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Abstract
Kruppel-like factor 5 (KLF5) is implicated in human breast cancer by frequent genomic deletion
and expressional deregulation, but the molecular mechanisms by which KLF5 affects breast
tumorigenesis are still unknown. The present study was conducted to examine whether and how
KLF5 affects the function of ER in breast cancer cells. Using different cell lines, we found that
restored expression of KLF5 inhibited estrogen-promoted cell proliferation in ER-positive MCF-7
and T-47D cell lines but had no effect on ER-negative SK-BR-3 cells. Transcriptional activity of
ER was also suppressed by KLF5, as detected by using estrogen-stimulated ER responsive
element-mediated reporter assay and expression analysis of ER target genes including c-MYC and
cathepsin D (CSTD). Chromatin immunoprecipitation (ChIP) assays showed that KLF5 inhibited
ERα binding to the promoter of c-myc and CSTD. Furthermore, estrogen induced an interaction
between KLF5 and ERα. These results suggest that KLF5 inhibits the function of ERα in gene
regulation and cell proliferation through protein interaction that interrupts the binding of ERα to
target gene promoters to prevent target gene induction.
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INTRODUCTION
Human Kruppel-like factor 5 (KLF5/IKLF/BTEB2) has important roles in various aspects of
carcinogenesis including cell proliferation, differentiation, cell cycle regulation, and
angiogenesis 1–8. It belongs to the Sp/KLF zinc finger transcription factor family, which is
comprised of over 15 mammalian members that share three C2H2-type zinc fingers at the
carboxyl terminus forming the DNA-binding domain (DBD) 2, 9. Interaction between KLF5
and other transcription factors such as CBP/p300 10, retinoid acid receptor α 6 and NF-κB
11 is important in the transcriptional regulatory function of KLF5.

The role of KLF5 in carcinogenesis appears to be context-dependent. KLF5 is a positive
regulator of proliferation in untransformed cells 7, 12 and even transforms normal
fibroblasts 3, but it suppresses the proliferation of cancer cells from the prostate 5, breast 4
and colon 7. Moreover, KLF5 undergoes frequent genomic deletion in human cancers 4, 5,
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which results in a loss of function for KLF5 during carcinogenesis because KLF5 is haplo-
insufficient 6. In breast cancer, while the expression of KLF5 is reduced in most cell lines,
expression of KLF5 mRNA in primary tumors was reported to correlate significantly with
shorter patient survival and increased expression of oncogene HER2 and proliferation
marker MKI67 13. While it is clear that KLF5 plays a role in breast cancer, the molecular
mechanisms remain to be elucidated.

Approximately 70% of human breast cancers express estrogen receptors (ERs) including
ERα and ERβ 14. Many ERα-positive breast cancers require estrogen for cell proliferation,
and they undergo apoptotic cell death when deprived of estrogen 15. Estrogen 17β-estradiol
(E2) plays pivotal roles in normal breast and in the genesis and progression of breast cancer
16. The biological actions of estrogen are mediated through its binding to ERs, which
belong to the nuclear receptor superfamily of transcription factors. Interestingly, KLF9
(BTEB1), which is high homologous to KLF5 (BTEB2) 9, is a negative regulator of legend-
dependent ERα signaling in human Ishikawa endometrial epithelial cells 17. On the other
hand, KLF5 physically interacts with nuclear receptors such as retinoic acid receptor (RAR)
α to regulate the transcription of target genes 18, 19. Taken together, a relationship between
KLF5 and ERα could be related to the function of KLF5 in breast cancer.

In the present study, we investigated whether and how KLF5 could function as a coregulator
of ERα in ER positive breast cancer cells. We demonstrated that KLF5 inhibited ER
function in cell proliferation and gene regulation, likely through estrogen-induced protein
interaction with ERα.

MATERIAL AND METHODS
Cell Lines and Other Materials

The MCF 10A mammary epithelial cell line, HEK-293 human kidney epithelial cell line,
and breast cancer cell line MCF-7, T47D and SK-BR-3 were purchased from the American
Type Culture Collection (ATCC) (Manassas, VA) and propagated following ATCC’s
instructions. MCF-7 cells and T47D cells were grown in phenol red-free medium
supplemented with 10% charcoal-dextran-stripped fetal bovine serum (FBS) for at least 3
days before cells were treated with 17β-estradiol (E2).

