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Abstract.
BACKGROUND: Krüppel-like factor 5 (KLF5) is a transcription factor regulating the proliferation and differentiation of
epithelial cells, and its uncontrolled expression is closely associated with carcinoma progression. Sp3 binding to the minimal
essential region (MER) of KLF5 gene is critical for KLF5 basal expression, but the expression control mechanism is unknown.
OBJECTIVE: This study aimed to identify a regulatory region for KLF5 basal expression and the binding protein in
carcinoma cells by analyzing the promoter upstream region.
METHODS: Reporter assays determined the silencer region. The protein binding to the region was identified by database
analysis and ChIP assay. The protein mediating the interaction between the region and the MER was confirmed through
chromosome conformation capture (3 C) on ChIP assay. The effects of the protein on KLF5 expression were analyzed using
qRT-PCR and western blot.
RESULTS: Reporter assay localized the 425-region from upstream KLF5 gene as the silencer. Database analysis and ChIP
assay found CREB1 binding to the 425-region. CREB1 siRNA or mutation of CREB1-binding site in the 425-region increased
luciferase activities and decreased the binding to 425-region. 3 C on ChIP assay showed that CREB1 mediated interaction of
the 425-region and the MER. CREB1 overexpression decreased endogenous KLF5 expression and luciferase activity.
CONCLUSIONS: The 425-region is the silencer of KLF5 basal expression, and CREB1 binding suppresses the expression.
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1. Introduction

Development and maintenance of epithelial tissues require various regulatory factors involved in
the proliferation and differentiation of cells and the presence of epithelial stem cells. In stratified
squamous epithelium, keratinocytes express transcription factors according to the basal cell layer and
suprabasal cell layer to organize tissue integrity. Their uncontrolled expression is frequently observed
in squamous cell carcinomas and is associated with the progression [1–4]. Previous studies documented
that an aggressive subset of carcinomas occasionally overexpress transcriptional factors that are usually
expressed in basal cells [5–9]. It emphasizes the importance of transcriptional regulation of target genes
in the pathophysiology of epithelial tissue.
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Krüppel-like factor (KLF) consists of three C2H2-zinc finger domains and transcriptionally regulates
various developmental and cellular phenomena [10]. Among 17 members of the family, KLF5 is rich in
intestinal epithelial cells and controls proliferation and differentiation balance of the cells [2, 10]. It is
also expressed in the basal cell layer of squamous cell epithelium and rapidly disappears in suprabasal
differentiating cells [11]. KLF5 overexpression in mouse epidermis results in basal cell hyperplasia
[12], and the expression is frequently up-regulated in patients with poorly differentiated and aggressive
carcinomas [8, 13–18]. Thus, the mechanism of KLF5 gene transcription is important for understanding
normal and carcinoma cell states.

We have shown that the minimal essential region (MER) required for KLF5 basal expression is
located downstream of the transcription start site (+145 to+330) and that Sp3 binding to the GC box
in the MER is critical for basal expression [19]. However, nothing is known about mechanisms to up-
or down-regulate the expression. This study shows that the 425-region from -2,001 to -1,577 acts as a
silencer through binding with CREB1.

2. Materials and methods

2.1. Cells and constructs

Human oral carcinoma cell lines (HSC2, HO-1-u-1, HSC3, KOSC2 and Ca9-22), MCF7 (breast
carcinoma), DLD1 (colon carcinoma), T24 (urinary bladder carcinoma), HT1080 (fibrosarcoma), and
HEK293T (embryonic kidney) were obtained from Cell Resource Center for Biomedical Research,
Cell Bank (Tohoku University, Sendai, Japan), Health Science Research Resources Bank (Osaka,
Japan) or RIKEN Cell Bank (Tsukuba, Japan).

