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Abstract Among the genes that were found to be abundantly
overexpressed in highly metastatic rat cell lines compared to
poorly metastatic cell lines, we identified a completely novel
complementary DNA (cDNA) without any homologous or
related genes in the database in 1994. The full-length cDNA
of'this rat gene was cloned, sequenced, and named metastasis-
associated gene 1 (mtfal), and eventually, its human cDNA
counterpart, MTAI, was also cloned and sequenced by our
group. MTA1 has now been identified as one of the members
of a gene family (M7A gene family) and the products of the
MTA genes, the MTA proteins, are transcriptional co-
regulators that function in histone deacetylation and nucleo-
some remodeling and have been found in nuclear histone
remodeling complexes. Furthermore, MTA! along with its
protein product MTA1 has been repeatedly and independently
reported to be overexpressed in a vast range of human cancers
and cancer cell lines compared to non-cancerous tissues and
cell lines. The expression levels of MTAL1 correlate well with
the malignant properties of human cancers, strongly suggest-
ing that MTA1 and possibly other MTA proteins (and their
genes) could be a new class of molecular targets for cancer
diagnosis and therapy.
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1 Introduction

Metastasis-associated gene/protein (MTA/MTA) is a family of
cancer progression-related genes and their encoded products
[1-4]. MTA1 is the founding gene member, along with its
protein product MTA1, of the MTA family [3—5]. The expres-
sions of MTA1 and MTA1 have been repeatedly reported to
correlate with various malignant properties of tumors, includ-
ing prognosis, in a wide range of human cancers [3-5].

The MTAL1 protein has been localized to the nucleosome
remodeling and histone deacetylation (NuRD) complex, and
its essential function is now recognized as a transcriptional co-
repressor [4—6]. In addition, the NuRD complex, which con-
tains MTA1, deacetylates non-histone proteins, such as tumor
suppressor protein p53 and hypoxia-inducible factor-1o (HIF-
1x). Notably, p53 is deacetylated and inactivated by both
MTA1 and MTA2 proteins, leading to inhibition of growth
arrest and apoptosis [7, 8]. Moreover, HIF-1w is also
deacetylated and stabilized by MTAI protein, resulting in
stimulation of angiogenesis [9, 10]. On the other hand,
MTAI protein has been shown to also function as a transcrip-
tional co-activator with RNA polymerase I1I for several genes
related to cancer and inflammation [11]. Recent studies have
shown that the MTA family plays important roles in epithelial-
mesenchymal transitions and DNA damage response [5, 12,
13]. MTA proteins, especially MTA1, probably represent a set
of master co-regulatory molecules involved in the carcinogen-
esis and progression of various malignant tumors. Thus, MTA
proteins have been proposed to be potential new tools for
clinical applications in cancer diagnosis and treatment [3—5].

During an attempt to identify candidate metastasis-
associated genes in rat mammary adenocarcinoma systems
in 1994, we first identified mtal (rat homologue) complemen-
tary DNA (cDNA) as a completely novel gene [14]. Subse-
quently, we cloned the human homologue of mtal, MTAI
[15], and investigated the expression of human MT7AI
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messenger RNA (mRNA) in surgically resected human cancer
tissues. We found significant positive correlations between the
expression levels of MT4] mRNA and several clinicopatho-
logical factors related to malignant potential [16, 17]. As the
discoverers of the mtal/MTAI genes, we have discussed the
identification and characterization of mfal/MTAI genes and
their encoded proteins (Mtal/MTA1) in the other chapter of
this issue. In this chapter, we will briefly introduce the further
information reported before the discoveries showing the in-
volvement of MTA1 in the nuclear NuRD complex and an
epoch study by the Kumar Laboratory in 2001 that directly
demonstrated the relationship between MTA1 protein in the
NuRD complex and invasion/metastasis of cancer cells [18].
In addition, we will summarize the studies that show that
overexpression of MTA1 gene/protein in human cancer tis-
sues is commonly found and briefly discuss its significance.

