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Abstract
Inflammation is a hallmark of many important human diseases. Appropriate inflammation is
critical for host defense. However, overactive response is detrimental to the host. Thus
inflammation must be tightly regulated. The molecular mechanisms underlying the tight regulation
of inflammation remain largely unknown. Ecotropic viral integration site 1 (EVI1), a proto-
oncogene and zinc finger transcription factor, plays important roles in the normal development
and leukemogenesis. However, its role in regulating NF-κB-dependent inflammation remains
unknown. Here, we show that EVI1 negatively regulates nontypeable Haemophilus influenzae
(NTHi)- and TNF-α-induced NF-κB-dependent inflammation in vitro and in vivo. EVI1 directly
binds to the NF-κB p65 subunit and inhibits its acetylation at lysine 310, thereby inhibiting its
DNA binding activity. Moreover, expression of EVI1 itself is induced by NTHi and TNF-α in a
NF-κB-dependent manner, thereby unveiling a novel inducible negative feedback loop to tightly
control NF-κB-dependent inflammation. Thus our study may not only provide important insights
into the novel role of EVI1 in negatively regulating NF-κB-dependent inflammation, but may also
shed light on the future development of novel anti-inflammatory strategies.
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Introduction
Ecotropic viral integration site 1 (EVI1) was first identified as a common retroviral
integration site in AKXD murine myeloid tumors with important roles in normal
development and leukemogenesis (1). EVI1 is a proto-oncogene and transcriptionally
activated by specific chromosomal rearrangement at 3q26 (2, 3). The aberrant expression of
EVI1, as a result of either inv (3) (q21q26.2)/t (3;3) (q21;q26.2) or through other unknown
mechanisms, is associated with human acute myelogenous leukemia (AML),
myelodysplastic syndrome (MDS), and chronic myelogenous leukemia (CML) (2–5). It is
also a zinc finger transcription factor localized to the nucleus. EVI1 encodes a nuclear
protein of 145 kDa with domains characteristic of transcription regulators. It has 10 zinc
fingers, seven of which are in the N-terminus and three of which are in the C-terminal part
of the protein. A proline-rich region separates the two zinc finger domains, and a small
acidic domain is located in the C-terminus of the second zinc finger domain (1). EVI1 binds
to DNA through specific conserved sequences of GACAAGATA with the potential to
interact with both co-repressors and co-activators (6–9). EVI1 has been shown to interact
directly with the known transcriptional repressor C-terminal binding protein 2 (CtBP2) via
two CtBP-binding consensus motifs at amino acids 544–607(10, 11). This binding has been
suggested to recruit histone deacetylase complexes (HDACs) and lead to transcriptional
repression via chromatin remodeling. In addition, the interaction of EVI1 with cyclic AMP
response element binding protein (CBP) and p300/CBP-associated factor (P/CAF) was
reported to result in the reversible acetylation of EVI1 and its co-localization in nuclear
speckles (12). Based on our preliminary gene profiling study, we found that EVI1 is up-
regulated by inflammatory stimuli including bacteria. However, its role in regulating
inflammation remains largely unknown. Previous study has shown that mutation of the Evi1
gene in mice leads to chronic middle ear inflammatory disease (13), thereby implying a
potential role of EVI1 in regulating inflammatory processes.

Inflammation is a hallmark and the root cause of many important human diseases, including
airway inflammatory diseases (e.g., chronic obstructive pulmonary disease (COPD), asthma,
and otitis media (OM)), atherosclerosis, infectious diseases, and cancer (14–17).
Appropriate inflammation is a protective host defense response to remove the injurious
stimuli as well as initiate tissue healing and repair process. However, overactive
inflammation is clearly detrimental to the host, leading to inflammatory diseases. Thus,
inflammation must be tightly regulated. The inflammatory response can be controlled at
multiple levels (18), but the underlying molecular mechanisms still remain largely unknown,
partly due to the complexity of the inflammatory response and the multitude of components
involved. The transcription factor nuclear factor kappa-B (NF-κB) is activated by
inflammatory stimuli such as bacteria and TNF-α and plays a critical role in mediating
inflammatory responses by regulating the expression of pro-inflammatory mediators,
including cytokines, chemokines, and adhesion molecules (19). NF-κB is activated via
phosphorylation and degradation of IκB by the IκB kinase enzyme complex (IKKs) (20–
23), which in turn leads to the nuclear translocation of NF-κB and the subsequent
transcription of NF-κB-dependent genes, such as TNF-α, IL-1β and IL-8. Acetylation of
p65, an important post-translational modification, plays a critical role in the regulation of the
nuclear function of NF-κB, which leads to changes in its biological activity, such as
alterations in DNA-binding activity and transcriptional activity (24–28). EVI1 acts as both
transcriptional activator and repressor to recruit the HDACs and histone acetyltransferase
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(HAT). EVI1 itself can also be acetylated by P/CAF at lysine residues (12, 29). However,
the role of EVI1 in controlling the acetylation of other molecules is still unknown.
Moreover, the role of EVI1 in regulating the activation of NF-κB, a key regulator for
proinflammatory responses, has yet to be determined.