CREB1 cDNA with Myc-tag at the 3’ end (Origene Technologies, Rockville, MD, USA) was cloned
into pCI-neo plasmid (Promega, Maddison, WI, USA). KLF5 gene promoter (-2,894 to +424, tran-
scription start site designated to as +1, GenBank Accession Number NM 001730) was amplified by
PCR using a human bacterial artificial chromosome clone RP11-138K4 and KOD-FX DNA poly-
merase (TOYOBO, Osaka, Japan). Fragments with different upstream sites and commonly stopping
at +424 (clones 1–6, Fig. 1B) were generated using PCR primers with KpnI and XhoI-sites at forward
and reverse primers, respectively, and were ligated to upstream of luciferase-reporter gene in pGL4.10
plasmid (Promega). Clone �5 lacking a region from -1,576 to +144 (Fig. 2) and constructs mutating
putative CREB1-binding sites (Mut #1, #2, #3 and #(2 + 3); Fig. 4B) were generated by PCR. Primer
sequences are listed in Table 1, and all constructs were used after confirmation of DNA sequences.
Short interfering RNAs (siRNAs, Invitrogen, Carlsbad, CA, USA) for CREB1 (s3489, s3490), CEBPB
(s2891, s2892), or p63 (s16411, s229400) and a negative control siRNA (siCtrl, Silencer Select Negative
Control siRNA #2) were used.

The study was approved by The Nippon Dental University School of Life Dentistry at Tokyo Safety
Committee on Genetic Recombination Experiments (approval no. #56) and carried out according to
the guidelines of the committee.

2.2. Transfection for siRNAs or cDNA

Cells were plated on 1.5 x 105 cells per well on 6-well plates and were transfected 24 hours after
plating using siRNAs or 2.5 �g cDNA by Lipofectamine 3000 (Invitrogen). The following concen-
trations of siRNA were used: CREB1, 25 nM; CEBPB, 25 nM; p63, 10 nM. After 48 hours of the
transfection, the cells were harvested and subsequently analyzed.
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2.3. Reporter assay

Cells were seeded into 24-well plates at a density of 40,000 cells per well. After 24 hours, the
cells were transfected with 0.5 �g luciferase-reporter clones (Fig. 1A), 0.1 �g renilla control plasmids
(pGL4.74, Promega) and 0.25 �g cDNA or siRNA by Lipofectamine 3000 (Invitrogen). After 48

Fig. 1. Identification of KLF5 gene silencer region. (A) Conservation of a 3 kb genomic region from -2,894 to +424 in
mammals visualized using ECR Browser (https://ecrbrowser.dcode.org/). The X-axis indicates genomic coordinates. The
Y-axis indicates the degree of conservation between the human and mammalian genome. Horizontal blue lines above the
graph, with strand/transcriptional orientation represent by arrows. Coding exons are depicted in blue, untranslated regions
in yellow, intergenic regions in red, transposable elements and simple repeats in green and introgenic regions in salmon
pink. Exon1 represents KLF5 (GenBank Accession Number NM 001730). The 3 kb region contained introgenic regions of
KLF5 (NM 001286818). (B) Relative luciferase activities (RLA) in HSC2 cells. Luciferase-reporter plasmids conjugated
with various length of KLF5 upstream region were constructed (left panel), and RLA standardized by renilla control plasmid
were measured (right panel). (C) RLA of KLF5 upstream region deletion constructs in other oral carcinoma cell lines. (D)
RLA of KLF5 upstream region deletion constructs in other types of malignant tumor cell lines and HEK293T cells. The data
are presented as means ± SD of quadruplicate experiments (n = 4). Statistical significances were compared with the former
clones in each cell line (*, P < 0.05, **, P < 0.01 and ***, P < 0.001).



84 N. Mihara and K. Imai / Suppression of KLF5 expression by CREB1

Fig. 2. The inhibition of MER activity of KLF5 gene by the 425-region. Clones containing MER of KLF5 gene or other
fragments were transfected into HSC2 cells. RLA were normalized by renilla control plasmid. Clone �5 was a construct
that ligated the 425-region (-2,001 to -1,577) and the MER (+145 to+331). Clone MER and clone �MER were constructs
that contained the MER and deleted the MER from clone MER, respectively. The data are presented as means ± SD of
quadruplicate experiments (n = 4). *, P < 0.05 compared to clone MER.

hours of the transfection, normalized relative luciferase activities (RLA) were measured using Dual-
Luciferase Reporter Assay system (Promega).

