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HDAC5 promotes colorectal cancer cell proliferation by
up-regulating DLL4 expression
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Abstract: The histone deacetylase (HDACs) family contains a family of enzymes, which are involved in modulating a
wide range of cellular processes, such as proliferation, differentiation, apoptosis, and cell cycle progression. Howev-
er, the biological function of HDAC5 in colorectal cancer has not been well established. In the current research, our
data showed that the mRNA and protein levels of HDAC5 were up-regulated in human colorectal cancer cell lines.
CCK-8 assay showed that overexpression of HDAC5 significantly promoted the proliferation of colorectal cancer cell
lines including SW480 and HCT116. On the contrary, HDAC5 knockdown using small interfering RNA suppressed
cell growth in colorectal tumor cells. At the molecular level, we demonstrated that HDAC5 promoted the expression
of DLL4. In addition, down-regulation of DLL4 diminished the proliferative effects of HDAC5 in human colorectal
cancer cells. Taken together, these results suggest that HDAC5 elevates the proliferation of colorectal cancer cells
through up-regulation of DLL4. The current study might provide novel potential therapeutic targets in the treatment
of colorectal cancer.
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Introduction

Colorectal cancer (CRC) is the second leading
cause of cancer death in the United States [1].
Despite new treatment options developed in
the last decade, the prognosis for patients with
advanced or recurrent CRC remains poor [2]. It
is estimated that over 1 million new cases are
diagnosed each year worldwide, and approxi-
mately 50% of these patients die of colorectal
tumor [3]. Currently, surgical resection is the
optimal treatment for colorectal cancer, and
chemotherapy serves as one of the important
adjuvant therapies for its treatment [4].
However, increasing studies have shown that
the resistance of CRC cells to conventional
drugs is becoming a challenging problem. Such
limitation highlights the imperative need for
identifying novel and effective therapeutic
methods for the treatment of CRC.

The histone deacetylase (HDACs) regulate the
acetylation level of histones and non-histone
proteins and thus regulate the genes expres-
sion and chromatin structure [5]. HDACs family
is composed of 18 proteins and these proteins

are classified into classes I-1V based on their
homology and structure [6]. Accumulating evi-
dences suggested that HDAC family functions
as an important regulator in tumor progression
and metastasis [7, 8]. Recently, several HDAC
inhibitors have been shown to exhibit anti-
tumor activity in cancer cells and animal mod-
els [9, 10]. HDAC5, a member of the class Il
histone deacetylase family, has been shown to
be aberrantly expressed in several types of
tumors and play critical role in cellular behav-
iors including cell proliferation, cell cycle pro-
gression and apoptosis [11-13]. However, the
biological function of HDAC5 in human CRC has
not been fully elucidated and, thus the present
study aimed to investigate the role of HDAC5 in
human colorectal cancer using an in vitro cell
model.

Materials and methods
Cell culture

The human CRC cell line SW480, HCT116,
SW620 and a non-malignant colonic epithelial
cell lines NCM460 were purchased from the
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Figure 1. Up-regulation of HDAC5 in CRC cell lines. The mRNA and protein levels of HDAC5 were determined by
gRT-PCR (A) and western blotting (B) in human colorectal cancer cell lines SW480, HCT116, SW620 and a non-

malignant colonic epithelial cell lines NCM460. **P<0.01.
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Figure 2. Enforced expression of HDAC5 promoted CRC cells growth. Human colon cancer cell lines were transfected
with plasmids encoding HDAC5 and control plasmids. Then CCK-8 assay was performed to evaluate the time course

changes of SW480 (A) and HCT116 (B) cells proliferation.

American Type Culture Collection (Rockville,
MD) and cultured in Dulbecco’s modified
Eagle’'s medium (DMEM) supplemented with
10% fetal bovine serum (FBS) in an atmosphere
containing 5% CO, at 37°C .

Cell viability assay

CRC cells including SW480 and HCT116 were
seeded onto 96-well plates at 3 x 103 cells/
well. The medium was replaced with the corre-
sponding serum-free medium for 24 h, then
serum-free medium was replaced with com-
plete medium. Then 10 uL/well CCK-8 solution
(Dojindo, Kumamoto, Japan) was added and
incubated with the plates for 3 h, and the
absorbance was determined at 450 nm using
an MRX Il microplate reader (Dynex, Chantilly,
VA, USA).
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Plasmid construction, siRNA and transfection

The cDNA fragment encoding HDAC5 was iso-
lated with Takara RNA PCR kit (Takara, Japan)
using total RNAs from SW480 cells. PCR prod-
ucts were cloned into pcDNA3.1 (+) (Invitrogen,
Carlsbad, CA). HDAC5 siRNA, DLL4 siRNA and
negative controls were purchased from
Invitrogen (Carlsbad, CA, USA). Cells were trans-
fected with lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) according to the instruc-
tion.

