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Abstract Hepatocellular carcinoma (HCC), a prototype of
hypervascular tumors, is one of the most common malignan-
cies in the world, especially hyperendemic in the Far East
where chronic hepatitis B virus (HBV) infection is highly
prevalent. It is characterized by the clinical feature of a poor
prognosis or a high mortality due to its already far advanced
stages at diagnosis. It is so multifactorial that
hepatocarcinogenesis cannot be explained by a single molec-
ular mechanism. To date, a number of pathways have been
known to contribute to the development, growth, angiogene-
sis, and even metastasis of HCC. Among the various factors,
metastatic tumor antigens (MTAs) or metastasis-associated
proteins have been vigorously investigated as an intriguing
target in the field of hepatocarcinogenesis. According to re-
cent studies including ours, MTAs are not only involved in the
HCC development and growth (molecular carcinogenesis),
but also closely associated with the post-operative recurrence
and a poor prognosis or a worse response to post-operative
anti-cancer therapy (clinical significance). Herein, we review
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MTAs in light of their essential structure, functions, and
molecular mechanism in hepatocarcinogenesis. We will also
focus in detail on the interaction between hepatitis B x protein
(HBx) of HBV and MTA in order to clarify the HBV-
associated HCC development. Finally, we will discuss the
prognostic significance and clinical application of MTA in
HCC. We believe that this review will help clinicians to
understand the meaning and use of the detection of MTA in
order to more effectively manage their HCC patients.
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1 Introduction

Hepatocellular carcinoma (HCC) is a common malignancy
that is the fifth most common cancer in the world [1-3]. The
prognosis of HCC is generally very poor even in patients who
have undergone surgery, due to the frequent vascular invasion
and multiple intrahepatic or extrahepatic metastases at the
time of diagnosis [4—6]. Furthermore, frequent recurrence
after surgery is a major limitation to long-term survival
[7-10].

Recently, the metastatic tumor antigens or metastasis-
associated proteins of cancers have been studied and isolated.
Among them, metastatic tumor antigen 1 (MTA1) is known to
increase the migration and invasion of various tumor cells
in vitro [11-13]. MTAL has also been suggested to have a role
in angiogenic processes as a stabilizer of hypoxia-inducible
factor 1o« (HIF-1) which is a potent angiogenic regulator in a
hypoxic state, such as in a solid tumor mass [14—16]. Thus, it
has been reported that MTA 1 overexpression is closely corre-
lated with an aggressive course in several human cancers,
such as breast, prostate, colorectal, gastric, and esophageal
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cancers [17-24]. Until just a few years ago, few data were
available regarding the role of MTA1 in HCC patients [25,
26]. Recently, we have reported the results of several interest-
ing studies regarding the important role of MTA 1 and 2 in
tumor invasion and recurrence or survival after surgery in
HCC patients [27-31].

In this review, we summarize recent reports regarding the
MTA family in HCC patients, especially regarding the molec-
ular structure and expression, the clinicopathological signifi-
cance, underlying mechanism in cancer development, metas-
tasis, and angiogenesis, the role as a prognostic predictor
related to the recurrence and patient survival after surgery,
and as an expectedly specific molecular target therapy.

2 Molecular structure and expression of the MTA family
2.1 Structure, localization, and expression of MTA1

MTA1 was originally identified and analyzed as a metastasis-
promoting gene that encodes a protein comprising typical
DNA-binding motifs and nuclear localization signals. At an
initial report, the molecular weight of MTA1 is approximately
80 kDa [32]. Sequence analysis of the primary structure of
MTA1 shows multiple DNA-binding domains and a nuclear
localization signal [32-37]. MTAI1 has a preserved GATA-
type zinc finger motif indicating a direct binding to DNA [37].
However, the leucine zipper motif was not observed [32]
(Fig. 1).

The MTA1 gene does not have any apparent membrane-
associated regions, nor is there an NH,-terminal signal se-
quence. Moreover, MTA 1 protein is quite hydrophilic, thereby
suggesting that MTA1 is not a cell-surface protein, nor is it a
secreted protein. This protein contains 12 dispersed cysteine
residues, thus indicating the formation of intra- and/or inter-
molecular disulfide bonds [32]. MTA1 also has two src-
homology (SH)-binding motifs at its C-terminal residue.
This suggests that MTA1 may have a role in the signal
transduction involving many kinase and scaffolding proteins
[32, 38]. Interestingly, proline-rich sequences in the carboxyl-
terminal region completely matched the consensus sequences
of'the SH3 domain-binding site. The SH3 domain is one of the
well-defined protein domains for protein—protein interactions
[32, 39] and has an association with the cytoskeletal structure
components [40, 41]. The protein motifs of MTA1 also con-
tain two potential phosphorylation sites for tyrosine kinases.
MTA1 was phosphorylated after exposure to the vascular
endothelial growth factor (VEGF) but not to MTA1 in MCF-
7. VEGF-induced phosphorylation of MTA1 occurred in a
time-dependent manner. Then, p38 MAP kinase inhibitor
abrogated the VEGF-induced phosphorylation of MTA1.

These diverse domain structures clearly show that MTA1 is
involved in protein—protein and the regulation for DNA-
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binding, thus indicating possible functions in signal transduc-
tion and transcriptional regulation. The basic structural analy-
sis indicates that MTA1 is mainly located and functions in the
nucleus. In cases of distribution of MTA1 expression, the
MTA1 mRNA is expressed at low levels in various normal
rat organs, including the brain, heart, lung, liver, and kidney,
and that the expression level was the highest in the testis [42].
Recent studies have also observed that the localization of
MTA1 and MTA s, a short splice-variant of MTA, are clear-
ly localized in the cytoplasm [21, 25, 43, 44]. In another recent
report, Liu ef al. examined both endogenous and exogenous
MTAT and suggested that MTAL is localized in the nucleus,
cytoplasm, and nuclear envelope [45]. They observed the
detectable expression level of MTA1 in all cell lines and
tissues (normal/cancerous or adult/embryonic), thus suggest-
ing a wide physiological role for MTA1. Even though MTA1
expression is typically low in normal adult tissue, MTAI is
highly expressed during embryonic development, in nerve
network organs, such as the brain, eyes, and spinal cord, thus
indicating a potentially important role for MTA1 in nerve
development. MTA1 is generally localized in the nucleus,
but not in pancreatic acinar cells or in the development process
[44]. It seems that the location of MTA1 in cytoplasm during
embryogenesis might be involved in the inhibition of differ-
entiation by the cytoplasm-positioned MTAI.