2.4. Western blot

Total cell proteins were size fractionated by SDS-polyacrylamide gel electrophoresis and electro-
transferred to PVDF membranes. The membranes were probed with antibodies to CREB1 (ab32515),
CEBPB (ab32358), p63 (ab53039), KLF5 (ab137676; abcam, Cambridge, UK), Myc tag (#2276; Cell
Signaling Technology, Danvers, MA, USA) or �-actin (C-15; Sigma-Aldrich, St. Louis, MO, USA),
followed by horseradish peroxidase-labeled secondary antibodies. Binding was detected by ECL Select
(GE Healthcare Life Science, Buckinghamshire, UK) and visualized using Ez-Capture MG (ATTO,
Tokyo, Japan).

2.5. Chromatin immunoprecipitation (ChIP) assays

ChIP assay was conducted as previously described [20]. HSC2 cells were transfected with constructs
of mutation of putative CREB1-binding site (Mut #1, #2, #3 and #(2 + 3)) or pGL4.10 plasmid alone.
After 48 hours of the transfection, cells were collected and subjected to ChIP assays. For quantitation
of immunoprecipitation, KOD SYBR qPCR Mix (TOYOBO) and StepOne Real-Time PCR Systems
(Applied Biosystems, Bedford, MA, USA) were used. Primer sequences are shown in Table 1.

2.6. Chromosome conformation capture (3 C) on ChIP assay

To analyze the interaction between the 425-region and the MER mediated by CREB1 and/or Sp3,
chromosome conformation capture (3 C) on ChIP assay was performed [21]. Cross-linked genomic
DNA of HSC2 cells was digested by DpnII (New England Biolabs, Ipswich, MA, USA) overnight at
37◦C. Dynabeads M-280 (Invitrogen) preincubated with anti-CREB1, anti-Sp3 or normal rabbit IgG
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Table 1

