
Abstract. Background: In a previous study, we demonstrated
that deficiency of microRNA-449a (miR-449a) promoted
colorectal tumorigenesis. In this study, the significance of miR-
449a in the prognosis and relationship with HDAC1 in
colorectal cancer was examined. Materials and Methods:
Seventy-two patients with colorectal cancer and 16 patients with
colorectal liver metastasis who underwent surgery were
included. miR-449a expression in tumor tissue of resected
specimen was investigated by real-time polymerase chain
reaction and histone deacetylase 1 (HDAC1) expression was
examined by immunohistochemistry. Results: Lymphovascular
invasion and increased serum carcinoembryonic antigen levels
were seen more frequent in patients with low miR-449a
expression. Patients with low miR-449a expression were found
to have a poorer prognosis than those with high expression.
Vascular invasion, increased serum carbohydrate antigen 19-9
level and low miR-449a were associated with poorer disease-
free survival. miR-449a expression was lower in metastatic liver
tumor compared to primary tumor. HDAC1 positivity was
higher in patients with low miR-449a. Conclusion: miR-449a
level might be a prognostic indicator for colorectal cancer and
miR-449a might regulate HDAC1 expression.

MicroRNAs (miRNAs) are non-coding RNAs of 21-25
nucleotides that regulate gene expression by targeting the 3-
untranslated regions (UTRs) of mRNAs, which result in
miRNA degradation or inhibition of miRNA translation (1,
2). miRNAs are considered to regulate various cell
physiological processes, including development, proliferation,

differentiation and apoptosis (3). Recently aberrantly
expressed miRNAs were reported to be involved in
tumorigenesis, as oncogenes or tumor suppressors (4, 5).
miRNA-34a-5p suppresses colorectal cancer (CRC)
metastasis, and its expression predicts recurrence in patients
with stage II/III CRC (6). Thus, miRNAs may be used as
prognostic indicators and potential targets for cancer therapy.

The miR-449 cluster contains sequences and secondary
structures similar to those of the miR-34 family. Therefore,
they have been classified as a single family of miRNAs. The
expression of miR-449a is reduced in several cancer types,
such as gastric and bladder cancer (3). Furthermore, miR-
449a regulates several genes associated with tumorigenesis,
including the gene encoding c-MYC, histone deacetylase
(HDAC) (7-10) and cell division cycle 25 homolog A
(CDC25A), suggesting that miR-449a may have oncogenic
effects. A previous study succeeded in the creation of a miR-
449a-deficient mouse and demonstrated that deficiency of
miR-449a promoted azoxymethane and dextran sodium
sulfate-induced colorectal tumorigenesis (11). miR-449a-
deficient mice showed a higher expression of Ki-67
compared to wild-type mice, suggesting that normal
colorectal mucosa has a more proliferative phenotype. The
study also demonstrated that the expression level of miR-
449a inversely correlated with pathological malignancy and
was related to disease-free survival in patients. 

HDAC1 plays an important role in the expression of various
genes through chromatin remodeling. The aberrant activation of
HDAC1 in tumor cells leads to diverse transcriptional
repression of genes mainly involved in the regulation of
differentiation, angiogenesis, proliferation, migration and
metastasis. A number of studies have reported the potential
relevance of HDAC1 in various malignant tumors (12). It has
been demonstrated that positive expression of HDAC1 was a
prognostic indicator of intrahepatic cholangiocarcinoma (13).
From the Targetscan7.0 database (http://www.targetscan.org/
vert_72), HDAC1 mRNA was strongly inhibited or down-
regulated by miR-449a as a potential target gene according to
the matched basal sequence. 
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The aim of this study was to investigate the significance
of miR-449a in the clinical setting and to examine the
relationship of miR-449a with HDAC1, which is a potential
target of miR-449a, in primary colorectal tumor samples. 

Materials and Methods

Patients and tissue samples. This study was approved by the Ethics
Committee of the Tokushima University Hospital (approval number:
29001) and the patient information was obtained from their medical
records. From 72 patients, a total of 72 samples of primary CRC
and 16 samples of colorectal liver metastasis (CRLM) were
investigated in this study. All the samples that were surgically
completely resected were included, whereas samples with apparent
remaining tumor or residual malignant cells on the resected margin
were excluded. The CRCs were surgically resected at the Tokushima
University Hospital from 2008 to 2013 and the CRLMs were also
resected from 2008 to 2013. Post-operatively, the patients were
followed-up using the serum levels of serum carcinoembryonic
antigen (CEA) and serum carbohydrate antigen 19-9 (CA19-9), and
computed tomography every 3 months to diagnose recurrence of the
disease. The 5-year overall survival (OS) and disease-free survival
(DFS) rates after surgery were investigated. Prognostic factors
including age, gender, location of the tumor, differentiation, lymph
node metastasis, lymphovascular invasion, serum tumor markers
and the expression level of miR-449a in the tumor were univariately
and multivariately analyzed.

