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Fig. 3. Expression of the TFN receptor and activation of STAT signaling. (A) The PLC/PRF'S cell line shows the prominent protein band of the interferon
receptor. Equal protein amounts in the loaded samples were confirmed by the Lowry method and a-tubulin. (B) Activation of STAT signaling and (C) PKR
gene expression induction by IFN-o. The PLC/PRE/S cell Tine was treated with TFN-at and the subsequent STAT1 expression and phosphorylated STATI
expression were detected with immunoblotting. Although the expression of STAT} did not change with or without TFN-a. the expression of phosphorylated
STAT1 increased 15 min after treatment and the peak intensity occurred at 30 min. Phosphorylated STAT! had two bands: the upper band was STAT]-a (91
kDa) and the lower band was STAT1-p> (84 kDa) (B). The expression of PKR is gradually increased by IFN-o up to 24 h (C).

HCC cells. We explored the molecular mechanisms of the
tumor inhibitory potential of IFN-o. Human HCC cell lines
HepG2, Hep3B, PLC/PREF/S, and HuH7 showed cell
proliferation inhibition by IFN-a, and PLC/PRF/5 and
HuH7 had statistically significant differences in the growth
inhibitory effect by IFN-a. The cell line PLC/PRF/S, which
showed the most abundant expression of IFN receptors,
showed the most growth inhibition and rapid inhibition of
MAPK signaling and anti-proliferation effect via JAK/
STAT. Although we did not examine the affected signaling
cascades in all cell lines, IFN-a may show an inhibitory
effect on cell proliferation through inhibition of MAPK
signaling.

Reduction in the phosphorylation of MEK and ERK by
IFN-a in CD4+ T lymphocytes, lymphoblastoid cell lines,
and monocytoid cell lines has been shown by several
groups |17.18], but there is no report describing the
inhibition of the MAPK pathway in HCC cells. Further-
more, IFN-a reduced the phosphorylation of MEK and
ERK1/2 within 5 min after IFN-a treatment. Our data show
rapid inhibition of MEK and ERKI/2 activation but
previous reports using immune cell lines showed at Jeast
2 h was needed to inhibit the signaling of the MAPK
pathway [17.18]. This difference may be due to tissue
specificity. Knockdown of STAT1 and JAKI with siRNA
diminished the reduction of the phosphorylation of MEK
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Fig. 4. Rapid inhibition of MEK/ERK phosphorylation but not Raf phosphorylation by 1FN-a. (A) Immunoblotting of Raf, MEK, and ERK1/2 and their
phosphorylated forms at the indicated time of incubation with [IFN (+)] or without [IFN (-)] IFN-a treatment. Control samples were not treated with IFN-a.
Whole-cell lysates were collected 5 min afier treatment. The resuits are expressed as arbitrary relative units of phosphorylation. The mean and S.E. of four trials
are shown. (B) Phosphorylation status of ERK, MEK 1.2, and Raf in functional time after [FN-a treatment are shown as ratios to the control (0 time). [FN-a
reduced the phosphorylation of ERK 1.2 (41% reduction), and MEK (47% reduction) at 5 min (P<0 .05). However. phosphorylation of Raf-1 did not show any

difference between cells treated with or without TFN-qx.

and ERKI1/2 by IFN-o. These results strongly suggest
cross-talk between Raf-MAPK signaling and the JAK/
STAT pathway because the inhibition of MAPK phosphor-
ylation is too rapid to induce de novo protein synthesis and/
or specific gene expression,

We confirmed the signaling pathway from IFN-«
receptors and the phosphorylation of STAT! to target gene
expression. Cells deficient of STAT] suggest that STAT!I
has a growth effect in type 1 IFNs {24] and defects of the
STAT pathway are observed in some human tumors [25].
The PLC/PRF/5 cells retained IFN-w-dependent signal
transduction, and phosphorylation of STAT!] followed by
expression of PKR was observed. The relationship
between the high expression level of IFN-a receptor and
the growth inhibition in HCC cells supports results found
in a previous report [26]. IFN-a treatment prolonged the
doubling times of HCC cells and FACS analysis revealed
retardation in the G1-S transition by serum stimulation. In
some cell lines, IFN-a induces apoptosis with or without
apoptotic ligands or genotoxic reagents. In this study, no
apoptotic cells were observed by annexin V staining and
FACS analysis of JFN-a-treated PLC/PRF/5 cells (data not
shown). Neither apoptosis nor cell cycle arrest was seen
even at high concentrations of IFN-a (1000 units/m} was
the maximum tested).

Genetic alterations, like the loss of the tumor suppressor
p53, are implicated in HCC [27]. HepG2 expresses
functionally intact p53, while Hep3B expresses no p53
and HuH7 has a mutation of p53 (Y220C). The PLC/PRF/
5 cell line also has a mutation of pS3 (R249S). Despite the

genetic heterogencity of the four HCC cell lines, IFN-a
treatment inhibited proliferation in all cell lines at several
concentrations, suggesting that p53 may not be involved in
this rapid growth inhibition and cell cycle retardation by
IFN-a.

Inhibition of protein phosphorylation or activation of de-
phosphorylation results in the reduction of phosphorylated
MAPK. Phosphorylation plays an important role in the
regulation of many diverse cellular processes and a delicate
balance between protein kinases and protein phophatases
regulates these responses. Protein phosphatase 2A is a
family of mammalian serine/threonine phosphatases that
accounts for most of the regulation of serine/threonine
kinase activity in cells, including the negative regulation of
ERK signaling [28]. We examined the activities of protein
phosphatases 2A. 2B, and 2C in our experiment, but there
was no induction by IFN-a (data not shown).

IFN-a did not reduce Ras/Raf activation at 5 min or
other time points. The expression level of Raf-1 was
significantly higher in HCC than in liver cirrhosis [29].
Raf-1 is a key upstream protein in the MAPK pathway
that affects the cascade of phosphorylation involving
other cytoplasmic protein kinases, including MAPK and
PKC [3031].

Although we did not show direct evidence of protein
interaction or an affected signaling pathway between MEK
and IFN-a activation whereby IFN-a reduced the phos-
phorylation of MEK and ERK1/2, decreased MEK/ERK
activity may contribute to the molecular mechanism of
anti-proliferative activity by IFN-a. The ERK1/2 pathways
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Fig. 5. Knockdown of STAT! and JAK] reduces the effect of IFN-a on cell proliferation. (A) Knockdown of STAT1 and JAK1 with siRNA treatment was
examined by immunoblotting. (B. C) Phosphorylation of MEK and ERK1.2 and its reduction by suppression of IFN-a occurred with the knockdown of STAT
and JAK1 siRNA. Relative change means the ratio of phosphorylation of ERK and MEK in the siRNA and JFN-a-treated samples relative to control cells
without IFN-& and serum stimulation. (D) Assayed by WST-1, mock-transected cells had 28% reduction at Day 8, which was statistically significant (P<0.01),
but knockdown of STATI and JAK] diminished the anti-proliferative effect of TFN-: treatment. The mean and S.E. of four trials are shown.

were frequently activated in rat HCC {32} and human HCC
[33]. The MAPK pathway is activated in liver cirrhosis
and HCC and may be a target for therapy to prevent the
progression of HCC. Constitutive administration of IFN-u
to patients with hepatitis and liver cirrhosis may have an
advantageous pharmacological action for preventing carci-
nogenesis. Defining the exact target for IFN-a signaling in
the reduction of MEK and ERKI/2 activation of cell
growth is still necessary and will improve the effectiveness
of treating and preventing liver carcinogenesis and
improving the prognosis.
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