, Japan). BL6, a melanoma cell line, and YAC-1, a
sensitive cell line to NK cells were purchased from Ameri-
can Type Culture Collection (ATCC, Rockville, MD,
USA). These cell lines were maintained in Complete
Medium [RPMI medium supplemented with 10% fetal
bovine serum, 100 U/ml penicillin and 100 pg/ml strepto-
mycin] at 37°C in 5% CO,.

Generation of dendritic cells in vitro from bone marrow
(BM) and DC-based peptide vaccines

The procedure used in this study was described previously
[32]. Briefly, BM-DCs were separated by magnetic cell sort-
ing using CD1 ¢ Micro Beads (Miltenyi Biotec) and typically
represented >90% of the harvested population of the cells
based on morphology and expression of the CD40, CD80,
CD86 and MHC class II (data not shown). The H-2 K"-bind-
ing mEphA2gg, 459 epitope (VVSKYKPM) was kindly pro-
vided by Dr. Walter Storkus (University of Pitsburgh Cancer
Institute). BM-DCs were incubated with the mEphgg, 449 pep-
tide at a concentration of 10 pug/ml/10° DC/ml CM for 2 h at
37°C. The cells were harvested and washed three times with
phosphate-buffered saline (PBS) before use [20].

Animal experiments

C57BL/6 mice or SCID mice were immunized s.c. in the
flank with 1 x 10° Eph-DCs or unpulsed DCs in a total
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volume of 100 ul of PBS twice a week. On day 0, at the
time of the second injection with Eph-DCs or unpulsed
DCs, 2 x 10° MC38 cells (EphA2-positive) or 5 x 10°
BL6 (EphA2-negative) tumor cells were inoculated intra-
hepatically. Mice were sacrificed 14 days after tumor inoc-
ulation and liver weight was measured. Data are reported as
the average liver weight £ SD.

Cytolytic assays

Liver mononuclear cells (LMNCs) were isolated from the
liver | day after tumor inoculation, and subjected to 4-h
SICr release assays against NK-sensitive YAC-1 target
cells, In some experiments, whole splenocytes were har-
vested 14 days after tumor inoculation, with T cells stimu-
lated in vitro using MC38 cells pre-treated with Mitomycin
C (Kyowa Hakko, Tokyo, Japan) in the presence of 30 1U/
ml murine IL-2 (Strathmann Biotech, Hannover, Germany)
for 5 days. Lymphocytes (bulk, CD4-depleted, or CDS-
depleted) were then harvested and analyzed for their ability
to kill MC38 tumor cells in 4-h 5'Cr-release assays.

Flow cytometric analysis

Liver mononuclear cells were isolated from the liver prior to
the first vaccination and on days 1, 3, 7 after tumor inocula-
tion as previously described [ 16). The phenotype of LMNCs
from mice treated with Eph-DCs, unpulsed DCs or PBS was
examined by flow cytometric analysis. NK and NKT cells in
the liver were identified separately by using PE anti-mouse
NK1.1 monoclonal antibody and FITC anti-mouse TCR
(BD Pharmingen, San Diego, CA, USA). Furthermore, NK
activation was examined by using FITC anti-mouse CD69,
the early activation marker (BD Pharmingen). Analysis was
performed using a FACScan (Becton Dickinson, Mountain
View, CA) with the resulting data analyzed using the
CELLQuest program (Becton Dickinson). NK cells were
identified as NK1.1+/TCR-lymphocytes and NKT cells as
NK1.1+/TCR+ lymphocytes. Activated NK1.1+ cells were
identified as NK1.14/CD69+ lymphocytes.

In vivo depletion experiments

The procedure used in this study was described previously
[32]. The efficiency of specific subset depletions (CD4+,
CD8+ T cell or NK cell) was comfirmed by flow cytometric
analysis. In all cases, 9% of the targeted cell subset was
specifically depleted (data not shown).

Tumor rechallenge

C57BL/6 mice were immunized s.c. with 1 x 10° Eph-DCs
or unpulsed DCs twice a week and then challenged intra-

hepatically with 2 x 10° MC38 cells, at the time of the sec-
ond Eph-DC or unpulsed DC immunization. On day 14
after tumor inoculation, 2 x 10° MC38 or 5 x 10° BL6
cells were injected s.c. in the flank. As a control, 2 x 10°
MC38 or 5 x 10" BL6 cells were injected s.c. into naive
C57BL/6 mice. Tumor size was assessed on a weekly basis
and recorded in mm? by determining the product of the
largest perpendicular diameters measured by vernier cali-
pers. Data are reported as the average tumor area & SD.

Statistical analyses. Statistical differences between the
groups was determined by applying a Student’s f test with
Welch correction or one-way ANOVA after each group had
been tested with equal variance and Fisher’s exact probabil-
ity test. Statistical significance was defined as P < 0.05.

Results

Immunization with Eph-DCs or unpulsed DCs prevents
progression of liver tumors in vivo

We examined whether immunization with Eph-DCs or
unpulsed DCs would promote protective anti-tumor effects
against the EphA2-positive MC38 or EphA2-negative BL6
liver tumors, MC38 liver tumor growth in mice immunized
with either Eph-DCs or unpulsed DCs was significantly
inhibited when compared to mice treated with PBS. Immu-
nization with unpulsed DCs provided an equitable degree
of anti-MC38 protection to that observed for immunization
using Eph-DCs (Fig. |1a). BL6 tumor growth was also sig-
nificantly inhibited by Eph-DCs or unpulsed DCs, to a
comparable degree (Fig. 1b). These results suggest that
immunization with DCs (whether pulsed with peptide or
not) successfully inhibits the growth of two distinct H-2"
tumors established in the liver. Moreover, MC38 liver
tumor growth in SCID mice (T cell, B cell and NKT cell
deficient mice) immunized with DCs (either Eph-DCs or
unpulsed DCs) was also significantly inhibited when com-
pared to PBS treated mice, with no significant difference
between the Eph-DC and the unpulsed DC groups (Fig. lc).
These results suggest that hepatic NK cells play an impor-
tant role in regulating tumor growth in the liver after being
activated by DC-based vaccination.

