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Abstract. Histone deacetylase 1 (HDACI) and metastasis-
associated protein 1 (MTAL1) form the nucleosome remodeling
and histone deacetylation (NuRD) complex and may possibly
play a central role in cancer development. However, limited
data has been reported regarding the expression of both
HDACI1 and MTAI. The aim of the present study was to
clarify the clinical role of HDAC1 and MTAI expression in
colon cancer. Seventy-four patients with colon cancer, who
underwent colectomy at our institution, were enrolled in
this study. Expression of HDAC1 and MTA1 was examined
immunohistochemically. The patients were divided into four
groups: HDAC1-positive group (n=58), HDAC1-negative group
(n=16), MTA1-positive group (n=38) and MTAl-negative
group (n=36). Clinicopathological factors and survival rates
were compared between the groups. Regarding the clinico-
pathological factors, the depth of tumor invasion and stage
correlated significantly with HDACI1 expression (p<0.05).
Age, depth of tumor invasion and vascular invasion tended
to correlate with MTAL1 expression. The 5-year survival rate
in the HDACI-positive group (55.1%) was significantly worse
compared to the HDAC1-negative group (86.5%) (p<0.05),
and the 5-year survival rate of the MTAl-positive group
(50.5%) was significantly worse than that of the MTA 1-negative
group (73.1%) (p=0.05). In patients with stages II-IV and
curability A, B, the survival rate in those with HDAC1-positive
expression was significantly worse than those with HDACI1-
negative expression (p<0.05), and the survival rate of the
MTAI1-positive group tended to be worse than that of the
MTAIl-negative group (p=0.07). Overall survival in both the
HDACI1 and MTAI-positive groups was significantly worse
than overall survival of the other groups (p<0.05). Disease-free
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survival in both the HDACI1- and MTA1-positive groups,
among patients with stages II-IV and curability A, B, was also
significantly worse than that of the other groups (p<0.05).
HDACI1 and MTA1 expression levels were significantly related
to poorer prognosis. Therefore, HDAC1 and MTAI expression
levels are potential prognostic indicators for colon cancer.

Introduction

Colorectal cancer is one of the major causes of cancer-related
mortality in the world (1,2). This disease is surgically curable at
early stages, but is associated with high mortality rates at the
metastatic stage. Although advances in the chemotherapeutic
regimens and combination with radiotherapy have markedly
improved the survival of patients with advanced colorectal
cancer (3), surgery is the only curative form of treatment.
Moreover, the current therapeutic concepts, particularly for
late-stage tumors, are far from optimal. Thus, even though
mortality rates have improved, new prognostic biomarkers
and therapeutic targets are still urgently needed for colorectal
cancer.

Epigenetic modifications including alterations of the acety-
lation status of histones play a central role in the development of
human cancer (4). Acetylation and deacetylation on different
positions of the N-terminal tail of core histones by histone
acetylases and histone deacetylases (HDACs) change the
nucleosomal conformation of both transformed and non-
transformed cells (5).

To date, 18 HDAC isoforms have been identified which
are classified into four classes based upon their homology to a
prototypical HDAC found in yeast (5): class I isoforms (1-3,6),
class II isoforms (4,5,7,8), class III isoforms (the sirtuins) and
class IV isoforms (HDACI1).

Class I HDACs play an important role in the regulation
of cell proliferation (6), and overexpression of class I HDACs
have been reported in several types of cancer tissues, such as
esophagus (7), stomach (8-10), pancreas (11), prostate (12,13),
breast (14,15) and lung (16,17).

HDACSs are the core components of the nucleosome
remodeling and histone deacetylation (NuRD) complex, and
most of the components of this complex have been related to
malignancy (18,19). In addition, metastasis-associated gene 1
(MTALI) protein is also included in this complex and physically
interacts with HDAC1 (19). This protein complex plays an
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Figure 1. HDACI1 and MTALI expression in colon cancer. Nuclear staining of HDAC1 and MTA1 was recognized in the tumor tissue.

important role in histone deacetylation, alteration of chromatin
structure and transcriptional control.

MTA is a newly discovered family of cancer progression-
related genes, and the MTA family is a group of structurally
related proteins encoded by the same or different genes, including
MTAI1, MTAls, MTA-ZG29p, MTA2, MTA3 and MTA3L
(21,22).

