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Abstract

Transcription of interleukin (IL)-12 p40 in myeloid cells is attributed to the recruitment of multiple
activated transcription factors such as nuclear factor «B (NFxB), CCAAT enhancer-binding protein
B, ets-2, PU.1, and so forth. We now provide the first description of the human erythroid Kruppel-
like factor (EKLF) in human primary macrophages and identify the role of EKLF in IL-12 p40
expression. EKLF-specific binding to the CACCC element (—224 to —220) on the human IL-12 p40
promoter was observed in resting human primary macrophages. Functional analysis of the CACCC
element revealed a dependent role for EKLF binding in activating IL-12 p40 transcription in resting
RAW?264.7 cells, whereas EKLF overexpression in the presence or absence of this element repressed
IL-12 p40 transcription in interferon y/lipopolysaccharide-stimulated RAW?264.7 cells. Murine
endogenous I1L-12 p40 mRNA was consistently induced by overexpressed EKLF in resting
RAW?264.7 cells, whereas EKLF suppressed IL-12 p40 expression in activated RAW264.7 cells.
Modulation of nuclear binding activities at the IL-12 p40 NFxB half-site was induced by EKLF for
down-regulation of IL-12 p40 transcription in activated RAW264.7 cells, but no effect of EKLF on
NFxB activity was observed in resting RAW264.7 cells. Taken together, we identify EKLF as a
transcription factor in macrophages able to regulate 1L-12 p40 transcription depending on the cellular
activation status. The bifunctional control of IL-12 p40 by EKLF and its modulation of NFxB support
a potential function for this factor in orchestrating 1L-12 p40 production in macrophages.

Interleukin (IL)-12 1 p40 expression is a critical component of heterodimer cytokines IL-12
and IL-23, both of which activate innate immunity and contribute to the development of type
1 T-helper responses (1-3). IL-12 p40 is a shared component with IL-12 p35 and 1L-23 p19
to form biologically active IL-12 and IL-23, respectively. Similar to IL-12 p35, p19 is poorly
secreted when expressed alone and requires 1L-12 p40 for optimal expression. Although IL-12
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and IL-23 share functions, 1L-23 has preferential activity on memory T cells, suggesting that
it may function to sustain a long-term cellular immune response in contrast to the activity of
IL-12 on naive cells at the onset of the response. The positive and negative transcriptional
regulation of IL-12 p40 is an important component of the control of inflammatory responses
by antigen-presenting cells (3). Analysis of how transcription factors control I1L-12 p40
expression has revealed several trans-activators such as nuclear factor kB (NFxB), CCAAT
enhancer-binding protein (C/EBP) S/LAP, ets-2, PU.1, AP-1, IRF-1 and ICSBP in human and/
or murine macrophages (4-10). However, inhibitory mechanisms for IL-12 p40 transcription
in human macrophages have not been elucidated, except for the identification of a cis-element
named GA-12 in the human IL-12 p40 promoter that interacts with a nuclear factor induced
by IL-4 or prostaglandin E; in human monocytes and that mediates IL-4-mediated repression
of IL-12 p40 promoter activity (11).

Analysis of g-globin and tryptophan oxygenase promoters demonstrates that the CACCC box
in these promoters is essential for gene activation because mutation of this box can lead to
dysfunctional transcription (12). Recognition and binding to CACCC sequences have been
shown to be mediated predominantly by a family of proteins referred to as Kruppel-like factors
(KLFs) (13-15). KLFs have been reported as both activators (16) and repressors (17,18) of
gene expression, depending on the type of KLF, cell type, and other transcription factors with
which it may interact. For example, erythroid Kruppel-like factors (EKLFs) activate s-globin
gene expression when binding to the CACCC element of its promoter (19) but can repress gene
expression by recruiting co-repressors such as histone deacetylases (20). A CACCC box-
binding protein named hts was found to be expressed in the macrophage cell line U937 (21).
KLFs have a broad biological function such as cellular proliferation/differentiation, apoptosis,
angiogenesis, and tumorigenesis as reviewed recently (22). Recent evidence suggests that
KLFs regulate the promoter activities of complement C4 (23) and iNOS (24), implicating a
role of KLFs in immune system due to the gene-regulatory role via the CACCC cis-element.
However, expression or function of KLFs has not been described in primary myeloid cells. We
now identify the presence of EKLF in human macrophages as a factor able to activate the 1L-12
p40 promoter in a CACCC element-dependent manner in resting macrophages and repress
IL-12 p40 promoter in association with inhibition of NFxB nuclear localization in activated
macrophages.

