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Sorafenib is an orally available multikinase inhibitor recently
approved as the first molecular targeting compound for hepa-
tocellular carcinoma (HCC).! Sorafenib inhibits Raf kinases,
including Raf-1 and B-Raf, which are members of the Raf/
MEK/ERK signaling pathway, and inhibits a number of re-
ceptér tyrosine kinases involved in neo-angiogenesis and tu-
mor progression, such as vascular endothelial growth factor
receplor (VEGER) 2, platelet-derived growth factor receptor
B and c-Kit. Two randomized, placebo-controlled trials
revealed that sorafenib significantly prolongs the median sur-
vival of palients with advanced HCC bul the response is dis-
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ease-stabilizing and cytostatic rather than one of tumor
regression.”” Therefore, a more detailed understanding of the
mechanisms underlying both the antitumor effect and the

primary resistance to this compound may provide insights
that can help to improve the therapeutic outcome in HCC.

Macroautophagy (hereafter referred to as autophagy) is an
evolutionally conserved catabolic process that transports cel-
lular macromolecules and organelles Lo a lysosomal degrada-
tion pathway.® It is regulated by autophagy-related (atg)
genes that control the formation and maturation of a double-
membrane vesicle, autophagosome, which sequestrates cellu-
lar proteins and organelles. Autophagosomes then fuse with
lysosomes to form autolysosomes, in which lysosomal
enzymes digest the sequestered content and inner membrane.
Autophagy is typically induced under starvation, initially con-
sidered 1o be a survival strategy thal recycles cellular compo-
nents to meet energy requirements. Autophagy also occurs at
low basal levels in virtually all cells to perform homeostatic
functions such as turnover of long-lived or damaged proteins
and organelles. On the other hand, autophagy can mediate
cell death under certain conditions probably through over-
activation of self-digestion, which is considered to be Type I
programmed cell death.® Therefore, autophagy can promote
both cell survival and death depending on the cellular context
and/or initiating stimulus.
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Autophagy has been shown to be involved in cancer devel-
opment and progression in a variety of wa.ys.6 Genetic evi-
dence supports a tumor suppressive role of autophagy in can-
cer development. The Beclin 1 autophagy gene Iis
monoallelically deleled in a subsel of human sporadic breast,
ovarian and prostate cancer. Heterozygous disruption of Beclin
1 increases the frequency of spontaneous malignancies in
mice.” On the other hand, umor cells display aulophagy or
autophagic cell death under a variety of stress-inducing condi-
tions as well as anticancer therapies.® Therefore, autophagy
promotes or inhibits lumor progression which is also depend-
ent on the cell types and stimuli. Recently, sorafenib has been
reported to induce autophagosome accumulation, as evidenced
by GFP-LC3 markers, in tumor cells.® ! However, its biologi-
cal and clinical significance has not yet been addressed. In the
presenl study, we examined aulophagy of hepatoma cells
treated with sorafenib and demonstrate that sorafenib not
only induces autophagosome formation but also activates
autophagic flux which is an adaplive response to this com-
pound, and that concomitant inhibition of autophagy may be
therapeulically useful for improving the anli-HCC effecl.

Material and Methods

Cell lines

Hepatoma cell lines Huh7, HLF and PLC/PRF/S were cul-
tured with Dulbecco’s modified Eagle medium (DMEM).
Huh7 and HLF were obtained from the JCRB/HSRRB cell
bank (Osaka, Japan) and PLC/PRF/5 was obtained from
ATCC (Manassas, VA). All cell lines were cultured at 37°C
in a humidified atmosphere of 5% CO..

Western immunoblot

© Cells or tissues were lysed and immunoblotted as previously
described.”* For immunodetection, the following antibodies
were used: anti-microlubule-associated protein 1 light chain
(LC3) polyclonal antibody (Ab) (MBL, Nagoya, Japan); anti-
ATG7 polyclonal Ab (MBL); anti-Beclinl polyclonal Ab
(CST, Danvers, MA); anti-p62 polyclonal Ab (MBL); anli-
phospho-ERK polyclonal Ab (CST); anti-phospho-S6K poly-
clonal Ab (CST); anti-phospho-4E-BP1 polyclonal Ab (CST);
anti-phospho-Akt polyclonal Ab (CST).

Transfection with fluorescent LC3 plasmid

Cells were transfected with monomeric red fluorescence pro-
tein (mRFP)-GFP tandem fluorescent-tagged LC3 expression
plasmid (ptfLC3)"® using Fugene (Roche Applied Science,
Hague Road, IN) according to the manufacturer’s instruc-
tions. At 48 hr after transfection, the medium was changed
to DMEM containing sorafenib or DMSO, and the cells were
further cultured and examined under a BZ8100 fluorescent
microscope (Keyence, Osaka, Japan).

In vitro treatment with sorafenib

Iepatoma cells were transfected with 5 nM Silencer Select
siRNAs (Ambion, Austin, TX) either of ATG7 or negative
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control using RNAIMAX (Invitrogen, Carlsbad, CA) accord-
ing to the manufacturer’s instructions. Forty-eight hours after
transfection, the medium was changed to DMEM containing
sorafenib or DMSO. Cells were further cultured and assayed
for cell viability by WST assay using the cell count reagent
SF (Nacalai Tesque, Kyoto, Japan) and analyzed for apoptosis
using Annexin V-FITC apoptosis detection kit (Biovision,
Mountain View, CA). We defined apoptotic cells as Annexin
V-FITC positive and propidium iodide (PI) negative cells. PI
negative cells were gated and the positive cell rate of Annexin
V-FITC was determined. The supernatant of the cultured
cells was assayed for caspase-3/7 activity using Caspase-Glo
3/7 assay (Promega, Madison, WI) as previously reported.'?
For the treatment with a pharmacological inhibitor of
autophagy, cells were cultured with DMEM containing chlor-
oquine (Sigma-Aldrich, St. Louis, MO) or baflllomycin Al
(Sigma-Aldrich) with sorafenib or DMSO and assayed for
cell viability and caspase-3/7 activity in the same manner.

Electron microscopy

Samples were fixed with 2.5% glularaldehyde solution bul-
fered at pH 7.4 with 0.1 M Millonig’s phosphate at 4°C for
2 hr, postfixed in 1% osmium tetroxide solution at 4°C for
1 hr, dehydrated in graded concenlrations of ethanol and em-
bedded in Nissin EM Quetol 812 epoxy resin. Ultrathin sec-
tions (80 nm) cut on a Reichert ultramicrotome (Ultracut E)
were slained with uranyl acelate and lead citrale, and exam-
ined with a Hitachi H-7650 electron microscope at 80 kV.