2 Subcellular localization of the MTA1 protein

The MTAI1 protein contains basic nuclear localization signals
[14, 15]. To determine the subcellular localization of the
MTAI1 protein, the myc-epitope-tagged MTA1 recombinant
protein was expressed in COS-7 cells, and immuno-
fluorescence staining was performed using an anti-myc mono-
clonal antibody (9E10) [19]. The intact MTA 1 protein (tagged
with myc-epitope) was clearly localized in the nucleus of
transfected cells. When a region of the carboxyl-terminal
102 amino acid residues containing three putative nuclear
localization signals and an SH3 binding domain was
expressed in COS-7 cells, this fusion protein was also local-
ized in the nucleus. However, when the fusion protein was
expressed without a nuclear localization signal, the protein
was localized in the cytoplasm. These data suggested that the
MTAI protein is a nuclear protein, and the nuclear localization
signals at the carboxyl-terminus of the protein are probably
important for its localization in the nucleus [19] (Fig. 1). The
MTA1 protein was also shown localized to the nucleus in
many cancer cells [3-5].

Recently, Liu et al. [20] reported the results of experiments
designed to study the subcellular distribution of MTA1 protein
[19]. They confirmed the localization of MTA1 protein using
multiple molecular technologies, including immunohisto-
chemistry, immunofluorescence, GFP tag tracking, Western
blot analysis, immunoprecipitation, in situ proximity ligation,
and immunoelectron microscopy. These multiple different
techniques demonstrated that MTA1 protein is primarily lo-
calized to the nucleus in most normal human adult tissues and
to the cytoplasm of embryonic tissues (mouse). Although the
MTAI1 protein was primarily found in the nucleus of most
cells, it was also detected in both the nucleus and cytoplasm in
colon cancer tissues [20]. Furthermore, they showed that the
MTAT1 protein found in the cytoplasm is localized to

@ Springer

microtubules, components of the cytoskeleton. These results
support our previous data that showed that MTA1 protein
directly interacts with the cytoplasmic protein endophilin 3.
This protein is involved in endocytosis regulation, in which
microtubules play essential roles [21].

3 BLAST search of Mtal/MTA1 amino acid sequences
5 years after identification of the original mzal cDNA

When we first reported on the amino acid sequence of the rat
Mtal protein in 1994, there were no similar or homologous
protein sequences in the databases, suggesting that mtal was a
completely new, novel gene [14]. By 1999, however, similar
genes or genes with homologous amino acid sequences to
Mtal/MTAL protein appeared in the databases. These include
(1) erl: This gene was identified as a novel immediate-early
gene in Xenopus embryos whose transcription was activated
during mesoderm induction by fibroblast growth factor [22].
The ER1 protein contains a SH3-binding domain and a DNA-
binding SANT domain [23] and has been shown to be a potent
transcription factor; (2) egl-27: This gene was identified as a
gene that controls cell polarity and cell migration during the
establishment of embryonic patterns in Caenorhabditis
elegans [24, 25]. The EGL-27 protein also contains a SANT
domain, a GATA-like zinc finger motif, a leucine-zipper mo-
tif, and two other similar regions to the MTA1 protein and is
involved in the Wnt signaling pathway; (3) ZG29p: The
ZG29p gene encodes a protein that has been identified as a
novel zymogen granule protein [26]. The MTA1 and ZG29p
proteins are apparently differentially expressed from the same
gene by alternative transcription initiation; and (4) MTAI-LI:
This gene was isolated as an MTA 1 gene homologue in the
human genome project [27]. MTAI-L1 is highly homologous
to MTALI and includes a leucine-zipper motif, a GATA-like
zinc finger motif, and a SANT domain. It has been shown to
be identical to the MTA2 gene. Even though similar or ho-
mologous genes had begun to emerge in the database, the
functions of MTA1 were still unknown at this time.

4 MTAL1 is a component of a NuRD complex

The first clues on the molecular and biochemical functions of
MTAT1 were obtained by four different groups from 1998 to
1999 [28-32]. In these studies, two disparate chromatin-
modifying activities, ATP-dependent nucleosome remodeling
activity and histone deacetylation, were discovered to be
functionally and physically linked in the same protein com-
plex. The original complex was named the NuRD complex,
and it contained histone deacetylase (HDAC)1, HDAC2, the
histone binding proteins RbAp46/48, and the
dermatomyositis-specific autoantigen Mi-2, which has been
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Fig. 1 Subcellular localization of
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MTAL protein. The structural {
domains or motifs of Mtal/MTA1
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protein are shown in the most

upper line: BAH bromo-adjacent 1
homology domain, ELM egl-27
and MTA1 homology domain, L
leucine-zipper motif, SANT
domain similar to the DNA
binding domain of myb-related
proteins, Zn GATA-type zinc-
finger motif, NLS nuclear
localization signal, SH3B src-
homology 3 domain-binding
motif. Plasmids pBJ-myc
containing the full open reading
frame (fragment A), the middle
part of the MTAL1 protein
(fragment B: amino acids residue
number 261-369), or the C-
terminal 102 amino acids
(fragment C: amino acid residue
number 613-715) were
transfected into COS-7 cells and
immunofluorescence staining was
done. Panels [-3: anti-myc
monoclonal antibody (MoAb),
Panel 4: anti-hemagglutinin (HA)
MoADb as a negative control. This
figure has been modified from
Toh et al. [19]

