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Annexin A7 and JNK knockdown suppress the lymphatic
metastasis potential of hepatocellular carcinoma cells:
Possible contributions of ATF2 and sequence-related IncRNA
NONMMUT114121.1
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Background: Our previous studies identified the calcium-dependent phospholipid binding protein
Annexin A7 (ANXA7) as a critical mediator of hepatocellular carcinoma (HCC) lymph node metastasis
(LNM) in mice, possibly through c-Jun N-terminal kinase (JNK) signaling. Activating transcription factor-2
(ATF2) is a downstream target of JNK, so we examined if modulation of LNM capacity by ANXA7 and
JNK is associated with changes in ATF2 activity and its sequence-related long non-coding (Inc)RNA
NONMMUT114121.1.

Methods: The effects of shRNA-induced ANXA7 and JNK knockdown on HCC cell transwell invasion,
HCC cell lymphatic tissue adherence, ATF2 mRNA and protein expression, and ATF2 subcellular
distribution were examined in the murine HCC cell line Hca-P.

Results: Invasive capacity, lymphoid adhesion, and ATF2 expression at both mRNA and protein levels were
significantly reduced by ANXA7 or JNK knockdown (all P<0.05). Immunofluorescence revealed that ATF2
was mainly localized to the nucleus of control Hca-P cells, but this nuclear expression was markedly reduced
by ANXA7 or JNK knockdown. LncRNA NONMMUT114121.1 was associated with ATF2 by sequencing
and its expression level was significantly increased by ANXA7 knockdown (P<0.05).

Conclusions: JNK and ANXA?7 promote the invasive capacity and lymphatic adherence of Hea-P cells,
possibly through ATF2 activation and its related IncRNA NONMMUT114121.1. Nuclear ATF2 may thus

be a potential diagnostic and/or prognostic biomarker for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the five most
common malignant tumors globally and has the second
highest mortality rate among neoplastic diseases (1).
Lymph node metastasis (LNM) is a seminal event in
HCC mortality, so elucidating the underlying molecular
mechanisms will have a profound impact on diagnosis and
treatment (2). The mouse ascites syngeneic HCC line
Hca-P has proven to be a valuable model for studying
LNM in vitro (3-5), and our previous study found that the
calcium-dependent phospholipid binding protein Annexin
A7 (ANXA7) and c-Jun NH2-terminal kinase (JNK) both
contribute to i vitro LNM capacity (6,7).

Annexin A7, also termed ANXA7 or synexin, functions
as a Ca’*-activated GTPase in membrane fusion (7), thereby
contributing to cell motility and proliferation. ANXA7
protein is widely expressed in the liver in subtypes of 47 kDa
and 51 kDa (8). Downregulation of ANXA7 decreases the
proliferation, migration, invasion, apoptosis, and lymphatic
adherence of HCC cells in vitro (4,9-12), strongly suggesting
that ANXA7 signaling serves to drive LNM.

JNK, a member of the mitogen activated protein kinase
(MAPK) family, is also a critical regulator of HCC cell
death and a potential target for HCC therapy (13,14). We
previously reported that JNK expression at both mRNA
and protein levels was greater in a HCC cell line with high
lymphatic metastasis (Hca-F >70%) compared to a HCC
cell line with low lymphatic metastasis (Hca-P <30%)
(6,15). JNK is activated by phosphorylation (16) and then
translocates to the nucleus where it phospho-activates
various transcription factors implicated in oncogenesis
(17,18). In HCC cells, JNK downregulation reduced
ANXAY expression, while ANXA7 downregulation had no
effect of JNK expression (our unpublished observations),
suggesting that ANXA7 expression is controlled by JNK
signaling.

Activating transcription factor-2 (ATF2), a member
of the activating protein-1 (AP-1) transcription factor
family, contains a basic leucine zipper (bZIP) domain for
dimerization at the C-terminus and a basic domain for DNA
binding at the N-terminus that is also a substrate for JNK
phosphorylation (19,20). Binding to cis-acting elements in
the form of dimers or trimers promotes expression of genes
that can facilitate malignant proliferation (21). However,
ATF2 has the characteristics of both an oncogene and
tumor suppressor in different tissues, which may depend
on its subcellular localization to the nucleus or cytoplasm.
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Nuclear or cytoplasmic localization is regulated by protein
kinase (PKC) epsilon (22). Cell proliferation, migration,
and invasion were significantly reduced and apoptotic rate
significantly increased by silencing ATF2 in HCC cells (23).