Liver NK cells are activated by DC vaccination

We examined whether LMNCs isolated from the liver
1 day after tumor inoculation displayed increased cytolytic
activity against YAC-1 target cells in vitro. LMNCs har-
vested from mice treated with DCs (+peptide) were better
killers of YACI cells than control LMNCs from PBS-
treated or naive mice (Fig. 2a). In contrast, splenocytes
harvested from these same animals displayed only weak
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anti-YACI killing capacity (Fig. 2b). These results suggest
the preferential activation of liver versus splenic NK effec-
tor cells by DC-based vaccination. We next examined the
aclivation status (expression of CD69) of NK1.1+ cells by
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«f Fig. 1 Anti-tumor effects with DC-based vaccination against liver and

lung tumor. C57BL/6 mice were immunized on day-7 and 0 with
1 x 10° Eph-DCs, unpulsed DCs or PBS. On day 0, 2 x 10° MC38
cells (a) or 5 x 10° BL6 cells (b) were injectad intrahepatically. Mice
were sacrificed and liver weight was then determined 14 days after tu-
mor inoculation, *P < 0.05; N = |0/group. Each dara point represenis
the mean liver weight & SD. ¢ SCID mice that lack T cells, B cells and
NKT cells were immunized with 1 x 10° Eph-DCs, unpulsed DCs or
PBS on day-7 and 0. On day 0, 2 x 10* MC38 cells were injected
intrahepatically. Mice were sacrificed and liver weight was then
determined 14 days afier wmor inoculation, *P < 0.05, N = 8/group.
Each data point represents the mean liver weight £ 5D

flow cytometry after DC-based vaccination. The frequency
of hepatic NK1.1+ cells in mice immunized with Eph-DCs
or unpulsed DCs were equal to those noted for mice treated
with PBS alone (data not shown). The CD69 expression
level on NK1.1+ cells in mice treated with either form of
DC-based vaccine was significantly stronger than that of
mice treated with PBS on day 1 after tumor inoculation,
with this level of expression decreasing gradually on days
3, 7 after tumor inoculation (Fig. 2¢). These results sug-
gested that hepatic NK1.1+ cells were efficiently activated
by DC vaccination versus PBS treatment. NK cells isolated
from mice treated with Eph-DCs or unpulsed DCs dis-
played stronger cytolytic activity against MC38 targets
when compared with PBS treatment, and there is no differ-
ence in anti-tumor killing by liver NK cells between Eph-
DC group and unpulsed DC group (Fig. 2d).

Depletion of CD4+ T cells, CD8+ T cells or NK cells
impairs the anti-tumor effects of immunization with DCs

To prove whether the therapeutic benefit associated with DC
vaccination in the MC38 liver tumor model was dependent
on CD4+, CD8+ T cells or NK cells in vivo, we performed
selective cell subset depletion studies, The anti-tumor efficacy
of DC-based immunization was significantly reduced in
CD4+, CD8+ T cell or NK cell-depleted mice (Fig. 3). Nota-
bly, the liver weights of NK cell-depleted mice were signifi-
cantly heavier than those of CD8+ T cell-depleted mice if the
animals received unpulsed DC injections (Fig. 3a), while this
was not observed for mice injected with Eph-DCs (Fig. 3b).
These results suggest that not only NK cells, but also CD4+ T
cells and CD8+ T cells are required for optimal anti-tumor
effects associated with either DC vaccines, but that NK cells
may play a greater role than CD8+ T cells in regulating tumor
growth in mice receiving unpulsed DCs,

Induction of specific CTLs against MC38 cells
after immunization with DCs

We next examined whether either Eph-DC or unpulsed DC
immunization induced specific splenocyte (harvested
14 days after wmor inoculation) cytolytic activity against
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Fig. 2 Liver NK cells are activated by DC-based vaccination. LMNCs
(a) or splenocytes (b) were isolated from the various treatment groups
(Eph-DCs, unpulsed DCs or PBS) of mice or naive mice 1 day after tu-
mor inoculation, and subjected to 4-h *'Cr release assays against YAC-
1 targets at the indicated E:T ratios. Similar results were obtained in
three experiments, ¢ LMNCs were harvested before the first vaccina-
tion and on days 1, 3, 7 after tumor i and the ph of
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LMNCs from mice treated with Eph-DCs, unpulsed DCs or PBS was

MC38 or BL6 cells. Splenocytes isolated from mice treated
with unpulsed DCs displayed stronger cytolytic activity
against MC38 targets when compared with PBS treatment.
Furthermore, splenocytes harvested from mice treated with
Eph-DCs displayed stronger anti-MC38 cytolytic activity
than unpulsed DC or PBS group (Fig. 4a), with this activity
mediated by CD8+ T cells, but not CD4+ T cells (Fig. 4b).
Cytolytic activity was not observed against EphA2-nega-
tive cells (i.e. BL6; Fig. 4c). These results suggest that
either format of DC immunization induces MC38-specific
CTLs in vivo, with somewhat greater levels of response
observed in the case of peptide-specific vaccination.

Immunity to tumor rechallenge

We next determined whether DC vaccines that slow liver
tumor progression protected mice against a consequent s.c.
rechallenge with that same tumor. C57BL/6 mice were s.c.
immunized with Eph-DCs or unpulsed DCs and MC38
liver tumors implanted. On day 14 post-intrahepaic tumor
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examined by flow cytometric analysis. Activated NK1.1 + cells were
identified as NK1.1 + /CD69 + lymphocytes. MFI mean fluorescence
intensity, N = 3/group. d LMNCs were isolated from the various treat-
ment groups of mice | day after tumor inoculation, and liver NK cells
were isolated from LMNCs by magnetic cell sorting using DX-5
MicroBeads (Miltenyi Biotec) and then subjected to 4-h *'Cr release
assays against MC38 wrget cells

inoculation, 2 x 10° MC38 or 5 x 10* BL6 cells were
injected s.c. into the flank of these mice and tumor growth
monitored. We observed that s.c. MC38 (EphA2-positive)
was inhibited by prior vaccination with Eph-DCs >
unpulsed DCs versus naive mice (Fig. 5a), and that the
growth of BL6 (EphA2-negative) was not inhibited in any
cohort analyzed versus control (Fig. 5b). These results
suggested that immunization with either format of DCs
elicited some degree of systemic anti-tumor effects against
the EphA2-positive tumor, but that the specific immuniza-
tion (Eph-DCs) was superior to unpulsed DCs in generating
protective effects against EphA2-positive tumor outside the
liver.

Discussion
DCs pulsed with TAA derived peptides (Peptide-DCs) have

proven effective in eliciting protective and therapeutic
anti-tumor immunity in patients against a diverse range of
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Fig. 3 DC-based vaccine efficacy is dependent upon T cells and NK
cells. Ab-mediated in vivo depletion of CD4+, CD8+ T cells and NK
cells were performed (as described in “Matenals and methods™), with
the depleted mice then receiving unpulsed DC (a) or Eph-DC vaccines
(b) (on day-7 and 0) and intrahepatic 2 x 10° MC38 cell injection (day
0), *P < 0.05, N = B/group. Each data point represents the mean liver
weight + 5D

cancers [3]. However, at present, peptide-DC vaccines have
not been comprehensively evaluated in clinical trials for treat-
ment of metastatic liver cancers [25-27], The liver uniquely
contains an abundance of not only T cells, but also NK cells
and NKT cells when compared with other organs [13-15].
Recently, DCs have been implicated as playing an important
role in the activation of NK and NKT cells in both mice and
humans [4-12, 33, 34], suggesting that DC-based therapies
would be poised to activate an array of innate immune effec-
tor cells in the liver and might mediate clinical benefit
within that organ, In this study, we demonstrated that
administration of DCs prior to tumor implantation success-
fully promoted protective anti-tumor immunity against two
distinct tumors in the liver (with little requirement for
antigen-loading of DCs). Moreover, either Eph-DCs or
unpulsed DCs have also proven effective in eliciting equally
protective anti-tumor immunity against BL6 metastasis
models in the lung that contains relatively high frequencies
of innate immune effector cells (unpublished data).
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Fig. 4 DC-based vaccines induce anti-tumor T cells. Splenocytes
were harvested from tumor-beaning mice 14 days after final treatment
with Eph-DCs, unpulsed DCs or PBS. Splenocytes were stimulated in
vitro with MMC-treated MC38 cells in the presence of low-dose re-
combinant human IL-2. Afier 5 days of culture, the cylolytic activity
of the expanded T cells was evalualed using 4-h ICr release assays
against MC38 (a) or irrelevant BL6 (¢) tumor target cells at the indi-
cated E:T ratios. b Before performance of 4-h *'Cr release cytolytic
assays, CD4+ or CDB+ T cells were depleted from whaole splenocytes
of Eph-DC treated mice using specific MicroBeads. Similar results
were L‘ i ! 1

