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Abstract The production of soluble major histocompat-
ibility complex class I-related chain A (MICA) is thought
to antagonize NKG2D-mediated immunosurveillance.
Interleukin-1p (IL-1p) is elevated in patients with chronic
hepatitis C (CH), and this might contribute to the escape of
hepatocellular carcinoma (HCC) cells from innate immu-
nity. In this study, we investigated the immunoregulatory
role of IL-1f in the production of soluble MICA of HCC
cells. First, we investigated the correlation between the
serum IL-1f levels and soluble MICA in CH patients.
Serum IL-1f levels were associated with soluble MICA
levels in CH patients. The serum IL-1f levels of CH
patients with the HCC occurrence were significantly higher
than those of CH patients without HCC. We next examined
the MICA production of IL-1f-treated HCC cells. Addition
of IL-1f resulted in significant increase in the production
of soluble MICA in HepG2 and PLC/PRF/5 cells, human
HCC cells. But soluble MICA was not detected in both
non-treated and IL-1f-treated normal hepatocytes. Addi-
tion of IL-1f did not increase the expressions of mem-
brane-bound MICA on HCC cells. These were observed
similarly in various cancer cells including a gastric cancer
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(MKNT1), two colon cancers (HCT116 and HT29) and a
cervical cancer (HeLa). Addition of IL-1f also increased
the expression of a disintegrin and metalloproteinase
(ADAM)9 in HCC cells, and the knockdown of ADAM9 in
IL-1p-treated HCC cells resulted in the decrease in the
production of soluble MICA of HCC cells. These findings
indicate that IL-1/ might enhance the production of soluble
MICA by activating ADAM9 in human HCC.
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Abbreviations
IL Interleukin
HCC Hepatocellular carcinoma

MICA Major histocompatibility complex class
I-related chain A

ADAMY A disintegrin and metalloproteinase 9

Introduction

Interleukin-1p (IL-1f) is a proinflammatory cytokine with
multiple biological effects [1]. Serum levels of IL-1f are
elevated in patients infected with hepatitis C virus (HCV),
suggesting the role of IL-1f in the inflammation of liver
[2-4]. Several polymorphisms of the IL-1 gene have been
reported to affect IL-1§ production [5, 6]. A number of
clinical studies suggested that polymorphisms of IL-1f gene
are associated with diverse disease including cancer [5, 7].
IL-1f gene polymorphisms have also been reported to be
associated with HCC in HCV- or HBV-infected patients
[8-10]. While genetic studies have suggested an important
role for IL-1f in cancer, direct evidence that IL-1f contributes
to the pathogenesis of cancer has been lacking. Recently,
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Tuetal. [11] reported that stomach-specific expression of IL-
1f in transgenic mice leads to spontaneous gastric inflam-
mation and cancer that correlates with myeloid-derived
suppressor cells to the stomach. However, no studies have
been published on the direct effect of IL-1 on the HCC cells
in patients infected with HCV.

MHC class I-related chain A (MICA), a ligand for
NKG2D, is rarely expressed on normal cells, but frequently
on tumor cells [12, 13]. The engagement of MICA and
NKG2D strongly activates NK cells enhancing their cyto-
lytic activity and cytokine production [14]. Thus, the
MICA-NKG2D pathway is an important mechanism by
which the host immune system recognizes and kills trans-
formed cells [15]. In addition to those membrane-bound
forms, MICA molecules are cleaved proteolytically from
tumor cells and appear as soluble forms in the sera of
patients with malignancy including HCC [16-18]. The
release of soluble MICA/B from tumor cells is thought to
antagonize NKG2D-mediated immunosurveillance. We
previously demonstrated that a disintegrin and metallo-
proteinase (ADAM)9 protease plays essential roles in the
shedding of MICA molecules on HCC cells [19]. However,
the mechanism of regulating the production of soluble
MICA in HCC cells remains to be elucidated.

In this study, we investigated the immunoregulatory role
of IL-1f in the production of soluble MICA from HCC
cells. Of importance is the discovery that the serum IL-1§
levels in chronic hepatitis patients with the HCC occur-
rence were significantly higher than those without HCC
occurrence and that IL-1f enhances the production of
soluble MICA via activating ADAM?9 in human HCC cells.
The present study sheds light on previously unrecognized
immunological effects of IL-1 on HCC cells.