Long non-coding RNAs (IncRNAs) are RNA molecules
>200 nt that do not encode proteins but rather regulate
expression of sequence-related mRNAs. Recent studies
have identified several IncRNAs as epigenetic regulators
controlling the expression of genes involved in multiple
biological processes (24-26). Our recent study found that
IncRNA NONMMUT114121.1 was associated with ATF2
by sequencing.

ANXA7, JNK, and ATF?2 appear critical for regulation
of HCC activity, but the precise signaling mechanisms
remain poorly understood. To the best of our knowledge,
there have been no studies examining the effect of ANXA7
and JNK expression levels on ATF2 expression and
associated changes in HCC cell LNM capacity. Therefore,
we assessed the effects of shRNA-mediated ANXA7 and
JNK knockdown on ATF?2 activity and expression of its
sequence-related IncRNA NONMMUT114121.1, and
subcellular distribution as well as related effects on HCC
cell lymphatic metastasis capacity.

Methods
Cell lines and cell culture

The mouse HCC cell line Hca-P with low lymphatic
metastatic potential (generously presented by Prof.
Jianwu Tang; Department of Pathology, Dalian Medical
University, Dalian, Liaoning, China) was established and
maintained by the Key Laboratory of Tumor Metastasis
in Liaoning Province. Hca-P cells were routinely cultured
in RPMI 1640 (Invitrogen, USA) medium containing 1%
gentamicin/streptomycin (Beyotime, China) and 10% fetal
bovine serum (Gibco, USA), and placed in 37 °C incubator
(Thermo, USA) with 5% CO2 atmosphere at 37 °C.

Transient and stable transfection

Transfection of targeted shRNA expression vectors down-
regulated the expression levels of ANXA7 and JNK in
Hca-P cells. Concisely, the shERNA-ANXA7 expression
plasmid 5’-CACCGTCAGAATTGAGTGGGAATTTCA
AGAGAATTCCCACTCAATTCTGACTTTTTTG-3’
and the shRNA-JNK expression plasmid 5’-CACCGCAG
GCCTAAATACGCTGGATTCAAGAGATCCAGCGTA
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TTTAGGCCTGTTTTTTG-3’ were inserted separately
into the pGPU6/GFP/Neo-shRNA expression vector
[expressing green fluorescent protein (GFP) and the Neo
resistance cassette], yielding pGPU6/GFP/Neo-shRNA-
ANXA7 (termed shRNA-ANXA7) and pGPU6/GFP/Neo-
shRNA-JNK (shRNA-JNK), respectively. A nonspecific
shRNA pGPU6/GFP/Neo vector was used as a control
(control-shRNA) for both targeted vectors. Plasmids
were designed by Genepharma Co., Ltd. (Shanghai,
China). Hca-P cells were inoculated in 24-well plates at a
rate of 5x10°/well with serum-free RPMI-1640 medium
overnight and then transfected with the indicated vector
using Lipofectamine 2000 (Invitrogen, Cat. 11668019,
USA) according to the manufacturer’s instructions. After
24 and 48 h, the transfection efficiency was examined by
fluorescence microscopy (Olympus, Japan). The transfected
cells were cultured in RPMI 1640 medium containing 10%
fetal bovine serum (Gibco) and 400 pg/mL G418 (Gibco)
for 28 days to obtain stable transfected cell lines. During
the selection process, part of the medium is changed daily.
When the cells approached the junction point, they were
divided into two or three parts of the transfection medium
and maintained as described.

Establishment and Sequencing of RNA Library

Total RNA was extracted from Hca-P cells according to
the instructions using Trizol reagent (TakaRa, Japan).
RNA samples were stored on dry ice and sent to Shanghai
Biotechnology Corporation for database construction
and sequencing using Illumina HiSeq Xten in the PE150
sequencing mode, yielding 15G of data.