1 in three independent exp

In vitro cytotoxicity assays performed against the YAC-
1 target cell line revealed that hepatic (and to a lesser extent
splenic) NK cells were activated and mediated stronger
killing function as a result of mice being treated with DCs
(unpulsed or EphA2 peptide-pulsed) vaccination versus
PBS controls. Consistent with this functional finding,
hepatic NK 1.1+ cells (probably NK and NKT cells) in DC
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ous rechallenge with MC38 {EphAZ posmvt) but not BL6 (EphA2-
negative) tumors. MC38-bearing mice that were successfully treated
with DC-based vaccines were rechallenged s.c. in the flank with MC38
(@) or BL6 (b) tumor cells 14 days after the final DC injection. As con-
trals, nafve mice were injected s.c. with MC38 or BL6 tumor cells,
MC38 umor growth in mice immunized with either format of DCs was
significantly inhibited when compared to naive mice (P < 0.05 on day
2B). In addition, wmor growth in the mice immunized with Eph- DCs
was inhibited 1o a greater extent; i.e. P <0.05 on day 28 versus un-
pulsed DCs, P < 0,05 on days 14, 21, 28 versus naive mice, N =8/
group. b Growth of the EphA2-negative BL6 tumor was not inhibited
dless of the ived, N = &/group

treated mice also expressed elevated levels of the activation
marker CD69 when compared to control treated animals.

Overall, these results suggest organ (i.e. Liver) focused
anti-umor “clinical” benefit derived from DC administra-
tion and that in conjunction with our results obtained in
SCID models (lacking B cells, T cells, NKT cells) and
in vitro cytotoxicity assays of liver NK cells performed
against MC38 target cells, NK cells are major mediators of
hepatic protection against tumor progression.

Recent studies have also suggested that DCs may effec-
tively activate elements of innate immunity (NK cells [4-9]
and NKT cells [10-12]) via direct cellular interaction and
IL-12 secretion. In this study, the injected green fluores-
cence protein (GFP) mice-derived BM-DCs did not migrate
to the liver following s.c. injection.in the flow cytometric
analysis and 1L-12 production in the serum harvested 1 day

after either DC vaccination and tumeor inoculation was not
detected using IL-12 ELISA kits (unpublished data). There-
fore, we would speculate that the injected DCs effectively
enhance NK cell activity in the liver by some unknown
humoral factors (cytokines except for IL-12, eic) or by
secondary activated immune cells after DC immunization
in vivo.

However, it is also clear that based on our in vivo lym-
phocyte depletion studies, CD4+ T cells and CD8+ T cells
also contribute to suppression of tumor growth in the liver
after DC vaccination. We would therefore speculate that
hepatic NK cells may be a crucial early mediators of anti-
tumor activity, with MC38 liver tumor-derived antigens
then taken up by dedicated professional antigen-presenting
cells in the liver that consequently cross-prime MC38
tumor-specific CD4+ or CD8+ T cells. In animals pre-
vaccinated with Eph-DCs, the initial wave of tumor killing
by NK cells may be boostered by EphA2-specific CD8+ T
cells in the MC38 (EphA2-positive) model. This added
degree of protection appeared to be dependent solely upon
the presence of the loaded antigenic peptide on DCs, since
we observed no other differences in Eph-DCs versus
unpulsed DCs with regard to DC expression of a broad
range of markers/parameters: CD40, CD80, CD86, MHC
class II and IL12 production (S. Yamaguchi, unpublished
data).

Data from our tumor rechallenge experiments indicate
that unpulsed DC vaccines are not only effective in limiting
MC38 liver tumor progression, but also offer protection
against reintroduction of MC38 tumor at an extrahepatic
site, However, Eph-DC immunizations were more effective
in this endpoint, consistent with their superior capacity to
promote tumor (i.e. EphA2)-specific CTLs. In contrast, in
all cases when animals were rechallenged with the unre-
lated, EphA2-negative BL6 tumor, lesions grew progres-
sively, suggesting that MC38-specific immunity was
generated after liver tumor treatment. These results demon-
strated that both unpulsed DC and peptide-pulsed DC
vaccines generaled systemic tumor-specific anti-tumor
immunity against metastatic liver tumor, and that peptide-
pulsed DC vaccination offered more optimal preventive
treatment for extrahepatic tumor recurrence than unpulsed
DC vaccines.

In spite of recent progress and early success reported for
adjuvant chemotherapy trials in the prevention of liver
metastasis, there remains a great need for developing novel
and effective treatment modalities for this indication. In
the current study, we have demonstrated that unpulsed DC
vaccines, that are competent to activate both innate and
acquired immunity within the liver, may represent a novel
treatment option for metastatic liver tumors which
expressed unknown TAAs. In cases where more dissemi-
nated disease is also present (or likely to occur) in non-liver
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sites, the greatest degree of clinical efficacy may be
expected of Peptide-DC vaccines, such as Eph-DCs.
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Background: Japan has the highest inadence rate of primary liver
cancer attributed to chronic hepatitis C virus (HCV) infection
among developed countries. Molecular clock analysis of HCV se-
quences revealed that the spread of HCV took place earfier in Japan
than in other countries. This might influence recent temporal trends
in hepatocellular carcinoma (HCC) incidence

Objective: Ta characterize the contribution of HCV-related hepa-
tocellular carcinoma (HCC) to recent changes in HCC incidence in
Osaka, Japan.

Design: Population-based survey,

Setting: Osaka Cancer Registry and 10 hospitals in Osaka.
Participants: 63 862 patients with HCC that was diagnosed be-
tween 1981 and 2003 in Osaka Prefecture, induding 5253 HCV-

seropositive patients with HCC that was diagnosed between 1990
and 2003 at 10 hospitals.

Measurements: Incidence of HCC and estimated incidence rate of
HCV-related HCC, measured by multiplying the prevalence of anti-
HCV by the comresponding HCC incidence rate.