Immunohistochemistry. Tissue specimens were fixed in 10%
formaldehyde, embedded in paraffin, and cut into 4-μm-thick
sections. Immunohistochemistry was performed as reported
previously (14). Briefly, sections were deparaffinized with xylene,
followed by rehydration in a graded ethanol series. The sections were
treated with 3% hydrogen peroxide in methanol for 10 minutes to
quench endogenous peroxidase activity. Antigen retrieval was
performed by boiling in 10 mM citrate buffer (pH 6). After incubation
with 1% blocking solution (Blocking One Histo; Nakarai Tesque,
Kyoto, Japan) to block nonspecific antibody boiling, the sections were
incubated with a primary antibody against HDAC1 (1:100, SC-7872;
Santa Cruz, Dallas, TX, USA) for 60 min at room temperature. After
washing with phosphate-buffered saline, the sections were subjected
to the Dako REAL EnVision/HRP detection system (Dako
Corporation, Tokyo, Japan) for 60 min at room temperature. The
peroxidase reaction was developed with 3,3’-diaminobenzidine as the
chromogen. The sections were counterstained with Mayer’s
hematoxylin, dehydrated in a graded series of ethanol, treated with
xylene, and mounted in a synthetic resin. Immunostaining was
evaluated by a pathologist without knowledge of the clinical data.
HDAC1 expression was scored by the intensity of staining (0,
negative; 1, weak; 2, moderate; 3, intense) and proportion of
positively stained cells. The intensity score was multiplied by the
percentage of positively stained cells and used in evaluation. A score
of more than 90 was regarded as positive (Figure 1). The samples
were evaluated in five different fields at ×400, and at least 1,000
tumor cells were analyzed in each sample.

miRNA expression analyses. Total RNA including non-coding small
RNA such as microRNA was isolated using the miRNeasy Kit
(Qiagen, Hilden, Germany) following the manufacturer’s

instructions. Reverse transcription was carried out with TaqMan®
MicroRNA Reverse Transcription kit (Thermo Fisher Scientific,
Walthan, MA, USA). For single miRNA assays, 25 ng of total RNA
was reverse transcribed with sequence-specific primers. For each
quantitative polymerase chain reaction (qPCR), 5-10 ng of the initial
total RNA was used from cDNA samples. Every sample was
amplified as triplicate using specific primer pairs or TaqMan®
assays using the GoTaq® master mix (Promega, Mannheim,
Germany) or TaqMan® Gene Expression Master Mix (Thermo
Fisher Scientific) according to the manufacturer’s instructions.
miRNA gene-expression assay used hsa-miR-449a as a primer and
has-RNU6B as an internal control. All reactions were performed on
a ViiA7 Real-Time PCR system (Thermo Fisher Scientific). The
standard curve method was used to evaluate the relative expression.

Statistical analysis. Statistical analyses were carried out using JMP
10 statistical software package (SAS Institute Inc., Tokyo, Japan).
Student’s t-test was used for comparison of continuous variables.
The chi-square test was used to analyze the relationship between
miR-449a expression and clinicopathological characteristics. OS and
DFS were plotted by the Kaplan–Meier method and analyzed by the
log-rank test to calculate differences between the curves.
Differences with a p-value of less than 0.05 were considered to be
statistically significant.

Results

HDAC1 as a potential target of miR-449a. In this study,
HDAC1 was selected as a candidate target gene of miR-449a
and its protein expression was investigated. Figure 1 shows
representative images of negative and positive expression of
HDAC1. Out of 72 samples of primary CRC, 39 samples
(54.2%) were evaluated as HDAC1-positive. The rate of
HDAC1 positivity was compared between the patients
according to expression of miR-449a. The proportion of
patients with HDAC1 positivity was significantly higher in
the group with low miR-449a expression compared to that
with high expression (72.2 vs. 36.1%, p<0.05).