PCR primer sequences

Subject Primers Sequencea

Reporter assayb clone 1 F 5′-GAGGTACCTCTATATTAATTTCAAGC-3′

clone 2 F 5′-GAGGTACCCCCCCGCATATTCATC-3′

clone 3 F 5′-GAGGTACCTATCTTCCCTAATG-3′

clone 4 F 5′-GAGGTACCCACATGGCAAATG-3′

clone 5 F 5′-GAGGTACCTTTAAAACCTGCTACTG-3′

clone 6 F 5′-GAGGTACCAGGTTTGATGTTATCAG-3′

clone 1–6 R 5′-GATCTCGAGCGGGTGGACTCCTCA-3′

Mutagenesisc clone �5 F 5′-TGCCAATCAGGCGAT-3′

clone Mut #1 F 5′-ACCCCAACGCTAGGCTGAGATCTATATTATGAA-3′

clone Mut #2 F 5′-CGGGCCACTGAAGCTCAGCTAAAAAGACAAAAGGA-3′

clone Mut #3 F 5′-ATTAAGAATTATCTAGCTGAGATTTTGCCAATCAG-3′

clone �5 R 5′-AAATGTGATGTAGATAATTC-3′

clone Mut #1 R 5′-TTCATAATATAGATCTCAGCCTAGCGTTGGGGT-3′

clone Mut #2 R 5′-TCCTTTTGTCTTTTTAGCTGAGCTTCAGTGGCCCG-3′

clone Mut #3 R 5′-CTGATTGGCAAAATCTCAGCTAGATAATTCTTAAT-3′

CREB1 cDNAd CREB1-Myc F 5′-GAGCTAGCATGACCATGGAATCTGGAGC-3′

CREB1-Myc R 5′-CAGAATTCTTACAGATCCTCTTCTGAGATG-3′

ChIPe Endogenous the 425-region F 5′-TTTAAAACCTGCTACTGTATTG-3′

clone �5 F 5′-CAGTGCAAGTGCAGGTGCCAGAAC-3′

Endogenous the 425-region R 5′-AAATGTGATGTAGATAATTC-3′

clone �5 R 5′-AAATGTGATGTAGATAATTC-3′

3C on ChIPf 3C-Fw-1 F 5′-GCAAAAGCACTTATTAAATAATAC-3′

LC-Fw F 5′-TTTAAAACCTGCTACTGTATTG-3′

3C-Rv-1 R 5′-ACTACTGACACTTGACGCCC-3′

3C-Rv-2 R 5′-ACAACTTCTCTGACAGATTG-3′

LC-Rv R 5′-AAATGTGATGTAGATAATTC-3′

aForward primer (F), reverse primer (R). bKpnI-susceptible site XhoI-susceptible sequence in forward and reverse primers
were underlined, respectively. cSubstitution of nucleotide in CREB1-binding site mutants (Mut #1 to #3) were shown in bold.
d NheI-susceptible site EcoRI-susceptible sequence in forward and reverse primers were underlined, respectively. ePrimers for
amplification of endogenous the 425-region and clone �5 CREB1-binding region were used for conventional and quantitative
ChIP assay, respectively. f 3 C on ChIP assay primers for confirmation of the interaction of the 425-region with MER of KLF5
gene, and of DpnII digestion. LC-Fw and LC-Rv primers were used for amplifying loading control products.

were reacted with the genomic DNA overnight at 4◦C. Samples added to 10% SDS were incubated for
30 min at 65◦C to elute DNA from Dynabeads, and then treated with T4 DNA ligase for 4 hours at 16◦C.
Subsequently, the samples were treated with Proteinase K (Wako, Osaka, Japan; overnight at 65◦C)
and RNase A (Nippon Gene, Tokyo, Japan; 1 hour at 37◦C). DNA was purified by phenol/chloroform
treatment. Each sample was subjected to conventional end point PCR with KOD-FX DNA polymerase
(TOYOBO). Products were analyzed by polyacrylamide gel electrophoresis. Primer sequences are
shown in Table 1.

2.7. Quantitative reverse transcription PCR (qRT-PCR)

Total RNA reverse-transcribed into cDNA was subjected to qPCR using KOD SYBR qPCR Mix
(TOYOBO) and StepOne Real-time PCR system (Applied Biosystems). The primer sequences are
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Fig. 3. Putative transcription factor binding sites in the 425-region. (A) DNA sequence of the 425-region. The 425-region
contained putative CREB1-, CEBPB-, and p63-binding sites. The 425-region contained three putative CREB1-binding sites.
(B) Expression of endogenous proteins after siRNA transfection was analyzed by western blot. CREB1 and CEBPB isoforms
are indicated by arrows. Non-specific bands are indicated by arrowheads. �-actin was used as an internal control. (C) RLA of
clone �5 at depletion of CREB1, CEBPB, or p63. HSC2 cells transfected with CREB1 siRNA (s3489 and s3490), CEBPB
siRNA (s2891 and s2892), p63 siRNA (s16411 and s229400), or negative control siRNA (siCtrl) were used. A reporter
plasmid, pGL4.10, was used as control for reporter assays. The data are represented as means ± SD (n = 4). *, P < 0.05
compared to siCtrl.

listed in Table 1, and a TaqMan probe for KLF5 (Hs00156145 m1, Applied Biosystems) was used.
Expression levels normalized with GAPDH (TaqMan Endogenous Control Human GAPDH; Applied
Biosystems) were determined by the standard curve method (2−��Ct).

2.8. Database and statistical analyses

ECR browser (https://ecrbrowser.dcode.org/) was used to identify evolutionary conserved
regions in KLF5 gene. Putative transcription factor binding sites were searched with TFBIND
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(https://tfbind.hgc.jp/), Promoter Scan (https://www-bimas.cit.nhi.gov/molbio/proscan/), and JASPAR
(https://jaspardev.genereg.net). Data were analyzed using BellCurve for Excel version 3.20 (Social
Survey Research Information, Tokyo, Japan). Student’s t-test was used for data sets containing two