Xenograft experiments -

To produce a xenograft tumor, 3-5 x 10° Huh7 cells were
subcutaneously injected to Balb/c nude mice. Sorafenib lab-
lets were crushed and orally administered daily with water
containing 12.5% cremophor EL (Sigma-Aldrich) and 12.5%
ethanol, as previously described.® Chloroquine was dissolved
in PBS and intraperitoneally administered daily. We esti-
maled the volume of the xenograft lumor using the following
formula: tumor volume = m/6 X (major axis) X (minor
axis)®. Mice were maintained in a specific pathogen-free facil-
ity and treated with humane care with approval from the
Animal Care and Use Committee of Osaka University Medi-
cal School. :

Statistical analysis

Data are presented as mean * SD. Comparisons between
two groups were performed by unpaired ¢ test. Multiple com-
parisons were performed by ANOVA with Scheffe post-hoc
test. p < 0.05 was considered statistically significant.

Results

In vitro treatment with sorafenib induces accumulation

of autophagosomes in hepatoma cell lines

To examine the effect of sorafenib on autophagy in human
HICC, we treated the hepatoma cell line Huh7 with sorafenib
in vitro. First, we assessed the expression of LC3, a

- 296 -




550

Huh7
Sorafenib (10 uM)

DMSO 1 2 4 6 12 24hr

Sorafenib induces autophagy in human hepatoma cells

Sorafenib (24 hr)

DMSO 25 5 10pM

HLF
Sorafenib (10 uM)
DMSO 2 6 12 18 24hr

PLC/PRF/5

Sorafenib (10 M)

DMSO 2 4 5 12

18 24hr

<— { Actin

le— LC3- |
“— LC3- 1]

Sorafenib (24 hr)

DMSC 5 10uM

Figure 1. Sorafenib induces accumulation of autophagosomes in hepatoma cells. Westem blot showing an increase in LC3-H in Huh7, HLF
and PLC/PRF/5 hepatoma cells after treatment with sorafenib. Hepatoma cells were treated with 2.5, 5 or 10 uM sorafenib for the indicated
times and analyzed for LC3 expression by westem blot. Hepatoma cells treated with DMSO-containing media for 24 hr are shown as the
control. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

mammalian homolog of yeast atg8, by immunoblot. During
the progress of autophagy, the cytoplasmic form LC3-I is
converted to the membrane-bound lipidated form LC3-II
which is detected by a mobility shift on electrophoresis."”
When T[uh7 cells were treated with 10 uM sorafenib, LC3
conversion was observed as early as 1 hr afler the lrealment
and gradually increased at later time points (Fig. 1). We
examined the dose-dependency of this response in Huh7 cells
as well. Under 2.5 uM sorafenib treatment, the amount of

LC3-1I did not show an obvious increase, however, the
amount of LC3-I decreased which indicates modest activation
of autophagosome formation. Under 5 and 10 pM sorafenib
treatment, the amount of LC3-II clearly increased. Next, we
investigated the effect of sorafenib on other hepatoma cell
lines, HLF and PLC/PRF/5. Under sorafenib treatment, LC3
conversion was observed at 2 hr after the initiation of treat-
ment and gradually increased until 24 hr in HLF cells and
PLC/PRF/5 cells in the same manner as in Huh7 cells.

Int, J. Cancer: 131, 548-557 (2012) © 2011 UICC
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Figure 2. Sorafenib activates autophagic flux in hepatoma cells. {g). Western blot showing p62 degradation and LC3 lipidation in Huh7
cells and HLF cells treated with sorafenib and/or lysosomal inhibitors. Huh7 cells or HLF cells were treated with or without 10 uM sorafenib
in the presence or absence of 50 uM chloroquine or 100 nM bafilomycin A1 for 12 hr. (b). Photographs of fluorescence microscopy of
punctate fluorescence of a transfected mRFP-GFP-LC3 construct in Huh7 cells after 12-hr treatment with 10 pM sorafenib. Arrows indicate a
typical example of colocalized particles of GFP and mRFP signal, while the arrowhead points to a typical example of a particle with an
mRFP signal but without a GFP signal. C. Photographs from transmission electron microscopy showing autophagic vacuoles including
autophagosomes (arrow) and probably autolysosomes (arrowhead) in Huh7 cells treated with 10 pM sorafenib.

Sorafenib activates autophagic flux in hepatoma cells

To clarify whether the accumulation of autophagosomes
induced by sorafenib is a result of induction of autophago-
some formation or inhibition of autophagosome degradation,
we first measured the amount of p62, a selective substrate of
autophagy, by immunoblot. Activation of the autophagic flux
leads to a decline in p62 expression, and vice versa.'> When
Huh7 cells or HLF cells were treated with sorafenib, the
amount of p62 decreased despite the accumulation of LC3-1I
implying thal this accumulation of LC3-II is associated with

Int. . Cancer: 131, 548-557 (2012) @ 2011 UICC

autophagosome degradation (Fig. 24). In addition, when cells
were treated with both sorafenib and chloroquine, accumula-
lion of LC3-II was [urther enhanced compared lo the sorale-
nib-treated group, while the levels of p62 expression
increased. We also used bafilomycin Al, which inhibils
fusion of autophagosome and lysosome, and obtained similar
results. Cur findings indicate that the LC3-II accumulation
induced by sorafenib results from activation of autophago-
some formation but not from just inhibition of the autopha-
gosome degradation steps. Second, we examined the color
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change of mRFP-GFP tandem fluorescent-tagged LC3
(mRFP-GFP-LC3). When Huh7 cells were transfected with
the mRFP-GFP-LC3 expression plasmid ptfLC3 and then
treated with sorafenib, some punctate signals showed both
GFP and mRFP signals bul parl of the punclate signals
exhibited only mRFP signals (Fig. 2b). Because GFP fluores-
cence but not mRFP fluorescence is attenuated under lysoso-
mal acidic condition,' this observation supports that autoph-
agy induced by sorafenib proceeds to the lysosomal
degradation phase. Finally, electron microscopy revealed
abundant aulophagic vacuoles such as aulophagosomes and
probably autolysosomes in sorafenib-treated Huh7 cells, but
scarcely in control cells (Fig. 2c).