Clinicopathological analysis of patients according to
expression of miR-449a. Patients were divided into two
groups by the median value of the miR-449a expression level
(Table I). There was no difference in age, gender, tumor
location, rate of lymph node metastasis, or CA19-9 level.
Patients with a low expression of miR-449a had significantly
larger and more invasive tumors compared to those with a
high expression of miR-449a. Lymphovascular invasion and
an elevated CEA level were significantly more frequent in
the group with low miR-449a expression (p<0.05). 

Follow-up periods were updated from the previous reports
(11). Patients with a low miR-449a expression tended to have
worse OS (p=0.09) and had a significantly poorer DFS
compared to patients with high expression of miR-449a
(p<0.05) (Figure 2). The univariate analysis showed that
vascular invasion, elevated level of CA19-9 and a low
expression of miR-449a were associated with significantly
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poorer DFS (Table II). These three factors were investigated
in multivariate analysis, which demonstrated that each was
an independent prognostic factor (Table III). Taken together,
these results suggest that a low expression of miR-449a in
primary CRC was correlated with higher tumor malignancy
and poorer prognosis.

miR-449a expression in primary CRC and CRLM. The
expression of miR-449a was compared between primary
CRC and patient-matched CRLM. As shown in Figure 3, the
expression of miR-449a was significantly lower in the
CRLMs compared to the CRCs (p<0.05). In three of the

liver tumors, miR-449a was slightly more highly expressed
compared to the primary tumors and in the other 13 pairs the
level of miR-449a was lower in the CRLM. 

Discussion 

In this study, the expression pattern and the role of miR-449a
were demonstrated. It revealed a low expression of miR-449a
to be associated with more advanced cancer characteristics
such as larger tumor size, a more pathologically invasive
phenotype, the presence of lymphovascular invasion, and an
increased level of serum CEA. In a previous study, miR-449a
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Figure 1. Immunostaining of histone deacetylase 1 in primary colorectal cancer. Representative images of negative (A) and positive (B) expression.
The score was calculated by multiplying the intensity of the staining and the percentage of the stained area in the tumor tissue.

Table I. Clinicopathological characteristics in patients according to expression of miR-449a. 

                                                                                                                             miR-449a expression

Factor                                                                                               Low (n=36)                                  High (n=36)                                        p-Value
                                                                                                                                                                         

Age, years                     Mean±SD                                                     66.1±9.5                                       66.8±11.1                                             0.78
Gender, n                       Male/female                                                   26/10                                             24/12                                                0.61
Location, n                    Right/left/rectum                                          15/19/2                                          14/17/5                                               0.49
Size, cm                         Mean±SD                                                    47.4±21.7                                      36.9±18.7                                            <0.05
Depth, n                         M, SM/MP, SS/SE, SI                                   4/25/7                                           16/12/8                                              <0.05
Differentiation, n          tub1/tub2/poor                                               8/25/3                                           18/18/0                                              <0.05
ly, n                                −/+                                                                  13/23                                             25/11                                               <0.05
v, n                                 −/+                                                                  11/25                                             20/16                                               <0.05
LN metastasis, n           −/+                                                                  15/21                                             21/15                                                0.16
CEA                               </≥5 ng/ml                                                      20/16                                              30/6                                                <0.05
CA19-9                          </≥38 ng/ml                                                    23/13                                              29/7                                                 0.11

ly: Lymphatic invasion; v: vascular invasion; LN: lymph node; CEA: carcinoembryonic antigen CA19-9: carbohydrate antigen 19-9; M: mucosa;
SM: submucosa; SS: subserosa; SE: serosa; SI: serosal invasion; tub1: well-differentiated tubular adenocarcinoma; tub2: moderately differentiated
tubular adenocarcinoma; poor: poorly differentiated adenocarcinoma.



expression in colon cancer tissue was found to be inversely
correlated with the level of serum CEA (15), supporting the
findings of this study.

The expression of miR-449a is frequently reduced in
malignant tumors, including gastric and bladder cancer (16,
17). In these cancer types, miR-449a may inhibit cell growth
or induce senescence and apoptosis by activating the p53
pathway. With a follow-up period updated from the previous
study, this study has also demonstrated the significance of
miR-449a as a prognostic indicator in patients with CRC. In
the patients with a low expression of miR-449a, the DFS was
significantly worse than for those with a high expression of
miR-449a, while the same tendency was evident in patients’
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Figure 2. Overall (A) survival and disease-free (B) survival of patients according to expression of miR-449a. Patients with low expression of miR-
449a tended to have worse overall survival and have significantly worse disease-free survival.