Fragment C :

shown to have transcription repressing activity [29-32]. Xue
et al. [30] reported that MTA1 protein was found in a NuRD
complex, and this complex had strong transcription-repressing
activities. Subsequently, Zhang et al. [31] reported that a
protein similar to MTA1 (identified as MTA2) was also a
component of a NuRD complex and that MTA2 was highly
expressed in rapidly dividing cells. Later, MTA3 was identi-
fied as an estrogen-inducible gene product that binds to and
forms a distinct NuRD complex [33]. We also reported the
physical interaction between MTA1 and HDACI1 in what
turned out to be a NuRD complex [19]. Additional NuRD
complexes, moreover, will likely be isolated that have subtle
differences in their compositions, activities, and functions.

The biochemical functions of the MTA family members
appear to be exerted through NuRD complexes that have
chromatin remodeling and histone deacetylating properties.
Although all MTA family proteins are found in NuRD com-
plexes, three MTA members have now been found in mutually
exclusive NuRD complexes with distinct and, in some cases,
antagonistic activities [34]. The studies mentioned here and
above suggest that a family of NuRD complexes that are
important in chromatin remodeling, gene regulation, and pos-
sibly other activities exist and that MTA proteins are important
components of these nuclear complexes.

261

Fragment A : anti—-myc MoAb

715

369 613 meee———— 715

Fragment B : anti—-myc MoAb

anti—myc MoAb Fragment A : anti-HA MoAb

In addition to the MTA1/MTA2 proteins, NuRD com-
plexes containing several components and factors have been
reported to be related to malignancy. For example, in the
HDAC1/2 complex, the core components are known to be
linked to oncogenesis, and their specific inhibitors are now
being used to develop new cancer treatments [35]. Mi-2f3, the
largest component found in a NuRD complex, has also been
described as an autoantigen found in dermatomyositis. It has
been reported that patients with this autoimmune disease have
a significantly increased risk for a wide variety of neoplasms,
including breast, ovarian, lung, pancreatic, stomach, and co-
lorectal cancers (up to 25 % of dermatomyositis patients have
such cancers) [36]. Further, Zhang et al. showed that one of
the methyl-CpG-binding domain-containing proteins, MBD3,
is another component of the NuRD complex [31]. MDB3 is
closely related to MBD2, and MBD2 has also been identified
as a colon cancer antigen [37]. All of these data strongly
suggest a link between the NuRD complex (including
MTA1, MTA2, and possibly others) and malignancy. To de-
termine the biologic function of MTA 1, we had to wait for the
epoch study by the Kumar Laboratory where evidence that
directly demonstrated the relationship between MTA1 protein
in the NuRD complex and invasion/metastasis of cancer cells
was obtained [18]. They reported that forced expression of the

@ Springer



894

Cancer Metastasis Rev (2014) 33:891-900

MTAL1 protein in the human breast cancer cell line MCF-7 is
accompanied by enhancement of the ability of these cells to
invade an artificial extracellular matrix and to grow in an
anchorage-independent manner. They also showed that the
enhancement is associated with the interaction between
MTAI1 protein and HDACI, resulting in a repression of estro-
gen receptor (ER)-mediated transcription.

More recently, Algarni et al. [38] reported that the MTA1
acts as a scaffold for NuRD complex assembly. The physical
interactions between MTA proteins and the members of the
NuRD complex are likely to be important for a wide variety of
the functions of NuRD complex and its role in onco-
genesis. This will be discussed in more detail elsewhere
in this same issue.