Materials and methods
HCC cell lines and normal hepatocyte cultures

HepG2 and PLC/PRF/5, human HCC cell lines, were
purchased from American Type Culture Collection
(Rockville, MD) and were cultured with Dulbecco’s
Modified Eagle’s Medium supplemented with 10% fetal
bovine serum (GIBCO/Life Technologies, Grand Island,
NY) in a humidified incubator at 5% CO, and 37°C.
2 x 10° HepG2 and PLC/PRF/5 cells or normal hepato-
cytes (ScienCell Research Laboratories, Carlsbad, CA)
were cultured in 6-well tissue culture plates for 48 h in the
presence or absence of human interleukin-15 (IL-1p)
(50 ng/ml, PeproTech EC, London, UK), and the HCC
cells were harvested and subjected to evaluating the
expression of membrane-bound MICA and ADAM9 and
the production of soluble MICA.
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Flow cytometry

For the detection of membrane-bound MICA, HCC cells
were incubated with anti-MICA-specific Ab (Santa Cruz
Biotechnology, Santa Cruz, CA) and stained with Goat
F(ab’)2 fragment anti-mouse IgG(H + L) — PE (Beckman
Coulter, Fullerton, CA) as a secondary reagent. Flow
cytometric analysis was performed using a FACScan flow
cytometer (Becton-Dickinson, San Jose, CA).

Western blotting

The total cellular protein was electrophoretically separated
by sodium dodecyl sulfate-12% polyacrylamide gels and
transferred onto PVDF membrane. The membrane was
blocked in Tris-buffered saline~Tween containing 5% skim
milk for 1 h and then probed with anti-ADAM9 mAb
(R&D Systems, Minneapolis, MN) at 4°C overnight.
Horseradish peroxidase-conjugated anti-rabbit Ab and
SuperSignal West Pico System (Pierce, Rockford, IL) were
used for the detection of blots.

Real-time reverse transcription (RT) PCR

Total RNA was isolated using RNeasy Mini Kit (Qiagen
K.K., Tokyo, Japan) and was reverse transcribed using
High Capacity RNA-to-cDNA Master Mix (Applied Bio-
systems, Foster city, CA). The mRNA levels were evalu-
ated using ABI PRISM 7900 Sequence Detection System
(Applied Biosystems). Ready-to-use assays (Applied Bio-
systems) were used for the quantification of ADAM9
(Hs00177638_m1), MICA (Hs00792195_m1) and f-actin
(Hs99999903_m1) mRNAs according to the manufac-
turer’s instructions. -Actin mRNA from each sample was
quantified as an endogenous control of internal RNA.

RNA silencing

The small interfering RNA (siRNA) method was used to
knockdown ADAMO as previously described [19]. At 24-h
post-transfection, the cells were analyzed for specific
depletion of the protein of ADAMY by western blotting. The
following siRNA were used: ADAMY, 5'-UGUCCAAAC
ACAUUAAUCCCGCCUG-3'; an irrelevant siRNA as a
control, 5-UGUCGCACAAACACUUAACUCCCUG-3'.

ELISA

The sera from chronic hepatitis C patients (N = 24) with or
without the occurrence of HCC were subjected to analysis
of IL-1f and soluble MICA. Informed consent, under
an Institutional Review Board—approved protocol, was
obtained from all patients before sample acquisition.
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The sera and the supernatants of cultured HCC cells were
harvested, and the levels of IL-1§ and soluble MICA were
determined by human IL-1/ ELISA set II (BD Biosciences,
San Diego, CA) and DuoSet MICA eELISA kit (R&D
Systems, Minneapolis, MN) in accordance with the man-
ufacturer’s instructions, respectively.

NK cell analysis

NK cells were isolated from human peripheral blood
mononuclear cells by magnetic cell sorting using CD56
MicroBeads (Miltenyi Biotech, Auburn, CA) as previously
described [19]. HepG2 and PLC/PRF/5 cells were treated
with IL-18 (50 ng/ml) for 48 h. The cytolytic ability of NK
cells against IL-1f-treated or non-treated HepG2 and PLC/
PRF/5 cells was assessed by 4-hr ° 'Cr-releasing assay as
previously described [19].

Statistics

All values were expressed as the mean and SD. The sta-
tistical significance of differences between the groups was
determined by applying Student’s 7 test or two-sample ¢ test
with Welch correction after each group had been tested
with equal variance and Fisher’s exact probability test. We
defined statistical significance as p < 0.05.

