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Background: Kruppel-like factor 4 (KLF4) is a zinc finger transcription factor that influences immunity.
Results: KLF4 binds to CACCC sequences in the IL-6 promoter, directly activates transcription, and impacts promoter
acetylation.
Conclusion: KLF4 modulates IL-6 production by dendritic cells via both a direct transcriptional activation and epigenetic
modification of the promoter.
Significance: KLF4 plays a significant and previously unrecognized role in regulation of IL-6.

The initiation and maintenance of the immune response
require a coordinated regulation of signal transduction path-
ways. Identifying the mechanisms by which these pathways are
controlled and modulated is a significant goal of immunology.
In the present report, we show a novel role for the zinc finger
transcription factor Kruppel-like factor 4 (KLF4) in the modu-
lationof the inflammatory immune response via its regulationof
IL-6. We analyzed the role of KLF4 in the production of IL-6 by
dendritic cells. Our data indicate that KLF4 can act in a dual
function manner. It acts as a transcription factor in that it can
bind to and activate the IL-6 promoter at specific binding sites.
KLF4 also has a role in the chromatin remodeling of the IL-6
promoter in that cells deficient in KLF4 exhibited a relative
hypoacetylation. These results indicate a molecular role for
KLF4 in modulating the intensity of the inflammatory response
and help to explain its pleiotropic role in different settings.

Kruppel-like factor 4 (KLF4)2 is a member of the large Krup-
pel-like factor family, whosemembers are zinc finger transcrip-
tion factors defined by having a composition of threeCys2/His2
zinc fingers that contain conserved residues. They are known to
play significant roles in stem cell function, cell survival, prolif-
eration, and differentiation (1–6). KLF4 regulates promoter
activation via binding to its canonical site 5�-(G/A)(G/A)GG(C/T)
G(C/T)-3� (7) as well as to the CACCCmotif (8). Depending on
the setting, it has been shown to either activate or repress pro-
moter activation. It may also act as part of a complex and in a
context-related manner, can cooperate with, or compete with
other factors as well (7).
KLF4 has been shown to significantly influence the immune

system through different avenues. Previous work on this tran-
scription factor has demonstrated its roles in both the develop-

ment of inflammatory monocytes (1, 3) and the production of
inflammatory cytokines from those monocytes that do develop
(9). Alder et al. showed that mice genetically deficient in KLF4
had a notable absence of CD115�/Gr1hi monocytes, indicating
a critical role for the factor in the differentiation of this cell type
(1). When KLF4 was targeted in already mature cells, its
requirement for the inflammatory molecule IFN� was also
demonstrated (9). These results suggest an important role for
KLF4 in the development of an inflammatory response. In the
present studies, we sought to elucidate the molecular mecha-
nism by which KLF4 might contribute to the inflammatory
process. To that end, we assessed its role in the transcriptional
regulation and chromatin remodeling of another critical
inflammatory molecule, IL-6.
IL-6 is a pleiotropic cytokine that has been studied in the

context of a number of autoimmune and inflammatory settings
(10–13). The contribution of IL-6 to the pathogenesis of dis-
ease has been investigated extensively, and has followed two
broad pathways, one of which is the role of IL-6 in inducing and
influencing the phenotypes of T cell responses (14) and the
second is theT cell-independent effects bywhich IL-6 secretion
leads to the recruitment and activation of other inflammatory
cells. Its significance in one model system, experimental auto-
immune encephalomyelitis (EAE), was supported by a number
of studies. One of the most compelling being that IL-6 knock-
out mice were resistant to EAE (11, 15) and had defects in the
ability to activate antigen-specific T cells into effector status,
despite having apparently normal T cell development (13). The
IL-6 promoter contains both canonical KLF4 and CACCC
binding sites, which led us to speculate that KLF4 might regu-
late the transcription of IL-6 and therefore have a downstream
effect on production of IL-6. This possibility would indicate a
further role for this molecule in the development of autoim-
mune disease.
The process of transcription requires the presence of at least