5 Expression and relevance of M741/MTA1 gene/protein
in human cancers

The MTAI gene and its protein product MTA1 have been
found to be overexpressed in a number of animal and human
tumors of differing malignant potentials [3, 4]. After identifi-
cation of the human MTA! cDNA, we examined the signifi-
cance of its overexpression in human cancer specimens. First,
we collected 36 colorectal and 34 gastric cancer tissues along
with their corresponding normal mucosal tissues and evaluat-
ed the relevance of the expression of this gene to human
carcinoma progression [16]. Because anti-MTA1 antibodies
that could be used for clinical samples were not available at
that time, the expression of M74/ mRNA was estimated by a
semiquantitative reverse-transcription polymerase chain reac-
tion (RT-PCR) method, and the results were compared with
clinicopathological data. The relative overexpression of MTA 1
mRNA (tumor/normal ratio >2) was observed in 14 of 36
(38.9 %) colorectal carcinomas and 13 of 34 (38.2 %) gastric
carcinomas [16]. Clinicopathological correlations of MTAI
gene expression demonstrated that in colorectal carcinomas
overexpressing M7TA1 mRNA, the high-MTA I-expressing tu-
mors exhibited significantly deeper wall invasion and a higher
rate of metastasis to lymph nodes. They also tended to be at a
more advanced Dukes’ stage with frequent lymphatic
involvement.

In gastric carcinomas, the tumors overexpressing MTA1
mRNA showed significantly higher rates of serosal invasion
and lymph node metastasis and tended to have higher rates of
vascular involvement. These data suggested that overexpres-
sion of the MTA1 gene correlates with tumor invasion and the
presence of metastases and that high expression of MTA/
mRNA could be a potential indicator for assessing the malig-
nant potential of colorectal and gastric carcinomas [16].

Results similar to those obtained in colorectal and gastric
carcinomas were observed in esophageal squamous cell car-
cinomas (ESCC). The relative overexpression of MTAI
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mRNA (tumor/normal ratio >2) was observed in 16 out of
47 (34.0 %) ESCC. Esophageal tumors overexpressing M7TA 1
mRNA showed significantly higher frequencies of adventitial
invasion (»<0.05) and lymph node metastasis (p<0.05) and
tended to have a higher rate of lymphatic involvement than the
remaining tumors [17].

To confirm the results discussed above, we developed anti-
MTAI1 antibodies usable for immunohistochemistry [39].
Using immunohistochemistry, the expression levels of
MTA1 protein were examined in 70 cases of surgically
resected ESCC. The intensities of immunostaining of MTA1
protein in carcinoma tissues (Ca) were compared to normal
epithelium (N) contained in the same section. Thirty of 70
cases (42.9 %) displayed overexpression of MTA1 protein (N
<Ca). Cancers overexpressing MTA1 protein invaded deeper
into the esophageal wall (»p<0.005) and showed significantly
higher degrees of lymph node metastasis (p<0.01), higher
pathological stage, more lymphatic involvement, and thus
poorer prognosis than the remaining cases (p<0.05). This
was the first report to show the prognostic significance of
MTA1 protein expression in human cancers. In this study,
we also examined the acetylation levels of histone H4 by
immunohistochemistry. The acetylation levels of histone H4
inversely correlated with the depth of cancer invasion and
pathological stage (p<0.05), and thus, the patients with higher
level of histone H4 acetylation had a better prognosis
(p<0.005).

In addition, immunostaining patterns of MTA1 protein and
acetylated histone H4 were inversely correlated (p<0.001),
demonstrating the relationship of deacetylation of histone H4
in MTA1-overexpressing carcinomas. Thus, the data suggest
that the overexpression of MTA1 protein and acetylation level
of histone H4 protein, both of which are closely related, might
be useful predictors of malignant potential of ESCC [39].

Since we showed for the first time that the upregulation of
MTA1 mRNA and higher expression of MTA1 protein were
significantly correlated to the malignant properties of human
gastric and colorectal cancers [16] as well as of ESCC [17,
39], other researchers from independent laboratories have
been investigating the expression levels of MTA family mem-
bers, especially MTA1, in various human cancers. More than
40 publications on the clinicopathological significance of
MTAL expression in human cancer tissues have appeared up
to 2014. These publications have been listed up with their
observed clinicopathological implications in Table 1. Appar-
ently, MTA1 is upregulated in a vast range of malignant
human tumors, and the results obtained in completely differ-
ent studies were very similar, regardless of the types of cancers
investigated. In general, overexpression of MTA1 closely
relates to cancer invasion and metastasis and thus to the
unfavorable prognosis.