Sorafenib selectively inhibits the activity of TORC1

in hepatoma cells

Sorafenib was initially developed as a Raf kinase inhibitor,
however, it can also inhibit other tyrosine kinases such as
VEGR-2, Flt-3 and c-Kit.'” The inhibitory effect of sorafenib
on the Raf/MEK/ERK pathway'® or the STAT3 pathway"® is
widely recognized in several types of cancer, but the effect
of sorafenib on the PI3K/Akt pathway and the mTOR path-
way has not been eslablished yel. Because the mTOR path-
way is known as a major regulatory pathway of autoph-
agy,”® we next examined the activity of the mTOR signaling
pathway in Huh7 cells and HLF cells. Sorafenib clearly
inhibited the activity of the mammalian target of rapamycin
complex 1 (mTORCI), which is measured by the dephos-
phorylation of $6K and 4E-BP1 in Huh?7 cells and HLF cells
(Fig. 3a). 4E-BP1 is initially phosphorylated at threonine 37
and threonine 46, which promotes subsequenl phosphoryla-
tion and decreases electrophoretic mobility.”! With sorafe-
nib administration, the upper band of phosphorylated 4E-
BP1 gradually decreased and shifted to the lower band. At
24 hours after treatment initiation, the lower band dimin-
ished as well, indicaling further dephosphorylation of 4E-
BP1 at threonine 37 and 46. On the other hand, sorafenib
treatment increased the phosphorylation of Akt at threonine
308 and serine 473 in these cells. The phosphorylation at
threonine 308 suggests the activation of upstream PI3K
while the phosphorylation at serine 473 suggests the activa-
tion of mTORC2.*?> Therefore, sorafenib can be presumed
to possess a selective inhibitory effect on the activity of
mTORCL! independent of PI3K and Akt. Administration of
sorafenib clearly inhibited the phosphorylation of ERK as
early as 2 hours after treatment, which is consistent with a
previous report.'® The expression of ATG7 and Beclin 1,
autophagy-related gene products, did not change under sor-
afenib treatment. Next, we treated Huh7 cells with rapamy-
cin or Torinl?® to determine the impact of mTORCI activ-
ity on autophagy induction. As expected, the levels of LC3-
11 increased upon rapamycin treatment in Huh7 cells (Fig.
3b). A similar result was obtained using another mTOR in-
hibitor, Torinl.

Sorafenib induces autophagy in human hepatoma cells

Inhibition of autophagy by siRNAs or a pharmacological
inhibiter enhanced the apoptotic effect of sorafenib

in vifro

From these results, we considered two possibilities: sorafenib-
induced autophagy may be a mechanism of action of the anti-
tumor effect of soralenib or a stress-responsive phenomenon
leading to survival of tumor cells in the presence of sorafenib
treatment. To investigate the role of autophagy under sorafe-
nib treatment, we introduced into Huh7 cells, the siRNA spe-
cific for ATG7. Administration of ATG7 siRNA suppressed
LC3-II expression in DMSO-treated cells and sorafenib-
treated cells, indicating that autophagy is clearly suppressed
under physiological conditions as well as with sorafenib treat-
ment (Fig. 4a). Sorafenib (reatment induced apoplosis, as
determined by the elevation of caspase-3/7 activity or by the
increase of Annexin V positive cells, and decreased the viabil-
ity of Huh7 cells (Fig. 4b). Of importance is the finding that
ATG7 knockdown significantly enhanced the sorafenib-
induced apoplosis and decreased cell viability in Huh7 cells.
These observations imply that autophagy plays a protective
role for hepatoma cells under sorafenib treatment and could
be a largel for enhancing its antitumor effects. We performed
an ATG7 knockdown experiment using HLF cells as well and
obtained a similar result (Fig. 4c).

Next, we treated Huh7 cells with sorafenib in combination
with the pharmacological autophagy inhibitor chloroquine,
which clearly blocks the downslream auntophagic pathway in
hepatoma cells as shown in Figure 2a. Chloroquine itself
induced a modest activation of caspase-3/7 at a high dose
under our experimental conditions (Fig. 5). However, in com-
bination with sorafenib, chloroquine markedly enhanced the
apoptotic effect of sorafenib and reduced cell viability in a
dose-dependent manner. We investigated the effect of chloro-
quine on PLC/PRF/5 cells as well, and obtained a similar result.

Autophagy inhibitor chloroquine enhanced the anti-tumor
effect of sorafenib in a xenograft model

To examine the significance of autophagy in vivo, nude mice
were subcutaneously injected with Huh7 cells to generate
xenograft tumors. To examine whether sorafenib induces
autophagy in the in vivo setting, we administered sorafenib
or vehicle for 7 days to mice bearing xenograft tumors. As
we reported previously,'® sorafenib treatment significantly
suppressed tumor growth compared with the vehicle alone
(data not shown). Consistent with the in vitro finding, xeno-
graft tumors from sorafenib-administered mice displayed
accumulation of LC3-II on immunoblot compared with those
from vehicle-treated mice (Fig. 6a). To examine the therapeu-
tic significance of autophagy inhibition for sorafenib therapy,
mice with Huh7 xenograft were randomly assigned to two
groups when the diameter of the subcutaneous tumor
reached aboul 1 cenlimeler: sorafenib adminisiration group
and sorafenib plus chloroquine administration group. Coad-
ministration of chloroquine and sorafenib for 7 days led to
significant suppression of tumor growth compared wilh

Int. J. Cancer: 131, 548-557 (2012) © 2011 UICC
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Figure 3. Raf/MEK/ERK and Akt/mTOR/S6K pathways in hepatoma cells treated with sorafenib. (a). Westem blot showing decrease in ERK,
S6K and 4E-BP1 phosphorylation, increase in Akt phosphorylation and stable expression of Beclin 1 and ATG7 in Huh7 cells and HLF cells
after treatment with 10 uM sorafenib. (b). Westem blot showing that rapamycin or Torin1 dephosphorylates both SéK and 4E-BP1 and
increases the expression of LC3-l in HuhZ cells. Huh7 cells were treated with 100 nM rapamycin or the indicated concentration of Torinl
for 12 hr. Huh7 treated with sorafenib (10 pM, 12 hr) serves as a positive control. [Color. figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

administration of sorafenib alone (Fig. 6b). Administration of
chloroquine alone did not affect the growth of the tumor.
We performed TUNEL staining and immunohistological
staining of cleaved caspase-3 of the xenograft tumor to exam-
ine the contribution of apoptosis in this xenograft model.
However, nonspecific staining of the xenograft tumors treated
with sorafenib interfered with an accurate evaluation of the
apoptotic change (data not shown).

Discussion

Accumulating evidence indicates that cancer therapies such
as irradiation and administration of cytotoxic drugs and
chemicals induce aulophagy and autophagic cell death in a

int. J. Cancer: 131, 548-557 (2012) © 2011 UICC

variety of tumor cells.® Research has shown that autophagy
induced by these treatments sometimes protects tumor cells
(autophagic resistance) but promotes cell death in other set-
tings (autophagic Type II programmed cell death). For exam-
ple, temozolomide, 2 DNA alkylating agent,® -and ionizing
radiation®® induce autophagy in malignant glioma cells and a
variety of epithelial tumors, respectively, and this inhibition
enhances antitumor effects. On the other hand, poly(dL:dC)
induces endosome-mediated autophagy leading to cell death
in melanoma cells.?® Arsenic Irioxide induces aulophagic cell
death in lenkemia cells’” Tn the present study, we demon-
strated that sorafenib, a recently approved molecular target-
ing drug for HCC, induced aulophagy which appeared to
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Figure 6. Inhibition of autophagy potentiates sorafenib-induced antitumor effects in Huh7 xenograft. (g). Western blot showing increase in
LC3-Il expression in Huh7 xenograft tumor after sorafenib therapy. Mice bearing xenograft tumor were administered sorafenib (30 mg kg™
or vehicle for 7 days (n = 3/group). (b). Chloroguine (60 mg kg™") itself did not affect the tumor growth of Huh7 xenograft (teft panel), (n
= 7/group), but enhanced the effect of sorafenib (30 mg kg™ in a synergistic manner (right panel), (n = 6/group). Mice bearing xenograft
tumer were administered sorafenib and/or chloroguine for 7 days. Tumor volume at 7 days is shown as a percentage of that before
initiation of the therapy. *p < 0.05. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.}

promote survival of hepatoma cells and thereby may be a cel-
lular adaptlive response relaled o primary resistance {o this
compound.