one activation signal in a receptive environment. In order for a
transcription factor to bind to a promoter, the chromatin must
be in an unfolded, or relaxed state. In addition to its role as a
transcription factor, KLF4 has been reported to function as a
modulator of chromatin acetylation, which is one determinant
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of efficiency of transcription. The importance of histone acety-
lation in the process of gene activation was first described in
1964 (16), and since that time, numerous studies have expanded
on its function and importance. Targets for acetylation include
histones, activator proteins, and transcription factors them-
selves. In general, acetylation of histones is associated with an
enhancement of access of transcription factors, leading ulti-
mately to a more active state partly due to a weakened interac-
tion of the histoneswith theDNA (reviewed recently inRef. 17).
A role for acetylation in the activity of KLF4 has previously been
shown to occur via two mechanisms, in that KLF4 itself
becomes acetylated by p300, and KLF4 canmodulate the acety-
lation status of histoneH4 (18).With these findings inmind, we
assessed the role of KLF4 in the acetylation of the IL-6 pro-
moter, and found that KLF4 itself increases the degree of acety-
lation in the proximal region of the promoter. These findings
provide a new mechanism by which the level of expression of
IL-6 may be modulated by KLF4.

EXPERIMENTAL PROCEDURES

Antibodies—The following antibodies were used: rabbit
polyclonal against NF-�B p65 and pStat3 (Cell Signaling Tech-
nology, Danvers,MA) and rabbit polyclonal againstHistoneH3
(Biolegend, San Diego, CA), for Western blots; goat polyclonal
against KLF4 for EMSA (R&D Systems, Minneapolis, MN). For
immunoblots, the secondary antibody goat anti-rabbit IgG con-
jugated with HRP (Millipore, Billerica, MA) was used.
Plasmids—The following plasmids were obtained fromAdd-

gene (Cambridge, MA): pMXS-KLF4, and pMXS-gw (19, 20)
The plasmid pcDNA-KLF4 was prepared by PCR amplification
of the KLF4 cDNA from pMXS-KLF4 and ligation into
pcDNA3.1 in a site created by endonuclease digestion with
HindIII and EcoRV. The IL6 promoter-reporter plasmid pGL4-
IL6 was generated by PCR amplification of the IL6 promoter
from mouse genomic DNA using the following primers: IL6-
FWD, CGCCTCGAGTGGATGTATGCTCCCGACTT; IL6
reverse, CGCAAGCTTGCTACAGACATCCCCAGTCTC.
The resulting fragment was digested with XhoI and HindIII to
generate overhangs and ligated into a site created by digestion
with XhoI and HindIII. Transcription factor binding site mut-
ations were generated by site-directed mutagenesis using the
following primers: �NF-�B FWD, CACCCTCCAACAAAGA-
TTTTTATCAAATGTCCCATTTTCCCATGAGTCTCA-
AAA;�NF-�B REV, TTTTGAGACTCATGGGAAAATGGG-
ACATTTGATAAAAATCTTTGTTGGAGGGTG; �STAT3
FWD, CCTTCAAGCCTCCTTGCATGATTTCCAAATGT-
TTTGGGGTGTCCTG; �STAT3 REV, CAGGACACCCCA-
AAACATTTGGAAATCATGCAAGGAGGCTTGAAGG.
Cell Culture—Thehuman cell lineHEK293Twas cultured in