SiRNA Transfection
The siRNA for KLF5 (5’-AAGCTCACCTGAGGACTCA-3’), as described previously 11,
was used in transfection. Luciferase siRNA was used as a negative control. MCF 10A cells
were transfected with 200 nM chemically synthesized siRNA (Dharmacon, Chicago, IL)
using SiPORT Amine (Ambion, Austin, TX). Cells were collected 48 hours after
transfection for analysis.

Cell Proliferation Assay
Cells were seeded at 1 × 105 cells/well onto 24-well tissue culture plates and grown for 24
hours. Using the Lipofectamine reagent (Invitrogen, Carlsbad, CA) (for MCF-7 and SK-
BR-3 cells) or FuGENE6 reagent (Roche, Indianapolis, IN) (for T47D cells), pcDNA3 or
pcDNA3-KLF5 4 was transfected into cells following the manufacturer's instructions. After
30 hours, 1 nM E2 was added to treat cells for 18 hours, at which point 3H-thymidine (MP
Biomedicals, Irvine, CA) was added at 0.5 µCi/well. Four hours later, cells were washed
with PBS, fixed in 5% ice-cold trichloroacetic acid for 2 hours, lysed with 1 M NaOH,
transferred onto glass fiber filters, and dried. Radioactivity was measured using a
scintillation counter.
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Colony Formation Assay
MCF-7 cells were seeded onto six well plates at a density of 5 × 105 per well. On the
following day, 2 µg of pcDNA3 or pcDNA3-KLF5 were transfected in triplicate. Thirty
hours later, culture medium was replaced with medium containing G418 (800 µg/ml,
Invitrogen), and thereafter the selection medium was replaced every 3 days. After 2 weeks
of selection in G418, cells were fixed with 10% trichloroacetic acid and stained with
sulforhodamine B. Absorbance, which indicated cell numbers, were measured following a
previously described protocol 20.

Promoter-Luciferase Reporter Assay
ERE-TK-Luc 21, pcDNA3 and pcDNA3-KLF5 were transfected into MCF-7 cells using
Lipofectamine reagent (Invitrogen, Carlsbad, CA), following the manufacturer's
instructions. Forty hours later, 1 nM E2 was added and incubated with cells for 20 hours.
Luciferase assay was carried out using the Promega luciferase assay kit as previously
described 22. Three wells of cells were used for each data point.

Real-time PCR
The first-strand cDNA was synthesized from total RNA using the iScript DNA synthesis Kit
(Bio-Rad Laboratories, Hercules, CA). Real-time PCR was conducted following the
procedures described in our previous study 23.

Chromatin Immunoprecipitation (ChIP) Assay
MCF-7 cells were transfected with pcDNA3-KLF5 or pcDNA3.1 (Invitrogen) plasmid with
Lipofectamine 2000 reagent (Invitrogen). Forty hours after transfection, cells were
incubated in the presence or absence of 25 nM of E2 for 1 hour. ChIP was performed
according to the protocol from Upstate (Lake Placid, NY). Antibody against ERα (Estrogen
Receptor Ab-10, Thermo Fishier Scientific, Fremont, CA) was used to precipitate protein/
DNA complex. Precipitated DNA was analyzed by PCR with c-Myc promoter-specific
primers 5’-AGGCGCGCGTAGTTAATTCAT- 3’ (forward) and 5’-
CGCCCTCTGCTTTGGGA-3’ (reverse) 24 and CSTD promoter-specific primers 5’-
GGTTTCTCTGGAAGCCCTGTAG-3’ (forward) and 5’-TCCTGCACCTGCTCCTCC-3’
(reverse) 24. The procedure for the real-time PCR was described previously 25, and the
same primers as those for regular PCR were used. The value for each sample, as shown in
Figures 3D and 3G, was normalized by the value of respective input and that for KLF5 with
E2 treatment was defined to 1.