LC3 lipidation and its association with the isolation mem-
branes have been established as useful signs for autophagy
detectable by immunoblotting and fluorescence microscopy,
facilitating research on autophagy. Previous research has
shown that sorafenib induces GFP-LC3 punctate structure
and LC3-1I conversion in tumor cells.”™ However, these
techniques should be analyzed more carefully, because posi-
tive results clearly indicate increased numbers of autophago-
somes but do not always mean upregulation of autophagic
flux.®® For example, treatment with vinblastine or nocodazole
leads to LC3 conversion and produces GFP-LC3 punctate
structures, resulting from blockade of the fusion of autopha-
gosomes and lysosomes but not from autophagy induc-
tion?>* In the present study, we applied several methods
including LC3 turnover assay using a lysosomal inhibitor of
chloroquine or bafilomycin Al, measurement of the amount
of a selective autophagy substrate p62, and observation of the
mRFP-GFP color change using a fluorescent-tagged LC3
probe, lo oblain evidence showing thal soralenib not only

int. J. Cancer: 131, 548-557 (2012) @ 2011 UICC

increases the number of autophagosomes but also activates
the aulophagic flux.

The underlying mechanisms by which sorafenib induces
autophagy are nol completely clear at present. In addition to
the well-known target Raf/MEK/MAPK pathway, sorafenib
clearly inhibited the mTORCI pathway in the present study.
Because mTOR inhibition by rapamycin or Torinl activates
autophagosome formation in hepatoma cells, sorafenib-
induced inhibition of the mTORCI pathway might be
involved in sorafenib-mediated induction of autophagy.
Recently, a putative tumor-suppressor gene p53 has been
shown to transactivate an autophagy-inducing gene, dram,*
and p53-dependent induction of autophagy has been docu-
mented in response to DNA damage or reexpression of p53 in
DpS53-negative tumor cells.*® Because the hepatoma cells used in
the present study (Huh7, HLF and PLC/PRE/5) possess mu-
tant p53, sorafenib-induced adaptive autophagy could occur
independently of p53. This finding may be important, because
more than half of advanced HCC cases are p53-defective.®® In
such cases, our observations could be applicable and relevant.

Study of rodent carcinogenesis has revealed that autopha-
gic prolein degradation is reduced in HCC** In human,
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malignant HCC cell lines and HCC tissue with recurrent dis-
ease display lower autophagic activity with decreased expres-
sion of Beclin 1. The autophagic pathway contributes to the
growth-inhibitory effect of TGF-beta in hepatoma cells.*®
Taken fogether, these findings suggest that defects in auloph-
agy may promote development or progression of HCC, fo-
cusing on the tumor suppressive or antitumor effect of
autophagy in lhe liver or HCC. In contrasi, the present study
clearly showed that autophagy induced by sorafenib protects
hepatoma cells from apoptotic cell death, thus shedding light
on the lumor-promoting effect of autophagy in HCC. Inhibi-
tion of autophagy at both an early step (by ATG7 knock-
down) and a late step (by chloroquine treatment) sensitized
hepatoma cells by converting the autophagic process to an
apoptotic process. Of importance are the findings that sorafe-
nib induced autophagy in a xenografl model and thal coad-
ministration of chloroquine and sorafenib led to better sup-
pression of xenograft tumor than sorafenib alone. Although

Sorafenib induces autophagy in human hepatoma cells

further study is needed to elucidate the mechanism(s)
involved in autophagy-mediated protection of tumor cells,
the induced autophagy might degrade the damaged or harm-
ful cellular proteins and organelles to suppress apoptosis and
promote survival of hepatoma cells under sorafenib
treatment.

In conclusion, the present study demonstrates both in
vitro and in vivo lhal sorafenib induces autophagosome for-
mation and upregulates cellular autophagy in tumor cells,
which is an adaptive response to this drug, and raises the im-
porlant possibility thal autophagy may be a novel targel for

cancer treatment with sorafenib therapy.
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Fibroblast growth factor-2 enhances NK sensitivity of

hepatocellular carcinoma cells
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Fibroblast growth factor (FGF)-2 is one of a family of FGFs
that includes 22 struclurally related members.! FGF-2 has
been shown to exert a potent angiogenic effect by interacting
with tyrosine kinase receptors, FGFR1, FGFR2 and FGFR3,
in various cancers including hepatocellular carcinoma
(HCC).z‘d‘ Aside from its angiogenic effect, FGF-2 has also
been shown to act as a mitogen for HCC cell proliferation
vig an autocrine mechanism.” Uematsu et al. reported that
the serum FGE-2 of chronic liver disease patients without
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HCC tended to be higher than that of those with HCCS
Decrease of serum FGF-2 could be observed prior to the
emergence of HCC, and this suggests that FGF-2 may play a
crilical role in the surveillance of HCC. However, the immu-
nological significance of elevaling the FGF-2 levels in chronic
liver disease patients remains unclear.

HCC is one of the leading causes of cancer deaths world-
wide. Chronic liver disease caused by hepatitis virus infection
and nonalcoholic steatohepatitis leads to a predisposition for
HCC, with liver cirrhosis (LC), in particular, being consid-
ered a premalignant condition.”® The liver contains a large
compartment of innate immune cells (NK cells and NKT
cells) and acquired immune cells (T cells),”*° but the activa-
tion process of these immune cells in HCC development
remains unclear. A recent study has demonstrated that the
innate immune system may play a critical role in tumor
surveillance via an NKG2D signal’! Knowing the details of
how to activate the abundant NK cells in the liver could lead
to the establishment of attractive new strategies for HCC
treatment.

In this study, we investigated the expression of FGF-2 in
chronic hepatitis (CH) type C patients with or without HCC
and the immunoregulation of FGF-2 in NK sensitivity of
HCC cells. Of importance are the findings that serum FGEF-2
levels in patients with CH and LC without HCC were signifi-
cantly higher than that in those with HCC and that FGE-2
enhanced the NK sensitivity of HCC cells. The present study
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Table 1. Clinical backgrounds

Number 24 80 84 112

Stage Hli/IV 61

Abbreviations: Stage: TNM stage; M: male; F: female; HCV: hepatitis C
virus.

sheds light on previously unrecognized immunological effects
of FGF-2 on HCC cells and thus suggests a role of FGF-2 in
HCC development in patients with CII type C.