In many types of human cancers including breast and HCC,
the increased expressions of MTA1 have been continuously
reported [24, 35, 36]. In a recent research report, 95 % of HCC
specimens (19 of 20) with vascular invasion showed strong
MTA1 expression. Also, overexpression of MTA1 correlated
with tumor size [25]. And, the immunohistochemical analysis
for MTA1 expression in various grades of human ductal breast
carcinoma tissue shows that the intensity was not similar in the
three different grades, as more intense expression of MTA1
was detected in Grade III tumor [46]. In addition, nuclear
localization of MTA1 was increased during high-stage tumor
progression [46]. This result indicates that the expression level
and location of MTA1 can be used as an axis of the carcino-
genesis stage.

2.2 MTALI and hepatitis B x protein

Hepatitis B Virus (HBV) infection is considered as one of
most potent risk factors for HCC [47]. And, HBV integration
into the host genome leads to alteration of the host genome,
thus leading to changes of cell proliferation, differentiation,
and patient survival. The HBV genome is a circular and highly
compacted double-stranded DNA that consists of four over-
lapping open reading frames (ORFs) encoding seven proteins
such as a DNA polymerase, HBV core protein, HBV surface
protein, and a regulatory x protein, HBx. Among these pro-
teins, the role of HBx has been emphasized because it is
highly involved in the development of HCC [48, 49]. HBx
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Fig. 1 Amino acid sequence of
human MTA1 (NCBI accession
No. U35113.1) was analyzed
through the National Center for
Biotechnology Information
(NCBI)-supplied BLAST
program. The diagram shows the
summarized result from http:/
www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi?SEQUENCE=
1008544&FULL. BAH (Bromo
Adjacent Homology domain,
amino acid 3—188); ELM2
(amino acid 167-221); SANT
(SWI3, ADA2, N-CoR and
TFIIB, amino acid 286-333);
ZnF_GATA (amino acid 388—
448)

AA1 100 200 300 400 500 600 715
| | | | | |

BAH Putative DNA binding site
ELM2 SANT - Zinc binding site
I DNA binding site

A.A.1-MAANMYRVGDYVYFENSSSNPYLIRRIEELNKTANGNVEAKVVCFYRRRDISSTLIALADKHATLSVCYKAGPGADNGEE
GEIEEEMENPEMVDLPEKLKHQLRHRELFLSRQLESLPATHIRGKCSVTLLNETESLKSYLEREDFFFYSLVYDPQQKTLLADK

GEIRVGNRYQADITDLLKEGEEDGRDQSRLETQVWEAHNPLTDKQIDQFLVVARSVGTFARALDCSSSVRQPSLHMSAAAASR
ELM2
DITLFHAMDTLHKNIYDISKAISALVPQGGPVLCRDEMEEWSASEANLFEEALEKYGKDFTDIQQDFLPWKSLTSIIEYYYMWKTT
SANT
DRYVQQKRLKAAEAESKLKQVYIPNYNKPNPNQISVNNVKAGVVNGTGAPGQSPGAGRACESCYTTQSYQWYSWGPPNMQC
RLCASCWTYWKKYGGLKMPTRLDGERPGPNRSNMSPHGLPARSSGSPKFAMKTRQAFYLHTTKLTRIARRLCREILRPWHAAR

NPYLPINSAAIKAECTARLPEASQSPLVLKQAVRKPLEAVLRYLETHPRPPKPDPVKSVSSVLSSLTPAKVAPVINNGSPTILGKRS
YEQHNGVDGNMKKRLLMPSRGLANHGQTRHMGPSRNLLLNKSYPTKVRLIRGGSLPPVKRRRMNWIDAPGDVFYMPKEETRKI

RKLLSSSETKRAAR RPYKPIALRQSQALPPRPPPPAPVNDEPIVIED-A.A.715 (Amino acid (715 a.a.) sequence of human MTA1)

enhances the proliferation of liver cells, whereas downregula-
tion of HBx reduces the tumorigenicity of HCC cells [5S0-52]
(Fig. 2a).

The accruing results show that HBV infection results in the
HCC development through the complex interaction between
the HBx and multiple host factors. Traditionally, HBx does
not bind directly to host DNA but causes transcriptional
activation of many genes through interaction with nuclear
transcription factors and modulation of cytoplasmic signaling
pathways, including Ras, Raf, c-JUN, mitogen-activated pro-
tein kinases (MAPKSs), nuclear factor-kappa B (NF-«kB), sig-
nal transducer and activator of transcription (STAT), focal
adhesion kinase (FAK), protein kinase C (PKC), and MTA1
[53, 54]. Moreover, HBx can regulate the expression of
Notch-1, Jagged-1, and Hes-1, suggesting that HBx may
promote the progression to HCC by activating the Notch
pathway [55]. Notch signaling is deeply involved in the en-
dothelial cell migration and sprouting from pre-existed vessels
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in the stalk cells during angiogenesis. Moreover, HBx has
been implicated in tumor angiogenesis and metastasis during
the development of HCC. HBx induces adherens junction
disruption and integrin-mediated adhesion to the extracellular
matrix [56, 57]. Decreased expression of junction molecules
and detachment of mural cell-endothelial cell interaction are
the initial processes for tumor-induced angiogenesis. In addi-
tion, the expression of matrix metalloproteinases (MMPs) was
induced and enhanced the invasive activity of the HCC cells
expressing HBx [58—62]. HBx-induced MMPs activation is
associated with an induction of cell migration, thereby sug-
gesting that HBx might facilitate tumor invasion by upregu-
lation of MMPs and subsequent disruption of the ECM
boundaries. HBx induces the invasion potential by upregulat-
ing the expression of miR-143, and thus leading to tumor
metastasis [62, 63]. Among many HBx-interacting factors,
MTAL has been considered a metastasis mediator having a
deep relationship with HBx. For a long time, abundant
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downstream targets of the MTA family have been identified;
nevertheless, information regarding the upstream regulators of
MTAL1 is still generally unknown. Only several factors, such
as hypoxia, c-Myc [64], and NF-kB signaling are defined as
inducers of MTAL1 [65]. In a recent report, HBx was seen to
stimulate the transcriptional activation of MTA1, but not of
MTA2 or MTA3. The MTA1 gene is also a key transcriptional
target of HBx protein, which contributes to angiogenesis in
liver cancer by activating HIF-1x and VEGF [52]. It was
recently shown that HBx recruits p65 to the NF-kB consensus
motif on the relaxed MTA1 gene chromatin [65].