Results

Serum IL-1p levels were associated with soluble MICA
in chronic liver disease patients

We first examined the IL-1p levels and soluble MICA levels
of twenty-four chronic hepatitis C (CH) patients. Serum
IL-1p levels in CH patients correlated with soluble MICA
levels (Fig. 1a). We next examined the serum IL-1 levels of
CH patients with or without the occurrence of HCC. We
examined serum IL-1p levels of these 24 CH patients before
HCC occurrence and followed these patients for 5 years. CH
patients could be divided into two groups according to the
occurrence of HCC (Table 1). As showninFig. 1b, the serum
IL-1p levels of patients with the occurrence of HCC (n = 11)
were significantly higher than those of patients without the
occurrence of HCC (n = 13). These results suggested that
the elevation of serum IL-1f levels might be associated with
the occurrence of HCC in CH patients.

IL-1p increases the production of soluble MICA
from HCC cells, but not from normal hepatocytes

We examined whether IL-1p treatment could induce MICA
expressions on HCC cells (PLC/PRF/5 cells and HepG2

cells). Both PLC/PRF/S cells and HepG2 cells were cul-
tured for 48 h with IL-1/ (50 ng/ml) and then subjected to
analysis of the expression of membrane-bound MICA and
mRNA of MICA. The expression of membrane-bound
MICA of IL-1p-treated HCC cells was similar to that of
non-treated HCC cells (Fig. 2a). IL-1f treatment induced
significant increase of mRNA of MICA in PLC/PRF/5
cells, but this did not in HepG2 cells (Fig. 2b). We next
examined the production of soluble MICA in the super-
natants of the IL-1p-treated HCC cells. IL-1 treatment
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Fig. 1 The correlation between serum IL-18 and soluble MICA in
patients with chronic liver disease and serum IL-1p levels in chronic
liver disease patients with or without the HCC occurrence. a Corre-
lation between serum IL-1f levels and soluble MICA levels in
patients with chronic liver disease (N = 24). The serum IL-1f and
soluble MICA were evaluated by specific ELISA, respectively.
b Serum IL-1f levels in chronic hepatitis patients with HCC
occurrence (HCC+, N = 11) or without HCC occurrence (HCC—,
N = 13) were evaluated by specific ELISA. All patients were HCV-
RNA-positive. *p < 0.05

Table 1 Clinical backgrounds

HCC(+) HCC(-)
Number 11 13
Age 61 £6 61 £38
Gender (M/F) 8/3 11/2
Platelet (x 10*/pl) 15+5 14 +£3
ALT (IU/) 122 £ 109 89 + 44

HCC(+) chronic hepatitis C patients with the occurrence of HCC,
HCC(—) chronic hepatitis C patients without the occurrence of HCC,
M male, F female, ALT alanine aminotransferase
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resulted in the significant increase in the production of
soluble MICA in both PLC/PRF/S and HepG2 cells
(Fig. 2¢). These results demonstrated that the addition of
IL-1p did not change the expression of membrane-bound
MICA but resulted in significant increase in the production
of soluble MICA in HCC cells. We also examined the
effect of IL-18 on normal hepatocytes. As shown in
Fig. 2d, normal hepatocytes did not produce soluble MICA
and the addition of IL-1f did not result in its production.
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Fig. 2 Expression of membrane-bound MICA and the production of
soluble MICA in IL-1p-treated HCC cells and normal hepatocytes.
Both PLC/PRF/5 cells and HepG2 cells were treated in the presence
or absence of IL-18 (50 ng/ml) for 48 h. The expression of
membrane-bound MICA (a) and mRNA expression of MICA (b) in
IL-1f-treated or non-treated HCC cells were evaluated by flow
cytometry or real-time RT-PCR, respectively. Black line histograms,
MICA staining of non-treated cells; dotted line histograms, MICA
staining of IL-1f-treated cells; shaded/black histograms, control 1gG
isotype Ab staining. Similar results were obtained from two
independent experiments. *p < 0.05. ¢ We examined the production
of soluble MICA on IL-1p-treated or non-treated HCC cells by
specific ELISA. *p < 0.05. d Normal hepatocytes were treated in the
presence or absence of IL-1f (50 ng/ml) for 48 h. The production of
soluble MICA on IL-1f-treated or non-treated normal hepatocytes
was examined by specific ELISA. ND not detected
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These results demonstrated that IL-15 could induce the
increase in the production of soluble MICA only from
HCC cells, but not from normal hepatocytes.