Increased expression of MTAL is reported in various types
of human cancer tissues, such as esophagus (22,23), stomach
(24), pancreas (24), prostate (25), breast (26,27) and lung (28).
However, little has been reported regarding the correlation
between prognosis and expression of both HDAC1 and MTA1
in colon cancer. This study, therefore, aimed to identify the
expression pattern of HDAC1 and MTALI in colon cancer
patients, and the correlation with clinicopathological data and
patient survival.

Materials and methods

Patients. The study groups consisted of 74 colon cancer
patients who had undergone surgery at our institution between
2000 and 2004. The colon tumors were classified according
to the General Rule for Clinical and Pathological Studies on
Cancer of the Colon, Rectum and Anus in Japan (29). The
clinical and pathological characteristics of the 74 colon cancer
patients are listed in Table I. Curability was defined as follows:
curability A, no residual tumor; curability B, no residual tumor
but not evaluated as curability A; and curability C, definite
residual tumors. This study was authorized in advanced by
the Institutional Review Board of the University of Tokushima
Graduate School, and all patients provided written informed
consent.

Immunohistochemistry

HDACI. Surgical specimens were fixed in 10% formalde-
hyde, embedded in paraffin and cut into 4-xm sections. Sections
were deparaffinized in xylene and rehydrated in a graded

series of ethanol. Slides were heated at 120°C in an autoclave
in 10 mM sodium citrate (pH 6.0) for 10 min and cooled to
room temperature. Sections were incubated in 30% hydrogen
peroxide in methanol for 20 min to block endogenous peroxi-
dase action. Sections were incubated overnight at 4°C with
rabbit polyclonal antibody against HDACI1 (Santa Cruz,
sc-7872; diluted 1:100 in PBS). After washing, sections were
overlaid with secondary antibody (Dako ChemMate Envision
kit/HRP; Dako Corporation) for 60 min at 37°C. The peroxi-
dase reaction was developed with 3,3'-diaminobenzidine as
chromogen. The sections were counterstained with hematoxylin,
dehydrated with ethanol, treated with xylene and enclosed in
synthetic resin. Regarding the assessment of staining, the tumor
was defined as exhibiting positive staining when >10% nuclear
staining of HDACI1 was noted in the tumor tissue.

MTAI. Sections (4-um) were cut from archival formalin-fixed
paraffin-embedded tissue blocks. Sections were then irradiated
in a domestic microwave oven for 20 min. After microwave
irradiation, the slides were allowed to cool at room temperature.
The sections required a primary mouse monoclonal antibody
against MTA1 (Santa Cruz, sc-17773; diluted 1:10 in PBS).
Regarding the assessment of staining, the tumor was defined
as exhibiting positive staining when >10% nuclear staining of
HDACI1 was noted in the tumor tissue. Representative images
of nuclear staining of HDAC1 and MTAI in tumor tissues are
shown in Fig. 1.

Statistical analysis. To compare continuous variables, the
Mann-Whitney U test was used, and the y? test was applied for
categorical data. Patient survival was calculated by the product
limit method of Kaplan and Meier, and differences in survival
rates between the groups were compared using the log-rank
test. The continuous variables were generally classified into
two groups, according to the median value of each variable.
All statistical analysis was performed using StatView-J 5.0 soft-
ware (SAS Institute, Cary, NC, USA). p<0.05 was considered
statistically significant.
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Table I. HDAC1 expression and clinicopathological data of 74 colon cancer patients.
HDACI expression
Factors Positive (n=58) Negative (n=16) p-value
Age: median (range) 67.0 (26-89) 68.4 (54-87) 0.71
Gender: (male/female) 34/24 11/5 0.46
Depth of tumor invasion: (T2/T3/T4) 21/31/6 14/2/0 0.001
Lymph node metastasis: (+/-) 33/25 6/10 0.17
Vascular invasion: (+/-) 27/31 6/10 0.52
Distant metastasis: (+/-) 24/34 3/13 0.09
Stage: (I/I/III/IV) 2/12/20/24 2/8/3/3 0.03
Differentiation: (differentiated vs. undifferentiated) 54/4 16/0 0.13
Curability: (A, B/C) 38/20 14/2 0.09
Table II. MTA1 expression and clinicopathological data of 74 colon cancer patients.
MTAI1 expression
Factors Positive (n=38) Negative (n=36) p-value
Age: median (range) 65.2 (39-84) 69.5 (26-89) 0.14
Gender: (male/female) 25/13 20/16 0.37
Depth of tumor invasion: (T2/T3/T4) 14/21/3 21/12/3 0.15
Lymph node metastasis: (+/-) 22/16 17/19 0.36
Vascular invasion: (+/-) 21/17 12/24 0.06
Distant metastasis: (+/-) 15/23 12/24 0.58
Stage: (/I/III/IV) 2/10/11/15 2/10/12/12 0.95
Differentiation: (differentiated vs. undifferentiated) 37/1 33/3 0.54
Curability: (A, B/C) 25/13 27/9 0.39
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Figure 2. Overall survival according to HDAC1 (A) and MTAI (B) expression patterns. The survival rates in the HDACI1- and MTA-positive groups were

