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Abstract. The transcription factor Kriippel-like factor 2
(KLF2) has been shown to function as a tumor suppressor
and regulate biological processes of cancer cells, such as cell
growth, cell apoptosis and angiogenesis. However, the func-
tion and mechanism of KLF2 in colorectal cancer (CRC) is
still unknown. In the present study, we show that the expres-
sion of KLF2 is diminished in a cohort of CRC cell lines.
Also, KLF2 overexpression remarkably inhibits HCT116 and
SW480 cell survival and proliferation. Moreover, cell death
detection ELISA plus assay showed that KLF2 overexpression
increased HCT116 cell proliferation. Caspase-3/7 activity also
increased in HCT116 cells transfected with PCDNA3.1-KLF2.
Further studies showed that KLF2 significantly suppresses the
expression of Notch-1 and is dependent on the decline of the
HIF-1a level. Most importantly, silencing Notch-1 expression
or HIF-1a level both impair the action of KLF2 overexpression
in CRC cells. Collectively, we demonstrated that KLF2 medi-
ates CRC cell biological processes including cell growth and
apoptosis via regulating the HIF-1o/Notch-1 signal pathway.
These results indicated that KLF2 plays an important role in
CRC and provided novel insight on the function of KLF2 in
tumor progression.

Introduction

Colorectal cancer (CRC) is one of the most common cancers
with a high incidence, and one of the leading causes of cancer-
related deaths both in men and women worldwide (1). A
large-scale report showed that metastatic CRC is refractory to
systemic therapy (2). Although there are some therapies for
CRC, such as anticancer drug treatment and antiangiogenic
therapies, the overall survival of CRC patients is always very
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poor (3). Identifying the function of cancer-related genes in the
biology of CRC is a critical step in finding the effective thera-
peutic approaches for patients with CRC (4). Recent attention
has focused on the molecular function and mechanism of
CRC and reports have indicated that several members of the
Kriippel-like family play a role in multiple types of cancer,
including glioma (5), gastric (6), lung cancer (7) and CRC (8,9).

The KLF (Kriippel-like factors) family which was named
due to their homology with Kriippel, is an evolutionarily
conserved sequence-specific DNA-binding transcriptional
regulator (10,11). KLF family members recognize similar
consensus sites because the members contain three conserved
zinc fingers (12). KLFs play various and important functions
in a number of cellular processes, such as cell differentiation,
pluripotency, inflammation, growth, proliferation, apoptosis
and migration (13-16). Also, ample evidence suggests that
KLF members are involved in the pathobiology of many
human diseases, such as metabolic disorders, cardiovascular
disease and cancer (17).

KLF?2 is one of the KLF family members and has a high
expression in fetal and adult lungs, as well as expression in
several other organs, including skeletal muscle, heart, spleen
and kidney (18,19). It has been well documented that KLF2
plays an important role in numerous cellular physiological
processes, including adipogenesis (20), cell differentiation and
cell apoptosis (18). Also, KLF2 has been associated with many
types of cancers, such as non-small cell lung (21), gastric (22),
oral (23), hepatocellular carcinoma (23) and breast cancer (24).
Wu and Lingrel (18) revealed that KLF2 also has expression
in CRC cells; however, its specific function is still unknown.

A recent study found that KLF2 could inhibit hypoxia-
inducible factor la (HIF-la) expression and also impair
its function (25). HIF-1a is a central regulator of hypoxic
response in many cell types, including cancer cells (26). There
is convincing evidence that hypoxia plays an important role in
tumor progression, angiogenesis, distant metastasis and cancer
therapy (27,28). HIF-1a could mediate multiple oncogenes for
cancer progression, including CRC, and inhibition of HIF-1a
has been shown to inhibit the proliferation of human CRC
cells (29) and reverses multidrug resistance in CRC cells (30).
Also, Wang et al (31) showed that HIF-1a can bind to the
Notch target gene to modulate its signaling in cancer stem
cells. The Notch-1 signal also promotes tumorigenesis in CRC
and protects cells from apoptosis (32). Thus, we propose that
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the HIF-1a/Notch-1 signal pathway is implicated in the func-
tion of KLF2 in CRC cells. We overexpressed KLF2 in CRC
cells to examine the effects of KLF2 on CRC cells growth, and
the function of HIF-1a/Notch-1 signal pathway. The present
study demonstrates that overexpression of KLF2 inhibits
colorectal cancer growth via regulating the HIF-1a/Notch-1
signal pathway.