Nontypeable Haemophilus influenzae (NTHi), a gram-negative bacterium, is an important
human pathogen in both children and adults (30). In children, it causes OM, one of the most
common childhood infections and the leading cause of conductive hearing loss in the United
States (31, 32). In adults, it exacerbates COPD, the fourth leading cause of death in the
United States (33, 34). Despite the need for prophylactic measures, the development of a
vaccine to prevent NTHi infections has been difficult and still remains a great challenge.
Moreover, inappropriate antibiotic treatment contributes to the worldwide emergence of
antibiotic-resistant strains of NTHi. Therefore, there is an urgent need to develop alternative
therapeutic strategies for the treatment of NTHi infections based on understanding the
molecular pathogenesis of these infections. Like most other bacterial infections, NTHi
infection is characterized by inflammation, which is mainly mediated by NF-κB-dependent
up regulation of pro-inflammatory mediators (35–38).

Based on the essential involvement of NF-κB in NTHi-induced inflammatory responses and
the up-regulation of EVI1 by inflammatory stimuli in our preliminary gene profiling studies,
we hypothesized that EVI1 negatively regulates NTHi-induced inflammation via inhibition
of NF-κB activity. Here, we show that EVI1 negatively regulates NTHi-induced NF-κB
activation and the subsequent inflammatory response by regulating the acetylation of NF-κB
p65 subunit at lysine 310, thereby inhibiting the DNA binding activity of NF-κB to κB sites.
Given the important role of NF-κB in host immune and inflammatory response against
bacterial infections, the current studies will not only provide novel insights into a previously
unidentified role of EVI1 in the regulation of NF-κB, but may also lead to the development
of novel therapeutic strategies for controlling overactive inflammatory response.

Material and methods
Reagents and antibodies

Recombinant mouse TNF-α was purchased from Roche (Mannheim, Germany). Anti-
phospho-IκBα, anti-IκBα, anti-acetyl-p65 (Lys310), anti-phospho-p65 S536, anti-IKKβ,
anti-EVI1, and anti-CtBP2 antibodies were purchased from Cell Signaling (MA, USA).
Anti-actin, anti-p65, anti-EVI1, anti-tubulin, and anti-TFIID were purchased from Santa
Cruz (CA, USA). Anti-Flag was purchased from Sigma-Aldrich (MO, USA). Anti-acetyl-
Lysine was purchased from Upstate (NY, USA).

Mice and animal experiments
Junbo mutant mice were generated by ENU mutagenesis screen (39, 40) as previously
reported (13). Genotyping was performed by Single-nucleotide polymorphism (SNP)
genotyping assay on tail-derived genomic DNA.

For the NTHi-induced lung inflammation model in WT and Junbo (Jbo/+) mice,
anaesthetized mice were intratracheally inoculated with NTHi, and saline was inoculated as
control. The inoculated mice were then sacrificed by intraperitoneal inoculation of 100 mg/
kg sodium pentobarbital at 9hours and 24hours after NTHi inoculation. For histological
analysis, dissected lung was inflated and fixed with 10% buffered formaldehyde, embedded
in paraffin, and sectioned at 5-µM thickness. Sections were then stained and inspected. For
polymorphonuclear neutrophil (PMN) analysis, bronchoalveolar lavage (BAL) was
performed by cannulating the trachea with sterilized phosphate-buffered saline (PBS). Cells
from BAL fluid were stained with Hemacolor (EM Science) after cytocentrifugation
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(Thermo Electronic Co.). To assess the mRNA expression of pro-inflammatory mediators,
total RNA was extracted from the lung of NTHi- and saline-inoculated mice at the time
points indicated above and the real-time quantitative RT-PCR was performed as described
previously (41). All animal experiments were approved by the Institutional Animal Care and
Use Committee at University of Rochester and Georgia State University.