Results: Between 1981 and 2003, peak incidence of HCC among
men age 50 to 59 years, 60 to 69 years, and 70 to 79 years
occurred in 1986, 1995, and 2000, respectively, with marked
downward trends thereafter (average | change, —7.9, —22.3,
and —12.4 per 100 000 persons, respectively). Similar trends were
observed in women. Estimated sex- and age-specific incidence of
HCV-related HCC (per 100 000 persons) decreased from 255 to 92
cases at the maximum in men age 60 to 69 years and from 61 to
34 cases in women age 60 to 69 years, whereas estimated inci-
dence of non-HCV-related HCC did not change between 1990 and
2003.

Limitation: Infection was determined only by HCV seropositivity.

Conclusion: The incidence of HCC in Osaka started to decrease by
2000, mainly because of decreased HCV-related HCC.

Ann Intern Med 2008, 148 820-826
For author affiiations, see end of text

rimary liver cancer was the fifth most common cancer

worldwide by 2000, with approximately 551 000 new
cases recorded (1). In most countries, hepatocellular carci-
noma (HCC) comprises 85% to 90% of primary liver can-
cer cases. With some exceptions, developed countries, in-
cluding the United States, have been experiencing an
increase in the incidence of primary liver cancer, consid-
ered to be due ac least in part to increased prevalence of
chronic hepatits C virus (HCV) infection (2).

Japan has had one of the highest incidence rates of
primary liver cancer among developed countries (age-
standardized incidence rate in 1995, 25.5 per 100 000 men
and 7.7 per 100 000 women) (3). Approximately 90% of
liver cancer cases are HCC, which, in Japan, is mainly
caused by chronic HCV infection rather than chronic hep-
atitis B virus infection (4). A recent report on the age-
standardized incidence of primary liver cancer among Jap-

anese men, which was calculated from 6 population-based
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cancer registries, showed a sharp increase thar started in the
mid-1970s bur leveled off in the mid-1990s (5). These
distinctive trends were chought ro be due to the spread of
HCV infection, which began in the 1920s and increased
after World War 11 (6-8). Thus, HCV penetrated Japan
carlier than Spain, Egypt, the United States, the former
Soviet Union, South Africa, and Hong Kong, as evidenced
by molecular clock analysis of the sequences of HCV iso-
lates (8). However, recent temporal wends regarding inci-
dence rates of HCC and the contribution of HCV infec-
tion have not been clearly documented in the Japanese
population.

‘We analyzed temporal trends for HCC incidence rates
between 1981 and 2003 in Osaka Prefecture (population
in 2005, 8.8 million) and interpreted these in the context
of HCV infection rates,

MeTHoDS
Data Collection on Incident HCC Cases

We obrained dara on incident HCC cases from the
Osaka Cancer Registry, which was established by the
Osaka Prefectural Government in 1962. The registry col-
lects reports on patients with newly diagnosed cancer, in-
cluding demographic and cancer-related information, from
all medical institutions in Osaka Prefecture (9). These have
been routinely supplemented by death certificates gathered



by the Osaka Prefectural Government (9). For patients
with cancer who were enrolled in the registry on the basis
of their death certificate, we contacted the issuing hospiral
to obtain information on diagnosis and treatmenrt and ro
establish the date of HCC incidence, which we determined
to be the rime of diagnosis at that hospital. We site-coded
the data according to the International Classification of
Discases for Oncology, Third Edition (10). We included
patients with HCC (codes 8170 through 8180). The pro-
tocol was approved by the ethics committee of the Osaka
Medical Center for Cancer and Cardiovascular Discases.

From 1981 to 2003, 48 166 men and 15 696 women
with HCC were documented in the Osaka Cancer Regis-
try. We calculated the annual age-standardized incidence
rates of HCC (world population as a standard population)
by sex between 1981 and 2003. To characterize temporal
trends for HCC, we assessed 10-year, age-specific incidence
rates of HCC between 1981 and 2003 in individuals age
50 to 79 years. We studied these particular age-specific
rates because most HCV-related HCC cases in the Japa-
nese population occur between the ages of 50 and 79 years
(4). We used the annual population estimates from 1981
to 2003, which were based on the average population in
each sex and age category for the Osaka Prefecture during
the particular period, as denominarors for calculating inci-
dence rates. The annual population estimates were based
on data from the 1980, 1985, 1990, 1995, 2000, and 2005
Japanese population censuses, with linear interpolation for
the years in between,

Statistical Analysis

To identify years when a statistically significant change
in the slope of the temporal trend in the incidence oc-
curred, we applied the joinpoint regression model by using
the Joinpoint Regression Program, version 3.0 (U.S. Na-
tional Cancer Institute, Bethesda, Maryland). We assumed
constant variance and uncorrelated errors (11) because we
could not detect heteroskedasticity by the White test or
autocorrelation by the Durbin-Watson test in men or
women in any age group.

We computed the estimated slopes describing the av-
erage annual change of incidence rate per 100 000 persons
and the corresponding 95% Cls for each trend by fitting a
piecewise regression line to the rates, using calendar year as
a regression variable. We used the permuration rest method
to identify years when a stacistically significant change had
occurred (P < 0.05) and set the number of randomly per-
muted dara sers ar 4499. We set the number of joinpoints
to @ minimum of 0 and a maximum of 3 in the Joinpoint
Regression Program.

Data Collection on Prevalence of HCV Infection among
Patients with HCC

The Osaka Cancer Registry does not collect serologic
data on HCV infection in the registered patients. There-
fore, we used data on HCV seroposiciviry from patients
with HCC that was diagnosed ac 10 hospitals in Osaka

www.annals.org
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Context

Hepatitis C virus (HCV) infection in Japan began to spread
during the 1920s, increased after World War Il with an
explosion in parenteral amphetamine use and paid blood
donation, and decreased in the 1950s to 1960s with vol-
untary blood donation and penalties against amphetamine
use. Evidence linking the trends in HCV infection to hepa-
tocellular carcinoma rates in Japan is limited.

Contribution

Data from the Osaka Cancer Registry and 10 Osaka hos-
pitals suggest that hepatocellular carcinoma rates began to
decrease in 2000, mainly because of a decrease in HCV-
associated cancer.

Implication

Control of HCV transmission within a population seems to
be followed by a decrease in hepatocellular carcinoma.

—The Editors

Prefecture (1 university huspiu]. 2 cancer centers, and 7
general hospitals) to estimate the prevalence of HCV in-
fection in patients with HCC. We considered the HCC
diagnosis confirmed when the patient had positive histo-
logic or positive radiologic results by enhanced computed
tomography or heparic angiography. We collected data on
the patient’s sex, date of birth, date of diagnosis between
1990 and 2003, first Chinese letter of the family name,
and presence of hepatitis B surface antigen and antibody to
hepatitis C (anti-HCV) as assessed by any commercially
available kit. We did not collect the full first and Family
name for reasons of confidentiality. Because ant-HCV
testing first became available in Japan in 1990, we collected
data on patients whose HCC diagnosis was between 1990
and 2003. One investigator checked for duplication of the
data set, because some patients might have been registered
multiple times among the participating hospitals as a resule
of referrals and recurrence of HCC. We defined HCV-
related HCC as occurring in patients who were HCV-
seropositive at the time of diagnosis.