Material and Methods

Liver tissues and immunohistochemistry

Human HCC tissues (#n = 6) and normal liver tissues (n =
2) were obtained at surgical resection. CH tissues (n = 4)
and LC tissues (11 = 4) were oblained as liver biopsy samples.
Informed consent, under an Institutional Review Board-
approved protocol, was obtained from all patients before
sample acquisition. Liver sections were subjected to immuno-
histochemical staining using the ABC procedure (Vector Lab-
oralories, Burlingame, CA). The primary antibody (Ab) was
antihuman FGF-2 Ab (Abcam, Cambridge, MA). To confirm
the specificity of the staining, the primary antibody was incu-
bated with recombinant human FGF-2 protein (R&D Sys-
tems, Minneapolis, MN) for 3 hr and then applied onto liver
sections in parallel with staining of the primary antibody as
the absorption test.

HCC cell lines

HepG2 and PLC/PRF/5, human hepatoma cell lines, were
purchased from American Type Culture Collection (Rock-
villee, 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 humidi-
fied incubator at 5% CO, and 37°C.

ELISA

The sera from CH patients (n = 80), LC patients (n = 84),
HCC patients (n = 112, Stagel/IT # = 51 and Stagelll/IV n
= 61) and age-matched healthy volunteers (HVs) (n = 24)
were subjected to analysis of the FGF-2 level. Clinical back-
grounds of patients were summarized in Table 1. Informed
consent, under an Institutional Review Board-approved pro-
tocol, was obtained from all patients before sample acquisi-
tion. The level of FGF-2 and soluble major histocompalibility
complex class I-related chain A (MICA) were determined
using Quantikine Human FGF basic (R&D Systems) and
DuoSet MICA eELISA kit (R&D Systems), respectively.
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HCC cells and normal hepatocyts cultures

Both HepG2 and PLC/PRF/5 cells or normal hepatocytes
(ScienCell Research Laboratories, Carlsbad, CA) were cul-
tured for 72 hr in the presence or absence of human interleu-
kin-1f (IL-1B) (50 ng/ml, Peprotech, Rocky Hill, NT), human
IL-6 (300 ng/ml, Peprotech), human transforming growth
factor-B1 (TGF-B1) (50 ng/ml, R&D Systems) and human tu-
mor necrosis factor-o (TNF-o) (100 ng/ml, Peprotech), and
the treated cells were harvested and evaluated for expression
of FGF-2. In some experiments, HepG2 and PLC/PRF/5 cells
were cultured in the presence or absence of recombinant
human FGF-2 protein (250 ng/ml, R&D Systems) with or
without antihuman FGFR2 neutralizing Ab (10 pg/ml, R&D
Systems) for 48 hr, and the hepatoma cells were harvesied
and evaluated for the immunological regulation of the NK
cells.

Flow cytometry -

For the detection of membrane-bound MICA, cells were
incubated with anti-MICA specific Ab (2C10, Santa Cruz
Biotechnology, Santa Cruz, CA) and stained with Goal
F(ab')2 fragment anti-Mouse IgG(H-+L)-PE (Beckman
Coulter, Fullerton, CA) as a secondary reagent and then sub-
jected to flow cylometric analysis. For the delection of
human leukocyte antigen (HLA) class I, cells were incubated
with PE-conjugated antthuman HLA-A,B,C Ab (w6/32, BD
Biosciences, San Jose, CA). Flow cytometric analysis was per-
formed using a FACScan flow cytometer (Becton Dickinson,
San Jose, CA).

Western blotting

The total cellular protein was electrophoretically separated
using sodium dodecyl sulfate-12% polyacrylamide gels and
transferred onto PVDF membranes. The membranes were
blocked in Tris-buffered saline-Tween20 containing 5% skim
milk for 1 hr and then probed with rabbit polyclonal Ab to
FGEF-2 (Abcam) at room temperature overnight. Horseradish
peroxidase-conjugated anti-rabbit IgG and SuperSignal West
Pico System (Pierce, Rockford, IL) were used for the detec-
tion of blots.

Real-time RT-PCR

Total RNA was isolated using RNeasy Mini Kit (Qiagen KX,
Tokyo, Japan) and was reverse transcribed using High
Capacity RNA-to-cDNA Master Mix (Applied Biosystems,
Foster City, CA). The mRNA levels were evaluated using ABI
PRISM 7900 Sequence Detection System (Applied Biosys-
tems). Ready-to-use assay (Applied Biosystems) was used for
the quantification of FGF-2 (ID: Fs00960934_m1), MICA
(Hs00792195_m1) and B-actin (Hs:99999903_m1) mRNAs
according to the manufacturer’s instructions. f-actin mRNA
from each sample was quantified as endogenous control of
internal RNA.
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NK cell analysis

NK cells were isolated from human peripheral blood mono-
nuclear cells by magnetic cell sorling using CD56 MicroBeads
(Miltenyi Biotech, Auburn, CA).** The cytolytic ability of NK
cells against FGF-2-treated HepG2 and PLC/PRF/5 cells was
assessed by 4-hr *'Cr-release assay with or without antihu-
man MICA/B Ab (BD Biosciences) as previously described.*?
The expressions of NKG2D and NKG2A on NK cells were
analyzed by flow cytometry with PE-conjugated antthuman
NKG2D Ab (BD Biosciences) and PE-conjugated IgG antihu-
man NKG2A Ab (R&D Systems).

Statistics

For human sample data, values were expressed as the median
and interquartile range using box plots and the 10th and
90th percentiles as horizontal bars. For comparison of more

RS

'HCCfreeratio F o _

FGF-2 and NK sensitivity of HCC cells

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 proce-
dure. Differences between retreatment and post-treatment
values were lested by the paired #-test. FGF-2 mRNA values
were expressed as the mean and SD, and the statistical signif-
icance of differences between the groups was determined by
applying Studenl’s ¢ lesl aller each group had been tested
with equal variance and Fisher’s exact probability test. We
defined statistical significance as p < 0.05.