IL-1p treatment increases the production of soluble
MICA from various cancer cells

We also examined IL-1pf-dependent MICA regulation on
another cancer cells including a gastric cancer cell line
(MKNT1), colon cancer cell lines (HCT116, HT29) and a
cervical cancer cell line (HeLa). The expressions of
membrane-bound MICA on these cells did not change by
the addition of IL-1f in all cancer cells. Interestingly, the
addition of IL-1pf resulted in significant increase in the
production of soluble MICA in all cancer cells (Fig. 3).
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Fig. 3 Soluble MICA production of IL-1f-treated various cancer
cells. Various cancer cells including MKN1, HCT116, HT29 and
HeLa cells were treated in the presence or absence of IL-1f (50 ng/ml)
for 48 h. Soluble MICA production of IL-1j-treated or non-treated
various cancer cells was evaluated by specific ELISA (right panel).
sMICA, soluble MICA. We also examined the expression of
membrane-bound MICA on IL-1f-treated or non-treated various
cancer cells by flow cytometry (left panel). Black line histograms,
MICA staining of non-treated cells; Gray line histograms, MICA
staining of IL-1p-treated cells; shaded/black histograms, control 1gG
isotype Ab staining. Similar results were obtained from two
independent experiments. *p < 0.05
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These results demonstrated that IL-1§ could induce the
increase in the production of soluble MICA not only from
HCC cells but also from various cancer cells.

ADAMO activated by IL-1f plays important roles
in the production of soluble MICA from HCC cells

We next examined the mRNA of MICA and the production
of soluble MICA in HCC cells treated with various doses of
IL-1p. As shown in Fig. 4a, mRNA expression of MICA in
IL-1p-treated PLC/PRF/5 cells significantly increased but
that in HepG2 cells did not. The production of soluble
MICA in IL-1p-treated PLC/PRF/5 cells significantly
increased in a dose-dependent manner, and the produc-
tion of soluble MICA significantly increased in 50 ng/ml
IL-1p-treated HepG2 cells. Recently, members of the metz-
incin superfamily, such as ADAM proteins, have been
reported to play essential roles in the proteolytic release of the
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Fig. 4 IL-1p increased the ADAM9 expression of HCC cells and the
production of soluble MICA. PLC/PRF/5 and HepG2 cells were
cultured with 0, 10 and 50 ng/ml IL-1 for 48 h. a The production of
soluble MICA from IL-1p-treated HCC cells was examined by
specific ELISA, and mRNA levels of MICA of IL-1f-treated HCC
cells were examined by real-time PCR. b, ¢ mRNA and protein
expression of ADAM9 by real-time RT-PCR (b) and western blotting
(c), respectively. Representative results are shown. Similar results
were obtained from 3 independent experiments. *p < 0.05

ectodomain of transmembranous proteins, including MICA,
from the cell surface [17, 20]. We previously reported that
ADAMD plays essential roles in MICA shedding in human
HCC cells and that the activation of ADAM9 protease
resulted in up-regulation of the production of soluble MICA
from human HCC cells [19]. So we examined the
involvement of ADAM9 in the up-regulation of soluble
MICA production in IL-1p-treated HCC cells. As shown
in Fig. 4b, mRNA levels of ADAMY in IL-1f-treated
PLC/PRF/5 cells significantly increased in a dose-depen-
dent manner. mRNA of ADAMY in IL-1f-treated HepG2
cells significantly increased in 10 ng/ml and 50 ng/ml
IL-1p-treated HepG2 cells. The ADAMY protein expression
including both pro-form and active form also increased in
IL-1p-treated HCC cells (Fig. 4c). To confirm the
involvement of ADAMY in IL-1p-treated HCC cells, we
examined the soluble MICA production in IL-1f-treated
ADAMY9-knockdown (ADAM9KD) HCC cells. Both PLC/
PRF/5 and HepG2 cells were transfected with ADAMO-
siRNA or an irrelevant siRNA as a control. The expression
of ADAM9 was clearly suppressed in PLC/PRF/S cells and
HepG2 cells at protein levels (Fig. 5a). In both PLC/PRF/5
and HepG2 cells transfected with control siRNA, the pro-
ductions of soluble MICA in IL-1p-treated cells were sig-
nificantly higher than those in non-treated HCC cells. In
contrast, the production of soluble MICA in IL-1f-treated
ADAMOKD-HepG?2 cells was similar to that in non-treated
ADAMOI9KD-HepG2 cells (Fig. 5b). The production of
soluble MICA in IL-1f-treated ADAM9KD-PLC/PRF/5
cells also tended to decrease compared with that in non-
treated ADAMOIKD-PLC/PRF/5 cells (Fig. 5b). The
decrease in soluble MICA production in ADAMO9KD cells
was different between PLC/PRF/5 cells and HepG2 cells.
However, these results suggested at least that the increase in
ADAMY expression by IL-1f resulted in the increase in
soluble MICA levels in IL-1f-treated HCC cells.