We calculated the sex-specific, age-specific (50 to 59,
60 to 69, or 70 to 79 years), and period-specific (1990 to
1992, 1993 to0 1995, 1996 to 1998, 1999 to 2001, or 2002
to 2003) prevalences of HCV seropositivity for patients
with HCC. We then multiplied prevalence rates by the
corresponding strata of the HCC incidence rate obtained
from the Osaka Cancer Registry data. Thus, we derived the
denominators from the general population in Osaka
through the denominators of the HCC incidence rare and
obtained the numerators by multiplying the prevalence
rates by the HCC incidence rate. We calculated the inci-
dence rate of non-HCV-related HCC by subtracting
HCV-related HCC from total HCC. Thus, we describe
trends for the estimated incidence rates of HCV-related
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and non-HCV-related HCC berween 1990 and 2003 in
Osaka Prefecture. We calculated the CI of the estimared
rates by multiplying the lower and upper limits of the CI
of the prevalence based on SE by the corresponding HCC
incidence rare.

Role of the Funding Source

This study was supported by the Osaka Prefectural
Government between 1990 and 2000 and Grants-in-Aid
for Heparitis Research of the Japanese Ministry of Health,
Labor, and Welfare. There is no conflict of interest in the
study. The funding sources had no role in the collection,
management, or analysis of dara.

REesuLTs

The age-standardized incidence rate of HCC in men
increased berween 1981 and 1987 from 29.2 to 41,9 cases
per 100 000 persons, then fuctuated until 1995. Afrer
tha, it steadily decreased to 24.0 cases per 100 000 persons
in 2003 (Figure 1). Among women, the age-standardized
incidence rate of HCC increased berween 1981 and
1996 from 6.6 to 10.8 cases per 100 000 persons, then
gradually decreased to 7.3 cases per 100 000 persons in
2003 (Figure 1).

Figure 2 shows the trends in the incidence of HCC
among men and women age 50 to 59 years, 60 to 69 years,
and 70 to 79 years in Osaka between 1981 and 2003. The
HCC incidence rate increased from 1981 to 1986 among
men age 50 to 59 years, from 1981 to 1995 among men
age 60 to 69 years, and from 1981 to 2000 among men age
70 to 79 years (average annual change of the incidence rate
[per 100 000 persons], 10.0, 10.7, and 6.2, respectively)
(Table 1). A striking downward trend occurred after the
year of peak incidence in the 3 age groups (—7.9 undil
1996, —22.3 undl 2003, and —12.4 uncl 2003, respec-
tively). Among men age 50 to 59 years, there was a second
joinpoint (a change from rapid to moderate decrease) in
1996, resulting in a slope of —3.1 until 2003. Among
women age 50 to 59 years, 60 to 69 years, and 70 to 79
years, the incidence rates of HCC peaked in 1991, 1997,
and 2000, respectively (Table 1). The rates in women
seemed to increase slightly from 1981 until the year of the
joinpoint, with slopes of 0.43, 2.07, and 3.10, respectively.
Thereafter, HCC incidence rates in women decreased
through 2003 at a statistically significant average annual
rate of —0.9, —5.7, and —7.9, respectively (Table 1).
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Table 1. Joinpoint Analysls of the Hepatocellular Carcinoma Incidence Rate per 100 000 Persons in Osaka, Japan, 1981-2003

Age Range  Peak  Incidence Trend 1 Trend 2 Trend 3
Year  Rale per
100 000
Bariting Years Slope (95% C1) Years Slope (95% CI) Years Slope (95% CI)
Men
50-59 y 1986 142.0 1981-1986 100(82t011.8)" 1986-1396 -79({-861t0 -7.1)" 1956-2003 -31(-42to -2.1)"
6069 y 1995 2996 1981-1995 10.7 (9.1 t012.3)* 1995-2003 -223(-260t0 -186)" - -
70-79y 2000 2964 1981-2000 62(481t075)" 2000-2003 -12.4 (357 to 10.9) - -
Women
50-59 y 1931 19.7 1981-1991 04 (02t00.7)* 1991-2003 —09(-11to —07)* - -
8069y 1997 685 1981-1997 21(1.7t02.4)" 1997-2003 -5.7(-73t0 —4.1)" - -
70-79y 2000 1181 1981-2000 31(25t03.7) 2000-2003 -79(-181to0 2.4) = -
* F<0.001.

Table 2 shows the prevalence of anti-HCV antibodies
among 5253 patients age 50 to 79 years with HCC thar
was diagnosed at 10 hospirals in Osaka berween 1990 and
2003. The prevalence was highest in men with HCC that
was diagnosed in 1993 to 1995 (82.4%). The proportion
of HCV-seronegative patients ranged from 18% to 29%
through the observation period. The prevalence of anti-
HCV was almost constant (81% to 83%) among women
with HCC rhat was diagnosed between 1993 and 2003
(Table 2).

Figure 3 shows changes in the estimated incidence rate
of HCV-related and non—-HCV-related HCC from 1990
to 2003. Among men, the estimated incidence rate of
HCV-related HCC steadily decreased among Osaka resi-
dents age 50 to 59 years from 83 (95% CI, 77 to 89) cases
per 100 000 persons in 1990 to 1992 to 26 (CI, 21 to 30)
cases per 100 000 persons in 2002 ro 2003. Among men

age 60 to 69 years, incidence seemed to peak (255 [CI, 247
1o 264] cases per 100 000 persons) from 1993 to 1995.
Among men age 70 to 79 years, the incidence rate in-
creased from 1990 to 1992 (169 [CI, 153 to 186] cases per
100 000 persons) to 1999 to 2001 (246 [CI, 234 to 258]
cases per 100 000 persons) and leveled off afterward. The
estimated incidence rate of HCV-related HCC among
women age 50 to 59 years decreased from 12.4 (Cl, 10.1
to 14.7) cases per 100 000 persons during 1990 to 1992 to
4.2 (CI, 2.5 to0 5.8) cases per 100 000 persons during 2002
to 2003, whereas among women age 60 to 69 years, the
incidence peaked (61 [CI, 57 to 64] cases per 100 000
persons) during 1996 to 1998. The trend in women age 70
to 79 years seemed to be similar to that in men of the same
age: increasing during the 1990s and leveling off in the
carly 2000s (Figure 3). The estimated incidence rate of
non-HCV-related HCC was lower than thar of HCV-