Figure 3. Comparison of miR-449a expression between primary
colorectal cancer (CRC) and matched metastatic liver tumor (CRLM).

Table II. Univariate analysis of 5-year disease-free survival (DFS).

                                                                     5-Year DFS (%)      p-Value

Age                      <70 vs. ≥70 Years             80.0 vs. 59.7            0.16
Gender                  Male vs. female                 68.8 vs. 72.9            0.81
Location               Right vs. left                      64.6 vs. 72.9            0.60
Differentiation      tub1 vs. tub2, poor            64.2 vs. 73.4            0.72
LN metastasis      − vs. +                                83.1 vs. 61.9            0.24
ly                          − vs. +                                80.0 vs. 59.2            0.21
v                           − vs. +                                91.7 vs. 54.2          <0.05
CEA                      <5 vs. ≥5 ng/ml                 74.2 vs. 53.6            0.17
CA19-9                <38 vs. ≥38 ng/ml             78.4 vs. 37.5          <0.05
miR-449a             Low vs. high                     53.8 vs. 86.2          <0.05

tub1: Well-differentiated tubular adenocarcinoma; tub2: moderately
differentiated tubular adenocarcinoma; poor: poorly differentiated
adenocarcinoma; LN: lymph node, ly: lymphatic invasion, v: vascular
invasion, CEA: carcinoembryonic antigen CA19-9: carbohydrate
antigen 19-9.

Table III. Multivariate analysis of 5-year disease-free survival.

Factor                                   HR                     95% CI                  p-Value

v+                                        29.4                   3.2-50.0                   0.018
CA19-9 ≥38 ng/ml             20.0                 2.08-200.0                 0.001
Low miR-449a                    12.4                 1.25-122.2                 0.031

V+: Vascular invasion present; CA19-9: carbohydrate antigen 19-9; CI:
confidence intervaI; HR: hazard ratio.



OS. In addition, miR-449a was selected by multivariate
analysis as an independent prognostic indicator of 5-year
DFS. Previous reports also revealed that low expression of
miR-449a would be a useful biomarker of bladder cancer,
prostate cancer, and medulloblastoma (18-21). 

In previous reports using knockdown of miR-449a in mice,
the lack of miR-449a was shown to contribute to the
tumorigenesis of CRC and miR-449a regulated some possible
candidates such as multL homolog 1 (MLH1) and kirsten rat
sarcoma viral oncogene homolog (KRAS) (11). Other reports
demonstrated that miR-449a down-regulated oncogenes such
as HDAC1, transforming growth factor-β (TGFB), special AT-
rich sequence-binding protein 2 (SATB2), a disintegrin and
metalloproteinase domain-containing protein 10 (ADAM10),
MYC and mitogen-activated protein kinase 1 (MAPK1) (1-4,
17, 20). Interestingly, Buurman et al. reported that HDAC1
regulated miR-449a expression (17), suggesting a negative
feedback loop between miR-449a and HDAC1. Targetscan7.0
and miRanda (http://www.microrna.org/microrna/home.do)
also predict HDAC1 as a possible target gene with strong
capability from the basal sequences data. We previously
demonstrated the role of HDAC1 in intrahepatic
cholangiocarcinoma (13) and selected HDAC for further
study of miR-449a. In the present study, the expression of
HDAC1 in CRC tissue was inversely correlated with miR-
449a expression. This inverse correlation suggests that
HDAC in primary colorectal tumor was transcriptionally or
post-transcriptionally regulated by miR-449a as a target gene.
Furthermore, this study found miR-449a expression was
lower in metastatic liver tumor compared to primary
colorectal tumor, suggesting the possibility of change to a
more advanced phenotype in metastatic tumors. The
expression of HDAC1, on the contrary, was higher in
metastatic liver tumor, supporting the hypothesis that the
HDAC1 is an important target gene of miR-449a in clinical
settings. As far as we are aware, there was no previous report
comparing the expression pattern of miR-449a and its target
genes in primary tumor and metastatic lesions, which is to be
further investigated in future study.

The limitation of this study is shortage of the number of
samples and the lack of detailed in vitro or in vivo analyses
to determine the role of miR-449a in regulating HDAC1
expression. Further detailed examination is needed to
confirm the descriptive data presented in this study. 

In conclusion, the results of this study suggest that a low
expression of miR-449a could be a useful prognostic indicator
for patients with CRC. miR-449a might regulate HDAC1
expression in both primary CRC and CRLM. 
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