Fig. 4. Insertion of mutation at CREB1-binding sites in the 425-region. (A) Binding of CREB1 to the 425-region of the
endogenous genome in HSC2 cells was analyzed by ChIP assay using anti-CREB1 antibody at each concentration. Input
DNA (Input) and precipitates from non-immune IgG (IgG) were used as positive and negative controls in ChIP assay,
respectively. 1.5 �g, 0.75 �g and 0.375 �g were amounts of anti-CREB1 antibody used in ChIP assay. NC and KLF5 BAC
were used for negative and positive controls in end-point PCR, respectively. Water or KLF5 BAC clone were used as the
PCR templates. (B) RLA of clone �5 and mutants at putative CREB1-binding sites (Mut #1, Mut #2, Mut #3 and Mut
# (2 + 3)). These clones were transfected into HSC2. Luc indicates Luciferase (Luc)-reporter gene in pGL4.10 plasmid.
Squares are the CREB1-binding sites, and filled squares are mutation CREB1 binding sites. The data were represented as
means ± SD (n = 4). *, P < 0.05 compared to �5. (C) The primer settings for quantitative ChIP were designed to include the
plasmid DNA sequence. The total length of PCR product was 477 bp containing the 425-region. Squares filled in gray (#1,
#2 and #3) are the CREB1-binding sites. Fw and Rv indicate forward and reverse primers, respectively. (D) Relative folds
of immunoprecipitation of CREB1 to clone �5 with (Mut #1, Mut #2, Mut #3 and Mut # (2 + 3)) or without mutation were
standardized by IgG (n = 4). pGL4.10 was mock. *, P < 0.05 compared to �5.
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Fig. 5. Chromosome conformation capture (3 C) on ChIP assay to determine the interaction between the 425-region and
MER of KLF5 gene. (A) Procedure of 3 C on ChIP assay. (B) The schematic of KLF5 gene promoter with the position and
orientation of the primer sets indicated. 3C-Fw-1 and 3C-Rv-1 primers were designed to amplify a novel ligation product
formed between the restriction fragments from the 425-region and the MER. 3C-Fw-1 and 3C-Rv-2 primers were used for
the confirmation of DpnII digestion. LC-Fw and LC-Rv primers were designed for loading control of chromatin with ligation
or without ligation after the digestion. (C) The confirmation of chromatin digested with DpnII before immunoprecipitation.
A primer set (3C-Fw-1 and 3C-Rv-2) was used. pri, prior to DpnII digestion; pos, posterior to DpnII digestion. (D) The
result of 3 C on ChIP assay using anti-CREB1 antibody or anti-Sp3 antibody. IgG was used as a negative control in the
immunoprecipitation step. A primer set (3C-Fw-1 and 3C-Rv-1) was used. (E) The confirmation of the amount of chromatin
for use with ligation or without ligation after the digestion. A primer set (LC-Fw and LC-Rv) was used.
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experimental groups, and Tukey-Kramer’s HSD test or Dunnett’s test for multiple group comparison.
Statistical significance is indicated as follows: *, P < 0.05; **, P < 0.01; and ***, P < 0.001.

3. Results

3.1. Identification of the silencer region for KLF5 expression

Database analysis around human KLF5 gene showed that a 3 kbp region from -2,894 to +424
upstream exon 1 of KLF5 (NM 001730) was highly conserved in mammals (Fig. 1A). It suggests
that this region is involved in the regulation of gene expression. Then, luciferase-reporter constructs
with different lengths of the region were prepared and subjected to reporter assay using HSC2 oral
carcinoma cells (Fig. 1B). To define the KLF5 gene regulatory region, we considered the clones showing
a significant difference of relative luciferase activity (RLA) than the prior clones. As shown in Fig. 1B,
RLA was gradually lowered by shorting the region but rapidly elevated in clone 6 compared to clone
5 (P < 0.001), and it was reproduced in other oral carcinoma cell lines, malignant tumor cell lines, and
HEK293T cells (Fig. 1C and D). These results indicate that the 425-region between -2,001 and -1,577
suppresses KLF5 gene expression.

3.2. CREB1 involvement in KLF5 down-regulation

To examine whether the 425-region affected KLF5 basal expression, we generated clone �5 that had
a deletion in a region spanning -1,576 and +144: the clone ligating the 425-region and MER of KLF5
gene (Fig. 2). RLA of clone �5 and full-length clone 5 were dramatically decreased compared to clone
MER, and RLA of clone �MER deleting the MER was further decreased (Fig. 2). Additionally, there
was no difference between RLA of clone �5 and full-length clone 5 (Fig. 2). These results indicate
that a region spanning from -1,576 to+144 does not inhibit MER activity, and factors binding to the
425-region are important for KLF5 down-regulation. Database analysis showed possible binding sites
for CREB1, CEBPB, and p63 in the 425-region (Fig. 3A). After confirmation of down-regulation of
their proteins by siRNAs (Fig. 3B), RLA of clone �5 were measured. siRNA for CREB1 but not
CEBPB and p63 significantly increased the RLA, and p63 for siRNA, s229400, decreased the RLA
(Fig. 3C).