Table 2. Prevalence of Anti-HCV among 5253 Patients Age 50 to 79 Years with Hepatocellular Carcinoma at 10 Hospitals in.
Osaka, Japan, 1930-2003" y
Variable 1990-1992 1993-1995 1996-1998 1999-2001 2002-2003
patients, Prevalence Patients, Prevalence Patients, Prevalence Patients, Preval Patients, Preval
n (£5B8), % n (25E). % n (56, % n («56, % (£5E), %
Men
Anbi-HCV(+) 602 78315 @77 82413 & 787 =14 709 766=14 385 709 =19
Anli-HCV(+) and HBsAg(+) 18 23205 7 2105 N 13=04 16 17=04 8 15=05
Anti-HCV(+) and HBsAg(—) 584 75915 660 803 =14 640 774215 3 TAB+14 3IT7 69420
Anti-HCV{—) 167 217215 145 176213 176 211314 N7 234+14 158 291 *19
Anti-HCV(=) and HBsAg(+) €0 78110 87 69409 M 86:10 106 114410 &8 125 414
Anti-HCV(—) and HBsAg(—) 107 139%12 88 107=11 105 127212 M 120+11 90 16616
Total 769 1000 822 100.0 827 100.0 926 1000 543 1000
Women
Antl-HOV(+) 165 730=30 M 827+24 248 82922 274 80821 200 81.0=25
Anti-HCV(+) and HBsAg(+) B 3i5=12 2 0806 5 17207 2 06=04 2 08206
Antl-HCV(+) and HBsAg(—-1 157 65+31 208 B20+24 243 813+23 22 80.2 £ 22 198 802 £ 25
Anti-HCV(=) 61 70=30 44 173+24 5 171222 6 19221 47 19025
Antl-HCV(—) and HBsAg(+) 21 93+19 17 67+16 29 97+17 29 86+15 18 73217
Anti-HCV(—) and HBsAg(-) 40 177=25 27 10619 12 7415 36 106=17 29 172220
Total 226 1000 255 100.0 299 100.0 339 1000 247 100.0

* HBsAg = heparitis B surface antigen; HOV = hepatids C virus.
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Figure 3. Trends in estimated incidence rates of hepatitis C virus (HCV)-related and non-HCV-related wuh:mm
(HCC) in Osaka, Japan, 1990-2003. -
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related HCC in most strata. We observed no distinctive
changes in the temporal tends for non-HCV-related
HCC during the study period.

Discussion

Qur analysis of HCC incidence in the Japanese pop-
ulation between 1981 and 2003 identified calendar years in
which significant changes in temporal trends occurred. The
HCC incidence rates in men and women age 50 to 59
years peaked during 1986 and 1991, respectively; in men
and women age G0 to G9 years during 1995 and 1997,
respectively: and in men and women age 70 to 79 years in
2000. We also found that temporal trends for HCC inci-
dence berween 1990 and 2003 by age group were mainly
determined by trends in the incidence rates of HCV-
related HCC.

The most likely explanation for these observations is
the particular mode of HCV transmission in Japanese so-
ciety. According to a study on molecular tracing of en-
demic HCV (8), the exponential spread of HCV-1b infec-
tion, a dominant genotype of HCV in Japan, started in the
1920s. This was associated with treatment of Schistosoma
Jjaponicum beginning in 1921 (12). Later, HCV infection
coincided with an increase in parenteral amphetamine use
in the devastated country during and after World War I1
(6, 7). Subsequently, viral spread was considered to be am-
plified through blood transfusions and parenteral medical
procedures in the 1950s and 1960s (6, 7). Data on first-
time blood donor candidates in Osaka indicate thac the
prevalence of anti-HCV antibodies among those born in
1925 to 1935 was much higher (7% ro 10%) than that in
the younger generation born in 1936 to 1955 (13). It is
plausible that Japanese people born berween 1925 and
1935, who were adolescents in the early 19505, were most
susceptible to HCV transmission under these circum-
stances. Age groups with peak incidence of HCC in men
and women in the current study (1986 and 1991, respec-
tively, for 50 to 59 years; 1995 and 1997, respecrively, for
60 ro 69 years; and 2000 for 70 w 79 years) included the
generation for which prevalence of anti-HCV was high in
Osaka (born in 1925 and 1935) (13). Suffening of legal
penalties against amphetamine use starting in 1954 and
conversion from paid to voluntary blood donation in the
late 1960s may have reduced HCV transmission, thereby
resulting in the lower prevalence of HCV infection in gen-
erations born after 1935. Indeed, the spread of HCV in
Japan essentially ended by the early 1990s at the latest, as
evidenced by the current very low incidence of HCV in-
fection among repeat blood donors (14, 15). Better detec-
tion methods introduced in the early 1980s for HCC in
patients with cirrhosis through ultrasonography and mea-
surement of c-fetoprotein may have contributed ro the
apparent increase in the incidence of HCC found in this
study. However, the distinctive changes we observed in the
age-specific incidence of HCC during the 1990s through
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the early 2000s cannot be explained by the increased ability
to detect HCC, because the different joinpoints in age-
specific incidence rates would not be derived from a single
period effect of detection of HCC.

Increases in the incidence of and deaths from liver
cancer in the 1970s to 1990s have been reported in Japan
(5, 16), Australia (2), the United Kingdom (17), France (2,
18), Italy (2, 18), and the United States (2, 19). The in-
creases in Japan and the United States are attributable to
increased seraprevalence of HCV (6. 13, 20, 21), whereas
this relationship has not been clearly estblished in the
other countries,

Certain limitations of this study should be considered.
First, because cancer reporting in Osaka is not mandated
by law, HCC could have been underreported. However,
because it is fatal, most of the unreporred cases should have
been detected by examination of the death certificate. In
addition, because the proportion of persons with HCC
included only on the basis of their death certificate was
almost constant (22% to 25%) during the observation pe-
riod (22-24), such underreporting would not be expecred
to affect the temporal trends for HCC incidence rates
shown in our study. Second, the proportion of HCV-
seropositive patients among the 5253 cases diagnosed at 10
hospirals might differ somewhar from the entire cohort of
patients with HCC in Osaka. However, all Japanese pa-
tients, including those with HCC, have easy access to hos-
pitals because of the national medical insurance system,
and the 10 parricipating hospitals did not select patients
with HCC on the basis of their etiologic background.
Therefore, it is realistic to suppose that selection bias on
prevalence of anti-HCV among these 5253 patients would
have been limired. Finally, the temporal tends seen in the
present study mighe differ from those among the entire
Japanese population. We previously reported age-specific
incidence rates of liver cancer by birth year in Japanese
men between 1962 and 1997 (5) by using 6 population-
based cancer registries from Cancer Incidence in Five Con-
tinents (9) (registries for Miyagi, Yamagata, Osaka, Hiro-
shima, Saga, and Nagasaki). Our previous study found the
peak incidence of HCC among those born between 1931
and 1935 (5). In addition, the age-dependent prevalence of
anti-HCV among first-time blood donors in Osaka (13)
was similar to those in other areas of Japan (25). These
findings may indicate that the timing of the outbreak of
HCYV infection and its reduction were similar in the dif-
ferent geographic areas of the country.