IL-1p-treated HCC cells are resistant to the cytolytic
activity of NK cells

We next examined whether IL-1f could modify the NK
sensitivity of human HCC cells. The cytolytic activities of
NK cells against IL-1f-treated PLC/PRF/S and IL-1f-treated
HepG2 cells were lower than those against non-treated
HCC cells (Fig. 5c). These results demonstrated that IL-1f
treatment resulted in the increased resistance of HCC cells
to NK cells.

Discussion

The liver contains a large compartment of innate immune
cells (NK cells and NKT cells) and acquired immune cells
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Fig. 5 The production of soluble MICA of ADAM9KD-HCC cells
and the cytolytic activity against IL-1p-treated HCC cells. a Both
HCC cells (PLC/PRF/5 and HepG2) were transfected with ADAM9
siRNA (ADAMIKD) or an irrelevant siRNA (negative control), and
at 24-h post-transfection, the protein expression of ADAM9 was
examined by western blotting. b Both HCC cells were cultured with
(+) or without (=) 50 ng/ml IL-18 for 48 h. Soluble MICA
production from ADAM9KD-HCC cells or negative control-HCC
cells was evaluated by specific ELISA. *p < 0.05. Similar results
were obtained from 3 independent experiments. ¢ Both PLC/PRF/5
and HepG?2 cells were cultured with or without IL-1 (50 ng/ml) for
48 h. The cytolytic activities of NK cells against IL-1p-treated or
non-treated PLC/PRF/5 and HepG2 cells were evaluated by >'Cr-
releasing assay. Non-treated cells (filled diamond), IL-1f-treated cells
(filled triangle). Representative results are shown. Similar results
were obtained from three independent experiments. *p < 0.05 versus
the cytolytic activity of non-treated cells. Similar results were
obtained from 3 independent experiments

(T cells) [21, 22]. Recent study has demonstrated that
innate immune system via NKG2D signal, expressing on
NK cells, might play critical roles in tumor surveillance
[23]. However, the escape mechanism of HCC cells from
NK cells remains unclear. We previously demonstrated that
membrane-bound MICA, activating molecule of NK cells,
on HCC cells plays essential roles in the NK sensitivity of
HCC cells [13, 24] and that the serum soluble MICA
increase along the progression of chronic liver disease [18].
The production of soluble MICA in HCC patients is the
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highest compared with chronic hepatitis or liver cirrhosis
patients without HCC [18]. These results suggest that
unknown factors may accelerate the cleavage of MICA in
HCC cells. IL-1f is produced mainly by local immune
cells including activated Kupffer cells [25]. Because IL-1f
increased in CH or LC patients [26-28], we focus on the
possible role of IL-1f in the escape mechanism of HCC
cells from NK cells.

Inflammatory cytokines including IL-1f and IL-6
increased in CH or LC patients [26-28], suggesting that
both IL-1f and IL-6 might play roles in the HCC devel-
opment. Recently high serum IL-6 level was an indepen-
dent risk factor for HCC development in both chronic
hepatitis C and B patients [29, 30], which suggested the
possible roles of IL-6 in HCC development. However, the
IL-1p levels in chronic liver disease, premalignant condi-
tions, have been little reported. In this study, we demon-
strated that serum IL-1f levels in chronic hepatitis C
patients with HCC occurrence were significantly higher
than those without HCC occurrence and that serum IL-1§
levels correlated with soluble MICA which could inhibit
NK activity. These results suggested that elevated IL-1 in
CH patients might support the survival of HCC cells by
changing local immunological environment.

MICA shedding is thought to be the principle mecha-
nism by which tumor cells escape from NKG2D-mediated
immunosurveillance [16]. In this study, we demonstrated
that addition of IL-1f resulted in the increase in soluble
MICA production from HCC cells. Interestingly, IL-1/
treatment also resulted in the increase of soluble MICA in
various cancer cells. Addition of other IL-1 family cyto-
kines such as IL-1o, I1-18 and IL-33 did not result in the
increase in soluble MICA production from both PLC/PRF/
5 and HepG2 cells (Kohga, unpublished data). In addition
to IL-1f, serum IL-6 and TNF-a are elevated in HCC
patients. We compared IL-1f with IL-6 and TNF-¢ in the
ability of the production of soluble MICA from HCC cells.
IL-1p could increase the production of soluble MICA from
HCC cells, but both IL-6 and TNF-a could not in PLC/
PRF/5 cells and HepG2 cells. No synergistic effects of the
combination of IL-1f, IL-6 and TNF-o were observed
(Kohga, unpublished data). These results demonstrated that
only IL-1/ could induce the increase in the production of
soluble MICA from HCC cells, suggesting that IL-1f
might play an important role in the progression of HCC.