Analysis of cell invasion

Cell invasion was assessed by transwell migration assays.
Transwell chamber units were incubated with Matrigel
Matrix (Corning, USA) at 37 °C for 1 h to generate an
artificial basement membrane, and then rehydrated with
10 pL of serum-free RPMI 1640 medium. The upper
chambers of the inserts were seeded with 4x10" cells stably
transfected with control-shRNA, shRNA-ANXA7, or
shRNA-JNK as indicated in 100 pL serum-free RPMI
1640 medium, whilst the lower chambers were filled with
500 pL of RPMI 1640 medium containing 20% FBS as a
chemoattractant. After 48 h of incubation at 37 °C under a
humidified 5% CO2 atmosphere, the transwell inserts were
swabbed on the upper chamber side to remove non-invasive
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cells, fixed, stained with crystal violet, and then examined
under an inverted light microscope (Leica, Japan) to assess
cell numbers on the lower chamber side. Cell numbers in 5
randomly chosen high-power fields were counted per insert
as an index of cell migration.

Lympb adberence assay

Lymph nodes of the inguinal, axillary, or popliteal fossa
were obtained from clean grade 615 mice and prepared as
frozen sections. Sections were air dried at room temperature
and placed on slides in a pre-sterilized wet box with sterile
phosphate-buffered saline (PBS). Lymph node sections
were then seeded with the indicated Hca-P transfection
group (control-shRNA, shRNA-ANXA7, shRNA-JNK) at
2x10’ cells per section and incubated at 37 °C for 24 h under
5% CO’. Seeded lymph node sections were then washed
three times with pre-cooled PBS (3 min/wash), stained with
HE, sealed in neutral resin, and examined under an optical
microscope (Leica, Japan) to assess the density of adherent
cells.

RNA extraction and gene expression analysis

The stably transfected cells were rinsed twice with ice-
cold PBS. According to the manufacturer's instructions,
the total RNA was extracted by using the Total RNA
Extraction Kit Fast200 (Feijie, China). RNA concentration
was determined by the absorbance at 260 nm. The 500-ng
mRNA samples from each group were reverse-transcribed
with an All-in-one First strand cDNA Synthesis Kit
(Transgen, China) at 42 °C for 15 minutes and 85 °C
for 5 seconds. The expression of ATF2 was detected
by quantitative reverse transcription—polymerase chain
reaction (QRT-PCR) using the Power SYBR Green PCR
Master Mix (Thermo Fisher, USA). Relative expression was
calculated by comparing **Ct method and GAPDH as the
internal control. The primer sequences for ATF2, IncRNA
NONMMUT114121.1, and GAPDH are listed in Table 1.

Western blotting

Cells from control-shRNA, shRNA-ANXA7, and shRNA-
JNK transfection groups were collected and lysed in RIPA
buffer (Beyotime, China) containing phenylmethanesulfonyl
fluoride (PMSEF, Beyotime, China). Total protein content
was measured using a bicinchoninic acid (BCA) protein
assay kit (Beyotime, China). Briefly, absorbance values
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Table 1 PCR primer sequences
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Gene Forward primer

Reverse primer

ATF2 5’-AAGCTGCTTTGACCCAGCAA-3’

NONMMUT114121.1
GAPDH

5-GCGTTAGCAGTCCAGAGTCCAT -3’
5-AGGTCGGTGTGAACGGATTTG-3’

5’-GAGAAGCCGGAGTTTCTGTAGTG-3’
5’-GTTTCCTCTACATCGGTTAACTTCGA -3’
5’-TGTAGACCATGTAGTTGAGGTCA-3’

were measured on a microplate spectrophotometer
(Thermo, USA) and compared to a standard curve. Equal
amounts of protein were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
using 10% gels and electrotransferred to polyvinylidene
difluoride (PVDF) membranes (Invitrogen, USA). The
membranes were blocked with 5% non-fat milk in Tris-
buffered saline supplemented with 0.5% Tween-20
(TBS-T) at room temperature for 1 h. Blocked membranes
were then incubated at 4 °C overnight with a polyclonal
antibody against ATF2 (1:600; Proteintech Cat# 11908-
1-AP, RRID:AB_10695892, USA) and then with a
monoclonal antibody against GAPDH (1:2000; Proteintech
Cat# 60004-1-Ig, RRID:AB_2107436, USA) as the gel
loading control. Membranes were washed three times in
TBS-T (10 min/wash) and then incubated sequentially
for 1 h each at 37 °C with goat anti-rabbit and anti-mouse
secondary antibodies (both 1:20000; ZSGB-Bio Cat# ZB-
2301, RRID:AB_2747412 and ZSGB-Bio Cat# ZB-2305,
RRID:AB_2747415, China). Protein bands were visualized
using electrochemiluminescence (ECL) reagent (Beyotime,
China) and quantified by a chemiluminescence detection
system.