Experimental Procedures

Cell Culture

Human elutriated macrophages from healthy donors were obtained by standard leukopheresis
and counterflow centrifugation and cultured at a density of 2 x 10° cells/ml RPMI 1640
(Mediatech, Herndon, VA) supplemented with 10% fetal calf serum (HyClone, Logan, UT),
100 wg/ml penicillin, 100 xg/ml streptomycin, and 200 mM glutamine at 37 °C and 5% CO,.
RAW?264.7 cells (American Type Culture Collection, Manassas, VA) were split every 2-3
days and also maintained in RPMI 1640 medium at a density between 0.2 and 0.5 x 106 cells/
ml before transfection. To activate them, cells were stimulated by murine IFN-y (10 ng/ml)
overnight followed by lipopolysaccharide (LPS; 1 x«g/ml) for the amount of time as indicated.

Electrophoretic Mobility Shift Assay (EMSA)

EMSAs were performed as described previously (25). The wild type oligonucleotides 5'-
ATTCCCCACCCAAAAGTCATTTCCTCTTAGT-3' (—230 to —200 relative to the
transcription start site on human IL-12 p40 promoter; Ref. 26) harboring the CACCC element
(—224/-220) and its CACCC element mutant oligonucleotides with replacement of the CACCC
element by nucleotides CTGCC (Fig. 1A) and the oligonucleotides harboring the NFxB half-
site sequence ACTTCTTGAAATTCCCCCAGAAGG derived from IL-12 p40 promoter were
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synthesized by Sigma Genosys (The Woodlands, TX). The consensus NFxB and C/EBP
oligonucleotides were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). Cells
were stimulated as indicated in figure legend before nuclear extractions. For supershift assay,
5-ug nuclear extracts were incubated with 1 ul or 2 ug of antibodies on ice for 30 min before
incubation with p32-labeled oligonucleotides.

Site-directed Mutagenesis

To generate the IL-12 p40 promoter harboring a mutated CACCC element (—224/—220) linked
with a luciferase gene as a reporter for transfection assay, the CACCC element mutant sense
oligonucleotides (5-CCTTCCTTATTCCCCTGCCAAAAGTCATTTCCT-3', —238 to —206
relative to the transcription start site of human IL-12 p40 promoter (26)) and the corresponding
antisense primers were synthesized by Invitrogen with mutation of CACCC (—224/-220) to
CTGCC. The CACCC mutant plasmid of human IL-12 p40-luciferase was made by the
Genomic Core Facility (University of Pennsylvania, Philadelphia, PA), following the
instructions of QuikChange™ Site-Directed Mutagenesis Kit (Stratagene). Mutations were
confirmed by DNA sequencing.

Transfection Assay

All plasmids used in transfection assay were prepared with the endo toxin-free plasmid Maxi-
kit (Qiagen, Valencia, CA) and resuspended with endo-free 0.1x Tris/EDTA buffer to a
concentration of 1 pg/ul. Transfections of RAW264.7 cells were performed as described
previously (26). The truncated IL-12 p40 promoter constructs Hp40-122 and Hp40-222
harboring NF«B half-site element TGAAATTCCCC were generated by PCR as described
previously (6). Luciferase activity was generated with luciferase substrate purchased from
Promega according to the procedures of Luciferase Assay System (Promega) and read out in
opaque 96-well plates using a plate reading luminometer (PerkinElmer Life Sciences). CMV-
[-galactosidase was co-transfected to normalize transfection efficiency. -Galactosidase
activity was read with g-galactosidase enzyme assay system from Promega. Experiments were
performed in triplicate.