Quantitative real-time PCR (QRT-PCR)

Total RNAs were isolated from cancer cells by
TRIzol reagent, and reverse transcriptions were
performed by Takara RNA PCR kit (Takara,
Japan) according to the manufacturer’s instruc-
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Figure 3. Down-regulation of HDAC5 inhibited the proliferation of CRC cells. Down-regulation of HDAC5 was detected
with gRT-PCR (A) and western blotting (B and C) in SW480 cells transfected with siRNA oligos targeting HDACS.
Then, cells proliferation was determined using the CCK-8 (D) in SW480 cells transfected with HDAC5 siRNA oligos.

*P<0.05; **P<0.01.

tions. In order to quantify the transcripts of the
interest genes, quantitative Real-time PCR
(QRT-PCR) was performed using a SYBR Green
Premix Ex Taq ((Takara, Tokyo, Japan) on ABI
7500 system (Applied Biosystems, Foster, CA,
USA). The transcript levels of genes of interest
were normalized to GAPDH and were calculated
using the 2-AACt method.

Western blotting analysis

Total cell extracts were separated by sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred onto a nitro-
cellulose filter membrane. Then the mem-
branes were incubated with primary antibodies
against HDAC5 (dilution, 1:1000), DLL4 (dilu-
tion, 1:1000) and GAPDH (dilution, 1:2000)
(Santa Cruz, CA, USA). GAPDH was used as a
loading control. The membranes were then
incubated with the appropriate HRP-conjugated
secondary antibodies for 1 h at room tempera-
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ture. The proteins were visualized by the
enhanced chemiluminescence method and
intensity of protein bands was quantified by
densitometry.

Statistical analysis

All data were presented as mean + SD and
treated for statistics analysis by SPSS program.
Comparison between groups were determined
by ANOVA and statistical significance was indi-
cated as *P<0.05.

Results
Up-regulation of HDACS5 in CRC cell lines

Firstly, we detected the expression of HDAC5 in
CRC cell lines and normal colonic epithelial
cells by gRT-PCR. Compared with normal colon-
ic epithelial cell lines NCM460, we found that
the mRNA expression of HDAC5 was dramati-
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Figure 4. HDAC5 enhanced the expression of DLL4 in CRC cells. SW480 cells were transfected with plasmids encod-
ing HDAC5 and then the expression of DLL4 was detected with western blotting (A and B). After transfection with
HDACS5 siRNA, western blotting was used to determine the DLL4 expression (C and D). Relative band intensities of
each protein were quantified by densitometry. *P<0.05; **P<0.01.

cally elevated in several CRC cell lines including
SW480, HCT116, SW620 (Figure 1A). Further-
more, HDAC5 protein expression in CRC cells
were analyzed by western blotting. Data also
showed that the protein levels of HDAC5 was
obviously up-regulated (Figure 1B) in the four
CRC cell lines compared with that in control
cells. These data suggested that the expres-
sion of HDAC5 was significantly increased in
CRC cell lines.

Overexpression of HDAC5 promoted the prolif-
eration of CRC cells

To further elucidate the biological role of HDAC5
in CRC cells, SW480 and HCT116 cells were
transfected with plasmids encoding HDACS.
Then CCK-8 assay was performed and data
showed that HDAC5 overexpression obviously
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enhanced the proliferation of SWA480 and
HCT116 cells (Figure 2A and 2B). By contrast,
down-regulation of HDAC5 with small interfer-
ing RNA (siRNA) in SW480 cells was confirmed
by qRT-PCR (Figure 3A) and western blotting
(Figure 3B and 3C). Consequently, cell growth
was obviously suppressed after HDAC5 knock-
down in SW480 cells (Figure 3D). Similar results
were also observed in HCT116 cells (data not
shown). These results indicated that HDAC5
up-regulation could promote the proliferation of
CRC cells.