Bacteria strain and culture
Clinical isolate of NTHi strain 12 was used in in vitro cell culture experiments and in vivo
animal experiments (42). Bacteria were grown on chocolate agar plate at 37°C in an
atmosphere of 5% CO2 overnight and inoculated in brain heart infusion (BHI) broth
supplemented with 3.5 µg of NAD per ml and Hemin. After overnight incubation, bacteria
were sub cultured into 5 ml of fresh BHI, and the log phase NTHi, monitored by
measurement of optical density (OD) value, was washed and suspended in PBS for in vitro
cell experiments and in isotonic saline for in vivo animal experiments. For in vitro
experiments, the cells were treated with NTHi at a multiplicity of infection (MOI) of 1:25
for various times as indicated.

Cell culture
Human airway epithelial A549 cell, human middle ear epithelial HMEEC-1 cell, and mouse
macrophage RAW 264.7 cell were maintained as described previously (41, 43, 44). Both
p65 knockout (p65−/−) MEFs and p65−/− MEFs reconstituted with p65 WT or p65 K310R
constructs were grown in Dulbecco's modified Eagle's medium (DMEM) supplemented with
10% fetal bovine serum (FBS). All cells were cultured under standard conditions (5% CO2
in air in a humidified environment at 37°C)

Plasmids, transfections and luciferase reporter Assay
Flag-tagged full-length EVI1 (1–1052) was kindly provided by Dr. Giuseppina Nucifora
(12). The N781I point mutation of EVI1 (EVI1 MT) was constructed using QuikChange™
Site-Directed Mutagenesis Kit (Stratagene). p65 WT, p65-K310R, a constitutively active
form of IKKβ (IKKβ CA), a transdominant-negative mutant form of IκBα (IκBα S32/36A),
and NF-κB-luciferase reporter were described previously (45). Cells were co-transfected
with or without NF-κB-luciferase reporter plasmid and various expression plasmids as
indicated in the figure legends. Empty vector was used as a control and was also added
where necessary to ensure an equivalent amount of input DNA. All transient transfections
were carried out in triplicate using a TransIT-LT1 reagent (Mirus Co.) following the
manufacturer's instructions. At 40 hours after transfection, cells were inoculated with NTHi
for 5hours before cell lysis for luciferase assay as described previously. Data from all
experiments are presented as the relative luciferase activity (mean ± S.D.) from at least three
independent sets of experiments, each with triplicate measurements.

RNA-mediated interference
Human and mouse EVI1 small interfering RNA (siRNA) oligonucleotides were purchased
from Dharmacon and SantaCruz. The siRNA was transfected into A549 cells and MEF cells
using Lipofectamine-2000 reagent (Invitrogen) following the manufacturer's instructions.

RNA isolation and real-time quantitative RT-PCR (Q-PCR)
Total RNA was isolated with TRIzol reagent (Invitrogen) by following the manufacturer’s
instructions. For the reverse transcription reaction, TaqMan reverse transcription reagents
(Applied Biosystems) were used. In brief, the reverse transcription reaction was performed
for 60 min at 37 °C, followed by 60 min at 42 °C by using oligo (dT) and random hexamers.
PCR amplifications were performed by using SYBR Green Universal Master Mix. In brief,
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reactions were performed in duplicate containing 2 X Universal Master Mix, 1 µl of
template cDNA and 100nM primers in a final volume of 12.5 µl, and they were analyzed in
a 96-well optical reaction plate (Applied Biosystems). The relative quantities of mRNAs
were obtained by using the comparative Ct method and were normalized with mouse
glyceraldehydes-3-phosphate dehydrogenase (GAPDH) or human cyclophilin as an
endogenous control. The primers for human TNF-α, IL-1β, IL-8, MCP-1, ICAM-1,
cyclophilin, and mouse TNF-α, IL-1β, MIP-2, and GAPDH were described previously (41).
The primer sequences of human EVI1 and mouse EVI1 were as follows: human EVI1,
forward: 5-AGGCATCCTGCTGGTCTTACCTTT-3, reverse: 5-
TGGTACAAGCCGGAAGGAAACAGA-3’; mouse EVI1: forward: 5-
TGTCAGTACACCAAGTGGCAGTGA-3, reverse: 5-
AAGCCAGATTCTGCAGAGGGCTTA-3’.