Western Blot

Western blots were performed as described previously (25). Briefly, 5 ug of nuclear extracts
were fractionated in 10% SDS-PAGE gels for each sample. The separated proteins were
transferred to the polyvinylidene difluoride membrane (Millipore) and detected by 1:1000
diluted rabbit antiserum against EKLF, basic KLF, and KLF8 (27); 1 ug/ml anti-NFxB p50,
p65, c-Rel, and histone H1 purchased from Santa Cruz Biotechnology, Inc.; and 1:500 diluted
anti-actin (Sigma) followed by 1:4500 diluted secondary antibodies of donkey anti-rabbit Ig
and horseradish peroxidase-linked whole antibody (Amersham Biosciences). The bound
horseradish peroxidase was detected by ECL™ detection reagents (Amersham Biosciences).
The produced chemiluminescent signals were captured by Kodak radiography film (Eastman
Kodak Co.).

Multiplex Reverse Transcription-PCR (RT-PCR)

Total RNA was extracted using TRI-Reagent (Molecular Research Center, Cincinnati, OH). 1
19 of RNA was treated by DNA-free™ kit (Ambion, Austin, TX) to remove genomic DNA
contamination followed by reverse transcription using the RETROscript kit (Ambion)
according to the manufacturer's instructions. Human EKLF forward primer (5'-
GTTCGGAGGATCACTCGGGT-3') and reverse primer (5'-
GGTGTAGCTCTTGCCGCAAC-3') were synthesized by Sigma Genosys. Mouse IL-12 p40
primer pairs (amplicon size, 396 bp), Classic 18S primer™ pairs (amplicon size, 488 bp),
Classic Il 18S primer™ pairs (amplicon size, 324 bp), and the corresponding competimor
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primer pairs were purchased from Ambion. 0.5 xl of 10 xCi/ul [a-32P]dCTP was added in each
reaction. The cDNA products were amplified using the PCR Core Kit (Roche Applied Science).
The amplification program was performed as follows: samples were heated at 95 °C for 5 min,
followed by 28 (human EKLF) or 30 (murine IL-12 p40) cycles of 94 °C for 20 s, 55 °C (human
EKLF) or 57 °C (murine 1L-12 p40) for 30 s, and 72 °C for 40 s.

Transfection/Cell Sorting

10 million RAW264.7 cells were transfected with 10 ug of pSG5-EKLF and 4 ug of pLEIN-
GFP in each cuvette. A total amount of 80-100 million RAW264.7 cells were transfected each
time. Cells transfected with pSG5-EKLF/pLEIN-GFP were sorted for green fluorescent protein
(GFP) expression 1 day after transfection by flow cytometry. GFP-positive and GFP-negative
cells were then treated with IFN-y/LPS as indicated.

Statistical Analysis

Results

Statistical software of JIMP4 (SAS Institute Inc., Cary, NC) was used to describe data and test
for differences by two-tailed paired Student's t test. p values of <0.05 were considered
significant.

EKLF: CACCC-binding Protein on Human IL-12 p40 Promoter

A study was carried out to investigate whether CACCC-binding proteins were present in human
primary macrophages and could interact with the 1L-12 p40 promoter at the CACCC element
(—224/-220) (Fig. 1A) by EMSA. As shown in Fig. 1B, five nuclear protein bands (left panel,
lane 2) were identified to bind to the probes representing constitutively expressed proteins in
elutriated human primary macrophages. The two bands labeled by arrows stand for the proteins
binding to the CACCC element because the signals were lost in the nuclear extracts incubated
with the oligonucleotides mutated at the CACCC element (Fig. 1B, left panel, lane 6).

The identity of the CACCC-binding proteins binding to the CACCC element of IL-12 p40
promoter in elutriated human macrophages was investigated by supershift EMSA. Because
previous work showed that the majority of identified CACCC element-binding proteins belong
to Sp1/Kruppel-like factor (17,19,22,28), we tested for the presence of EKLF, BKLF, and
KLF8 in the CACCC-hinding proteins. As shown in Fig. 1B, only sera against EKLF acted to
retard migration of the complex c (left panel, lane 3), suggesting that this complex is likely to
be EKLF. The specificity of this complex was further examined by competition with increasing
amounts of cold wild type probes (Fig. 1B, right panel, lanes 3-6), leading to the loss of signal.
Furthermore, competition with increasing amounts of cold mutant probes had minimal effect
onthis complex (Fig. 1B, right panel, lanes 7-10). Based on the fact that the anti-EKLF antisera
was made against N-terminal EKLF, the faster-moving band that is specific to the CACCC
region is interpreted as a breakdown product of the upper protein band such as the C-terminal
EKLF containing the three zinc finger domains.