Materials and methods

Cell culture and transfection. Human SW480 HT29, SW620
and HCT116 CRC cell lines and the normal colon epithelium
cell line FHC were obtained from the American Type Culture
Collection (ATCC; Manassas, VA, USA). CRC cell lines were
cultured in Dulbecco's modified Eagle's medium (DMEM),
supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin. FHC cells were grown in DMEM/
F12 complete medium. All cells were maintained in a humidi-
fied atmosphere of 5% CO, at 37°C. SW480 and HCT116
cells were transfected by PcDNA3.1-KLF2, PcDNA3.1/
HIF-1a or PcDNA3.1-Notch-1 recombinant plasmid by
using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer's instructions.

Cell survival assay. Human SW480 and HCT116 CRC cells
were seeded into 96-well plates at a density of 1x10* cells/well.
Cells were transfected with PcDNA3.1-KLF2, PcDNA3.1/
HIF-1a or PcDNA3.1-Notch-1 plasmid. After 24, 48, 72 and
96 h, CellTiter-Blue Cell Viability assay (Promega, Madison,
WI, USA) was used to detect the viability of SW480 and
HCT116 cells at each time-point according to the manufac-
turer's instructions.

MTS assay. SW480 and HCT116 CRC cells were seeded
into 96-well plates with the appropriate culture medium
and transfected with PcDNA3.1-KLF2, PcDNA3.1/
HIF-1a or PcDNA3.1-Notch-1 plasmid for 48 h. MTS
[3,4-(5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy phenyl)-
2-(4-sulfophenyl)-2H-tetrazolium salt] assays was used to
determine cell proliferation according to the manufacturer's
protocol (Promega). Cell proliferation was determined as
absorbance, which was measured by a microplate reader at
0D490.

Cell apoptosis assay. SW480 cells were seeded in 96-well
plates and treated as described above. Apoptosis was
measured after 48 h by the Cell Death Detection ELISA plus
kit (Roche Diagnostics, Manheim, Germany) according to the
manufacturer's protocol. Histone-associated DNA fragments
(nucleosomes) were determined according to the method
previously described (33). The concentration of nucleosome
for each group was normalized for total protein.

Caspase-3/7 activity. SW480 cells were cultured and trans-
fected as described above. Caspase-3/7 activity in cells was
measured by using a Caspase-Glo 3/7 assay kit (Promega)
following the manufacturer's protocol.

RNA extraction and quantitative real-time PCR. KLF2,
HIF-1a and Notch-1 mRNA expression was determined by
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quantitative real-time PCR (RT-PCR). Total protein was
isolated from SW480 cells by using the RNeasy Plus Mini kit
(Qiagen, Germantown, MD, USA). CDNA was synthesized by
reverse transcription using reverse transcription reagents (Bio-
Rad Laboratories, Hercules, CA, USA). The gene-specific
primers used in the present study are as follows: KLF2 (34),
5'-AGACCTACACCAAGAGTTCGCATC-3' (F) and 5-ATC
GCACAGATGGCACTGGAATG-3' (R); HIF-1a (28), 5'-GT
GTTATCTGTCGCTTTGAGTC-3' (F) and 5-GTCTGGCTG
CTGTAATAATGTT-3' (R); Notch-1 (28), 5~ AAGCTGCATC
CAGAGGCAAAC-3' (F) and 5“-TGGCATACACACTCCGA
GAACAC-3' (R); B-actin (28), 5'-CACCCACTCCTCCACCT
TTG-3' (F) and 5-CCACCACCCTGTTGCTGTAG-3".