Results .
FGF-2 is expressed in the liver and serum of patients with
chronic liver diseases

We first examined the FGF-2 expressions in the livers of nor-
mal volunteers and the patients with chronic liver diseases.
Immunohistochemical analysis revealed that FGF-2 was not
expressed in normal liver tissues. In contrast, the expressions
of FGF-2 were detected in chronic liver tissues (Fig. 1a). We
evaluated the serum FGF-2 levels by specific ELISA. All of
the chronic liver disease patients were hepatitis C virus
(HCV)-RNA positive. As shown in Figure 1b, the serum
FGF-2 levels in CH and LC patients were significantly higher
than those of HV, but those in HCC patients were not.
Those in CH patients were also significantly higher than
those in LC or HCC patients. Those in LC patients tended to
be higher than those in HCC palients, although Lhis was not
significant. The serum FGF-2 levels in HCC patients were
low and significant difference between Stagel/II patients and
III/IV patients was not observed (data not shown). We com-
pared the serum FGF-2 levels before and after the

Figure 1. Expressions of FGF-2 in the liver of patients with chronic
liver diseases and serum FGF-2 levels in chronic liver disease
patients were associated with HCC incidence. (a)
Immunohistochemical analysis of FGF-2 in normal liver tissues (N
= 2), chronic hepatitis tissues (N = 4), liver cirthosis (LO) tissues
(N = 4) and hepatocellular carcinoma (HCC) tissues (N = 6). Liver
sections were stained with the FGF-2 Ab (upper panels). The
primary Ab was incubated with recombinant FGF-2 protein and
then applied to liver sections in parallel as the absorption test
(lower panels). Representative pictures are shown. (b) Serum FGF-2
levels in chronic hepatitis patients (CH, N = 80), liver cirrhosis
patients (LC, N = 84) and HCC patients (N = 112) were evaluated
by specific ELISA. All patients were HCV-RNA positive. Comparison
of serum FGF-2 levels of each group. * p < 0.05. {¢) Serum FGF-2
levels were compared between before and after HCC development
in six chronic liver disease patients. The mean follow-up period
was nine years. * p < 0.05. (d) The correlation of the FGF-2 level
and HCC incidence was evaluated. 84 LC patients were divided
into two groups according to serum FGF-2 levels; high (serum FGF-
2 concentration > 1.8 pg/ml; 40 patients, ®) and low (£1.8 pg/
ml; 44 patients, A). We followed these LC patients for three years
and compared the rate of HCC-free survival in these groups.
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development of IICC in six chronic liver disease patients.
The mean follow-up period was nine years. The serum FGE-
2 levels of the patients before the occurrence of HCC were
significantly higher than those of the same patients after the
occurrence of HCC (Fig. 1c). These results demonstrated that
the serum FGF-2 levels were highest in CH patients and sig-
nificantly decreased as the liver disease progressed.

FGF-2 levels were associated with the incidence
of HCC in chrenic liver disease patients
The earlier results suggested that increased FGF-2 levels
mighl prevent HCC tumor development. We investigaled the
correlation of the serum FGF-2 level and HCC incidence.
The 84 LC patients were divided into two groups according
tlo serum FGF-2 levels, high (serum FGF-2 concentration >
1.8 pg/ml; 40 patients) and low (£1.8 pg/ml; 44 patients),
because the median of FGF-2 levels in these patients was 1.8
- pg/ml. We followed these LC patients for three years and
compared the rates of HCC-free survival. As shown in Figure
1d, the HCC free ratio of the high FGF-2 palienls was signifi-
cantly higher than that of the low FGF-2 patients. These
results suggested that FGF-2 production from chronically dis-
eased liver lissues mighl be associated with the occurrence of
HCC.

Inflammatory cytokines increased FGF-2 expression in HCC
cells and normal hepatocytes
Previous reports demonstrated that FGF-2 expressions were

detected in both tumor cells and normal hepatocytes in addi-

tion to sinusoidal endothelial cells in HCC tissues.” Some
inflammalory cylokines, such as IL-1B, IL-6, TGF-B and
TNE-0, are known to increase in CH patients.la'15 To exam-
ine the effect of such inflammatory cytokines on FGF-2
expression in liver cells, we cultured HepG2 and PLC/PRF/5
HCC cells for 72 hr in the presence or absence of these cyto-
kines. As shown in Figure 2a, IL-1p and IL-6 increased FGF-
2 protein levels in both HepG2 and PLC/PRF/5 cells. FGE-2
mRNA levels in HepG2 and PLC/PRE/5 cells treated with IL-
1B and IL-6 were significantly higher than those in non-
treated control HCC cells (Fig. 2b). We also examined FGE-2
levels in the supernatants of the HCC cells cocultured with
inflammatory cytokines. FGF-2 levels of IL-18- or IL-6-
treated HepG2 cells or PLC/PRF/5 cells tended to increase
compared with those of nontreated HCC cells (data not
shown). FGF-2 mRNA levels in normal hepatocytes treated
with IL-1f, but not IL-6, were also significantly higher than
those in nontreated control cells (Fig. 2c). These results sug-
gested that both IL-18 and IL-6 were capable of inducing
FGF-2 expression in HCC cells and normal hepatocytes. We
also examined whether TGF-B1 and TNF-o could induce
BGF-2 expressions on HCC cells. We found that FGF-2
expression levels in treated HCC cells did not change in
Western blotting or real-time RT-PCR analysis (data not
shown).
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FGF-2 induced the expression of membrane-bound MICA

and suppressed the expression of HLA class | on HCC

cells, but FGF-2 did not change the expressions of NKG2D
and NKG2A on NK cell

The above findings suggested that decreasing FGF-2 might
alfect the HCC development in the patients with chronic
liver disease. To investigate whether or not FGF-2 protein
directly activates NK cells, we examined whether FGF-2
affected the expression of NKG2D (activating receptor) or
NKG2A (inhibitory receptor) on NK cells. We cultured
CD56+ NK cells obtained from HVs with FGF-2 for 24 hr
and then subjected them to flow cytometric analysis. The
expressions of both NKG2D and NKG2A on NK cells did
nol change by adding FGF-2 protein (Fig. 3a), suggesling
that FGF-2 did not have a direct effect on NK cells. We next
examined the immunological modification of human HCC
cells by adding human FGF-2 prolein. We evalualed the
expressions of membrane-bound MICA (NK activating mole-
cule) and HLA class I (NK inhibilory molecule) in HepG2
and PLC/PRF/5 cells by flow cytometry. The expressions of
MICA on FGF-2-treated cells were higher than those on non-
treated cells in both HepG2 and PLC/PRF/5 cells (Fig. 3b).
In contrast, those of HLA class I on FGF-2-treated cells were
lower than those on nontreated cells in both types of HCC
cells (Fig. 3b). FGE-2-treatment could modify the expressions
of MICA and HLA class I on HCC cells in a dose-dependent
manner (data not shown). The mRNA level of MICA in
FGE-2-treated HepG2 cells was also significantly higher than
that in nontreated HepG2 cells. The mRNA level of MICA in
FGF-2-treated PLC/PRF/5 tended to be higher than that in
nontreated cells, although the difference was not statistically
significant (Fig. 3b). We examinéd the expressions of MICA
and HLA class I on FGF-2-treated normal hepatocytes. The
expressions of both molecules did not change in FGF-2-
treated normal hepatocytes (Fig. 3c). We also evaluated FGF-
2-dependent MICA regulation on a gastric cancer cell line
(KATOI), colon cancer cell lines (HCT116, HT29) and a
cervical cancer cell line (Iela). The MICA expression was
induced in FGE-2-treated HCT116 cells and weakly in FGE-
2-treated Hela cells, but not in the other two cell lines (data
not shown). These results suggested that FGF-2 could modify
the MICA expressions in several types of cancers.