Expression of EKLF in elutriated human primary macrophages was confirmed by RT-PCR
and Western blot analysis. EKLF expression by mRNA was clearly identified in primary
macrophages, whereas it was weak in the macrophage cell lines THP1 and U937 (Fig. 2A).
EKLF protein was also abundant in the nuclei of primary macrophages, consistent with its
MRNA expression and observations with EMSA, but EKLF protein was not detectable in THP1
and U937 cells (Fig. 2B, top panel). The other two KLF family members, BKLF and KLFS8,
were also examined in macrophages. Interestingly, BKLF showed an opposite expression
pattern to EKLF in macrophages. BKLF protein was weakly expressed in primary macrophages
(Fig. 2B, middle panel), in contrast to the abundant level of BKLF protein in macrophage cell
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lines THP1 and U937. KLF8 was not detected in primary macrophages or THP1 or U937 cells
(data not shown). Taken together, these data identify EKLF as the transcription factor binding
to the CACCC cis-element on the IL-12 p40 promoter in human primary macrophages.

Activation of Human IL-12 p40 by EKLF in Resting RAW264.7 Cells

The functional role of human EKLF at the CACCC element on the human 1L-12 p40 promoter
was examined by co-transfection of human EKLF with human IL-12 p40 promoter linked with
a luciferase reporter gene in the murine macrophage cell line RAW264.7 due to its similarity
to IL-12-producing human cell types and reliable transfection efficiency. The suitability of this
transfection system for the interaction between human EKLF and the CACCC element on the
human IL-12 p40 promoter was evaluated upon overexpression of EKLF. As shown in Fig.
3A, EKLF was not detected in RAW264.7 cells with rabbit EKLF anti-serum reactive with
both human and murine EKLF (29) (lanes 1 and 2). IFN-y/LPS treatment did not have a
noticeable effect on the endogenous or overexpressed EKLF (Fig. 3A, lane 1 versus lane 2 and
lane 3 versus lane 4). Transfection of human EKLF in the absence of stimulation (with or
without polymyxin B as an added control against exogenous LPS) induced human IL-12 p40
transcription activity in resting RAW264.7 cells (Fig. 3B, columns 1 and 3), suggesting that
EKLF functions as an activator of 1L-12 p40 expression. The activation of IL-12 p40 by EKLF
is shown to be dependent on its binding to the CACCC element (—224/—220) because EKLF
could not activate the mutant p40 promoter with a CTGCC sequence in replacement of the
CACCC element (Fig.3B, columns 5 and 7). Note that the absence of EKLF in RAW264.7
cells as shown in Fig. 3A is interpreted to correlate with the lack of a change in IL-12 p40
transcription activity between columns 1 and 5 and columns 2 and 6 (Fig. 3B), irrespective of
the presence or absence of the ability to bind EKLF.

Repression of Human IL-12 p40 by EKLF in Activated RAW264.7 Cells

In contrast to EKLF activating IL-12 p40 expression in resting macrophages, EKLF repressed
IL-12 p40 transcription activity in IFN-y/LPS-stimulated macrophages (Fig. 3B, columns 2
and 4). The EKLF inhibition of transcription activity of wild type 1L-12 p40 promoter was
partially reversed on the mutant IL-12 p40 promoter (Fig 3B, columns 4 and 8) in IFN-y/LPS-
stimulated macrophages, supporting a partial role for the CACCC element (—224/-220) on the
IL-12 p40 promoter in mediating inhibition. However, the lack of complete reversal of
inhibition by EKLF when unable to bind to the CACCC element identified the presence of an
activity outside of this motif.

Effects of EKLF on Murine IL-12 p40 Expression in RAW264.7 Cells

The effect of human EKLF on murine endogenous IL-12 p40 expression was investigated as
described for the human promoter because a conserved CACCC cis-element is present (30).
RAW264.7 cells were enriched for transfected EKLF/GFP via cell sorting for the presence
(+EKLF) or absence (—EKLF) of GFP fluorescence and subsequently stimulated. Results are
consistent with human IL-12 p40 promoter data described. EKLF enhanced the endogenous
IL-12 p40 mRNA level (Fig. 4, lanes 1 and 3) in unstimulated cells while repressing expression
upon IFN-y/LPS stimulation (Fig. 4, lanes 2 and 4). Taken together, these data show a shared
activity by human EKLF in modulating murine I1L-12 p40 gene expression.