Co-Immunoprecipitation (co-IP) Assay
Co-IP was conducted following a standard protocol. Briefly, MCF-7 cells were transfected
with pcDNA3-FLAG-KLF5 26 or pcDNA3-FLAG (Invitrogen) plasmid with Lipofectamine
2000 reagent (Invitrogen). Forty hours after transfection, cells were incubated in the
presence of 10 nM MG132 for 4 hours and in the presence or absence of 25 nM of E2 for 1
hour and then lysed in lysis buffer (50 mM Tris HCl, pH 7.4, 150 mM NaCl, 1 mM EDTA,
and 1% Triton X-100) containing protease and phosphatase inhibitors. Cell extracts were
incubated with FLAG antibody-agarose beads (Sigma), and then protein complexes were
separated by SDS–polyacrylamide gel electrophoresis and transferred to polyvinylidene
difluoride membranes (Immobilon-P; Millipore, Billerica, MA). Specific proteins were
detected by western blot analysis using antibodies against ERα (Clone 60C, Millipore,
Billerica, MA).
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GST Pull-down Assay
Full-length KLF5 was cloned into Hind III and BamHI sites of pGEX vector (GE
Healthcare, Piscataway, NJ) to generate GST-KLF5 expression construct by PCR method
with pcDNA3-FLAG-KLF5 plasmid as a template. GST-KLF5 or GST expressed in BL21
bacteria was purified with glutathione-Sepharose 4B slurry beads (GE Healthcare) following
the manufacturer's instructions. Equal molar amounts of purified GST and GST fusion
proteins (3.1 µg of GST or 10 µg of GST-KLF5) were immobilized to 50 µl of 50%
glutathione-Sepharose 4B slurry beads (GE Healthcare) in 0.5 ml of GST pull-down buffer
(10 mM HEPES, pH 7.6, 3mM MgCl2, 100 mM, KCl, 5 mM EDTA, 5% glycerol, and 0.5%
CA630). After incubation for 1 hour at 4°C with rotation, the beads were washed three times
with GST pull-down buffer. One nM E2 and 10 µl of 35S-labeled in vitro translated ER
protein, which was synthesized as previously described 22, were added and mixed for 2
hours at 4°C with rotation. Bound proteins were eluted by boiling in 30 µl of loading
buffer. 35S-labeled proteins were detected by gel electrophoresis and autoradiography. In
another set of experiment, 500 pmol of double strand oligonucleotides (NWG-Biotech, High
Point, NC) from the promoter of EBAG9, which contains a typical ERE, were added to the
mixture of GST protein and 35S-ER. The sequences for the oligonucleotides were as
follows, 5’-GGTACTGTTTCCGGGTCAGGGTGACCTCTGGG-3’ (forward) and 5’-
CCCAGAGGTCACCCTGACCCGGAAACAGTACC-3’ (reverse). This pair of
complementary oligos were annealed following standard protocol.

RESULTS
KLF5 inhibits estrogen-induced cell proliferation in ER-positive breast cancer cells

We first measured rates of DNA synthesis, as indicated by the incorporation of tritiated
thymidine (3H-TdR) into DNA, for cell proliferation. In the ER-positive MCF-7 breast
cancer cell line, KLF5 expression was increased by transfecting different amounts of KLF5
expression plasmid, and estrogen treatment (E2 at 1 nM) was applied for 20 hours. As
shown in Figure 1A, estrogen-induced cell proliferation was inhibited by up to 69% (P <
0.01) in KLF5-expressing MCF-7 cells. In cells without E2 treatment, cell proliferation was
only slightly inhibited (33%, P = 0.06). Protein expression of KLF5 in transfected MCF-7
cells was verified by western blotting (Fig. 1B). Using the same method, we also analyzed
T47D cells, another ER-positive breast cancer cell line. Again, estrogen-induced cell
proliferation was inhibited by KLF5 expression (Fig. 1C, 1D). We then performed a colony
formation assay in MCF-7 cells, and found that estrogen-promoted cell growth was
obviously suppressed by KLF5 in cells transfected with KLF5 plasmid and selected in the
presence of neomycin for 16 days and E2 treatment during the last 12 days (Fig. 1E). These
results indicate that KLF5 inhibits estrogen-induced cell proliferation in ER-positive breast
cancer cells.