HBx can also recruit DNA methyltransferase 3a
(DNMT3a) and 3b to the CpG island of the human MTAI
promoter. When HBx was exogenously introduced in Chang
liver cells, the DNMT3a expression level was enhanced [66,
67]. The CpGplot program analysis identifies two potential
CpG islands at bases —583 to —459 and —212 to +160 in the
human MTA1 promoter. ChIP assay showed that both
DNMT3a and DNMT3b bound to the CpG island of MTA1
and the binding were increased in the presence of HBx.
Interestingly, HBx, itself, bound to the same region of the
promoter. Further, DNMT3a and DNMT3b knock down by
siRNA reduced the expression levels of MTA1. However,
HBx did not affect the methylation status of the CpG island
when DNMT3a and DNMT3b were repressed. It also showed
increased expressions of MTA1, DNMT3a, and DNMT3b in
the liver of HBx-transgenic mice. These results suggest that
HBx increases the transcription of the MTA1 gene by an
increase of the MTA1 promoter methylation through recruit-
ment of DNMT3a and DNMT3b [68].

Another pathway for HBx-induced MTA 1 expression is by
suppressing mictoRNA-661 (miR-661) and subsequently ac-
tivating inducible nitric-oxide synthase (iNOS) in liver cancer
cells [69, 70]. MicroRNAs (miRNAs) have been identified as
post-transcriptional modifiers of target gene regulation and
control the expression of gene products important in cancer
progression. In recent years, miRNAs have gradually assumed
an important role in pathological conditions, including cancer
[71-73]. In general, miRNAs act at the 3’ untranslated region
of target mRNAs with the help of the RNA-induced silencing
complex. Binding of miRNAs to target regions leads to the
downregulation of the target mRNA by translational inhibi-
tion or degradation of mRNA [74]. Recent research suggests
that miRNAs can suppress or activate cancer development and
metastasis [75—77]. In a previous research report, human miR-
661 compromised MTA1 functions, thus leading to substantial
reduction in the motility and invasiveness of breast cancer
cells. miR-661 inhibits the expression of MTA1 by targeting
the 3’ untranslated (UTR) region of MTA1 mRNA. Then,
endogenous miR-661 expression level is then upregulated
by the CCAAT/enhancer binding protein alpha (c/EBPx)
transcription factor, which is strongly downregulated in many
cancers. This indicates that when miR-661 and its activator,
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¢/EBPa, are inhibited during cancer development, they in turn
sustain the high expression level of MTA1. Taken together,
this suggests that HBx widely affects tumor growth and me-
tastasis through the regulation of multiple cellular mecha-
nisms, such as activation of MTA1, microRNA, and many
transcriptional factors.

2.3 MTAI and angiogenesis

To evaluate the role of MTA1 as a secreted protein, Nagaraj
et al. collected the serum from ten different breast cancer
patients and measured the presence of MTAL1 in the serum.
Interestingly, the MTA1 protein was detectable in serum and
the measured levels of MTA1 were higher by ten-fold (over
500 pg/mL) in cancer patient serum compared to the level in
normal serums (around 50 pg/mL) [46]. This result indicates
that MTA1 protein can be secreted from the inside of cells
during carcinogenesis and could thus be a prognostic
indicator.

In addition, in order to determine the direct evidence for the
angiogenic activity of MTA1, Nagaraj et al. performed the rat
corneal assay and the CAM assay. The results from these two
different in vivo assays showed that the strong angiogenic
response was induced in the recombinant MTA1-treated
group. In an in vitro assay performed to confirm the angio-
genic activities of MTA1, cell migration, tube formation, and
endothelial cell (human umbilical vein endothelial cells,
HUVEC:s) proliferation were significantly induced after ex-
posure to MTA1 [46]. Moreover, the transfer of conditioned
media from 95D cells (human non-small-cell lung cancer)
treating small interfering RNA (siRNA) targeting MTAI,
could significantly decrease the tube formation of HUVECs
compared to that seen in the control group. This inhibitory
pathway might be related to the decrease of MMP-9 [78]
(Fig. 2a).

The H&E staining analysis clearly indicated that there is an
increase in the number of tumor microvessels in MTA1-
positive tumors [46]. The phenomenon of the increased
microvessels in tumor might be related to the effects of
MTALI on the VEGF signaling pathway. The VEGF and
VEGR receptor (VEGFR1, Flt-1) promoter assay showed that
the MTA1 can induce VEGF and Flt-1 expression at the
transcriptional level in both HEK-293 and MCF-7 (human
breast adenocarcinoma cell-line cells) [46]. VEGFR2 (Flk-1)
was then phosphorylated by VEGF but not by MTAL. This
result indicates that MTA1 may have its own receptor or effect
on VEGFRI activity to mediate MTA 1-induced intracellular
signaling and angiogenesis. MTA1 also activated c-Jun N-
terminal kinases (JNK) and extracellular regulated kinase
(ERK) pathways. Both of these signal mediators are well-
known factors for tumor-cell proliferation and angiogenesis.

With regard to another molecular mechanism of the angio-
genic activity of MTA1, HIF-1x protein was stabilized in
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MTA 1-overexpressed carcinoma cells (MCF-7, human breast
adenocarcinoma; H1299, a human non-small cell lung carci-
noma cell line; SK-Hepl, adenocarcinoma of the liver) and
resulted in the enhancement of VEGF expression, one of the
main target genes of HIF-l1o. In detail, MTA1 inhibits the
acetylation of HIF-1« by recruiting the histone deacetylase 1
(HDACT1) protein, resulting in the stabilization of HIF-1cc[14,
15]. Regulation of HIF-1 stability is mediated by the
oxygen-dependent degradation (ODD) domain of HIF-1c,
through various post-translational modifications [79]. HIF-1a
is hydroxylated at proline residues 402 and 564 by the
prolyl hydroxylase domain (PHD) proteins [80, 81].
Hydroxylated HIF-1o subsequently interacts with the tumor
suppressor von Hippel-Lindau protein (VHL), which targets
it for proteasomal degradation [79, 82]. ARDI might function
as another negative regulatory mediator for HIF-1x by acety-
lating the lysine 532 residue of HIF-1«. Acetylation of HIF-10¢
can be coordinated with prolyl hydroxylation and
ubiquitination, and which leads to the proteasomal degrada-
tion of HIF-1x [83]. The direct interaction between MTA1
and the regulatory proteins of HIF-1o stability has not yet
been defined.

2.4 Transcriptional regulation by MTA1

ATP-dependent chromatin-remodeling complexes are known
to help transcriptional induction by loosening chromatin struc-
tures [84-90]. Xue et al. reported a novel human ATP-
dependent chromatin-remodeling complex, known as
NuRD. NuRD has ATP-dependent nucleosome disruption
activity and histone deacetylase activity. It has been reported
that NuRD is generally associated with transcriptional repres-
sion. In a recent experiment, MTA1 was also isolated as a
subunit of NuRD [58] and the experiment established the
novel role of MTA1 protein involving the host inflammatory
responses to viral/bacterial products and infections, such as
HBx core antigen of HBV and lipopolysaccharide (LPS),
through the transcriptional regulation of host-immune respon-
sive genes [65, 70, 91-93]. The detail mechanism for this
inflammatory response is that MTA1 is mediated for myeloid
differentiation primary response gene 88 (MyD88)-dependent
stimulation of NF-kB signaling and expression of inflamma-
tory cytokines such as interleukin-1(3 (IL-13) and tumor
necrosis factor & (TNF-«). MTAT1 depletion also resulted in
the reduction of NF-kB target genes expression [94]. In addi-
tion, the functional activation of NF-kB to induce inflamma-
tory responses might be deeply related to HDAC2 [93].