significantly worse than that of the HDAC1- and MTA 1-negative groups.

Results

Table I shows a comparison of the clinicopathological features
between the HDACI-positive and HDAC1-negative groups. The
depth of tumor invasion and stage significantly correlated with
HDACI expression (p<0.05), and distant metastasis, curability
and differentiation tended to correlate with HDACI expression.

Table II shows a comparison of the clinicopathological
features between the MTAl-positive and MTA1-negative

groups. Age, depth of tumor invasion and vascular invasion
tended to correlate with MTA1 expression.

Fig. 2 shows the comparison of the overall survival curves
according to the status of HDAC1 and MTA1 expression. The
5-year survival rate in the HDACI-positive group (55.1%) was
significantly worse than that of the HDACI-negative group
(86.5%) (p<0.05) (Fig. 2A). The 5-year survival rate in the
MTAI1-positive group (50.5%) was significantly worse than
that of the MTA 1-negative group (73.1%) (p=0.05) (Fig. 2B).
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Figure 3. Disease-free survival according to (A) HDACI and (B) MTA1 expression patterns in stages II-IV and curability A, B patients. The survival rate in
the HDAC1-positive group was significantly worse than that of the HDACI-negative group, and the survival rate of the MTA1-positive group tended to be

worse than that of the MTA1-negative group.
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Figure 4. Overall and disease-free survival according to one or both of patterns of HDAC1 and MTA1 expression. (A) Overall survival according to one or
both HDAC1 and MTAI expression patterns. (B) Disease-free survival according to one or both HDAC1 and MTAI expression patterns in stages II-IV and
curability A, B patients. The survival rates in the HDACI- and MTAIl-positive groups were significantly worse than the rates in the HDACI- and MTAI-

negative groups.

Fig. 3 shows a comparison of the disease-free survival
curves according to the status of HDAC1 and MTAI expression
in stages II-IV and curability A, B patients. The survival rate in
the HDAC1-positive group was significantly worse than that of
the HDACI-negative group (p<0.05) (Fig 3A). The survival rate
of the MTA1-positive group tended to be worse than that of the
MTA1-negative group (p=0.07) (Fig. 3B).

Fig. 4 shows a comparison of the overall survival and
disease-free survival curves according to the status of HDAC1
and MTA1 expression. Overall survival in the HDACI- and
MTAI1-positive groups was significantly worse than that of the
other groups (p<0.05) (Fig. 4A). Disease-free survival in the
HDACI- and MTAI-positive groups among the patients with
stages II-IV and a curability A, B was also significantly worse
than that of the other groups (p<0.05) (Fig. 4B).

Discussion

In the present study, the findings are as follows: i) HDACI1
expression was significantly related to histological tumor
status and stage; ii) MTA1 expression tended to be related
to tumor status and vascular invasion; and iii) HDAC1 and

MTALI expression was associated with decreased patient
survival in colon cancer.

Regarding the relationship between clinicopathological
factors and HDAC1 or MTA1, HDAC1 mRNA levels were
reported to be significantly associated with tumor stage and
HDACI protein expression in lung cancer (16), and MTA1
expression was reported to be significantly associated with
depth of tumor invasion, lymph node metastasis, tumor stage,
and lymphatic and vascular invasion in esophageal squamous
cell carcinomas (22). These reports support our finding that
HDACI and MTAI1 expression was significantly related with
various clinicopathological factors in colon cancer.