In conclusion, our caleulation of HCC incidence rates
demonstrated that they are already decreasing in both sexes
in Osaka, Japan. That the outbreak of HCV infection in
Japan after World War 11 and its termination occurred
earlier in Japan than in the rest of the world is the most
likely explanation for these observations. These findings
confirm that HCV-related HCC is a preventable disease
that can be decreased by controlling parenteral HCV trans-
mission. In the early 1990s, interferon therapy for patients
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with chronic HCV infection was started in Japan to reduce
the risk for HCC (26, 27). A nationwide, community-
based anti-HCV screening system targeting individuals age
40 to 70 years was introduced by municipal governments
in Japan in 2002, Further observation of the temporal
trends of HCC incidence is needed to assess the efficacy of
these interventions in Japan.
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Soluble forms of major histocompatibility complex (MHC) class |-
related chain A and B (MICA/B) are increased in the sera of patients
with malignancy and impair the antitumor immune response by
downregulating expression of their cognate immunoreceptor
natural killer group 2, member D (NKG2D). Recently, soluble MICA/
B were reported to appear even in some premalignant diseases,
raising questions about the impact of soluble MICA/B produced
from tumors on the expression of NKG2D. The present study
examined soluble MICA/B in chronic liver disease and hepatocellular
carcinoma (HCC) and their involvement in the immune-cell expression
of NKG2D during transcatheter arterial embolization for HCC. The
levels of soluble MICA/B were significantly higher in chronic liver
disease and HCC patients than in healthy volunteers. The progression
«mmwmammmmm
for soluble MICA/B levels. | histoch led that
MMWMWMHCCMMMMW
in cirrhotic livers. The transcatheter arterial emboli-zation therapy
significantly decreased serum levels of soluble MICA, but not soluble
MICB, and increased the NKG2D expression on natural killer cells and
CD8-positive T cells; there was an inverse correlation between changes
in soluble MICA levels and in NKG2D expression. In conclusion,
although soluble MICA/B are produced from both HCC and premalignant
cirrhotic livers, therapeutic intervention for HCC can reduce the
levels of soluble MICA and thereby upregulate the expression of
NKG2D. Cancer therapy may have a beneficial effect on NKG2D-
mediated antitumor immunity. (Cancer Sci 2008; 99: 1643-1649)

M HC class I-related chain A and B, glycoproteins

on the cellular membrane, are ligands for NKG2D
expressed on a variety of immune cells.” In contrast to classical
MHC class I molecules, MICA/B are expressed rarely on normal
cells but frequently on tumor cells, including colon cancer, prostate
cancer, HCC, and brain tumors.®* The engagement of MICA/B
and NKG2D strongly activates NK cells and costimulates T
cells, enhancing their cytolytic ability and cytokine production.®
Thus, the MICA/B-NKG2D pathway is an important mechanism
by which the host immune system recognizes and kills transformed
cells.” In addition to those membrane-bound forms, MICA/B
are also cleaved proteolytically from tumor cells and appear as
soluble forms in sera of patients with mali 10 The levels
of NKG2D expression tend to be decreased in patients with high
levels of soluble MICA/B. In addition, sera from those patients
can downregulate NKG2D expression in vitro.“'" These data

doi: 10.1111/].1349-7006 200800859, x
© 2008 Japanese Cancer Association

suggest that soluble MICA/B in the circulation downregulate
NKG2D expression and disturb NKG2D-mediated antitumor
immunity, raising the possibility that cancer therapy might
reduce the serum levels of soluble MICA/B and thereby improve
the NKG2D-related immune environment. However, this possibility
has not been addressed directly by examining soluble MICA/B
and NKG2D expression in a cohort of patients before and after
cancer therapy. Furthermore, recent reports by Holdenrieder
et al. demonstrating that soluble MICA/B are increased not only
in malignant disease but also in some benign diseases, such as
of the gastrointestinal tract, gynecologic organs, and lungs, raise
questions about the impact of cancer therapy on modulating
soluble MICA/B levels,"*')

Hepatocellular carcinoma is one of the leading causes of
cancer death worldwide. Chronic liver disease caused by hepatitis
virus infection and non-alcoholic steatohepatitis leads 1o a pre-
disposition for HCC; liver cirrhosis, in particular, is considered
to be a premalignant condition."*'® With regard to treatment,
surgical resection or percutaneous techniques such as ethanol
injection and radio ablation are considered to be choices
for curable treatment of localized HCC, whereas TAE is a well-
established technique for unresectable HCC."® We reported
previously that soluble MICA could be detected in sera of HCC
patients.'” However, the clinical significance of the soluble
forms of NKG2D ligands in liver disease has not yet been estab-
lished in a comprehensive manner, because the previous study
was conducted on a small number of patients, did not include
patients with premalignant conditions such as liver cirrhosis,
and did not analyze its closely related molecule MICB. Further-
more, influences of therapeutic intervention on soluble NKG2D
ligands in patients have been unclear. In the present study, we
examined soluble MICA and soluble MICB in sera from a large
number of patients with chronic liver diseases and HCC and
their impact on NKG2D expression on immune cells during TAE
therapy for HCC,

*To whom cor should be addressed.
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Table 1. Control and patient characteristics

ellular

Table 2. Characteristics of hep

Healthy  Chronic Liver

Chareciarianic control  hepatitis  cirrhosis i
Number 104 141 104 232
Sex (male/female) 49/55 78/63 60/44 177/55*
Age (years) 62415 55+13** 61312 68:9***
Etiology
HBV/HCV - 271107 1278 37n87
Alcohol/NASH o5/ 2ni an/
AlH/PBUothers 200 164 [ E ]
Child-Pugh (A/B/C) - - 3427126 131/84/17%%**
TNM stage (LAY - - - 59/68/64/39
AlH, au ine hepatitis; HBV, h itis B virus; HCC, hepatocellular

carcinoma; HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis;
PBC, primary biliary cirrhosis; TNM, tumor node metastasis.

*P < 0.05 vs control, hepatitis, and cirrhosis by ytest; **P <0.05 vs
control, cirrhasis, and HCC by ANOVA and post hoc Bonferroni

test; ***P < 0.05 vs control, hepatitis, and cirrhosis by ANOVA

and post hoc Bonferroni test; ****P < 0.05 vs cirrhosis by r'-test.

Materials and Methods

Stack sera from patients with chronic liver disease and HCC
We used frozen stock sera obtained from consecutive patients with
chronic liver disease who had been registered at our institute
from February 2002 to April 2006. They included 141 patients
with chronic hepatitis, 104 patients with liver cirrhosis, and 232
patients with HCC. The differential diagnosis between chronic
hepatitis and liver cirrhosis was basically from liver biopsy
(n = 98), but for those who had not undergone biopsy the diagnosis
was based on clinical findings from the aspartate aminotransferase/
platelet ratio index (APRI) score."" Diagnosis of HCC was
based on unequivocal clinical and imaging data. The control
group consisted of 104 healthy volunteers of an age range
similar to the liver cirrhosis group. Table 1 summarizes the
control and patient characteristics of age, sex, etiology of
liver disease, Child-Pugh classification, and TNM staging of
HCC. Child-Pugh classification is a well-established index for
progression of liver disease in cirrhotic patients where A, B, and
C indicate compensated cirrhosis, mildly decompensated cirrhosis,
and severely decompensated cirrhosis, respectively. The TNM
staging adopted in the present study was that modified by the
Liver Cancer Study Group of Japan.'