Immunofluorescence

Stably transfected cells were washed twice with pre-cooled
PBS, seeded on poly-L-lysine-coated glass slides, fixed in
10% formalin, permeabilized using 0.2% Triton-X100,
blocked in 5% bovine serum albumin for 1 h, and incubated
with anti-ATF2 antibody (1:100, Proteintech Cat# 11908-
1-AP, RRID:AB_10695892, USA) overnight at 4 °C. The
following day, cells were incubated with anti-rabbit IgG
(H+L) secondary antibody (1:100, Thermo Fisher Scientific
Cat# 31670, RRID:AB_228342, USA) for 1 h at room
temperature. Finally, the cells were counterstained with
5 pg/mL DAPI (Beyotime, China) for 20 min and examined
under an inverted epifluorescence microscope (Olympus,

Japan).
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Statistical analysis

All statistical analyses were performed using SPSS software
(version 22.0, IBM, USA). All data are expressed as the
mean = standard deviation (SD). Independent sample 7-tests
were used for grouping mean comparison. A P<0.05 (two-
tailed) was considered statistically significant for all tests.

Results
Determination of transfection efficiency

Transfection efficiency was evaluated by GFP emission
from the pGPU6/GFP/Neo expression vector. Examination
under an inverted fluorescence microscope (Olympus,
Japan) revealed that after 48 h of transfection about 70%
of the survival cells in all three treatment groups (control-
shRNA, shRNA-ANXA7 and shRNA-JNK) emitted
green fluorescence (Figure 14). ShRNA-mediated stable
transfected cell lines with ANXA7 or JNK knockdown were
established by G418 screening for 28 consecutive days to
examine the effects on ATF2 expression, metastasis capacity,
and lymphatic adherence.

Downregulation of ANXA7 and JNK inhibited Hca-P cell
invasive potential

Transwell migration assays using Matrigel as an artificial
extracellular matrix revealed significantly reduced invasion
potential in both ANXA7 and JNK knockdown lines
compared to the control-shRNA line as indicated by
crystal violet staining and cell counting (13+0.816 and
23+0.816 cells/field vs. 41+3.266 cells/field; both P<0.05)
(Figure 1B,C)

Downregulation of ANXA7 and FNK expression reduced
Hca-P cell lymphatic tissue adberence

Lymphatic tissue adherence was also significantly reduced
by ANXA7 and JNK knockdown compared to controls
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Figure 1 Knockdown of ANXA7 or JNK suppresses the invasive capacity and lymphatic tissue adherence of the hepatocellular carcinoma
(HCC) cell line Hea-P. (A) Transfection efficiency of the control-shRNA, shRNA-ANXA?7, and shRNA-JNK vectors as determined by green
fluorescent protein (GFP) expression (from the pGPU6/GFP/Neo shRINA vector) after 48 h (magnification, 100x, Scale bar=200 pm for all

images). (B) ANXA7 or JNK knockdown reduces cell invasion into 8-pm transwell membranes coated with Matrigel compared to control

cells as revealed by HE staining. (C) Average number of invading cells per microscopic field expressed as mean = standard deviation (P<0.05).
(D) Knockdown of ANXA7 or JNK also reduces Hca-P cell adherence to freeze-dried lymphatic tissue by HE staining. (E) Differences in

adherent cells per field among transfection groups expressed as mean = standard deviation (P<0.05).

(277+38 and 20573 cells/field vs. 1056+239 cells/field; both
P<0.05) (Figure 1D,E).

Downregulation of ANXA7 and JNK reduced ATF2
mRNA and protein expression

QRT-PCR confirmed that the expression of ATF2 gene was
significantly decreased after ANXA7 and JNK knockdown
in Hea-P cells (32.3%=1.3% and 44.8%+7.7%, respectively

© Translational Cancer Research. All rights reserved.

of control-shRNA; both P<0.05) (Figure 2A4). Similarly,
western blotting revealed parallel reductions in ATF2
protein expression (control-shRNA: 0.066+0.014; shRNA-
ANXA7: 0.027+0.002; shRNA-JNK: 0.030+0.007; both
P<0.05 vs. control-shRNA) (Figure 2B,C).