In the following studies, the MTA1/NuRD complex was
reported to be a transcriptional repressor of p21 WAF1 and as
hypermethylated in cancer 1 (HIC1), as those are direct targets
of tumor suppressors p53 [95-98]. A recent study also sug-
gested the possibility that MTA1 develops oncogenesis by
induction of CONSTITUTIVELY PHOTOMORPHOGENIC1

(COP1) degradation in an auto-ubiquitination manner.
COPI1 has tumor suppressor activity. COP1 acts as an
E3 ubiquitin-protein ligase and induces ubiquitination of
substrates. In addition, COP1 also has a role as a tumor
suppressor by negative regulation of the proto-oncogenes
ETS variant 1 (ETV1) and c-Jun stability [99—101]. The
MTA2-HDACI complex has also been reported to repress
p53 to stimulate the transcription of genes important in
growth and apoptosis [102]. However, MTA family mem-
bers exist in distinct NuRD complexes, and functional
redundancy is not reported between MTA1 and MTA2
protein [36].

For a wide screening of the physiological mechanism of
MTAL1 in DNA repair, a research group attempted to identify
the differences between the MTA1—/— and MTA 1—/— mouse
embryonic fibroblasts (MEFs). From the initial 5,602 statisti-
cally significant probes, the inclusive list of genes totaled
1,124 probes which were screened. Among them, 716 were
upregulated and 408 were downregulated in the MTA1—/—
MEFs compared with the MTA1—/— controls. This indicates
that MTAL is involved in both gene induction and repression
[95]. As discussed above, as the results continue to accumu-
late regarding MTA1 functions, it seems that the physiologic
levels of MTALI participate in the inflammatory response,
although the overexpressed MTA1 is involved in carcinogen-
esis [36, 103-105].

2.5 MTAL1 and epithelial-mesenchymal transition

The idea that epithelial cells can downregulate epithelial char-
acteristics and obtain mesenchymal characteristics was origi-
nally observed by Elizabeth Hay [106, 107]. In her original
report, she described as it as “epithelial to mesenchymal
transformation”, and this process is now called “epithelial-
mesenchymal transition (EMT)”. Mesenchymal-epithelial
transition (MET) is known as the reverse process of EMT.
EMT has been related to the stem-cell potential for develop-
ment and cancer progression [107]. Similar to epithelial cells,
endothelial cells can transform into a mesenchymal pheno-
type, a process known as endothelial-mesenchymal transition
(EndMT) [108, 109]. EndMT also provides a major source of
cancer-associated fibroblasts that contribute to oncogenesis
[110]. Transforming growth factor-betal (TGF-31) signaling
affecting SMADs can induce both EndMT and EMT. TGF-f3
also activates the SNAILs expression, which is deeply in-
volved in the induction of EMT and EndMT, and represses
the expression of VE-cadherin, CD31 (also known as
PECAM, endothelial cell marker protein), and claudin-5
[109, 111, 112].

Human epidermal growth factor receptor 2 (HER-2) is an
important prognostic protein in breast cancer [113].
Metastasis-related proteins such as c-Met (also known as
hepatocyte growth factor (HGF) receptor, HGFR), VEGF,
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and MTAI1 are activated by HER-2 [114]. Moreover, HGF is
known as a multifunctional cytokine that enhances the meta-
static potential of epithelial tumor cells through the c-Met
[115, 116]. Recently, HGF was also identified as an inducer
of epithelial to fibroblast-like cells [117]. HGF induces
SNAIL1 and SNAIL2 (also known as SLUG) expression
leading to EMT [118, 119]. Immunoprecipitation analysis
showed an association between c-Met and the cadherin adhe-
sion complex members in these epithelial tumor cells [120],
although the role of this interaction in the EMT process has
not as yet been clarified. Even though MTA1 and HGF
definitely interact to induce tumor metastasis, there is still no
clear evidence regarding the relationship between MTA1 and
HGF receptor c-Met or HGF ligand during EMT.

A recent study identified TGF-3 as a potent inducer of
MTAI transcription and expression, as well as MTAI as a
downstream effector of TGF-f3, and which mediates the re-
pression of epithelial-cadherin (E-cadherin) expression [121]
(Fig. 2b). E-cadherin has an important role in epithelial cell-
cell adhesion and in the maintenance of tissue architecture.
Therefore, reduction or E-cadherin promotes EMT and tumor
progression [122]. The underlying basis of MTA1-mediated
regulation of E-cadherin includes the dual coregulatory nature
of MTAL1, wherein the MTA1/Pol II coactivator complex
stimulates the expression of FosB, which in turn interacts with
the MTA1/NuRD corepressor to inhibit the transcription of E-
cadherin [121]. Thus, activation of the TGF-31-MTAI-
cadherin axis is emerging as a central feature of EMT and
metastasis in epithelial cells. MTAT1 also affects the activation
of SNAIL1 and SNAIL2 in ovarian cancer cells [123]. Both
SNAIL1 and SNAIL2 proteins are direct transcriptional
repressors of E-cadherin, and their expression induces EMT
[124]. Therefore, it is possible that oncogenic MTA1 exploits
multiple signaling pathways to activate EMT programs,
directly or indirectly, during cancer invasion and metastasis.
Therefore, several recent findings show MTA to interject into
the HIF-1x, and Wntl pathways, and which have been
implicated in EMTs through multiple distinct mechanisms
[14, 15, 41, 125]. However, it is not yet defined whether
MTAL is involved in the disruption of the cell-cell junction
to promote EMT. Furthermore, the possibility that the
knockdown of MTAL1 expression can lead to the MET
should be determined in order to understand the detailed
carcinogenesis mechanism.