Induction of NFkB Modulation by EKLF in Activated RAW264.7 Cells

To dissect the additional factor involved in EKLF repression of IL-12 p40 transcription in
activated RAW264.7 cells envisaged from the transfection experiments, NFxB and C/EBPS
were investigated based on the essential role of these factors in regulating IL-12 p40
transcription (4,5,10,31). EKLF abrogated IFN-y/LPS-stimulated transcription activity of two
constructs derived from the human IL-12 p40 promoter containing either (a) upstream
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sequences up to —122 of the promoter (Hp40-122) inclusive of the NF«B half-site
TGAAATTCCCC (-116/-106) and C/EBP motifs (6,25) or (b) upstream sequences up to —222
of the promoter (Hp40-222) short of an intact CACCC cis-element (—224/—220) (Fig. 5A).
Based on the potential for EKLF modulation of NFxB or C/EBPS in 1L-12 p40 transcription
due to its retained inhibition potential on truncated promoter Hp40-122, EMSAs were used to
identify the effect of EKLF on the binding activity of either NFxB or C/EBP with the 1L-12
p40 promoter.

IFN-y/LPS stimulation of RAW264.7 cells showed NFxB binding activity with the
oligonucleotides harboring the NFxB half-site sequence derived from IL-12 p40 promoter, as
expected, with a clear repression of binding upon EKLF expression (Fig. 5B, lanes 2 and 4).
Interestingly, EKLF expression did not affect NF«B binding in the absence of stimulation (Fig
5B, lanes 1 versus 3 and 8 versus 10), in agreement with an activation-dependent effect. To
address a mechanism for decreased binding to NF«B in the presence of activation and EKLF,
nuclear levels of p65, p50, and c-Rel were measured. EKLF expression was found to decrease
the amount of p65, p50, and c-Rel in nuclear extracts (Fig. 5C). It is interpreted that nuclear
export is enhanced by EKLF because all three factors are confirmed to bind this region in
activated cells (Fig 5B, lanes 5-7). Similar observations were made with NFxB consensus
oligonucleotides (Fig. 5B, lanes 8-14). A specificity for modulating NFxB activity was found
when evaluating EKLF effects on C/EBP. Minimal effects were observed in the binding of
candidate factors to the consensus C/EBP matif in the presence of activation and EKLF. Among
the factors investigated, C/EBPS was found to be the major form of family member that
constitutively exists in RAW264.7 cells in the presence or absence of EKLF (Fig. 5D, lanes
2,4,9, and 11). Interestingly, nuclear binding activity of C/EBPS increased to some extent
after a 1-h incubation with LPS (Fig. 5D, lanes 2, 6, 8, and 13), as expected, yet the effects on
this increase were minimal in the presence of EKLF (Fig. 5D, lanes 6-8 versus 13-15; Fig 5B,
lanes 1-4). Thus, repression of IL-12 p40 expression in activated RAW264.7 cells by EKLF
occurs at the NF«B binding site in association with an inhibition of NF«xB nuclear localization.

Discussion

We identify a novel cis-element on the IL-12 p40 promoter, the CACCC box, and the nuclear
protein that binds to this site as EKLF, which was previously unidentified as a transcription
factor in primary human macrophages. Our data are consistent with a bifunctional role for
EKLF in modulating IL-12 p40 expression. The effects of EKLF activity on IL-12 p40
expression and its modulation of NF«xB binding suggest a role of EKLF in innate immunity.

The identification of EKLF as the binding factor to the CACCC element (—224/-220) was
unexpected based on prior data showing a lack of expression for this transcription factor in
monocyte-derived cell lines (13). Indeed, we confirmed low to no mRNA or protein expression
levels in U937 and THP1 cell lines, whereas levels of both mMRNA and protein were high in
primary human macrophages (Fig. 2). Although our data show that differentiated macrophages
express EKLF, it remains to be determined how additional factors may affect total expression
levels for this protein (macrophage differentiation, cytokine environments, and so forth) and
thus act to regulate 1L-12 p40 expression. As with the transcription factor PU-1, which was
originally described in erythroid cells and later identified as an important factor in myeloid cell
transcription of immunoregulatory genes (32—-34), EKLF was initially described as an erythroid
cell-specific factor (13,19) essential in erythroid development and responsible for regulating
S-globin expression (35).