The signal via FGF-2/FGF-receptor2 is essential

for the induction of MICA and HLA class | expressions

on HCC cells

We examined the FGF receptors (FGFR1, FGFR2, and
FGFR3) on both types of HCC cells by flow cytometry. The
expressions of FGFR2 were high for both cell types. While
FGE-2 has cross-reactivity with FGFR1 and FGFR3, the
expressions of FGFRI and FGFR3 were very low on both
types of HCC cells (Fig. 4a). To examine whether the interac-
tion between FGF-2 and FGFR2 could induce the expressions
of MICA and HLA cdlass T on both types of HCC cells, we
evaluated the expressions of both molecules on FGF-2-treated
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Figure 2. IL-1B and IL-6 increased FGF-2 expressions on human HCC cells and normal hepatocytes. To examine the effect of IL-18 and IL-6

on FGF-2 expression, HepG2 and PLC/PRF/5 cells (a,b) or normal hepatocytes () were cultured for 72 hr in the presence or absence of IL-  »
1B (50 ng/ml) and IL-6 (300 ng/ml). FGF-2 expression in these cells was evaluated by Western blotting analysis (@) and real-time RT-PCR
analysis (b,c). (@) The proteins were subjected to Western blot assay using each specific Ab. Upper panel is FGF-2 and lower panel is B-
actin. (b,¢) Total RNA was extracted and reverse transcribed. Relative copy numbers of FGF-2 were determined by real-time PCR analysis

and normalized with B-actin expression. Results are expressed as mean =SD. Similar results were obtained in two independent

experiments. * p < 0.05.

HCC cells with anti-FGFR2 neutralizing Ab. The anti-FGFR2
Ab blocks the ability of FGF-2 to modulate MICA and TILA
class I on both HepG2 and PLC/PRF/5 cells (Fig. 4b).

FGF-2 enhanced susceptibility to NK cells of HCC cells and
the correlation of serum FGF-2 and soluble MICA levels in
patients with chronic liver disease

The earlier results suggested that FGF-2 might enhance the
susceplibility to NK cells of HCC cells. We nexi examined

whether FGF-2 could modify the NK sensitivity of human
HCC cells. The cytolytic activities of NK cells against FGF-2-
treated HepG2 and FGEF-2-treated PLC/PRF/5 cells were
higher than those against nontreated HCC cells (Fig, 5a).
The cytolytic activity against FGF-2-treated IICC cells
decreased to the control levels on addition of anti-MICA/B
blocking antibody (Fig. 52) but not on addition of isotype
IgG antibody (Fig. 5b). These results demonstrated that add-
ing FGF-2 enhanced the NK sensitivity of HCC cells via
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Figure 3. The expressions of NKG2D and NKG2A on FGF-2-treated NK cells and the expressions of MICA and HLA class | on FGF-2-treated
hepatoma cells. (@) The expressions of NKG2D or NKG2A on FGF-2-treated or nontreated NK cells were evaluated. NK cells obtained from
healthy volunteers (2 x 10° cells/well) were cultured with or without FGF-2 protein (250 ng/ml) for 24 hr, and the expressions of NKG2D
and NKG2A on NK cells were evaluated by flow cytometry. Representative results were shown. (b,c) HCC cells (B: HepG2 and PLC/PRF/S) or
normal hepatocytes () were treated with 250 ng/ml FGF-2 or control medium for 48 hr and subjected to flow cytometric analysis of MICA
and HLA class | surface expression. Black line histograms: MICA or HLA class | staining of nontreated cells; gray line histograms: MICA or
HLA class | staining of FGF-2-treated cells; shaded/black histograms: control IgG isotype Ab staining of each molecule. {b) Lower panel,
mRNA levels of MICA in FGF-2-treated or nontreated HCC cells were examined by real-time PCR. Representative data are shown. Similar
results were obtained from two independent experiments. * p < 0.05.
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Figure 4. The expressions of FGF receptors on hepatoma cells. (@)
The expressions of FGF receptors (FGFR1, FGFR2, and FGFR3) on
hoth HepG2 and PLC/PRF/5 cells were evaluated by flow
cytometry. Black line histograms: staining of each FGF receptors
(FGFR1, FGFR2, FGFR3), shaded/black histograms: control isotype
Ab staining of each molecule. (b} To confirm that adding of FGF-2
protein resulted in modifying the expressions of MICA and HLA
class [ on both HCC cells, the expressions of both molecules on
FGF-2- (250 ng/ml) treated HCC cells with anti-FGFR2 neutralizing
Ab (10 pg/ml) or isotype control’Ab (murine isotype control IgG 10
ng/ml) were evaluated by flow cytometry. FGF-2+anti-FGFR2 Ab,
the expression of MICA or HLA class | on FGF-2-treated HCC cells
with anti-FGFR2 neutralizing Ab. FGF-2-+isotype Ab, the expression
of MICA or HLA class | on FGF-2-treated HCC cells with isotype
control Ab. shaded/black histograms: control isotype Ab staining
of each molecule. Representative results were shown. Similar
results were obtained in three independent experiments.

increased expression of membrane-bound MICA. We next
examined the correlation of serum FGF-2 and soluble MICA
in patients with chronic liver disease. Serum FGF-2 levels in
patients with chronic liver disease correlated with soluble
MICA levels (Fig. 5¢). These results suggesled that high FGF-
2 levels in patients with chronic liver disease may prevent the
shedding of MICA in liver lissues.

FGF-2 and NIC sensitivity of HCC cells
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Figure 5. The cytolytic activity against FGF-2-treated HCC cells and
the correlation between serum FGF-2 and soluble MICA in patients
with chronic liver disease. {g,b) Both HepG2 and PLC/PRF/5 cells
were cultured with or without FGF-2 protein (250 ng/ml) for 48 hr,
and the cytolytic activities of NK cells against FGF-2-treated HepG2
and PLC/PRF/5 cells or nontreated HCC cells were evaluated by
1Cr-release assay. Nontreated HCC cells (®) or FGF-2-treated HCC
cells without (&) or with blocking Ab of MICA/B (6D4) (a, &) or
isotype IgG Ab (b, @). Representative results are shown. Similar
results were obtained from three independent experiments. (¢)
Correlation of serum FGF-2 levels and solubte MICA levels in
patients with chronic liver disease (chronic hepatitis patients, N =
80, liver cirrhosis patients, N = 84 and HCC patients, N = 112).
The serum FGF-2 and soluble MICA were evaluated by specific
ELISA respectively.