3 Clinicopathological significance of MTA
3.1 MTA expression in non-cancerous tissue

A recent study reported that MTA1 was expressed in all
normal human tissue on immunohistochemical staining,
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although the expression levels differed greatly, when they
used 24 human adult tissues and 8 mouse adult tissues [45].
This study found that a low level of MTA1 was expressed in
most normal human tissue, except in the brain, liver, kidney,
and cardiac muscle, and thus suggesting that MTA1 may have
important physiological roles in these tissues. They also ob-
served that MTA 1 localized to both the nucleus and cytoplasm
and accumulated in the nucleus. Another study showed that a
low level of MTA1 was also present in hepatocytes of back-
ground cirrhotic and normal-appearing liver tissue compared
with significantly stronger MTA1 expression in HCC. They
reported that the MTA1 was overexpressed in 31 of 45 (69 %)
HCC specimens compared with non-malignant hepatocytes.
The MTA1 expression was also predominantly localized to
the nucleus, although in some cells it was localized to the
cytoplasm or to both the nucleus and cytoplasm in HCC cells
[25]. However, in our previous study, MTA1 was stained in 88
(17 %) of the 506 HCC samples, but none of the surrounding
liver tissue was stained. The nuclear staining was also diffuse
and there were no other staining patterns such as membranous,
nucleolar, or speckled patterns that could be observed in cases
of other nuclear proteins [27]. Our other study showed that
MTA1 was overexpressed in 34.3 % of HCC tissues, although
in none of the surrounding non-tumor tissues [30].

Taken together, MTA1 expression can be noted in normal
and cirrhotic liver tissue and is more strongly stained in HCC
tissue. There is no MTA1 overexpression in all HCC tissue
with different expression levels. The expression is predomi-
nantly localized to the nucleus, although in some cells it is
localized to the cytoplasm or to both the nucleus and cyto-
plasm in HCC cells.

3.2 MTA expression in HCC tissue

In our previous study, the level of MTA1 expression was
higher in HCC patients with larger tumors (Fig. 3a—f). The
MTAL1 expression levels of the HCCs greater than 3 c¢m in
diameter was higher than those of the HCCs with less than a 3-
cm diameter. In addition, regarding the tumor type, the level of
MTA1 expression was lower in the nodular type of HCC than
in other types of HCC, such as perinodal, multinodular con-
fluent, pedunculated, and diffuse infiltrative types, in the 434
HCC cases we analyzed. MTA1 expression also differed
according to the degree of histologic differentiation of HCC.
Increased MTA1 expression levels tended to be associated
with worse histologic differentiation of HCC. In addition,
the MTA1 expression levels in patients with microvascular
emboli on frozen tissues were much greater than in those of
patients without microvascular emboli [27].

Different causes of liver disease were associated with dif-
ferences in MTA expression levels [27]. Of the 484 patients,
380 had HBV, 27 had HCV, and 8 had both HBVand HCV. A
total of 69 patients had a non-viral hepatitis cause of HCC.
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Fig. 3 Expression of MTA1 in HCC. A typical immunohistochemi
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Interestingly, MTA 1 was expressed in 80 of 380 patients with
HBV-associated HCC (21.1 %), but in only one patient
(3.4 %) with HCV-associated HCC. None of the HCCs from
the patients with HBV and HCV coinfection had MTAL1
expression (0 %, 0/8). In HCCs with non-viral causes, 7 %
(5/69) had weak MTA 1 expression and in 3 % (2/69) the level
showed a strong expression of MTA1. The MTA1 overex-
pression was much more common in HBV-associated HCC
compared with HCV-associated or other cause-associated
HCC, thus indicating that there might be a relationship be-
tween MTA1 and HBx. Yoo et al. supported this data sug-
gesting that HBV x protein induces the expression of MTA1
and HDACI1 which enhances hypoxia signaling via HIF-1
stabilization in HCC cells [52]. There was no association
between MTA1 expression levels and age, gender, Child—
Turcotte—Pugh (CTP) class of liver disease, decompensation
of liver function, or capsule invasion of HCC.

Our other study reported factors predisposing MTA1 over-
expression in 303, HBV-associated, HCC patients who
underwent surgical resection. In that study, MTA1 overex-
pression was significantly associated with younger patient
age, female gender, a higher serum alpha-fetoprotein (AFP)
level, and CTP class A. Portal vein thrombosis, microvascular
invasion, capsular invasion, and poor histological differenti-
ation were also associated with the overexpression of MTA1
[30]. In their study, there was no significant relationship
between the size of HCC and MTA1 overexpression. They
explained that interesting overexpression of MTA1 in patients
with CTP class A compared with those patients with CTP
class B may be caused by a higher protein synthetic capacity
of these patients, who can express biomarkers including
MTAI1 much higher than those with CTP class B or C.
Moon et al. reported that high MTA1 expression levels were

t;i R NS ot A | 4 & ,‘uf 7,-"‘"_‘- ¥ =
stry of MTAL a, b negative (X200, x400, respectively), ¢, d weakly positive (%200,

correlated with large tumors and vascular invasion based on
the analysis of paraffin sections from 45 HCC specimens
[25]. Hamatsu et al. showed that high MTA1 mRNA expres-
sion levels were more often seen in poorly differentiated
HCC than in well- or moderately differentiated HCC; how-
ever, they found no association between the MTA1 gene
expression levels and cancer invasion to the portal vein or
intrahepatic metastasis [26].

4 MTA family as a prognostic factor
4.1 General concepts

The MTA family is reported to be upregulated in various
tumors, as mentioned above. Regarding the aspect of prog-
nosis, a wide range of recent studies have clinicopatholog-
ically proven the relationship between cancer behaviors
and overexpression of MTA family [35]. Recent studies
have revealed that MTA1 overexpression may indicate the
invasiveness of the malignancies acting through migration
and invasion of cancer cells toward surrounding and dis-
tant tissues, e.g., a greater amount of lymph node metasta-
sis or early recurrence in breast cancer [17, 82], a deeper
invasion of gastrointestinal cancers involving the esopha-
gus, stomach, and colon [20, 22], a larger size of lung
cancer [23], and the metastasis of prostate cancer [19].
We have also shown that both MTA1 and MTA2 can
function as useful prognostic factors in HCC. In this sec-
tion, we will discuss in detail the association of the MTA
family with the patient prognosis and survival in those with
HCC, focused on our previous clinical experience.
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4.2 MTA1 as a prognostic factor in patients with HCC

HCC is clinically characterized with the worst patient
survival rate and/or the gravest prognosis among all ma-
lignancies as it is therapeutically resectable in approxi-
mately only 10-20 % of patients. The reasons why most
of them are untreatable are its advanced stages with an
unresectable size and multiple tumors, the existence of
intrahepatic or distant metastases, and vascular invasion
as well as poor reserved liver function at presentation [4,
5]. Moreover, the post-operative recurrence rate in 2 years
is so high that it reduces the long-term survival even after
complete resection of the HCC [9, 10].