CREB1 binding to the 425-region of the endogenous genome was detected by ChIP assay. The
425-region was dose-dependently precipitated by anti-CREB1 antibody (Fig. 4A). The 425-region
included three putative CREB1-binding sites (Fig. 3A). We mutated each of the sites (Mut #1, #2 and
#3) in clone �5, and then carried out reporter assays to examine the effects of the binding sites on the
MER activity (Fig. 4B). In comparison to clone �5, RLA was increased in clone Mut #2 or clone Mut
#3 but not in clone Mut #1, and most significantly clone Mut # (2 + 3). CREB1 binding to each clone
was quantified by ChIP assay and the binding to all mutant clones was decreased at almost the same
level (Fig. 4C and D). These results indicate that CREB1 binds to all putative CREB1-binding sites
and that suppression of KLF5 gene expression largely depends on its binding to #2 and #3 sites.

3.3. Interaction of the 425-region with MER of KLF5 gene through binding of CREB1

We examined whether the interaction of the 425-region with the MER was mediated by CREB1
and/or Sp3 by 3 C on ChIP assay. A brief overview of the assay and primer settings are depicted in
Fig. 5A and B. Genomic DNA spanned by 3C-Fw-1 to 3C-Rv-2 primers and including DpnII sites was
amplified before DpnII digestion but not after the digestion (Fig. 5 C). A specific 3 C on ChIP product
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using 3C-Fw-1 and 3C-Rv-1 primers was detected under conditions with ligation and anti-CREB1
antibody but not with anti-Sp3 antibody (Fig. 5D). A product amplified by LC-Fw to LC-Rv was used
as loading control (Fig. 5E).

3.4. The effect of CREB1 on endogenous KLF5 expression

The effects of CREB1 cDNA transfection on endogenous KLF5 protein and mRNA expression levels
were analyzed. KLF5 protein and mRNA expression levels were apparently decreased by CREB1
cDNA transfection (Fig. 6A and B). The reporter assay using clone �5 showed a significant decrease
in RLA by CREB1 cDNA transfection (Fig. 6C).

4. Discussion

KLF5 that controls the proliferation and differentiation of epithelial cells is preferentially expressed
in basal cells of stratified squamous epithelium and rapidly disappears in suprabasal cells [2, 22, 23].
KLF5 expression is higher in proliferating cells than in differentiated cells and increases the growth rate
in epithelia, such as the esophagus and intestine [24–28]. KLF5 is frequently overexpressed in a subset
of patients with aggressive carcinoma and is thought to play an essential role in cancer progression
[8, 13, 15, 16, 29]. KLF5 basal expression requires Sp3 binding to the MER of KLF5 gene [19], but
other elements for fine-tuning the expression are almost unknown. The present study shows that the
425-region from -2,001 to -1,577 acts as a silencer and CREB1 binding to the 425-region represses
KLF5 gene expression through interacting with the MER.

Gene expression is controlled by physical interactions of transcriptional regulators binding to gene
promoters and far distal elements [30–33]. In this study, reporter assays using clones with different
length of KLF5 upstream sequence showed that the 425-region strongly and commonly repressed
reporter gene activities in oral carcinoma cells and other cell lines. The 425-region decreased the basal
expression of KLF5 reporter gene in a clone directly ligated with the MER (clone �5) and comparably
in a clone spanning -1,576 and+144 (clone 5). It is apparent that the 425-region represses KLF5 basal
expression.

Database analysis suggested potential binding sites for CREB1, p63 and CEBPB in the 425-region.
Because siRNAs for p63 and CEBPB did not up-regulate RLA of clone �5, they may be not directly
involved in the suppression of KLF5 basal expression. In contrast, CREB1 siRNA increased RLA. The
425-region encoded three different CREB1-binding sites, and quantitative ChIP assay showed that
mutation of each site decreased CREB1 binding to the 425-region. In the reporter assay, mutation at
CREB1 #1 site did not affect RLA in contrast to be increased RLA by #2 and #3 mutations. These
results strongly suggest that CREB1 can bind to all the binding sites and the binding to #2 and #3 sites
plays a dominant role in suppressing KLF5 basal expression.