We also evaluated the effect of KLF5 on cell proliferation in ER-negative breast cancer
cells. Different amounts of KLF5 plasmid were transfected into SK-BR-3 cells, which were
then treated with 1 nM E2 or DMSO control for 20 hours. The purpose of E2 treatment in
SK-BR-3 cells was to better compare the effect of KLF5 on E2 effect in different breast
cancer cells. While E2 had little (P > 0.05) effect on cell proliferation, KLF5 had no effect
regardless of E2 treatment (Fig. 2A). Protein expression of KLF5 was markedly increased
by transfection, as demonstrated by western blotting (Fig. 2B). In the MCF 10A mammary
epithelial cell line, which is immortalized but not transformed, KLF5 is expressed at a
higher level 26 but ER is not expressed 27. To further examine the function of KLF5 in the
proliferation of mammary epithelial cells, KLF5 was knocked down by siRNA in MCF 10A
cells, and DNA synthesis was measured. The proliferation of MCF 10A cells was
significantly suppressed by the knockdown of KLF5, which is consistent with previous
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findings that show a stimulatory role of KLF5 in the proliferation of epithelial cells 12, 28,
29. MCF 10A cells do not respond to estrogen treatment (Fig. 2C, D). These results indicate
that KLF5 has a different effect on the proliferation of ER-negative mammary epithelial
cells including cancer cells and non-tumorigenic cells.

KLF5 inhibits the function of ERα in gene regulation in ER-positive breast cancer cells
Based on the fact that KLF5 only inhibited estrogen-induced cell proliferation in ER positive
breast cancer cells, we hypothesized that the inhibition is caused by KLF5 inhibiting the
function of estrogen-ER signaling. To assess the effect of KLF5 on estrogen response, we
measured the ability of KLF5 to modulate the transcriptional activity of ERα in ER-positive
MCF-7 cells transiently transfected with KLF5 expression plasmid. Using an estradiol (E2)-
stimulated estrogen-responsive promoter luciferase reporter, ERE-TK-Luc 21, we found that
KLF5 inhibited E2-mediated reporter activity in a dose-dependent manner, whereas empty
pcDNA3 plasmid had no effect (Fig. 3A). This result indicates that KLF5 suppresses the
transcriptional activity of ER induced by estrogen.

Estrogen receptor regulates gene transcription either by direct binding to the promoter of a
target gene such as CTSD, which encodes for cathepsin D 30, or by indirect binding through
an interaction with other transcription factors including Sp1 and AP1 31. Genes regulated by
indirect binding of ER include c-Myc 32, whose promoter does not contain a typical ER
responsive element (ERE). We examined the effect of KLF5 on estrogen-induced expression
of CSTD and c-Myc in MCF-7 and T47D cells. In MCF-7 cells, when pcDNA3 empty
vector was transfected, E2 induced c-Myc mRNA expression rapidly in 1 to 2 hours, as
detected by real time PCR assay (Fig. 3B). When KLF5 was transfected, however, E2-
induced c-Myc transcription was significantly inhibited (Fig. 3B). E2-induced c-Myc
mRNA expression was also suppressed by KLF5 in T-47D cells (Fig. 3C).

For the CSTD gene, E2 also induced mRNA expression rapidly in both MCF-7 and T-47D
cells, and E2-induced CSTD expression was also significantly inhibited by re-expression of
KLF5 (Fig. 3E, 3F). The results in Figure 3 demonstrate that KLF5 inhibits the function of
estrogen-ER signaling in gene transcription.

KLF5 reduces the binding of ERα to promoters of target genes
To explore how KLF5 inhibits E2-induced c-Myc expression, chromatin
immunoprecipitation (ChIP) assay was performed in MCF-7 cells transfected with KLF5
expression plasmid (pcDNA3-KLF5) or vector control, treated with 25 nM E2 for 1 hour.
An antibody against ERα was used to precipitate the ER-DNA complex. We found that E2
induced strong recruitment of ERα to c-myc promoter, and the recruitment was decreased by
KLF5 (Fig. 3D). Similarly, E2 induced strong binding of ERα to CSTD promoter, and the
binding was also decreased by KLF5 (Fig. 3G).