Recently, Luo et al. [40] reported the results of a meta-
analysis of cohort studies that focused on the prognostic
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Table 1 Clinicopathological implications of the increased MTA1 expression in various human cancer tissues
Type of cancer Method Clinicopathological implications Reference
Breast cancer HC Higher tumor grade [45]
Higher MVD (angiogenesis)
LOH Higher LN metas. [46]
IHC Earlier recurrence [47]
HC Higher LN metas. [48]
Higher stage
Correl. with VEGF-A
RT-PCR Poorer prognosis [49]
Higher LN metas.
Higher stage
HC ER-a methylation [50]
Larger tumor size
Higher LN metas.
Higher stage
Esophageal cancer
SCC RT-PCR Deeper adventitial invasion [17]
SCC HC Deeper adventitial invasion [39]
Higher LN metas.
Higher stage
Poorer prognosis
SCC HC Poorer prognosis (in node-negative cases) [51]
SCC HC Poorer prognosis [52]
Correl. with VEGF-A
Higher LN metas.
SCC HC Deeper wall invasion [53]
Higher LN metas.
Poorer prognosis
Barrett HC Higher expression (in Barrett mucosa) [54]
Gastric cancer RT-PCR Deeper serosal invasion [16]
Higher LN metas.
HC Correl. with MVD [55]
Poorer prognosis (in node-negative cases)
Colorectal cancer RT-PCR Deeper wall invasion [16]
Higher LN metas.
RT-PCR Higher expression (in cancer tissue) [56]
HC Deeper wall invasion [57]
Larger tumor size
Higher LN metas.
Correl. with VEGF-C
Correl. with LVD
IHC Poorer prognosis (in combination with HDACT1) [58]
Carcinoid tumor
Stomach RT-PCR Deeper tumor invasion [59]
Small intestine RT-PCR Malignant carcinoid [60]
More liver and LN metas.

Appendix RT-PCR Significant increase (in malignant tumors) [61]
Pancreatic cancer IHC Poorer prognosis (in combination with HDACT1) [62]
Pancreatic NET HC Malignant>benign WHO class [63]

Larger tumor size
Higher mitotic rate
Hepatocellular cancer RT-PCR Shorter disease-free survival [64]
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Table 1 (continued)

Type of cancer Method Clinicopathological implications Reference
HC Larger tumor size [65]
IHC More microvascular invasion [66]
Poorer survival
SNP Higher recurrence rate [67]
HC Poorer survival (hepatitis B virus-associated) [68]
H&N cancer
SCC Microarray Higher LN metas. [69]
Oral HC Higher LN metas. [70]
More advanced stage
Deeper wall invasion
Nasopharyngeal HC Poorer prognosis [71]
ISH Higher LN metas. [72]
Poorer prognosis
Tonsil IHC Higher LN metas. [73]
Non-small-cell lung cancer RT-PCR Larger tumor size [74]
Higher LN metas.
HC More advanced stage [75]
Higher LN metas.
Poorer prognosis
HC Poorer prognosis [76]
HC Poorer prognosis [77]
Correl. with MVD (in early stage cases)
Thymoma RT-PCR Higher stage [78]
Ovarian RT-PCR Higher LN metas. [79]
HC More advanced stage [80]
Higher FIGO staging
HC More advanced stage [81]
Poorer prognosis
Cervical HC Higher LN metas. [82]
Poorer prognosis
Prostate HC Metastatic prostate ca. [83]
IHC Higher recurrence rate (in African-Americans) [84]
Lymphoma Microarray Highest expression in diffuse B cell lymphoma [85]

More tissue invasion

ca. carcinoma, correl. correlated, FIGO The International Federation of Gynecology and Obstetrics, H&N head and neck, SCC squamous cell
carcinoma, NET neuroendocrine tumor, /HC immunohistochemistry, LOH loss of heterozygosity, SNP single-nucleotide polymorphism, ISH in situ
hybridization, RT-PCR reverse-transcription polymerase chain reaction, LN metas. lymph node metastasis, M VD microvessel density, VEGF vascular

endothelial growth factor

significance of MTA1 expression in solid tumors, as detected
by immunohistochemistry. They found 16 papers on this
subject that were eligible for the meta-analysis. The types of
solid tumors included were ESCC, breast cancer, non-small-
cell lung cancer, cervical cancer, colon cancer, nasopharyn-
geal cancer, ovarian cancer, and gastric cancer. The meta-
analysis confirmed that MTA1 overexpression was an inde-
pendent predictor of poor prognosis. Furthermore, multivari-
ate analysis demonstrated that MTA1 overexpression was
significantly associated with tumor size, tumor stage, depth
of invasion, and lymph node metastasis. These clinicopatho-
logical correlative studies mentioned above have been
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reinforced by additional experiments that show the biological
relevance of MTA1 protein overexpression to carcinogenesis
and cancer progression. These studies will be introduced in
the other reviews of this issue.