Regarding metastasis-associated proteins in cancers,
MTAL, a stabilizer of HIF-1a during angiogenesis, is
suggested to be closely correlated with the aggressiveness
in human cancers [24]. It is hypothesized that the MTA
family may have a specific role during the angiogenesis or
metastasis of HCC, considering that it is a prototype of
hypervascular tumors, and is then identified as a prognostic
factor for determining recurrence or patient survival. There
are, however, only a limited number of reports demonstrat-
ing its role as a prognostic factor in HCC in terms of the
tumor burden, invasiveness, recurrence, and patient sur-
vival (Table 1). The most important message derived from
the previous clinical studies is that the MTA family is
overexpressed in HCCs with a larger size, poorly differen-
tiated histology, and microvascular invasion, and thus
resulting in a worse survival or more frequent post-
operative recurrence [25-29]. We previously performed a
large-scale study with a total of 506 patients who
underwent curative surgery, in order to investigate the
relationship of MTA1 overexpression in HCC with post-
operative recurrence after surgical resection and subse-
quently associated with the patients’ survival rate [27].
As mentioned above, tumor size, worse histologic differ-
entiation, and microvascular invasion, which are the
markers for invasiveness and the metastatic potential, were
closely correlated with the level of MTA1 expression in
HCC. Taken together, MTAL is thought to be important in
tumor-cell migration, invasion, and metastasis at the
in vivo level as well as at the in vitro level. Regarding
post-operative recurrence or disease-free survival after cu-
rative hepatectomy, as mentioned above, MTA1 may affect
cell differentiation and intrahepatic metastasis via vigorous
angiogenesis. Furthermore, MTA1 overexpression was sig-
nificantly associated with a higher recurrence and a shorter
survival even after curative treatment [25, 26].

One of the remarkable findings in our study [27] is that
the majority of the etiologies of HCC consisted of chronic
HBYV infection (75 %, 380 of 506 HCCs). Interestingly,
MTA1 was overexpressed in 21 % of HBV-associated
HCCs, whereas in 3.4 % of HCV-associated HCCs. This
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suggests the probability of MTA1 involvement in hepatitis
B virus x protein (HBx)-induced angiogenesis by stabiliz-
ing HIF-1«x. Actually, HBx, HIF-1, and VEGF are more
strongly detected in dysplastic lesions than in non-
neoplastic lesions in HBx-transgenic mice [126]. On the
one hand, MTA1 is considered an essential downstream
effector of the c-MYC oncoprotein at molecular levels
[127]. On the other hand, HBx may potentiate c-MYC-
induced hepatocarcinogenesis by inhibiting the
ubiquitination and proteasomal degradation of ¢c-MYC
[128]. HBx also accelerates metastasis by tumor-cell inva-
sion and destruction of the extracellular matrix by upregu-
lation of MMPs [129]. Accordingly, the analysis of our
study’s subgroup composed of HBV-associated HCCs,
demonstrates that MTA1 and HBx may interact with each
other during oncogenesis. It is clinically meaningful that
the levels of MTA1 expression in HCC can predict the
overall patient prognosis on the basis that its overexpres-
sion is related to tumor size, histologic differentiation,
microvascular invasion, post-operative recurrence, and
even patient survival, especially in HBV-associated HCCs.

4.3 MTA2 as a prognostic factor in patients with HCC

Although the MTA family is reported to be closely linked
to tumor progression and metastasis [17, 18, 20, 22, 23,
25-29, 130], the role of MTA2, compared with that of
MTA1, is scarcely known in the fields of
hepatocarcinogenesis, HCC progression, and metastasis.
Basically, MTA2 interacts with p53 followed by inhibition
of p53-mediated cell-growth arrest and apoptosis by
deacetylation [102]. It is, therefore, probable that MTA2
also contributes to HCC progression and subsequently to
the post-operative recurrence or the patients’ survival. It
encouraged us to perform another study to investigate
whether MTA?2 is related to HCC progression when human
HCC samples were used for immunohistochemistry [28].
In the study, the levels of MTA2 expression seen on im-
munohistochemistry depended on the HCC size and its
differentiation, similar to that of MTA1. This may suggest
that upregulation of MTA2 has a specific role in HCC
progression. According to one study, MTA2 is especially
overexpressed in rapidly dividing cells [130]. Herein,
MTAZ2 overexpression was well-matched with tumor size.
Of the transcriptional factors, p53 activity can be modulat-
ed by interacting with MTA2, and thus resulting in a
reduced steady-state level of acetylated p53. MTA2 also
inhibits p53-mediated cell-growth arrest and apoptosis
[102]. Considering the fact that MTA2 modulates p53-
mediated cell growth and apoptosis, deacetylation of p53
by MTA2 contributes to the tumor size or its aggressive-
ness, as seen in our study. Despite the reasonable specula-
tions as well as its reliable relationship to the HCC size and



Cancer Metastasis Rev (2014) 33:965-980

973

Table 1 Previous reports showing the clinical relationships of MTA1 or MTA2 overexpression with hepatocellular carcinoma (HCC) in humans

Subject (tools)

Standard of evaluation

HCC-free and
overall survival

Key findings

Moon et al. (2004) [25] 45 HCCs, (IHC)

invasion

Hamatsu ef al. (2003) [26] 33 HCCs, MTAl

(mRNA RT-PCR)

Histologic
differentiation

Ryu et al. (2008) [27] 506 HCCs, MTAI

(IHC)

Lee et al. (2009) [28] 506 HCCs, MTA2

(IHC) differentiation

Lee et al. (2011) [29] 376 HCCs, MTAl ~ —

(SNP)

Tumor size vascular

Tumor size histologic
differentiation MVI

Tumor size histologic

ND/ND HCCs with vascular invasion (95 %, 19/20)

display MTA1 overexpression

Worse?/ND MTA1 gene is overexpressed in poorly
differentiated HCC (83 %, 5/6)
(33 %, 9/27, in well- or moderately
differentiated HCC). It is associated

with disease-free survival rate (P<0.05)

MTAL is overexpressed in larger tumors,
perinodal extension, and M VL. It especially
associates with HBV-associated HCC rather
than with HCV-associated HCC. It is also
a marker of low cumulative survival rates

Worse/worse

NSP/worse® MTAZ2 is predominantly localized to the
nucleus and commonly detected in HCCs
(96.2 %, 487/506). Its expression is

increased by its size and differentiation

A allele at position IVS4-81G/A of the MTA1
gene is associated with its overexpression
(P=0.016). It is also an independent risk
factor in post-operative HCC recurrence
(P=0.015, multivariate analysis)

Related/tended
to be related”™"

IHC immunohistochemistry, M VI microvascular invasion, R7T-PCR reverse transcription polymerase chain reaction, SNP single-nucleotide polymor-

phism, ND not determined
" P=0.087

* Univariate analysis

°Not significant

¢ Significant for the most strong positive group (level 3 vs. level 0, 1, 2)

poorer differentiation, the MTA2 expression level was not
statistically associated with portal vein thrombosis, capsule
invasion, a satellite nodule, microvascular invasion, or
even with metastasis. Consequently, MTA2 overexpression
did not predict post-operative recurrence. Taken together,
MTAZ2 seems to be inferior to MTA1 as a prognostic or
survival predictor in patients with HCC.