IL-1p treatment resulted in the increase in soluble MICA
production but not the increase of mRNA in HepG2 cells.
The production of soluble MICA depended on both the
production of mRNA and the shedding of ADAM9. We
previously demonstrated that ADAMY plays an essential
role in the shedding of MICA in HCC cells [19]. In the
present study, we demonstrated that IL-1§ treatment
resulted in the increase in ADAMY9 expression in HepG2
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cells and that ADAMY knockdown by siRNA resulted in
the decrease in the production of soluble MICA from
IL-1p-treated HepG2 cells. Our results suggested at least that
the increase in ADAM9 might resulted in the increase in the
shedding of soluble MICA in the IL-1f-treated HCC cells.

Recent studies have identified various metalloprotein-
ases responsible for MICA/B cleavage in various cancers
[31]. We previously found that ADAMO plays critical roles
in the shedding of MICA in human HCC. ADAMY9 was
directly associated with decreasing the expression of
membrane-bound MICA and increasing the production of
soluble MICA in human HCC [19]. Thus, it would be inter-
esting to examine the activity of ADAMY in IL-1p-treated
HCC cells to understand how IL-1p regulates the produc-
tion of soluble MICA from HCC cells. We demonstrated
that IL-1p treatment could increase the mRNA and protein
expression of ADAMY in HCC cells and that ADAM9
knockdown in HCC cells resulted in decreasing of the
soluble MICA production. These results suggested that
ADAMY played an important role in the increase in
soluble MICA production from IL-1f-treated HCC cells.
Both ADAMs and ADAMs with thrombospondin motifs
(ADAMTS) are proteinases closely related to matrix
metalloproteinases (MMPs). Structure of ADAMs and
ADAMTS is highly conserved and involves metallopro-
teinase and disintegrin domains endowing them with fea-
tures of both proteinases and adhesion molecules [32].
Several ADAMTSs including ADAMTS1 and ADAMTS9
were activated by IL-1f via NFATcI transcription factor in
chondrosarcoma [33, 34]. Although IL-15 may regulate
such transcription factors in HCC cells, the detail mecha-
nism of the activation of ADAM9 by IL-1f remains
unclear. The concentration of IL-1f in our in vitro study
was high compared with the serum IL-1f concentration
level. However, the local IL-1f concentration in the liver
tissues still remains unknown and may differ from the
serum IL-1f concentration. Our in vitro study at least
demonstrated that IL-1f could enhance the production of
soluble MICA via up-regulating the expressions of
ADAM?Y in HCC cells, which might support the possible
role of IL-1f in the survival of HCC cells.

Cai et al. [35] demonstrated that the numbers of CD56+
NK cells reduced in HCC tissues compared with healthy
donors and CD56+ NK cells in HCC patients displayed
impairments in cytotoxicity and IFN-y production. This
suggests that immunological microenvironment in liver
tissues of CH patients might be favorable for the survival
of HCC cells. We demonstrated that serum IL-15 levels
correlated with soluble MICA in CH patients, which is
consistent with our in vitro data. This suggests that the
chronic elevation of IL-1f in CH patients might impair the
function of NK cells by accelerating the production of
soluble MICA. We also demonstrated that IL-1p treatment

resulted in the inhibition of the cytolytic activity of NK
cells against HCC cells. Intrahepatic activated macro-
phages and plasma cells could produce IL-1f inducing the
inflammatory process in chronic liver disease [36]. If we
could control the production of IL-1f with new reagents, it
might be possible to develop a new therapeutic strategy
against HCC. IL-1p receptor antagonist (IL-1RA) has been
reported to apply clinically to the treatment of rheumatoid
arthritis [37]. We believe the future clinical application of
IL-1RA in HCC treatment as a new agent.

In spite of recent progress in the understanding of HCC,
there remains to be unknown mechanism of the escape of
HCC cells from innate immunity. We have shown here that
ADAMO was directly associated with increasing the pro-
duction of soluble MICA in IL-1f-treated human HCC.
These findings might indicate that IL-1§ contributes to the
survival of HCC cells by inhibiting innate immunity.
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