Localization of the ATF2 protein

Immunofluorescence (Figure 2D) indicated that ATF2 was

Transl Cancer Res 2021;10(3):1410-1419 | http://dx.doi.org/10.21037/tcr-20-2111



Translational Cancer Research, Vol 10, No 3 March 2021

1415

C The expression of protein of ATF2
0.10

0.08
0.06

OD Value

0.04
0.02

ATF2

GAPDH 0.00

A aRT-PCR B
15

[}
=]
®
>

5 70KDa
o

36KDa

DAPI

D

control-shRNA

shRNA-ANXA7

shRNA-JNK

MERGE

Figure 2 Knockdown of ANXA7 or JNK in Hca-P cells suppresses ATF2 expression at both the mRINA and protein levels. (A) Relative
ATF2 mRNA expression as measured by qRT-PCR in cells stably transfected with control-shRNA, shRNA-ANXA?7, or shRNA-JNK
(P<0.05). (B) Western blots representing ATF2 protein expression in cells transfected with control-shRNA, shRNA-ANXA7, or shRINA-
JNK. (C) Bar chart demonstrating the optical density values of the protein bands presented in B (P<0.05). (D) Immunofluorescence
images showing the subcellular localization of ATF2 in Hca-P cells transfected with control-shRNA, shRNA-ANXA7, or shRNA-JNK

(magnification, 100x).

mainly localized to the nucleus with substantially lower
expression in the cytoplasm, while expression levels in both
compartments were reduced by knockdown of ANXA7
or JNK.

Differentially expressed IncRNAs

We identified 436 unique IncRNAs differentially expressed
between shRNA-JNK and control-shRNA cells, of which
236 were expressed at lower levels and 200 at higher levels
in shRNA-JNK cells (Figure 34). There were also 216
differentially expressed IncRINAs between shRINA-ANXA7
and control-shRNA cells, of which 101 were expressed at
lower levels and 115 at higher levels in shRNA-ANXA7
cells (Figure 3B). The IncRNA NONMMUT114121.1 was
related to ATF2 by sequence and differentially expressed
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in shRNA-ANXA7 cells, while expression did not differ
between shRINA-JINK and control-shRNA cells.

Downregulation of ANXA7 increased
NONMMUT114121.1 expression

Expression of NONMMUT114121.1 was significantly
increased by ANXA7 knockdown and reduced by JNK
knockdown in Hca-P cells as evidenced by qRT-PCR
(444.1%=%32.3% and 50.0%11.8%, respectively, of control-
shRINA; both P<0.05) (Figure 3C).

Discussion

HCC is a malignant tumor with high metastatic rate.
LNM is one of the most frequent metastatic patterns and
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Figure 3 Identification of IncRNA NONMMUT114121.1 through differential expression in HCC cells under ANXA7 knockdown. (A)
Differentially expressed gene between shRNA-JNK and control-shRNA Hca-P cells identified by sequencing. (B) Differentially expressed
gene between shRNA-ANXA7 and control-shRNA Hca-P cells. (C) Relative IncRNA NONMMUT114121.1 gene expression as measured
by qRT-PCR in cells stably transfected with control-shRNA and shRNA-ANXA7 (P<0.05).

markedly increases mortality risk. Tumor development,
progression, and LNM are strongly associated with aberrant
changes in the expression of MAPK signaling factors.
ANXA7 mediates Ca*/GTP-dependent membrane fusion,
thereby contributing to secretion, cell division, growth, and
apoptosis (11,27,28). Moreover, downregulation of ANXA7
strongly induced HCC cell apoptosis (29). Thus, high
ANXAY expression is a potential indicator of lymphatic
metastasis risk and poor prognosis in patients with HCC
as well as in gastric carcinoma patients (30). In contrast,
ANXA?7 acts as a tumor suppressor gene in prostate cancer
and glioblastoma (31). Our previous iz vitro study suggested
that ANXA?7 regulates the biological activities of mouse
HCC cells via JNK-ANXA?7 signal transduction (6).
ATF?2 regulates gene expression, transactivation, and
nuclear export through homo-dimerization or hetero-