4.4 Single-nucleotide polymorphism of the MTA1 gene as
a prognostic factor

Since we have shown the close association of MTAL, a pro-
angiogenic factor, with frequent post-operative recurrence and
poor survival in patients with HCC, another study was per-
formed to investigate single-nucleotide polymorphisms
(SNPs) in angiogenesis-related genes that are associated with
MTAL1 overexpression in HCC [29]. As is well known, angio-
genesis, a new vessel formation from pre-existing vessels, is
highly critical for HCC progression and metastasis.
Angiogenesis in HCC in detail refers to the reference [131].
Being particular to HCC, besides VEGF, insulin-like growth
factor-II (IGF-II), and HIF-1 [132—134], MTA1 can be a
good candidate for determining the significance of SNPs in

HCC. Briefly, MTAL stabilizes HIF-1«, thus leading to an
increase in the transcriptional activity of HIF-1c. It then
enhances angiogenesis through VEGF and IGF-II pathways,
which is a target of HIF-1c [14]. However, it remains to be
clarified whether MTA 1 SNP may affect the clinical course of
HCC due to the lack of data.

According to our recent study [29], an A allele at position
IVS4-81G/A of the MTA1 gene (P=0.016) was significantly
associated with MTA1 overexpression. Importantly, it was
consequently an independent risk factor for post-operative
recurrence of HCC, as seen on multivariate analysis. If we
can screen and then use specific gene polymorphisms data that
diversify the clinical course of HCC or determine the post-
operative destiny of HCC patients, we can let the clinicians
delicately design the therapeutic strategy before treatment. It
will be also valuable to identify new therapeutic targets for
HCC in gene therapies. In clinical practice, the results of
immunohistochemistry of pre-operative HCC tissues or
SNPs may determine the need for post-operative adjuvant
therapy. The study was performed only in a specific geograph-
ic area (the Far East), with a single ethnic group (Koreans),
and with HBV being the main etiology of HCC. It cannot,
therefore, be generalized that the polymorphism IVS4-81G/A
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in MTAL is associated with MTA1 overexpression in HCC
and is an independent prognostic predictor in other popula-
tions. The reliability of such findings should be confirmed in a
wide range of study subjects worldwide in order to be able to
apply them in clinical settings.

4.5 Predisposing factors for MTA 1 overexpression
in HBV-associated HCC

Thus far, we primarily described the clinical significance
of the MTA family as a prognostic or survival factor in
HCC patients. All of the studies to date have consistently,
more or less demonstrated that the MTA family is
overexpressed in invasive or aggressive HCC, and which
is suggestive of its pro-angiogenic property. Interestingly,
our studies have still underlined the probability of accen-
tuated roles of MTA1 in HBV-associated HCC [27-29]. If
MTAL1 is clinically useful for predicting the course of
HCC post-operatively or of the patients’ survival, are
there any clinically predisposing factors for MTA1 over-
expression in HCC? A recent study we performed was
intended to determine the clinical factors predisposing
MTAL1 overexpression in HBV-associated HCC (n=303
patients) [30]. Of the parameters clinically obtained at
bedside or in a laboratory, younger age, female gender, a
higher serum AFP level, and CTP class A were signifi-
cantly associated with MTA1 overexpression in HCC. The
relationship of MTA1 overexpression with portal vein
thrombosis, microvascular invasion, capsular invasion,
and poor histological differentiation were the same as
those seen in previous studies [27-29]. It is probable that
MTAI1 may have a critical role in HCC development or
progression in unusual conditions of HCC such as youn-
ger age, female gender, and good reserved liver function
(CTP class A). Collectively, a huge burden of HCC
(higher AFP level) in younger female patients and/or
good reserved liver function may predict MTA1 overex-
pression. In those cases, another adjuvant therapy must be
post-operatively selected so as to prevent HCC
recurrence.

4.6 MTA3 as a prognostic factor

MTA3 also interacts with cell signaling pathways to take part
in tumor progression and metastasis. Actually, it is highly
upregulated in several cancers, including lung, breast, and
esophagus [135—-137]. A recent study showed the association
of miR-495 with lung cancer and growth [138]. Such infor-
mation can be expanded to the field of hepatology and will be
valuable in the future when anti-cancer target therapy using
microRNA is designed. As there are regrettably no
commentable data regarding the role of MTA3 in HCC pro-
gression or metastasis, we currently do not mention this issue.
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5 MTA as a therapeutic target in HCC
5.1 Post-operative adjuvant therapy

As described above, HCC is clinically characterized by its
frequent post-operative recurrence which may require adju-
vant therapy in selected cases in order to prevent recurrence
and prolong the patient survival period. Although a number of
options as post-operative, adjuvant therapy have been
attempted, to date, there is no universal, single therapy due
to the heterogeneity of the HCC features, themselves, or to the
baseline characteristics of these patients. As a matter of fact,
none of the anti-cancer agents used post-operatively, such as
interferon-alpha, interferon-beta, iodine-125 brachytherapy,
autologous tumor vaccination, adoptive immunotherapy, acy-
clic retinoid, vitamin K2 analog, iodine-131-labeled lipiodol,
sorafenib, heparanase inhibitor PI-88, or capecitabine, reveal
consistently promising benefits in terms of recurrence-free
survival or overall survival [139]. Therefore, many recent
studies have focused on the molecular targets involved in
the diverse pathways of hepatocarcinogenesis in order to
complement such limitations of the given adjuvant therapies,
e.g., VEGF, epidermal growth factor (EGF), IGF, Ras/Raf/
MEK/ERK, PI3K/Akt/mTOR, and Met proto-oncogene
(MET). Several drugs targeted at molecular levels have been
introduced for clinical use and have been approved for treating
specific cancers, including HCC, which are under phase II or
II study [140]. However, to our knowledge, there is no study
regarding MTA1 as a molecular target, at least in HCC.