As a TLR4 ligand, LPS is a powerful stimulus derived from Gram-negative bacteria for
NFxB activation (36) and IL-12 p40 production by macrophages. Our data showed that EKLF
over-expression inhibited IFN-y/LPS-stimulated IL-12 p40 expression (Figs. 3-5) in EKLF-
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deficient RAW264.7 cells in association with modulation of binding to the NFxB binding site.
EKLF promoted a large decrease in the total amount of NFxB p50, p65, and c-Rel present in
the nucleus, which is interpreted to have limited NFxB binding and activation (Fig. 5). Based
on the activity of histone deacetylase 3 to promote NFxB nuclear export (37), the recruitment
of histone deacetylases by EKLF in activated macrophages may present a potential selective
step to its mechanisms of action. Our findings on EKLF modulation of I1L-12 p40 promoter by
activity on the CACCC and NF«xB motifs raised the hypothesis for a role for this factor in
contributing to inflammation and innate immunity, given the role NFxB plays in the expression
of cytokine and chemokine genes such as IL-12 p40 (5,6,38), IL-1a (39), IL-1/ (40,41), IL-6
(42,43), IL-8 (44), tumor necrosis factor a (45,46), MCP-1 (47), and MIP-1¢ (48). As a
potentially important mechanism to dampen inflammatory responses, the suppressive role of
EKLF may provide the host with a constitutive mechanism to control against the expression
of a powerful immune activator in the presence of chronic stimulation.

The activity by EKLF on the CACCC element (—224/-220) of the IL-12 p40 promoter in
absence of activation (Fig. 3) points to a mechanism of maintaining or bypassing the need for
continuous stimulation to express I1L-12 p40. We found this activity to be restricted to the
proximal CACCC domain because mutation of an upstream CACCC element (—1662 to —1658)
on the IL-12 p40 promoter in the presence or absence of the mutated downstream CACCC
element (—224/-220) did not affect the mode of action of EKLF in regulating IL-12 p40
transcription accordingly (data not shown). Endogenous I1L-12 p40 production by
macrophages, albeit low, has been shown to be critical for Thl development by studying the
outcome of genetic mutation of I1L-12 p40 (49) and IL-12 p40 receptor A1 (50,51) in human
and in IL-12 p40 knockout murine models (52,53). Precedents exist for EKLF to function as
activator by interacting directly with other proteins such as cCAMP-response element-binding
protein-binding protein (CBP) and p300 (54) and as repressor by interacting with mSin3A and
histone deacetylases in association with its activity on CACCC elements (20). In support of
EKLF regulating transcription by interaction with other proteins, interaction between EKLF
and SWI/SNF has been identified in gene regulation (55). Based on our data and the data of
others (4,20), we can propose the following hypothetical model by which to interpret our data:
(a) EKLF activates IL-12 p40 transcription by recruiting co-activators CBP and p300 in resting
macrophages; and (b) EKLF represses IL-12 p40 transcription by recruiting co-repressors
mSin3A and histone deacetylases in activated macrophages. For example, histone deacetylases
may deacetylate acetylated NF«B family member c-Rel, leading to nuclear export of c-Rel
dimerized with p50.
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Fig. 1. Identification of EKLF as the CACCC-binding protein bound to I1L-12 p40 promoter in
elutriated human primary macrophages
A, sequence of wild type IL-12 p40 promoter encompassing the CACCC element and its
CACCC element mutant oligonucleotides used in EMSA, together with other identified
functional cis-elements in human IL-12 p40 promoter. B, left panel shows a supershift EMSA
in which lane 1 shows probe only control and lanes 2 (wild type probe) and lane 6 (mutant
probe) show probe binding in absence of antisera (no antibodies). Nuclear extracts (NE) were
incubated with antisera against human Kruppel-like factor family members including 1 ul of
EKLF (lane 3), BKLF (lane 4), or KLF8 (lane 5). Note that only EKLF antisera were able to
supershift the CACCC-hinding protein. Right panel, analysis of binding site specificity through
competition and mutation EMSAS. Lanes with competition EMSA reaction had cold wild type
(WT) or mutant oligonucleotides in molar excess from 4- to 256-fold (in 4-fold increments)
over the 32P-labeled wild type oligonucleotides before protein-DNA interaction reactions. The
arrows indicate the specific CACCC element binding product. The EMSA is a representative