Dulbecco’s modified Eagle’s Medium supplemented with 10%
fetal bovine serum at 37 °C with 5% CO2 atmosphere and 95%
humidity.
Mouse bone marrow-derived dendritic cells were generated

from wild-type or KLF4�/� chimeric mice (1). The dendritic
cells were expanded in complete RPMI supplementedwith 10%
fetal bovine serum, penicillin, streptomycin, 2 mM L-glutamine,
5 mM HEPES, non-essential amino acids, 1 mM sodium pyruvate,
gentamicin, �-mercaptoethanol, and GM-CSF on non-tissue cul-

ture treated 100-mmdishes (Fisherbrand) at 37 °C under 5%CO2
and95%humidity. Freshmediumwasaddedafter3daysof culture
and fresh medium was exchanged after 6 days in culture. Cells
were typically used on days 7–10 of culture.
Luciferase Assay—293T cells were seeded in a 24-well tissue

culture plate and 24 h later transfected in triplicate for each
condition using Fugene6 transfection reagent (Promega, Mad-
ison, WI) according to manufacturer instructions with 60 ng
pGL4 promoter reporter plasmid (Promega), with or without
150 ng of transcription factor plasmid, 1 ng SV40-RL control
plasmid, and pMXS-gw empty vector plasmid to bring the total
DNA per transfection to 300 ng. Transfected cells were har-
vested 48 h later. The cells were lysed and the Dual-Luciferase
Reporter Assay (Promega) was performed and the resulting
luciferase signal quantified on a Fluostar Omega plate reader
(BMG Labtech, Ortenberg, Germany). Luminescence was
measured for 6 s in 0.5-s intervals for each reaction. Promoter
reporter luciferase activity was normalized to control Renilla
luciferase activity.
Electrophoretic Mobility Shift Assay—DNA oligonucleotides

labeled at the 5�-end with IRDye700 and unlabeled were
obtained from Integrated DNA Technologies (Coralville, IA).
Double stranded oligonucleotides were prepared according to
Odyssey EMSA buffer kit instructions (Li-COR, Lincoln, NE).
Transcription factors were expressed in HEK293T and whole
cell lysates or nuclear fractions were used for binding experi-
ments.Whole cell lysates were prepared in RIPA buffer supple-
mented with phosphatase and protease inhibitors and nuclear
extracts were prepared as previously described (21).
DNA binding reactions were performed at room tempera-

ture using the Li-Cor EMSABuffer Kit according to kit instruc-
tions. 5–10 �g of 293T nuclear extract or KLF4-expressing
293T nuclear extract were added to the binding reactions.
Where noted, 1 �l of anti-KLF4 antibody was added to binding
reactions to determine specificity of binding. Competition
binding assays were performed with unlabeled competing oli-
gos or unlabeled non-competing oligos. The binding reactions
were resolved on Bio-Rad mini-protean 5% acrylamide TBE
precast gels (Bio-Rad) and visualized using a Li-Cor Odyssey
near-infrared imager and Odyssey Infrared Imaging System
Software version 3.0.16.
Chromatin Immunoprecipitation—Murine bone marrow-

derived dendritic cells were cultured as described above. On
day 8, chromatin immunoprecipitation was performed on den-
dritic cells using a MagnaChIP kit including the anti-acetyl
H4-lysine antibody (Millipore, Billerica, MA), following the
manufacturer’s recommended protocol. The cell lysate was
sonicated to shear the crosslinked DNA to 200–1000 base pair
fragments (EpiShear, Active Motif, Carlsbad, CA). Following
binding to antibody, collection of precipitated samples and elu-
tion, free DNA was purified with a spin filter and qPCR per-
formed with primers spanning the region proximal to the start
of the IL-6 promoter.
qPCR—For quantification of IL-6message and forChIP anal-

ysis, qPCRwas conducted on a Bio-Rad iCycler, using the SYBR
green system.Messagewas quantified using primers specific for
IL-6 and actin as control for normalization, with cDNA as a
template. For ChIP studies, the eluted DNA was used as a tem-
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plate, with primers for the proximal promoter region. Results
were normalized to input DNA for analysis.
ELISA for Cytokine Production—DCs were cultured at a den-

sity of 1e6 cells/ml inDCmedium and stimulatedwith 10 ng/ml
LPS, 25 ng/ml LPS, or 10 �g/ml poly I:C. Supernatants were
isolated, and cytokine concentrations were determined by
ELISA according to the manufacturer’s protocol (OptiEIA
ELISA, BectonDickinson, San Jose, CA).