Discussion

The FGF-2 levels in chronic liver disease, a premalignant
condition, have not been well studied. Uematsu et al
reported that the serum FGF-2 levels of patients with LC or
HCC were significantly higher than those of HVs, and serum
FGF-2 levels of IICC patients tended to be lower than those
of LC patients without HCC.P In contrast, Jinno ef al.
reported that the circulating FGE-2 levels in HCC patients
were significantly higher than those in CH and LC patients.’®
In the present study, we analyzed the serum FGE-2 levels on
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a larger scale for patients with chronic liver disease. Consist-
ent with Uematsu’s report, the serum FGF-2 levels signifi-
cantly decreased along the progression of chronic liver dis-
ease and those in TICC patients were significantly lower than
those in CH or LC palients. These resulls suggested that
decreasing FGF-2 levels might be associated with the occur-
rence of HCC during the progression of chronic liver disease.
FGF-2 has been shown to act as a polent angiogenic faclor in
a number of cell lines and solid tumors.™? As for HCC devel-
opment, FGF-2 has been reported to augment vascular endo-
‘thelial growth faclor (VEGF)-medialed angiogenesis in HCC
development.” However, at present, in contrast to the clear
roles of VEGF in the angiogenesis of HCC, the roles of FGF-
2 in the HCC development are still controversial and should
be elucidated.

Immunohistochemical analysis revealed Lhat hepalocyles
in patients with chronic liver diseases seemed to produce
FGEF-2, but those in healthy donors did not. This suggested
that inflammatory responses in liver tissues might have roles
in the production of FGF-2. Some inflammatory cytokines,
such as IL-1B and IL-6, increased in CH or LC patients.”’ls
Aside from liver cells, IL-6 could induce FGF-2 expressions
in basal cell carcinoma cell line'® or Kaposi’s sarcoma cell
and human umbilical vein endothelial cells.'® On the basis of
these reports, we examined the effect of such inflammatory
cytokines on FGF-2 expression in HCC cells and normal he-
patocytes. The FGF-2 expression could be, al least in parl,
induced by IL-1B and IL-6. Both IL-1§ and IL-6 are pro-
duced mainly by local immune cells, including activated
Kupffer cells.” Although the detail mechanism of the induc-
tion of FGF-2 expregsion in HCC cells and normal hepato-
cyles is little known, the production of these cytokines might
contribute to preventing HCC development via promoting
FGF-2 expression in the liver. )

Guerra et al. reported thal NKG2D-deficienl mice are de-
fective in tumor surveillance in models of spontaneous malig-
nancy,'’ suggesting that NK-dependent immune-surveillance
might play a critical role in tumor development. However,
the mechanism of tumor surveillance of NK cells remains
unclear in HCC developmenl. We previously demonstrated
that membrane-bound MICA on HCC cells plays essential
roles in the NK sensitivity of HCC cells.”> We therefore eval-
uated the MICA (activating molecule of NK cells) and HLA
class I (inhibitory molecule of NK cells) on HCC cells treated
with FGF-2. This treatment resulted in increasing MICA
expression and decreasing HLA class I on HCC cells. Con-
sistent with these results, the cytolytic activity of NK cells
against FGF-2-treated HCC cells was higher than that against
pontreated HCC cells. These results suggested that FGF-2
enhanced the NK sensitivity of HCC cells by upregulating
MICA expression and downregulating HLA class I on the
cellular surface. Interestingly, adding FGF-2 did not change
the expressions of MICA and HLA class I on normal hepato-
cytes. These demonstrated that FGF-2 could enhance the NK
sensitivity of HCC cells bul not that of normal hepatocyles.
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We also evaluated the expressions of MICA and LA class I
on other growth factors (such as VEGF or PDGF)-treated
HCC cells. The expressions of MICA and HLA class I on
VEGF- or PDGF-treated HCC cells were similar to those on
nontreated HCC cells (Tsunematsu H, unpublished data). In
this study, we demonstrated that FGF-2 production from
liver tissues decreased along the progression of chronic liver
disease. FGF-2 production from liver lissues mighl prevent
the occurrence of HCC by eliminating HCC cell by enhanc-
ing NK sensitivity. If the innate immunity of the liver can be
efficiently activaled, prevenling the occurrence of HCC could
be expected. We previously demonstrated that anti-HCC
chemotherapy and molecular targeted therapy using sorafenib
resulted in enhancing NK sensitivity of HCC cells via upreg-
ulation of membrane-bound MICA on HCC cells.">?* These
results suggested the possibility of new routes for chemopre-
vention of HCC, which could improve the prognosis of
chronic liver disease patients. Also, on the basis of our
results, FGF-2 supplementation therapy may be a rational
approach for eliminating HCC cells in the chronic liver
disease.

The concentralion of FGF-2 in our in vitro study was
high compared with the serum FGF-2 concentration level.
Previous reporls demonsiraled that FGF-2 produced in the
liver tissues acts in an autocrine or paracrine fashion>® We
demonstrated that serum FGF-2 levels in chronic liver disease
were significantly higher than those in HVs and that serum
FGE-2 levels decrease with the progression of liver disease.
These results suggested that FGF-2 production from liver tis-
sues might also decrease with the progression of liver disease.
Although the local FGF-2 concentration in the liver tissues
still remains unknown and may differ from the serum FGF-2
concentration, our results have at least demonstrated that
FGF-2 could enhance NK sensitivity of HCC cells vig modifi-
cation of the aclivating and inhibitory molecules on HCC
cells.

The expression of NKG2D has been reported in all NK cells.
However, Lhis has also been reported in most NKT cells, subsets
of ¥0 T cells and all human CD8~+ T cells and a subset of
CD4+ T cells.®® In addition to NK cells, the MICA-NKG2D
pathway plays roles in the costimulation or recognition of each
cell. Our results demonstrated that FGE-2 might increase the
membrane-bound MICA on HCC cells. It might be possible
that the increased expression of MICA may also activate other
lymphocytes expressing NKG2D and that these cells may also
contribute to the elimination of TICC cells.

Theé eatlier results suggested that FGF-2 levels might con-
tribute to the eradication of HCC cells in liver tissues, which
would prevent the incidence of HCC in chronic liver disease.
Our patients’ data demonstrated that HCC occurrence of the
patients with high levels of FGF-2 was significantly lower
than thal with low levels of FGF-2, which is consistent with
the results of NK sensitivity of FGF-2-treated HCC cells.
Moreover, the FGF-2 levels in patients before IICC occur-
rence were significantly higher than those in the same
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patients after IICC occurrence. The decreasing levels of se-
rum FGF-2 may be a prediction factor for the occurrence of

HCC in chronic liver disease.
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