Western blotting. Western blotting was performed according
to the method previously described (28). Total cellular protein
was extracted from SW480 cells by using a RIPA buffer
(150 mM NaCl, 1% NP40, 50 mM Tris, 0.5% sodium deoxy-
cholate and 0.1% SDS). Protein extractions were separated
on 10% SDS-PAGE and then the proteins were transferred
to nitrocellulose (NC) membranes (Sigma-Aldrich, St. Louis,
MO, USA). Rabbit anti-human KLF2, HIF-1a. and Notch-1
antibody (Abcam, Cambridge, MA, USA) was used as a
primary antibody and HRP goat anti-rabbit IgG antibody
(Abcam) was used as a secondary antibody. $-actin was used
as the internal control.

Statistical analysis. All data in the present study are presented
as means + SD from at least three experiments in triplicate.
Statistical analyses were performed using SPSS 19.0 statistical
software. Statistical significance for comparisons between
groups was carried out by using Student's t-test as well as
ANOVA. Test results of P<0.05 were considered statistically
significant.

Results

KLF?2 expression is markedly decreased in CRC cell lines.
KLF2 has been shown to decrease in various types of
cancer and to act as a tumor suppressor. This study aimed
to detect the function and mechanism of KLF2 in CRC cell
lines. Firstly, we used RT-PCR and western blot analysis
to measure the level of KLF2 in controlled normal human
colon epithelial cell line FHC, and CRC cell lines SW480,
HT?29, SW620 and HCT116. As shown in Fig. 1, the mRNA
and protein expression was significantly reduced in CRC cell
lines compared with the control FHC cell (P<0.05). Between
the CRC cell lines, HCT116 cell lines have obvious effects
in the decrease of KLF2, and the SW480 cell line has the
highest level.

KLF2 overexpression inhibits CRC cells survival and prolif-
eration. To further examine the effects of KLF2 on CRC cell
biological action, KLF2 overexpression SW480 and HCT116
cells were created by transfection with PcDNA3.1 KLF2
recombinant plasmid. After transfection for 48 h, KLF2
mRNA and protein expression increased markedly (Fig. 2A
and B); KLF2 expression also increased after transfection for
24,72 and 96 h (data not shown). Next, SW480 and HCT116
cell viability was detected at each time-point. The results indi-
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Figure 1. KLF2 expression is reduced in human CRC cell lines (SW480, HT29, SW620 and HCT116) compared with the normal human colon epithelial cells
(FHC). (A) KLF2 mRNA expression was detected by RT-PCR assay. (B) Western blot analysis was used to measure KLF2 protein expression. Results are
presented as means + SD from at least three experiments in triplicate. "P<0.05 vs. FHC group.
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Figure 2. KLF2 overexpression inhibits SW480 and HCT116 cell viability and proliferation. (A) KLF2 mRNA and (B) protein expression was measured by
RT-PCR and western blot analysis, respectively. (C) SW480 and (D) HCT116 cell viability was measured by CellTiter-Blue Cell Viability assay. (E) MTS assay
was used to determine SW480 and HCT116 cell proliferation. Cells were transfected with PCDNA3.1-KLF2 for 24, 48, 72 and 96 h; results are presented as
means + SD from at least three experiments in triplicate. “P<0.05 vs. control.