RESULTS

Transcription and Secretion of IL-6 Are Suppressed in
KLF4�/� DCs—We assessed the level of production of IL-6 by
DCs via two different methods to determine whether they were
defective in IL-6 production and the mechanism behind any
defect. First, we analyzed the production and secretion of IL-6
by ELISA to assess whether the loss of KLF4 affected protein
levels. As shown in Fig. 1, the DCs from the KLF4�/� mice had
a significant reduction in the amount of IL-6 secreted after
stimulation with two different agents: LPS (A) or poly(I:C) (B)
(p � .01). To determine whether this decrease of production
was regulated at the level of transcription, we next compared
the quantities of mRNA transcripts after stimulation with 25
ng/ml LPS. As shown in Fig. 1C, which depicts the relative fold
change after stimulation in expression of mRNA for IL-6, the
levels of mRNA paralleled the levels of protein, indicating that
the deficiency occurred at the level of transcription (p � .039).
The IL-6 Promoter Contains KLF4 Binding Sites—The mini-

mal IL-6 promoter spans �2kb and contains a total of 2 canon-
ical KLF4 binding sites and 7 CACCC sites as shown in Fig. 2
(each labeled as CAC and a sequential number). Thus, KLF4
could modulate IL-6 promoter activity by directly binding to
target sequences within the promoter. As there were multiple
sites forwhichKLF4had an affinity, we generated nine different
constructs; seven with mutated KLF4 sites, one with a mutated
Stat3 site, and one with a mutated NF-�B site. The latter two
were selected to assess whether KLF4 might function via an
indirect activation. The strategy employed to dissect the impor-
tance of each potential site is shown as well, with sequences for
each mutation that was analyzed.
KLF4 Activates the IL-6 Promoter by Binding to Specific Prox-

imal CACCC Sites—We next sought to assess whether KLF4
activated the IL-6 promoter at a particular site or sites. Toward
this end, we conducted a systematic promoter mutation analy-
sis in which we point mutated each potential binding site and
evaluated the impact on promoter activation of each individual
mutation by a luciferase reporter assay. Proximal to the start
site is a cluster of potential binding sites, which we initially
targeted. Fig. 3A shows the resulting impact on luciferase
expression of mutation of these proximal sites. As shown, the
mutation of the three proximal CACCC sites led to a notable
decrease in the activation of the promoter by KLF4, indicating
that these were both active and important binding sites for
KLF4. In contrast, mutation of themore distal CACCC sites did
not result in a significant decrease in the activation of the pro-
moter by KLF4, indicating that they were less critical sites for
binding (Fig. 3B). The two canonical sequences for KLF4 bind-
ing are also located distal to the start site, and interestingly,
mutation of those sites did not lead to a decrease in KLF4-

mediated activation, (Fig. 3C), indicating that the proximal
CACCC sequences were likely the sites at which KLF4 acts in
this setting. Because of the critical nature of the CACCC sites in
these results, we next sought to verify that KLF4 bound to this
sequence. For these studies, we conducted electrophoretic
mobility shift assays (EMSA) with oligos that contained either
the two most proximal CACCC sites (which were not analyzed
separately due to their proximity to each other) or the third
proximal CACCC site. In the EMSA studies, we analyzed the
specificity of the binding by determining whether the KLF4
protein binds to the target sequence, and then whether the