5.2 Clinical application of MTA1

Provided that HCC is a prototype of hypervascular tumors and
that the most important underlying pathophysiology in HCC
development or progression is then angiogenesis [140], it is
theoretically reasonable that different antiangiogenic agents
can be used as post-operative adjuvant drugs. On the other
hand, MTA1 is located in the middle of angiogenic pathways
during hepatocarcinogenesis and modulates HIF-1«, thus
leading to determining the VEGF expression. Therefore,
MTAT1 will become another future molecular target of anti-
HCC therapy or its expression levels of MTA1 in HCC tissue
will be applied to guide the options to be chosen as post-
operative adjuvant therapy in order to prevent HCC recur-
rence. As we suggested, anti-angiogenic chemotherapy may
reduce the recurrence rates in selected patients whose HCC
shows MTA1 overexpression indicative of hyperactive angio-
genesis. Of the proposed agents, interferon is known to have
anti-tumorigenic effects in HCC, even in patients with only a
partial response in viral eradication, although this is contro-
versial to some degree [141, 142]. In a recent randomized
clinical trial, post-operative interferon-alpha treatment was
beneficial as it reduced the recurrence rates and improved
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overall survival rate in patients after curative resection of
HBV-related HCC [143].

On the basis of our findings [27-29], we hypothesized that
post-operative adjuvant therapy using pegylated interferon
(Peg-IFN) is effective in the prevention of recurrence after
curative resection in MTA1 overexpressed HCCs. The pro-
spective, case—control study showed that the overall cumula-
tive recurrence rates at 1 and 2 years were significantly lower
in the Peg-IFN group (n=31) than in the control group (2=62)
(7 and 14 % vs. 24 and 34 %, respectively; P<0.05).
Undergoing post-operative adjuvant Peg-IFN therapy was
one of the favorable independent factors for a lower post-
operative recurrence seen in multivariate analysis. Overall
survival was also tended to be longer in the Peg-IFN group
compared to the control group (100 % vs. 87 % at year two;
P<0.05 in univariate analysis) [31]. It is possibly an anti-
cancer mechanism that Peg-IFN may exert an anti-
angiogenic activity by downregulation of HIF-1o expression
that results in VEGF suppression [144]. Taken together, post-
operative adjuvant therapy using Peg-IFN, an anti-angiogenic
agent, may be more effective if the candidates are carefully
selected, e.g., MTAl-overexpressed, angiogenesis-
predominant HCC rather than a MTAl-negative one.
Randomized, multi-centered trials enrolling a large number
of patients will be warranted in the future.

6 Discussion and conclusions

MTAI, an 80-kDa protein which is a substrate of the tran-
scriptional regulatory complex NuRD, was recently identified
as a metastasis-associated protein [27-30, 32, 33, 53]. MTA1
has an important role in the adverse course of various human
cancers, including breast, prostate, lung, colorectal, gastric,
and esophageal cancers, through migration and invasion of
cancer cells toward surrounding and distant tissues [17-24].
In HCC, until a few years ago, only a small number of
studies had examined the role of MTA1 in vascular invasion
and patient survival after treatment. The MTA1 expression
levels in HCC tissue were greater in patients with large tu-
mors, worse histologic differentiation, and microvascular em-
boli. However, there was no association between the MTA1
expression level and patient age, gender, CTP class of under-
lying liver cirrhosis, decompensation of liver function or
capsule invasion of HCC. These results are in agreement with
those of previously published reports [25, 26]. MTA1 overex-
pression was also significantly related to younger age, female
gender, higher serum AFP level, and CTP class A. Larger
tumors and tumors with worse histologic differentiation have
the potential to invade microvessels and metastasize to distant
sites from primary tumors, thereby leading to shorter disease-
free survival despite curative surgery. MTA1 is thought to be

an important factor for tumor-cell migration, invasion, and
metastasis, and the MTA1 expression levels were much higher
in HCC patients with large tumors and poor tumor differenti-
ation. The patients with higher MTA1 expression levels
showed high recurrence rates and shorter survival times after
curative treatment such as surgery. The 1-, 3- and 5-year
cumulative recurrence rates after curative hepatectomy were
much higher in MTA1-positive HCC. The 1-, 3-, and 5-year
cumulative survival rates were also much lower in MTA1-
positive HCC.

MTA1 was much more expressed in patients with
HBV-associated HCC compared to the other causes asso-
ciated with HCC. This can be explained by the fact that
HBx protein induces the expression of MTA1 and
HDACI1, and which enhances hypoxia signaling via
HIF-1« stabilization in HCC cells. HBx also induces
angiogenesis by stabilizing HIF-1x and HBx increases
the transcriptional activity and protein stability of HIF-
1o under both normoxic and hypoxic conditions by re-
ducing the binding of von Hippel-Lindau protein to HIF-
1« and preventing the ubiquitin-dependent degradation of
HIF-1x. MTAL, itself, also induces increased transcrip-
tional activity and the stability of HIF-1« protein through
the deacetylation of HIF-1« by increasing the expression
level of HDACI1 [26-28]. These findings indicate a close
correlation between MTA 1-associated metastasis and HIF-
lx-induced tumor angiogenesis.

MTAL1 is also an essential downstream effector of the c-
MYC oncoprotein [137]. HBx not only potentiates c-MYC-
induced liver oncogenesis in transgenic mice but also inhibits
the ubiquitination and proteasomal degradation of c-MYC.
HBx also promotes HCC metastasis by facilitating tumor-
cell invasion and subsequent destruction of the extracellular
matrix by upregulation of MMPs [27, 138, 139]. Collectively,
both MTA1 and HBx induce angiogenesis by stabilizing HIF-
I and increasing the c-MYC oncogene function. HBx also
activates the Twist promoter by stimulating STAT3 and in-
duces the EMT process in liver cells. EMT is recently consid-
ered as another significant source of liver fibrosis, metastasis,
and several other organs. There is also evidence that the
inhibition of NF-kB reduces liver fibrosis via inhibition of
the EMT process [145, 146]. Moreover, MTA1 activation by
TGF-f is involved in the promotion of EMT [121, 123].
However, the co-relationship between HBx and MTAs during
the EMT process has not yet been defined.

Although a number of options as a post-operative adjuvant
therapy have been attempted in order to prevent recurrence
and prolong patient survival, to date there is no universal,
single, established treatment. Therefore, many recent studies
have focused on the molecular targets involved in the diverse
pathways of hepatocarcinogenesis. Several drugs targeted at
molecular levels have been introduced into clinical use and
approved for specific cancers including HCC, and which are
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under phase II or III study [140]. However, there is no study
focused on MTA1 as a molecular target in HCC patients.

In conclusion, MTA1 expression in HCC is closely asso-
ciated with larger tumor size, worse histologic differentiation,
and microvascular invasion. MTA1 overexpression in HCC
tissue can predict frequent post-operative recurrence and poor
patient survival, especially in HBV-associated HCCs.
Therefore, the expression levels of MTA1 in HCC tissues
might be an important prognostic marker after curative sur-
gery. In addition, various molecular-targeted therapies are
under development and experimentation in HCC patients.
Molecular targeted therapy focused on MTAL1 is expected to
prevent metastasis and to enhance survival in HCC patients in
the future.
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