Protein interaction between KLF5 and ERα occurs and is inducible by E2
As a transcription factor, KLF5 may suppress the function of ERα through protein
interaction in the nucleus. To test this hypothesis, HEK-293 cells were transfected with
FLAG-tagged ERα and KLF5 expression construct, and were treated with E2 at 1 nM for 20
hours. Cell lysates were subjected to immunoprecipitation with anti-FLAG antibody and
immunoblotting with antibody against KLF5. As shown in Figure 4A, KLF5 protein was
only detected in cells co-transfected with FLAG-ER and KLF5 and treated with E2. This
result suggests that E2 induced the interaction between ERα and KLF5. To confirm this
interaction, HEK-293 cells were transfected with HA-tagged KLF5 and the FLAG-tagged
N-terminal part of ER (ERN, residues 1 to 320) or C-terminal ER (ERC, residues 252 to
595), and treated with E2 at 1 nM for 20 hours. Cell lysates were subjected to
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immunoprecipitation with anti-HA antibody and immunoblotting with anti-FLAG antibody.
We found that E2-induced protein interaction between KLF5 and ER occurred in ERC but
not in ERN (Fig. 4B), which could be due to lack of estrogen binding domain in ERN.
Alternatively, it is possible that ERN cannot enter the nucleus of a cell. To test whether the
interaction occurs with endogenous ER, MCF-7 cells transfected with pcDNA3 empty
vector or FLAG-tagged KLF5 were treated with E2 (5 nM for 1 hour) and subjected to
immunoprecipitation with anti-FLAG antibody and immunoblotting with antibody against
ERα. As shown in Figure 4C, interaction between KLF5 and endogenous ERα was also
induced by estrogen. Furthermore, using in-vitro-translated 35S-labeled full-length ERα
protein, a GST pull-down assay showed that ERα was pulled down by GST-fused KLF5
(Fig. 4D) but not GST alone, indicating that ERα can interact with KLF5 directly. To
investigate whether the binding of ERα to DNA interferes with the interaction between ERα
and KLF5 proteins, double strand oligonucleotides containing a typical ERE was also added
to the GST pull-down reaction. The ERE DNA did not affect the interaction between ERα
and KLF5 (Fig. 4E). Collectively, these results demonstrate that KLF5 directly interacts
with ERα protein, and KLF5 binds to ERα through the C-terminal part of ERα.

DISCUSSION
Transcriptional regulation of target genes by nuclear receptors (NRs) is a complex, multistep
and tightly controlled process. One of the major breakthroughs in understanding NRs was
the discovery of the interacting coregualtor proteins that can either positively (coactivitor) or
negatively (corepressors) modulate NR activity 16. NR corepressors have been defined as
factors that ‘interact with nuclear receptors and lower the transcriptional rate at their target
genes’ 33. More than twenty molecules have been identified as ERα corepressors, including
NCoR, MSRT, the repressor of ERα activity (REA), and BRCA1 34. In the present study,
we found that KLF5 inhibited estrogen-induced cell proliferation and expression of ER
target genes, and that KLF5 decreased the binding of ER to its target gene promoters in ER
positive breast cancer cells (Fig. 1–3). Furthermore, KLF5 interacted with ER directly, and
the interaction was not affected by ER-binding promoter DNA (Fig. 4). These results
indicate that KLF5 is a modulator of ERα that could be recruited to the ER transcriptional
complex induced by E2 to inhibit the binding of ERα to its target gene promoters, thus
inhibiting the function of ERα.

As a modulator of ERα, KLF5 not only inhibits the E2-ER-ERE signaling but also
suppresses estrogen-induced cell proliferation in MCF-7 and T47D cells (Fig. 1). The E2-
ERα signaling induces the expression of c-Myc 32, which has an important function in
promoting cell-cycle progression 35. As shown in Figure 3, KLF5 repressed c-Myc
transcription induced by E2 in MCF-7 and T47D cells. In addition, KLF5 inhibited the
recruitment of ERα to c-myc promoter in MCF-7 cells. These results suggest that KLF5
inhibits estrogen-induced cell proliferation through the repression of estrogen-induced
transcription of ER target genes.