FIGURE 1. KLF4�/� DCs are deficient in IL-6 secretion and transcription.
DCs from wild type and KLF4�/� transplanted mice were stimulated with LPS
(10 or 25 ng/ml) overnight for supernatant collection (A), or poly(I:C), 10
�g/ml (B) and for 6 h for RNA collection (C). Supernatants were analyzed for
cytokine production by ELISA and cDNA was prepared from the cells to quan-
tify gene expression by qPCR. Bars represent the mean � S.E. from at least
four independent experiments. The production of IL-6 was significantly
decreased for both RNA (p � .04) and protein (p � .01 for 10 ng/ml; .03 for 25
ng/ml LPS; p � .04 for poly(I:C).
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addition of an antibody to the protein leads to a shift in the
location of the band, supporting the specificity of the interac-
tion. As shown in Fig. 3D, KLF4 binds to the oligonucleotide
spanning the twomost proximalCACCCsites, and the addition
of antibody against KLF4, led to a shift of the band. Fig. 3E
shows the results of the EMSA conducted with the KLF4 pro-
tein and an oligo spanning the third proximal CACCC site. As
demonstrated, KLF4 also binds to the third CACCC sequence
and is specific, as shown by the shift of the band after the addi-
tion of antibody to KLF4. Taken together, these results indicate
that the activation of the IL-6 promoter by KLF4 results from
the binding to the proximal CACCC sites rather than to the
canonical KLF4 sequences, located distal to the promoter.
KLF4�/� DCs Do Not Have Defects in Stat3 or NF-�B Signal-

ing, and KLF4 Does Not Activate IL-6 via Their Promoter Con-
sensus Binding Sites—Based on the critical nature of the
CACCC binding sites and their proximity to binding sites for
NF-�B and Stat3, which are known to be important regulators
of IL-6 production, we next assessed whether KLF4 mediated
its effects via either binding to their response elements or reg-
ulating their expression. As shown in Fig. 4A, mutation of either
the NF-�B or the Stat3 response element did not affect the
activation of the IL-6 promoter by KLF4. In addition, the
absence of KLF4 did not decrease LPS-mediated translocation
of p65 to the nuclei inDCs or phosphorylation of Stat3 (Fig. 4B),
indicating that these pathways remained intact in KLF4�/�

cells. These two pieces of data together indicate that KLF4 does
not suppress either Stat3 or NF-�B activation nor does it bind
to the response elements for these other two critical transcrip-
tion factors.
The IL-6 Promoter Is Hypoacetylated at the Proximal Region

in KLF4�/� DCs—KLF4 has been reported to have dual func-
tions in that it acts both as a specific transcription factor and
also as an epigeneticmodifier.We sought to determinewhether
KLF4 might affect the efficiency of transcription of IL-6 via its

modification of chromatin structure. Toward this end, we ana-
lyzed the acetylation status of the IL-6 promoter in wild type
and KLF4-deficient DCs. For these studies, BMDCs were gen-
erated, and subjected to chromatin immunoprecipitation anal-
ysis, using an antibody specific for lysine on histone H4. We
then conducted qPCR on the immunoprecipitated DNA using
primers targeting the IL-6 promoter at a region proximal to the
transcriptional start site. As shown in Fig. 5, KLF4�/� DCs
exhibited a relative hypoacetylation in this region, compared
with their wild type counterparts. This result indicates a possi-
ble role for KLF4 in chromatin remodeling of promoters, and
supports the notion that this mechanism may contribute to
observed modulation of expression of multiple cytokines.

DISCUSSION

Elucidation of the molecular mechanisms by which cytokine
production is regulated is a critical step toward deciphering the
immune response. The immune system depends on a tightly
controlled and interactive series of events that lead to the gen-
eration of cytokines that activate and repress the mounting of a
response, whether it creates either a beneficial or pathologic
outcome. Each cytokine produced helps to form the nature of
the response. IL-6 is a pleiotropic cytokine that has been impli-
cated in a number of autoimmune diseases and whose regula-
tion has not been completely understood. Our studies have fur-
thered the elucidation through the identification of a previously
unrecognized mechanism by which KLF4 can modulate the
expression of IL-6.
Control of IL-6 expression is multifactorial, and a number of

transcription factors have been shown to participate in its reg-
ulation. Among these are C/EBP (22), NF-�B (23), and Stat3
(24). Similarly, a number of different stimuli to monocytes and
dendritic cells will elicit the production of this cytokine. These
two features point to the complexity of the regulation and the
potential for amultifaceted process.Our results indeed indicate