Detection of soluble MICA/B by EUISA. Serum levels of soluble
MICA and soluble MICB were determined differentially by
commercially available ELISA kits (R & D Systems, Minneapolis,
MN, USA). In preliminary experiments, we determined the median
intra-assay variation (n = 5) to be between 3.5 and 5.6% for
soluble MICA and between 2.4 and 7.8% for soluble MICB,
and the median interassay variation (n=>5) to be between 12.8
and 18.9% for soluble MICA and between 15.2 and 18.7% for
soluble MICB.

Detection of MICA/B on liver tissues by immunohistochemistry.
The human liver tissues examined were one normal liver, three
from those at fibrosis stages 1 and 2 of chronic hepatitis, five
from liver cirrhosis (fibrosis stage 4) patients, and five from HCC
patients. Paraffin-embedded liver sections were deparafinized,
heat-inactivated by a microwave oven and then subjected to imm-
unohistochemical staining using the ABC procedure (Vector
Laboratories, Burlingame, CA, USA). The primary antibody used
was 6D4 monoclonal antibody, which recognizes the al and o2
domains of MIC molecules shared by both MICA and MICB.®
To confirm the specificity of the staining, the 6D4 antibody was
incubated with recombinant MICA (R & D Systems) for 2 h and
then applied to liver sections in parallel with staining of the
primary antibody as the absorption test.

Characteristic TAE-treated group Non-treated group
Number 38 21

Sex (male/female) 2810 17/4

Age (years) 5+ 11 74+8
Eticlogy (HBWHCV) 2136 m
Child-Pugh (A/B/C) 29/310 16/5/0

TNM stage (NAIAV) 420140 2N1/80

HEV, hepatitis B virus; HCV, hepatitis C virus; TAE, transcatheter arterial
embolization; TNM, tumor node metastasis.

Detection of membrane-bound and soluble forms of MICA/B on
cultured cells. HepG2 hepatoma cells were cultured in Dulbecco’s
modified Eagle's medium supplemented with 10% fetal bovine
serum. Human non-transformed hepatocytes were purchased
from Cambrex Bio Science (Charles City, IA, USA) and cultured
according to the manufacturer’s instructions. For detection of
membrane-bound MICA/B, a single-cell suspension was stained
with PE-labeled 6D4 monoclonal (R & D Systems) antibody,
fixed with 2% paraformaldehyde, and then subjected to flow
cytometric analysis. The culture supematants were subjected to
analysis of soluble forms of MICA and MICB using the above-
mentioned ELISA assay.

Patients with HCC and TAE therapy. Thirty-eight patients with
HCC admitted to our institution for TAE therapy were enrolled
prospectively in the present study. TAE was carried out by the
standard procedure using an emulsion of farmorubicin and
lipiodol followed by gelatin sponge particles, Blood samples were
collected before and 2 weeks after TAE therapy. Twenty-one
patients with HCC, matching the TAE group with respect to TNM
stage and Child-Pugh score, were also enrolled as controls
(Table 2). Blood samples were collected twice at a 2-week interval.
Written informed consent was received from all patients and the
study protocol was approved by the Ethical Committee of Clinical
Research at Osaka University Hospital.

Natural killer cell analysis. PBMC were isolated from heparinized
venous blood by a standard procedure. PBMC were stained with
FITC-labeled anti-CD3 antibody, APC-labeled anti-CD356 antibody,
and PE-labeled anti-NKG2D antibody. They were also stained
with FITC-labeled anti-CD3 antibody, APC-labeled anti-CD8
antibody, and PE-labeled anti-NKG2D antibody. All antibodies
were purchased from Becton Dickinson (San Jose, CA, USA).
NKG2D expression on NK cells (defined as CD56-positive and
CD3-negative cells) and CD8-positive T cells (defined as CD3-
positive and CD8-positive cells) were anal by flow cytometry.
As a control, corresponding fluorescence-labeled irrelevant
antibodies were used. As most NK and CD8-positive T cells
express NKG2D, the levels of expression were evaluated by the
mean fluorescence intensity of the stained cells.

Statistics. Values were exp d as the median and interquartile
range as a box plot, and the 10th and 90th percentiles as a
horizontal bar. For comparison of more than two groups, the
Kruskal-Wallis rank sum test was used. If the Kruskal-Wallis
test was significant, post hoc multiple comparisons were carried
out using the Steel-Dwass procedure. Differences between
pretreatment and post-treatment values were tested by paired
r-test. P < 0.05 was considered statistically significant.

Results

Soluble MICA and soluble MICB in chronic liver disease and HCC.
Soluble MICA and soluble MICB were assessed in sera from
patients with chronic hepatitis, liver cirrhosis, and HCC as well
as healthy volunteers. There was a stepwise increase in the
levels of both soluble MICA and soluble MICB from hepatitis

doi: 10,1111/.1349-7006.2008.00859.x
© 2008 Japanese Cancer Association
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to HCC (Fig. 1a). Although the difference between hepatitis
patients and healthy volunteers was modest, both of the levels
were clearly higher in patients with liver cirrhosis and HCC than
in normal volunteers or hepatitis patients. To examine whether
the progression of liver disease in cirrhotic patients affects the
levels of soluble MICA/B, cirrhosis patients were stratified based
on Child-Pugh classification. The levels of both soluble MICA
and MICB were increased significantly with the progression of
liver disease (Fig. 1b).

Hepatocellular carcinoma often develops from cirrhotic liver
and most patients with HCC included in the present study had
complications from cirrhosis. To examine whether the deve
ment and progression of HCC contributes o increasing solub
MICA/B, patients with liver cirrhosis and those with HCC were
classified into three groups: those with an absence of HCC,
low-grade HCC (TNM stage I/11) and high-grade HCC (TNM
stage III/IV). There was no significant difference in soluble
MICA or soluble MICB between patients without HCC and
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low-grade HCC patients. However, the high-grade HCC patients
showed significantly higher levels of soluble MICA or soluble
MICB than patients without HCC or the low-grade HCC patients
(Fig. 1¢). To exclude the possibility of the progression of liver
disease affecting the increases in soluble MICA/B in high-grade
HCC, we selected and analyzed only the Child-Pugh A patients.
In this subgroup of patients, the levels of soluble MICA/B were
also significantly higher with high-grade HCC than with low-grade
HCC or the absence of HCC (Fig. 1d). Thus, the progression of
liver disease and that of the tumor independently affects the levels
of soluble MICA or soluble MICB.

MICA/B expression in liver tissues and production of soluble MICA/B.
The increase in soluble MICA/B in cirrhotic patients suggests
that MICA/B may be expressed in cirrhotic livers, We therefore
examined MICA/B expression by immunohistochemistry in
various human tissues including normal liver, chronic hepatitis
(F1 and F2 stage), liver cirrhosis, and HCC (Fig. 2a). MICA was
detected clearly in four of five HCC tissues, agreeing with a
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