Estrogen and ERα have been implicated in the development of breast cancer, based on data
from both clinical and animal studies. Cumulative exposure of the breast epithelium to
estrogen is a risk factor associated with breast cancer 36. Transcriptional coregulators are
involved in ER-dependent actions of estrogen in breast cancer 37. For example, the ERα
coactivitor SRC3, which is overexpressed in some breast tumors, mediates hormone-
dependent cellular proliferation in cultured cells and tumor initiation and growth in mouse
models of mammary tumorigenesis 38. On the other hand, ERα corepressor BRCA1 not
only inhibits ERα activity 21 but is also responsible for DNA repair 39. Therefore, loss of
BRCA1 could facilitate breast tumorigenesis. Previously it was reported that KLF5 mRNA
was expressed at high levels in non-neoplastic breast epithelial cells and in normal human
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mammary tissues but at lower levels in various breast cancer cell lines 4. Combined with our
finding that KLF5 suppresses ER function in ER positive breast cancer cells, we hypothesize
that loss or down-regulation of KLF5 facilitates the initiation and development of breast
cancer. We are testing this hypothesis using KLF5 knockout mice.

Tong et al. reported that a higher level of KLF5 mRNA is significantly associated with
poorer disease-free survival and overall survival in sporadic breast cancer 13. Moreover,
KLF5 expression was significantly correlated with expression of HER2 and MK167 but not
ER status. These findings may be related to the pro-proliferative and ER-independent
function of KLF5 in epithelial cells. Our findings in this report may be specific to ER-
positive breast cancer cells. On the other hand, KLF5 is a target of E3 ubiquitin ligases
including WWP1 22, which can be amplified and overexpressed in breast cancer 40.
Therefore, protein level of KLF5 maybe not correlated with mRNA level in some cancers. It
should be interesting to investigate whether KLF5 protein level correlates with overall
survival in breast cancer patients.

Physiologically, estrogen-ER signaling plays an essential role in the development and
homeostasis of the breast by causing permanent changes in the architecture and biological
characteristics of the gland 41. KLF5, on the other hand, has been implicated in the renewal
and maintenance of stem/progenitor cells in recent studies 29, 42. KLF5 has also been
shown to function in the regulation of epithelial proliferation and differentiation 43–45.
Taken together with our results showing estrogen-caused protein degradation of KLF5
(Zhao et al., manuscript submitted), we speculate that the interaction between KLF5 and ER
also plays a role in normal development and epithelial homeostasis of the breast.

In conclusion, our results suggest that KLF5 inhibits the function of ERα in gene regulation
and cell proliferation through protein interaction that interrupts the binding of ERα to the
promoter of its target genes and subsequent target gene induction. Consistent with frequent
down-regulation and/or deletion of KLF5 in breast cancer, our findings further provide
evidence that KLF5 has a tumor suppressor role in ER-positive breast cancers.