Regarding the prognostic value of HDACI and MTAI,
in gastric cancer, HDACI expression was significantly found
to be related to poor prognosis (9). In colon cancer, Weichert
et al (30) reported that the overall survival rate in HDACI-
positive patients was significantly lower than the survival rate
in HDACI1-negative patients. Toh et al (22) reported that
the overall survival rate of MTA1-positive patients with
esophageal cancer was significantly lower than the rate in
MTAIl-negative patients. Miyake et al (31) reported that the
expression level of MTA1 protein in combination with the
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expression level of HDACI protein correlated with a poorer
prognosis of pancreatic cancer patients. These reports support
our finding that levels of HDAC1 and MTAI expression are
important prognostic indicators in colon cancer.

HDACs and HDAC inhibitors (HDACi) have important
roles in colon cancer. Mariadason reported in his review (32)
that HDAC overexpression may facilitate the progression of
colon tumors through two mechanisms. First, HDAC over-
expression can contribute to the transcriptional repression of
genes that normally function in growth arrest, differentiation
and apoptosis, by inducing histone hypoacetylation in core
promoter regions following their recruitment by sequence-
specific transcription factors. Second, HDAC overexpression
could induce hypoacetylation and thus modulate the function
of multiple non-histone proteins, including transcription factors
and critical cytoplasmic proteins such as Hsp90. HDACs are
important regulators of colon cell maturation and transfor-
mation, and HDACi are potent inducers of growth arrest,
differentiation and apoptosis of colon cancer cells. Treatment
of colon cancer cells with HDACi typically induces GO/G1
growth arrest (33,34), and HDACi also induce apoptosis in
colon cancer cells (35,36). Based upon numerous pre-clinical
findings, several HDAC inhibitors are presently in clinical
trials for the treatment of a variety of hematological and solid
tumors including colon cancer. One of the inhibitors, SAHA,
has already been approved for the treatment of cutaneous
T-cell lymphoma (37). In addition, other inhibitors, PXD-101
(38,39), valproic acid (40) and MS-275 (41) are presently being
evaluated in clinical trials. For colon cancer, a number of trials
have been initiated to determine the efficacy of the combina-
tion of SAHA with existing chemotherapeutics including SFU/
LV and FOLFOX (5FU-leucovorin/oxaliplatin) for treatment of
patients with progressive metastatic or unresectable colorectal
cancer. Based upon these findings and trials, HDACi are
promising in the development of new drugs for the treatment
of advanced colon cancer. Thus, immunohistochemical detec-
tion of HDACI1 may be a diagnostic resource for the prediction
of treatment response to HDAC:.

Regarding the molecular mechanism of MTA1 enhancement
of tumor metastases, Yoo et al reported that MTAI1 enhances
the stability and transcriptional activity of hypoxia-inducible-
factor-la (HIF-10) by recruiting HDACI in human breast cancer
cells (42). Hypoxia-inducible factor 1 (HIF-1) is the master
transcriptional regulator that facilitates adaptation to low oxygen
availability (43) and is composed of an HIF-la subunit and an
HIF-1p, also known as the arylhydrocarbon receptor nuclear
translocator. The expression of HIF-1 is closely related to tumor
growth and metastasis. HIF-1a was found to be overexpressed
in only 29% of primary breast cancers, but in 69% of breast
cancer metastases (44). A significant positive association
was found between increased levels of HIF-1a protein and
vascular endothelial growth factor (VEGF) expression in human
colorectal carcinoma (45). HIF-1a expression correlated with
high metastatic risk in a series of unselected patients with inva-
sive breast cancer (46). Yoo et al reported that MTAI induced
the deacetylation of HIF-1a by increasing the expression of
HDACI, and the positive crosstalk between HIF-1a and MTA1,
mediated by HDACI recruitment; this indicates a close connec-
tion between MTA1-associated metastasis and HIF-1-induced
tumor angiogenesis (42). From these findings, investigation of
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the usefulness of the detection of HIF-1a expression to predict
treatment response to HDAC:i is warranted.

In the present study, HDAC1 and MTA1 were demonstrated
to be significant prognostic factors in colon cancer. However,
particularly for HDACI, further investigation is needed to
ascertain whether immunohistochemical detection of HDAC1
may also be a novel companion diagnostic resource for the
prediction of the treatment response to HDACI in patients
with colon cancer. Prior to using HDAC1 immunostaining as
a routine prognostic biomarker, our findings must be validated
in a large prospective study.
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