CREB1-mediated interaction of the 425-region with the MER was analyzed by 3 C on ChIP assay.
CREB1 is a member of CREB/ATF family and is known to dimerize with this member [34, 35]. Its
interaction with other transcription factors frequently regulates target gene expression [36–39]. Sp3 up-
or down-regulates various genes by incorporating a transcription regulatory complex [40–42]. Because
Sp3 binding to the MER is essential for KLF5 basal expression, we hypothesized that the interaction
of CREB1 on the 425-region and Sp3 on the MER forms the transcriptional repressor complex. In fact,
CREB1 was detected in the complex, but Sp3 was undetectable. In human keratinocytes, promoter
regulation of loricrin (LOR) as a keratinocyte differentiation marker requires interactions of CREB/ATF
family and Sp family on the promoter [36]. In poorly differentiated keratinocytes, the interactions
of CREB/ATF family and Sp family by binding to their respective elements or the dimerization of
CREB/ATF family and other positive regulators prevents the binding of factors required for LOR gene
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Fig. 6. Effect of CREB1 expression on endogenous KLF5 expression. (A) Expression of endogenous proteins after CREB1
cDNA-tagged Myc tag (CREB1-Myc) transfection was analyzed by western blot. �-actin was used as an internal control.
The exogenous and endogenous CREB1 are indicated by “a” and “b”, respectively. Exogenous CREB1 was also probed by
anti-Myc tag antibody. Non-specific bands are indicated by arrowheads. (B) Quantitative analysis of KLF5 mRNA expression
in HSC2 cells after CREB1 cDNA (CREB1-Myc) or pCI-neo vector (Ctrl) transfection. The result shows that the relative fold
of the expression to cells transfected pCI-neo vector. *, P < 0.05 compared to Ctrl. (C) RLA of clone �5 at overexpression of
CREB1. HSC2 cells transfected with CREB1 cDNA (CREB1-Myc) or pCI-neo vector (Ctrl) were used. The reporter plasmid
pGL4.10 was used as the control of reporter assay. The data are represented as means ± SD (n = 4). *, P < 0.05 compared to
Ctrl.

expression to the promoter. In terminally differentiated keratinocytes, the levels of CREB proteins
are decreased, and relative levels of positive regulators required for promoter activation are increased,
resulting in the positive regulators binding to the promoter. CREB1 overexpression suppressed KLF5
basal expression and endogenous KLF5 expression in this study. These suggest possibilities that the
CREB1 complex mediating the 425-region and the MER is formed with other MER-binding protein(s)
and binds to the Sp3-binding site in the MER, or that the complex incorporates other positive regulators
of KLF5 gene expression. These possibilities can lead to the inhibition of Sp3 binding to the MER.

KLF5 preferentially localizes to the basal cell layer of stratified squamous epithelium and CREB1
to basal and spinous layers [19, 43]. In oral carcinoma, KLF5 has high expression at the periphery
of carcinoma cell nests containing poorly differentiated cells, whereas has low expression near the
center of the nest consisting of well differentiated cells [8]. Calcium-induced mouse keratinocyte
differentiation is associated with increased expression of CREB1 [43]. In this study, exogenous CREB1
induced the repression of KLF5 protein and mRNA expression in oral carcinoma cells. Moreover,
interaction partners of CREB1 are frequently different in undifferentiated and differentiated cells [44,
45]. These findings suggest that differentiation-induced alteration in CREB1 expression may contribute
to the regulation of KLF5 gene expression. Previous studies have reported that KLF5 expression is
associated with poor prognosis in patients with carcinoma. The high expression of KLF5 correlated
with poor patient survival in pancreatic, colorectal, breast and gastric carcinomas [13, 15, 16, 46].
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Knockdown of KLF5 reduced tumor sphere formation in breast cancer cells [16]. These facts indicate
that KLF5 is a tumor activator. However, KLF5 is also reported as a tumor suppressor [47]. Thus, the
role of KLF5 seems to be controversial.

In this study, we found that the 425-region from -2,001 to -1,577 acts as a silencer and CREB1
binding to the 425-region represses KLF5 basal expression through interacting with the MER. It will
help to understand the two-face KLF5 function and elucidate epithelial and carcinoma cell physiology.
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