6 Conclusions: MTAL1 protein as a possible new molecular
target for cancer diagnosis and therapy

Recent advances in molecular biology have resulted in the
discovery of a wide variety of new molecules involved in
carcinogenesis and cancer progression. However, in order to
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be clinically useful as molecular targets for the diagnosis and
treatment of human cancers, the new molecules must
fulfill two major requirements. The first is that abnor-
malities in expression or structure of molecules of in-
terest and their clinical relevance must be definitively
demonstrated in a variety of human cancers by indepen-
dent studies. The second is the underlying molecular
mechanisms necessary for the molecules to exert their
functions in carcinogenesis or cancer progression must
be determined.

Considering the numerous independent reports showing
the clinical relevance of the expression of M74/ mRNA and
its encoded protein MTA1 in a wide variety of human cancers
as well as definitive studies showing the molecular and bio-
chemical mechanisms of MTA protein actions, which will be
introduced in the other sections of this issue, it is likely that
MTA proteins, especially MTA1, probably represent master
co-regulatory molecules directly involved in the carcinogene-
sis and progression of various malignant tumors. Ultimately,
this could lead to additional clinical applications of the
MTALI protein as a new class of molecular targets for
cancer diagnosis and therapy. The success of future
studies may yet determine whether targeting MTA1 pro-
tein is clinically effective or not.

The first studies that suggested the possibility of targeting
MTAL for cancer therapy were reported by our laboratory [15,
41]. We used antisense phosphorothioate oligonucleotides
against M74A] mRNA and found a growth inhibitory effect
on human metastatic breast cancer cell lines. Since these
reports, others have shown that inhibition of MTA1 expres-
sion can result in the inhibition of the malignant phenotypes of
various cancers, and these results will be discussed elsewhere
in this issue.

Various techniques have been used to regulate MTAI
expression. Using RNA interference (RNAi), Qian et al.
inhibited MTA1 expression in a human ESCC cell line and
demonstrated significant inhibition of in vitro invasion and
migration properties of the cancer cells [42]. The same group
further examined the therapeutic value of targeting MTAL1
overexpression in malignant melanoma cells and demonstrat-
ed that downregulation of MTA1 by RNAi successfully sup-
pressed the growth properties in vitro and experimental me-
tastasis of mouse B16-F10 melanoma cells in vivo, suggesting
a promising use of the MTA gene as a target for cancer gene
therapy [43].

The functional roles of MTA proteins are thought to be
transcriptional co-repressors that act through chromatin re-
modeling and histone deacetylation. Repression of ER-«
transactivation function by MTA1 protein through
deacetylation of estrogen responsive element (ERE) of the
ER-responsive genes has been the most extensively investi-
gated, and the data clearly demonstrate that MTA1 expression
results in tumor formation in mammary glands and renders

breast cancer cells phenotypically more aggressive [44]. In
addition, MTA proteins deacetylate non-histone proteins [2, 3,
5]. For example, the tumor suppressor p53 protein is
deacetylated and inactivated by both MTA1 and MTA2 pro-
teins, resulting in inhibition of growth arrest and apoptosis [7,
8]. HIF-1«x is also deacetylated and stabilized by MTAI,
leading to angiogenesis [9, 10].

Inhibition of MTA1 expression or function may decrease
the aggressiveness of cancer cells and enhance their
chemosensitivity by restoring tumor suppressor function of
p53 or changing other properties of malignant cells. For
example, it may inhibit tumor angiogenesis by destabilizing
the angiogenesis-promoting function of HIF-1c. Moreover,
MTA proteins may cooperate with HDAC inhibitors, which
are now being considered as a new class of anticancer agents
[35]. Ideally, prior to actual clinical applications of MTALI
modulation therapy, understanding the physiological func-
tions of MTA proteins will be absolutely necessary. M7A1
gene or MTA protein expression should also be clinically
useful for the prediction of the malignant potentials of various
human cancers and the prognosis of patients with these
cancers.

In conclusion, MTA proteins, especially MTAI, are un-
doubtedly excellent candidates for determining the diagnosis
and prognosis of human cancers and may be useful for devel-
oping new therapeutic strategies for treatments directed
against highly malignant cancer cells. These topics should
continue to be intensively studied for these and other possible
clinical applications.
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