Abbreviations

ChIP chromatin immunoprecipitation

CTSD cathepsin D

ER estrogen receptor

KLF5 Kruppel like factor 5

NR nuclear receptors

PCR polymerase chain reaction

RAR retinoid acid receptor

SiRNA small interfering RNA
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Figure 1. KLF5 inhibits estrogen-induced cell proliferation in ER-positive breast cancer cell lines
(A–D) DNA synthesis, as indicated by the incorporation of 3H-thymidine (3H-TdR), was
used to indicate cell proliferation in both MCF-7 (A) and T-47D (C) breast cancer cell lines.
KLF5 expression was restored by transfecting 0.4 µg plasmid DNA including different
amounts of pcDNA3-KLF5 and vector control into cells. Expression of KLF5 in transfected
cells was confirmed by western blot analysis in both MCF-7 (B) and T-47D (D) cells. E2
treatment was at 1 nM for 20 hours. (E) Cell proliferation was analyzed by colony formation
assay in MCF-7 cells. Cells were treated with 1 nM E2 for the last 12 days. Asterisks
indicate statistically significant differences in cell growth between cells transfected with
pcDNA3 and cells transfected with pcDNA3-KLF5 in the presence of estrogen (p< 0.05).
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Figure 2. KLF5 has no detectable effect on the function of estrogen in cell proliferation in ER-
negative breast epithelial cells
(A) ER-negative breast cancer cell line SK-BR-3 was subjected to 3H-TdR incorporation
assay after transfection, following the same procedures as in Figure 1A. (B) Confirmation of
KLF5 expression in SK-BR-3 cells after transfection, as detected by western blot analysis.
(C) 3H-TdR incorporation in the MCF 10A human mammary epithelial cell line, which is
immortal but non-tumorigenic, after knockdown of KLF5 by transfection of siRNA against
KLF5 (SiK) or luciferase control (SiL) into cells. Total siRNA concentration was 200 nM,
with 100 nM each for SiL and SiK in the group of SiL+SiK. (D) Confirmation of KLF5
knockdown in MCF 10A cells by western blot analysis. Asterisks indicate statistically
significant differences in cell growth between cells transfected with negative control siRNA
and cells transfected with KLF5 siRNA (P < 0.05).
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Figure 3. KLF5 inhibits E2/ERα-induced promoter activity and expression of both c-Myc and
Cathepsin D (CSTD) in ER-positive breast cancer cells, apparently by reducing the binding of
ER to c-Myc and CSTD promoters
(A) Expression of KLF5 inhibits estrogen-promoted ER responsive promoter-mediated
luciferase reporter activity in MCF-7 cells. E2 treatment was at 1 nM for 20 hours. Asterisks
indicate statistically significant differences in luciferase activities between cells transfected
with pcDNA3 and cells transfected with pcDNA3-KLF5 in the presence of estrogen (p <
0.05). (B, C) Stimulation of c-Myc expression by estrogen is suppressed by expression of
KLF5 in MCF-7 (B) and T-47D (C) cells, as detected by real-time PCR. Cells were
transfected with pcDNA3 or pcDNA3-KLF5, and 30 hours later were treated with 100 nM
E2. (D) Binding of ERα to c-Myc promoter is reduced by KLF5, as detected by chromatin
immunoprecipitation (ChIP) assay combined with regular PCR (left) and real-time PCR
(right) assays in MCF-7 cells. MCF-7 cells transfected with pcDNA3-KLF5 or pcDNA3.1
were incubated in the presence or absence of 25 nM E2 for 1 hour, and antibody against
ERα was used to precipitate DNA-protein complexes. Precipitated DNA was analyzed by
PCR with primers specific to Myc promoter. (E, F) Measurement of Cathepsin D (CSTD)
mRNA levels by real time PCR in MCF-7 (E) and T-47D (F) cells transfected with KLF5 or
vector control (pcDNA3). Cells were treated with 100 nM E2. In panels B, C, E and F,
asterisks indicate statistically significant differences in mRNA expression between cells
transfected with pcDNA3 and cells transfected with pcDNA3-KLF5 in the presence of
estrogen (P < 0.05). (G) Detection of ERα binding to CSTD promoter by ChIP assay
combined with regular PCR (left) or real-time PCR (right) assays in MCF-7 cells transfected
with KLF5 and vector control. The value shown in panels D and G was normalized with that
of inputs, with that for the group of KLF5 plus E2 treatment defined to 1. These experiments
were repeated twice and consistent results were obtained.
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Figure 4. Detection of protein interaction between KLF5 and ERα
(A) E2 induces protein interaction between KLF5 and ERα in HEK-293 cells transfected
with FLAG-tagged ERα and pcDNA3-KLF5 and treated with E2 (1 nM for 20 hour), as
detected by immunoprecipitation (IP) with anti-FLAG antibody followed by
immunoblotting (IB) with antibody against KLF5. (B) E2-induced interaction between
KLF5 and ERα involves the C-terminal part of ERα. HEK-293 cells transfected with HA-
tagged KLF5 and FLAG-tagged ER fragments (ERN or ERC) were treated with E2 (1 nM
for 20 hour), and cell lysates were subjected to IP with anti-HA antibody and IB with anti-
FLAG antibody. (C) Interaction between KLF5 and ERα also occurs with endogenous ERα.
MCF-7 cells transfected with pcDNA3 empty vector or FLAG-tagged KLF5 and treated
with E2 (5 nM for 1 hour) and 10 µM MG132 were subjected to IP with anti-FLAG
antibody and IB with antibody against ERα. (D, E) Pull-down of in vitro translated ERα
(35S-ERα) by GST-fused KLF5. GST alone serves as a negative control. Annealed double
strand oligonucleotides (oligo) containing an ERE were added to the mixture of GST-KLF5
and 35S- ERα (E).
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