cated that KLF2 overexpression inhibits SW480 and HCT116  plasmid group (P<0.05; Fig. 2C and D). Cell proliferation was
cell viability compared with the control and PcDNA3.1 empty = measured by the MTS method; the results showed that KLF2
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Figure 3. Induction of apoptosis by KLF2 overexpression in HCT116 cells. (A) HCT116 cell apoptosis was quantified by detecting histone-associated-DNA-
fragmentation using cell death detection ELISA plus assay. (B) Caspase-Glo 3/7 assay kit was used to determine the activity of caspase-3/7 in HCT116 cells.
Cells were transfected with PcCDNA3.1-KLF-2 for 48 h; results are presented as means + SD from at least three experiments in triplicate. "P<0.05 vs control.
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Figure 4. KLF2 overexpression suppresses Notch-1 expression via inhibiting HIF-1a. (A) HIF-1a and Notch-1 mRNA and (B) protein expression was measured
by RT-PCR and western blot analysis, respectively. (C) Notch-1 mRNA and protein (D) expression was measured by RT-PCR and western blot analysis,
respectively. Cells were transfected with PcDNA3.1-KLF-2 or co-transfected with PCDNA3.1-KLF-2 and PcDNA3.1-HIF-1a for 48 h; results are presented as
means + SD from at least three experiments in triplicate. "P<0.05 vs. control or PCDNA3.1 group, “P<0.05 vs. PcDNA3.1-KLF-2 group.
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Figure 5. Induction growth inhibition and apoptosis by KLF2 overexpression in HCT116 cells are dependent on HIF-1a/Notch-1 signal pathway. (A) HIF-1a
protein expression was measured by western blot analysis. (B) Notch-1 protein expression was measured by western blot analysis. (C) HCT116 cell viability
was measured by CellTiter-Blue Cell Viability assay. (D) MTS assay was used to determine HCT116 cell proliferation. (E) HCT116 cell apoptosis was quanti-
fied by using cell death detection ELISA plus assay. (F) Caspase-Glo 3/7 assay kit was used to determine the activity of caspase-3/7 in HCT116 cells. Cells
were co-transfected with PCDNA3.1-KLF-2 and PcDNA3.1-HIF-1a or PcDNA3.1-KLF-2 and PcDNA3.1-Notch-1 for 48 h; results are presented as means + SD
from at least three experiments in triplicate. "P<0.05 vs. control or PcDNA3.1 group, #P<0.05 vs. PcDNA3.1-KLF-2 group.

overexpression for 48 h remarkably suppressed SW480 and  cell apoptosis, and histone-associated DNA fragments
HCT116 cell proliferation (P<0.05; Fig. 2E). (nucleosomes) in HCT116 cells were measured. The level of

nucleosomes increased in PCDNA3.1-KLF2 transfected cells
KLF?2 overexpression promotes CRC cell apoptosis. We  compared with the control group (P<0.05; Fig. 3A), whereas
further studied the effects of KLF2 overexpression on HCT116  the level of nucleosomes in the PcDNA3.1 group had no
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obvious change compared with the control group (P>0.05;
Fig. 3A). The results indicated that KLF2 overexpression
promotes HCT116 cell apoptosis. We also demonstrated the
results by determining the level of caspase-3/7. The results of
the Caspase-Glo 3/7 assay showed that KLF2 overexpression
increased caspase-3/7 activity compared with the control and
PcDNA3.1 empty plasmid group (P<0.05; Fig. 3B).

KLF?2 inhibit Notch-1 expression via inhibiting HIF-1a.
In order to verify the mechanism of KLF2 in HCT116 cell
biological action, further studies focused on the effects of
KLF2 on HIF-lo/Notch-1 expression. RT-PCR and western
blot analysis was used to detect the mRNA and protein level of
HIF-1a and Notch-1, respectively. A reduction in HIF-1a and
Notch-1 mRNA and protein expression was observed by KLF2
overexpression (Fig. 4A and B). Furthermore, we constructed
PcDNA3.1-KLF2 and PcDNA3.1-HIF-1a co-transfected
HCT116 cells; the expression of Notch-1 was measured. As
shown in Fig. 4C and D, PcDNA3.1-KLF2 and PcDNA3.1-
HIF-1a co-transfected impaired the decrease of Notch-1
expression induced by PcDNA3.1-KLF2 only, both in mRNA
and protein expression. These results indicated that KLF2
inhibits Notch-1 expression via inhibiting HIF-1a in HCT116
cells.