of three similar experiments.
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Fig. 2. EKLF mRNA and protein expression in elutriated human primary macrophages and human
monocyte-like macrophage cell lines

A, multiplex RT-PCRs were performed to detect EKLF mRNA. 18S competimer primer pairs
that were modified at the 3’ ends to block product extension by DNA polymerase were used
to compete with 18S primer pairs to capture two mRNA signals whose abundance varies
considerably in the same experiment. The ratio of 18S primer pairs to 18S competimer primer
pairs was 3:7. B, Western blots were used to detect the EKLF and BKLF protein levels in the
nuclei of primary macrophages and cell lines THP1 and U937. The same nuclear extracts were
immunoblotted with anti-histone H1 as a control. The RT-PCR and Western pictures are
representatives of three similar experiments.
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Fig. 3. Effect of EKLF on transcription activity of 1L-12 p40 promoter in RAW264.7 cells

A, detection of endogenous and overexpressed EKLF in RAW?264.7 cells by Western blots.
Total proteins from each culture were immunoblotted with anti-actin as a control. B, the
normalized fold induction obtained from RAW?264.7 cells transfected with either wild type
human IL-12 p40 (WT Hp40-luc.) or its CACCC element mutant form (Mutant Hp40-luc.) is
shown. Transfection efficiency was normalized against co-transfected CMV-4-galactosidase
plasmids. The mean value of the basal unstimulated wild type IL-12 p40 promoter activity was
set at 1. The transcriptional activity was expressed as fold induction from the wild type IL-12
p40 promoter activity. Error bars represent the S.D. for n = 6.
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Fig. 4. Effect of EKLF on endogenous IL-12 p40 mRNA level in RAW264.7 cells

Multiplex RT-PCRs were performed to detect IL-12 p40 mRNA in EKLF-transfected cells
enriched through cell sorting. The experiment shown is a representative of three similar
experiments.
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Fig. 5. EKLF recruits the activity of NFx¥B modulation in activated but not resting macrophages
A, the effect of EKLF overexpression is shown on the luciferase reporter construct driven by
Hp40-122 and Hp40-222 that harbor a putative NFxB half-site binding site TGAAATTCCCC
(—116 to —106). Hp40-122 and Hp40-222 were derived from wild type Hp40 promoter with
the sequences downstream of nucleotides —122 to —222 (relative to transcription start site),
respectively. Transfection efficiency was normalized against co-transfected CMV-4-
galactosidase plasmids. The mean value of the basal unstimulated promoter activity was set at
1. The transcriptional activity was expressed as fold induction from the unstimulated promoter
activity. n = 4. B, supershift EMSA using the Hp40 NFxB half-site oligonucleotides and the
NFxB consensus oligonucleotides is shown with the nuclear extracts from EKLF-enriched

J Biol Chem. Author manuscript; available in PMC 2010 October 27.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Luo et al.

Page 15

RAW?264.7 cells. Cells were stimulated by murine IFN-y (10 ng/ml) overnight followed by
LPS (1 ug/ml) for 1 h. The experiment shown is representative of three similar experiments.
C, the same nuclear extracts were immunoblotted with anti-p50, stripped, and re-probed with
anti-p65 and anti-c-Rel, respectively. Re-probing with anti-histone H1 was performed as a
control. The experiment shown is representative of three similar experiments. D, supershift
EMSA using the C/EBP consensus oligonucleotides is shown with the nuclear extracts from
EKLF-enriched RAW264.7 cells. Cells were stimulated by murine IFN-y (10 ng/ml) overnight
followed by LPS (1ug/ml) for 1, 2, or 6 h. Nuclear extracts were immunoblotted with anti-
histone H1 as a control. The experiment shown is representative of three similar experiments.
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