FIGURE 2. Illustration of relative positions of selected transcription factor binding sites in the mouse IL6 promoter. A sequence analysis of 2000 bp
proximal to the IL6 transcriptional start site revealed two putative KLF4 binding sites, KLF4.1 and KLF4.2, based on the consensus binding sequence RRGGYGY
and seven binding sites based on the CACCC motif (labeled CAC1-CAC7). The expanded sequence in the lower right shows the NF-�B - C/EBP activation
complex positioned at �60 to �155 bp relative to the transcription start site with three CACCC binding motifs located within the complex. The more distal
STAT3 response element and KLF4 consensus sites are clustered from �980 to �868 bp while the remaining CACCC sites are more widely distributed. The
transcription factor binding sites that were mutated for this study are listed in the lower left. The underlined mutations were introduced by site-directed
mutagenesis and the mutant promoter sequences analyzed by luciferase assay for KLF4 responsiveness.
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that KLF4 canmodulate the level of expression via both a direct
transcriptional activation as well as though chromatin remod-
eling. The results of our studies showed that both mRNA and
protein levels of IL-6 were significantly suppressed but not
absent in DCs lacking KLF4. This finding indicated that KLF4
was required for optimal activation of this cytokine.
KLF4 has been reported to have a variety of functions, both in

terms of development of specific cell types, and in the nature of
the cells, as evidenced by a large number of publications, e.g.:
(25–32). Because of its known role as a transcription factor, we
sought to systematically determine how it interacted with the
IL-6 promoter. The identification of multiple possible binding
sites for KLF4 supported the likely possibility that KLF4 could
directly modulate activation of the promoter. Our systematic
dissection of the different potential binding sites showed that in
luciferase reporter assays, KLF4mediated its primary transcrip-
tional effect through binding to consensus sequences contain-

ing theCACCCmotif rather than through binding to its canon-
ical sequences. The proximity of theCACCC sites to the start of
transcription may influence the relative contributions of the
two different types of sequences, in that only themost proximal
CACCC sites appeared to be required for efficient activation.
Interestingly, the binding sites for NF-�B and C/EPB, other

transcription factors known to contribute to IL-6 signaling, are
also located in the same region as the proximal CACCC sites,
and the Stat3 response element more distal.We considered the
possibility that KLF4might mediate some of its effects through
binding to these other sites, possibly as part of a complex.Muta-
tion of the binding sites for these additional transcription fac-
tors led to no significant decrease in the ability of KLF4 to acti-
vate the reporter, however, which suggests that KLF4 primarily
acts through the proximal CACCC sites. This finding is of sig-
nificance in that it shows that KLF4 can act on its own, that it is
not restricted to binding through its canonical sequences, and

FIGURE 3. KLF4 activates the IL-6 promoter via proximal CACCC sites. HEK293T cells were co-transfected in triplicate with the indicated IL-6 promoter-
luciferase plasmids, pMXS-KLF4 expression plasmid or the pMXS-GW empty vector, and a SV40 promoter-Renilla luciferase control plasmid. Cells were lysed
48 h after transfection and promoter activity was measured by the Dual-Luciferase Assay. Mutation of CACCC sites proximal to the transcription start site of the
IL-6 promoter reduced activation of the IL-6 promoter by KLF4 (A) while mutation of distal CACCC sites did not affect KLF4 activation (B). Mutation of the
consensus KLF4 binding sites did not impair IL6 activation (C). The reporter luciferase activity was normalized to Renilla control in triplicate for each experiment.
The data bars represent the mean of at least three independent experiments � S.E. Electrophoretic mobility shift assays were performed with nuclear extracts
of 293T cells or 293T cells transfected with a KLF4 expression plasmid and IRDye700-labeled DNA oligos containing CACCC sequences from the IL6 promoter
at positions �121 (D) and �101 and �107 (E). Addition of an anti-KLF4 antibody generated a supershift in the presence of the KLF4 nuclear extract but not in
the control extract. *, p � 0.05; **, p � 0.01; n.s., no significance (A); n.s., nonspecific (D and E).
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that the location of binding sites can dramatically affect its effi-
ciency of transcription.
Initial investigations on KLF4 revealed that it serves a vital