HDACS5 increased the expression of DLL4 in
CRC cells

We further investigated the molecular mecha-
nism underlying the proliferative effects of
HDAC5 on CRC cells. Western blotting analysis
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Figure 5. HDAC5 promotes cells proliferation via DLL4 in CRC cells. The expression of DLL4 was decreased after
transfection with specific DLL4 siRNA (A). And CCK-8 assay (B) was performed to measure cell proliferation in
SW480 cells overexpressing HDACS with or without DLL4 siRNA.

showed that protein expression of DLL4 was
increased after over-expression of HDAC5 in
SW480 cells (Figure 4A and 4B). On the con-
trary, down-regulation of HDAC5 by siRNA sig-
nificantly reduced the DLL4 expression (Figure
4C and 4D). These results showed that HDAC5
served as a positive regulator of DLL4 expres-
sion in CRC cells.

HDAC5 enhanced tumor cells proliferation by
up-regulation of DLL4

In order to investigate how HDAC5 exhibited the
proliferative effects on CRC cells, we silenced
the expression of DLL4 via transfection with
DLL4 siRNA. Western blotting was applied to
confirm the down-regulation of DLL4 (Figure
5A). As a result, the proliferative effects of
HDAC5 on tumor cells were diminished after
down-regulation of DLL4 in SW480 cells (Figure
5B). Taken together, these results demonstrat-
ed that HDAC5 could promote CRC cell prolif-
eration by up-regulation of DLL4.

Discussion

A large body of literature indicates that HDAC
family members function as critical regulators
of cell growth, differentiation, and apoptotic
programs. Their aberrant expression is closely
related with tumor development and progres-
sion [14]. Based on such studies, several HDAC
inhibitors, such as SAHA, depsipeptide, valpro-
ic acid and MS-275, are in clinical trials for the
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treatment of solid and hemopoetic tumors [15].
HDACS5 belongs to the class Il histone deacety-
lase family and is a critical regulator in cell pro-
liferation in many cancer cell lines [16]. It has
been reported that HDAC5 was significantly
over-expressed in high-risk medulloblastoma in
comparison with low-risk medulloblastoma,
and its expression was associated with poor
survival, suggesting that HDAC5 may be an
important marker for risk stratification [13].
Recently, another study demonstrated that
HDAC5 promoted the twist 1 expression and
highlighted a potential link between HDAC5
and osteosarcoma progression [17]. In glioma
cells, HDAC5 was shown to promote glioma
cells proliferation via up-regulation of Notch 1
expression, which might provide novel thera-
peutic targets in the treatment of gliomas [18].
The above results support the crucial roles of
HDAC5 in the carcinogenesis. However, the
relationship between HDAC5 and colorectal
cancer has not been reported. Thus, the pres-
ent study examined the expression of HDAC5 in
colorectal cancer cells and found that its
expression was significantly increased both at
the mRNA and protein levels. In addition,
enforced expression of HDAC5 in colon tumor
cells significantly promoted the proliferation
rate, whereas HDAC5 knockdown suppressed
cancer cell growth, suggesting that HDAC5 acts
as a positive regulator of growth in colorectal
cancer cells.

Notch signaling is a conserved pathway affect-
ing numerous cell fate/lineage decisions in
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multicellular organisms during embryogenesis,
postnatal development, and in the adult [19].
Delta-like 4 ligand (DLL4), the latest identified
Notch ligand, is predominantly expressed in
arterial endothelial cells during embryonic
development, which is a critical component of
Notch-mediated stem cell self-renewal and vas-
cular development [20, 21]. It has been shown
that haploinsufficiency of DLL4 results in
severe vascular defects and embryonic lethali-
ty [22]. Moreover, various studies demonstrate
that inhibition of DLL4 leads to broad spectrum
of antitumor activity, which makes DLL4 a
potential therapeutic target [23-25]. Our study
found that up-regulation of HDAC5 resulted in
elevated expression of DLL4; conversely, down-
regulation of HDAC5 reduced DLL4 levels in
colorectal cancer cells. Furthermore, our data
showed that the proliferative effects of HDAC5
on tumor cells was suppressed due to DLL4
knockdown in colon tumor cells, indicating that
the proliferative activity of HDAC5 was mediat-
ed by DLL4.

In conclusion, our results demonstrated that
HDAC5 enhanced the proliferation of colorectal
cancer cells through up-regulation of DLL4
expression. Our study provides further insight
into the pathogenic mechanisms of colorectal
cancer, and indicates that HDAC5 may be a
potential therapeutic target for colorectal can-
cer treatment.
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