dimerization with other AP1 family members implicated
in disease pathogenesis (32,33). In this study, the invasion
and lymphoid adhesion capacities of Hca-P cells were
significantly reduced by knockdown of ANXA?7 or JNK, and
knockdown of either molecule reduced ATF2 expression
at both gene and protein levels. ANXA7 activates PKC via
Ca’*/GTP signaling. In turn, PKC promotes the oncogenic
functions of ATF2 in the nucleus while blocking its pro-
apoptotic functions in the mitochondria. Based on these
findings, we speculate that ANXA7 knockdown suppresses
Ca’ and PKC signaling, which in turn reduces ATF?2
activity and ensuing upregulation of genes promoting the
invasive capacity and lymphatic tissue adherence of HCC
cells.

JNK is a mitogen-activated protein kinase (MAPK)
strongly expressed as two isoforms in liver (14). Studies
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in mice suggested that JNKI1 initiates HCC by inducing
hepatocyte apoptosis and compensatory proliferation
(5,34). Diverse stimuli (such as cytokines, toxins, and
drugs) activate JNK and trigger multiple downstream
responses through activation of AP-1 (35). Invasion
capacity is the most important characteristic determining
risk of tumor-related death. In this study, we confirmed
that JNK knockdown reduces the invasive and lymphatic
adhesion capacities of HCC cells 7 vitro and concomitantly
downregulates ATF2 expression at both the gene and
protein levels. ATF2 is a major downstream target of JNK,
so reducing JNK expression will reduce ATF?2 activation
via phosphorylation (16,17). ATF2 is implicated in cell
cycle control, cytokine expression, and cell death. Thus,
ATF?2 expression and/or nuclear localization are potential
markers of HCC prognosis, including LNM risk. Further,
disruption of JNK-ATF?2 signaling may have therapeutic
efficacy against LNM HCC.

In the past 10 years, high-throughput sequencing
has been widely used for IncRNA identification and
analysis of specific functions in various diseases. In the
current study, we focused on identifying differentially
expressed IncRNAs under ANXA7 and JNK knockdown
in HCC cells by sequencing to reveal novel mechanisms
underlying LNM regulation. This screen identified a new
IncRNA (NONMMUT114121.1) that may contribute
to LNM of HCC. As shown by qRT-PCR, IncRNA
NONMMUTT114121.1 gene expression was significantly
increased in ANXA7 knockdown Hca-P cells compared
to control-shRNA Hca-P cells, suggesting that ANXA7
knockdown may affect ATF2 expression by altering
IncRNA NONMMUT114121.1 expression. Thus, ATE?2
modulation by IncRNA NONMMUT114121.1 may be a
valuable therapeutic target worthy of further study.

In addition to expression level, targeting of proteins to
specific subcellular compartments and structures is critical
for biological activity. Therefore, a change in intracellular
distribution may have a greater influence on activity. For
instance, subcellular location may explain the heterogeneous
effects of various proteins in different cell types and cancer
stages. Immunofluorescence revealed that ATF2 was
mainly localized to the nucleus, and nuclear expression was
markedly reduced by ANXA7 or JNK knockdown. Like
ANXA7, ATF2 has been shown to promote or inhibiting
tumors in different tissues. For instance, ATF2 plays a
carcinogenic role in melanoma (33) and prostate cancer (36)
but acts as a cancer suppressor in leukemia, benign skin
cancer, and breast cancer (37,38). JNK is activated by
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phosphorylation and then enters the nucleus, where it
can bind to the N-terminal region of ATF2 and trigger
transcriptional activity. Nuclear expression of ATF2 was
reduced at both gene and protein levels by JNK or ANXA7
knockdown. Based on previous reports and our own
experimental results, we speculate that ATF2 promotes
HCC by driving the expression of proteins involved in cell
migration and adhesion to lymphatic tissue.

In our previous study, GeneGo analysis predicted that
ANXA7 may influence HCC through JNK signaling (6).
In this study, we confirmed that knockdown of JNK or
ANXA7 reduces HCC cell invasive capacity and lymphatic
tissue adherence concomitant with a reduction in ATF2
expression and nuclear localization. Based on these results,
we suggest that the modulation of ATF2 nuclear activity
by ANXA7 and JNK is critical a regulator of hepatic
carcinogenesis. These pathways are thus promising targets
for therapeutic intervention.
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