KLF2 overexpression regulates HCTI116 cell growth via
HIF-1a/Notch-1 signal pathway. To further depict the func-
tion and mechanism of KLF2 overexpression in HCT116
cells, we constructed PcDNA3.1-KLF2 and PcDNA3.1-
HIF-1o co-transfected cells, and PcDNA3.1-KLF2 and
PcDNA3.1-Notch-1 co-transfected cells. The results
in Fig. 5A and B have showed that compared with the
PcDNA3.1-KLF2 + PcDNA3.1 group, the level of HIF-1a or
Notchl was markedly increased in the PcDNA3.1-KLF2 +
PcDNA3.1-HIF-1a group or PcDNA3.1-KLF2 + PcDNA3.1-
Notchl group, respectively. Cell biology including viability,
proliferation and apoptosis were measured. As shown in
Fig. 5C and D, PcDNA3.1-KLF2 and PcDNA3.1-HIF-1a
co-transfection or PcCDNA3.1-KLF2 and PcDNA3.1-Notch-1
co-transfection strengthened HCT116 cell survival and
proliferation compared with the PcDNA3.1-KLF2 group.
We also found that HIF-la overexpression or Notch-1
overexpression impaired the decrease of PCDNA3.1-KLF2
induced CRC cell apoptosis (Fig. 5E). Finally, caspase-3/7
level was determined, similarly to the above results; caspase-
3/7 level in PcDNA3.1-KLF2 and PcDNA3.1-HIF-1a
co-transfected or PcDNA3.1-KLF2 and PcDNA3.1-Notch-1
co-transfected group markedly decreased compared with
the KLF2 overexpression group (Fig. 5F). The above results
suggested that KLF2 overexpression regulates HCT116 cell
growth, and apoptosis is dependent on the silencing of the
HIF-1a/Notch-1 signal pathway.

Discussion

The main findings in the present study are as follows. First,
KLF2 decreased in various CRC cell lines (SW480, HT29,
SW620 and HCT116) compared with the control human
colon epithelial cell line FHC. Recently, numerous pieces
of evidence show that members of the Kriippel-like factor
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family play essential roles cancers, including CRC (7,9). It is
now well established that the KLF proteins with Cys2/His2
zinc-finger domains play a pivotal role in cell proliferation,
differentiation and could be characterized as suppressors or
activators in various cell types, including cancer cells (15).
KLF2 is a tumor-suppressor associated with cancer patho-
genesis. The KLF member KLF2 has shown a generally
low expression in many malignancies, such as prostate (35)
and ovarian (36) cancer. Consistent with these reports, the
present study showed that KLF2 is diminished in CRC cell
lines, thus, we supposed that dys-regulated expression of
KLF2 may affect the biofunction of CRC cells.

Overexpression of KLF2 in SW480 and HCT116 cells
remarkably inhibits SW480 and HCT116 cell survival and
proliferation; moreover, overexpression of KLF2 promotes
HCT116 cell apoptosis and caspase-3 activity. KLF2 has been
shown to function as a tumor suppressor, such as inhibiting
cell growth, increasing DNA-damage-associated apoptosis,
anti-angiogenesis properties and the induction of cell quies-
cence (37). Nie and colleagues (21) showed that silencing KLF2
expression promotes non-small cell lung cancer cell prolif-
eration and inhibits apoptosis. Wu and Lingrel (18) showed that
KLF2 could inhibit Jurkat T leukemia cell growth via mediated
p21WAFICIPL expression. Consistent with these reports, our results
provide preliminary data regarding the inhibition role of KLF2
in CRC cell growth and the promotion role in CRC apoptosis.

KLF2 could inhibit the Notch-1 level via inhibiting
HIF-1a expression; furthermore, a HIF-1a/Notch-1 signal
was implicated in KLF2 action in CRC cells. KLF members
were associated with a burst of cancer progression by regu-
lating various oncogenes (5). Also, evidence has suggested
that KLF2 could mediate the level of HIF-1a. (25). There is
convincing evidence that HIF-1a functions as an oncogene
in CRC. Zhang et al (38) showed that HIF-1a is linked to
the angiogenesis and epithelial-mesenchymal transition,
which is mediated by LRGI in colorectal cancer. Huynh
and colleagues (39) showed that glaucarubinone suppresses
CRC progression via downregulating the expression of
HIF-1a. Moreover, it is well accepted that Notch-1 is associ-
ated with HIF-1a induced-cancer progression (40). In the
present study, we demonstrated that KLF2 inhibits CRC cell
growth via mediating the HIF-1a/Notch-1 signal pathway.

Collectively, the present results provide the first evidence
that KLF2 inhibits CRC cell growth via inhibiting the HIF-1a/
Notch-1 signal pathway. KLF2 is characterized as a tumor
suppressor in CRC, suggesting it may provide new targets for
the biology of CRC.
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