physiologic role as mice that were pan-genetically deficient in
KLF4 died shortly after birth due to an epithelial defect (4). This
result demonstrated the high level of importance of KLF4 in
cellular functioning. As described, our and others’ works have
bypassed this limitation via selective deletion in immune cells
via bone marrow chimeras (1). This system has allowed us to
query the role of KLF4 in both the development of immune cells
and in the production of cytokines by cells that develop in its
absence, without affecting the stromal population.
An interesting feature of KLF4 is its pleiotropic nature, as

demonstrated by its ability to either activate or repress tran-
scription, depending on the context (9, 18, 31, 33). Our data
support a previous contention that this characteristic may be at
least partially explained by its multifunctional role as a pro-
moter binding transcription factor and as a chromatin remod-
eler. During the process of transcription, a number of events
must occur. In a resting cell, expression of many genes is lim-
ited, and control of the latent state occurs on numerous levels.
Activating signals to generate either production or transloca-
tion of transcription factors often occurs to initiate the process.
In addition, the nucleosome structure itself is maintained in a
closed and relatively inactive state for many promoters. Thus,
the chromatin structure of the promoter often needs to be
modified to generate a more permissive state. Acetylation of
promoters at lysine residues is one well recognized method by
which this remodeling process can occur. KLF4 has previously
been shown to participate in acetylation of promoters and
interestingly is a target for acetylation itself. Results showed
that KLF4 was a target for acetylation by p300, and that this
process regulated its transcactivation potential. Interestingly,
while acetylation was required for activation, it was not required
for repression (18). These results suggested a possible explana-
tion for KLF4’s diverse roles in that in order for KLF4 to activate
transcription, it requires recruitment of a cofactor and histone

FIGURE 4. KLF4-induced activation of IL-6 is not mediated through NF-�B
or STAT3. Plasmids containing the IL-6 promoter with mutated binding sites
for NF-�B and STAT3 were co-transfected into HEK293T cells with an SV40
promoter-Renilla luciferase control plasmid and pMXS-KLF4 expression plas-
mid or pMXS-GW empty vector (A). Luciferase readings were performed in
triplicate for each experiment. Data bars represent the mean � S.E. (n 	 3;
*, p � 0.05). Protein expression of phospho-STAT3 was monitored by Western
blot analysis of nuclear fractions from cultured BMDCs that were untreated or
stimulated with LPS for 6 h (B). Western blot data were quantified by densito-
metric analysis and protein expression was normalized to histone H3 levels.
Data bars represent mean � S.E. of four independent experiments.

FIGURE 5. KLF4 KO DCs are relatively deficient in histone acetylation. The
relative degrees of histone acetylation in the IL-6 promoter were analyzed by
ChIP. Sheared chromatin was prepared from formaldehyde cross-linked
BMDCs. DNA from chromatin complexes was immunoprecipitated with an
antibody specific for histone H4K27ac then purified and analyzed by qPCR
using primers specific for the IL-6 promoter. A shows the relative abundance
of acetylated H4 in KLF4�/� DCs compared with wild type controls (mean �
S.E., n � 4; **, p � 0.01).
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acetylation. In the absence of an appropriate cofactor/acetyla-
tion status, repression may ensue.
Our results are consistent with this model and are of signifi-

cance in that the finding that KLF4 modulates the level of
expression of IL-6 via both direct promoter activation and
acetylation shows that optimal expression levels of critical cyto-
kines may depend on multiple transcription factors and on
chromatin remodeling as well as promoter activation by these
factors. These results indicate the importance of considering the
milieu in which KLF4 is expressed andmay help to explain how it
can exert its varied effects. This requirement for a permissive and
collaborative environment both highlights the importance of
understanding the full context inwhichKLF4 is expressed and the
considerations in manipulations of its expression.
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