Western blot (WB) analysis and immunoprecipitation (IP)
WB was performed as described previously (41, 46, 47). Briefly, cell lysates were prepared
in a buffer containing 20 mM Tris-HCl (pH8.0), 0.5 M NaCl, 0.25% Triton X-100, 1 mM
EDTA, 1 mM EGTA, 10 mM glycerophosphate, 10 mM NaF, 300 µM Na3VO4, 1 mM
benzamidine, 2 µM PMSF, 1 mM DTT and protease inhibitor cocktail (Sigma, MO. USA)
by scraping, incubation on ice for 30 min, and centrifugation at 12,000g for 15 min.
Supernatant was collected and then subjected to SDS-PAGE, and transferred to
polyvinylidine difluoride (PVDF) membranes. The membrane was blocked with 5% nonfat
milk, incubated in a 1:2,000 dilution of a primary antibody, and then incubated with 1:2,000
dilution of the corresponding secondary antibody. The membrane was reacted with
chemiluminescence reagent ECL to visualize the blots. For IP, cell lysates were
immunoprecipitated with 2–3 µg of the appropriate antibodies overnight at 4°C and then
conjugated to protein A/G-aga rose beads for 2 hours at 4°C.

Electrophoretic mobility shift assay (EMSA)
Five to seven µg of nuclear extracts were prepared and non-radioactive EMSA was
performed using an EMSA kit according to the manufacturer’s instructions (Pierce) as
described previously (45). Oligonucleotide (oligo) 5'-
AGTTGAGGGGACTTTCCCAGGC-3' was used as the consensus κB site-containing
probe. Oligo was obtained from Integrated DNA Technologies and end-labeled with
biotin-11-UTP using Biotin 3’ End DNA labeling Kit according to the manufacturer’s
instructions (Pierce).

Chromatin Immunoprecipitation (ChIP) assay
ChIP assays were performed with ChIP-IT™ Express Enzymatic Kit from Active Motif
(Carlsbad, CA). Primers used for putative κB sites of proximal IL-8 promoter
(chr4:74,606,178-74,606,231 hg19) were as follows: forward: 5’-
CATCAGTTGCAAATCGTGGA-3’; reverse: 5’-TGCACCCTCATCTTTTCATT-3’ (48).
After transfection with EVI1 siRNA or control siRNA, cells were stimulated with NTHi or
TNF-α for the times indicated in the figure. Cross-linked chromatin was obtained according
to the manufacturer’s protocol. Coprecipitated chromatin DNA with anti-p65 antibody and
the corresponding input DNA was amplified by PCR with the primers specific for IL-8
promoter, which contain the κB binding site.

Measurement of myeloperoxidase activity
Myeloperoxidase (MPO) activity in homogenates of whole lung was determined as
described previously (49, 50). All reagents were purchased from Sigma (St. Louis, MO).
Briefly, equal weights (100 mg wet weight) of lung from various groups were suspended in
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1 ml of buffer (0.5% hexadecyltrimethyl ammonium bromide in 50 mM phosphate buffer,
pH 6.0) and sonicated twice at 30 cycles for 30 seconds on ice. Homogenates were cleared
by centrifugation at 12,000 rpm at 4°C, and the supernatants were stored at −80°C. Protein
content in the samples was determined with a Bio-Rad (Hercules, CA) assay kit. The
samples were incubated with the substrate o-dianisidine dihydrochloride. This reaction was
carried out in a 96-well plate by adding 290 µl of 50 mM phosphate buffer, 3 µl of substrate
solution (containing 20 mg/ml o-dianisidine dihydrochloride), and 3 µl of H2O2 (20 mM).
Sample (10 µl) was added to each well to start the reaction. Standard MPO (Sigma) was
used in parallel to determine MPO activity in the sample. The reaction was stopped by
adding 3 µl of sodium azide (30%). Light absorbance was measured at 460 nm. MPO
activity was determined by using the curve obtained from the standard MPO.

Statistical analysis
Data were shown as mean ± S.D. Statistical evaluation was done by unpaired Student's t test
and p < 0.05 was considered as a significant difference.

Results
EVI1 negatively regulates bacteria-induced NF-κB-dependent inflammatory response in
vitro

To test our hypothesis, we first investigated the role of EVI1 in NTHi-induced NF-κB
luciferase promoter activity by using an EVI1 siRNA knockdown approach. Firstly, we
confirmed the efficiency of EVI1-specific siRNA in reducing EVI1 expression in A549
cells. As expected, the expression of EVI1 at both mRNA and protein levels was markedly
reduced by EVI1 siRNA (Supplementary Fig. 1A and 1B). Next, we determined if EVI1
knockdown affects NTHi-induced NF-κB activation in epithelial cells. As shown in Fig. 1A,
NTHi-induced activation of NF-κB was greatly enhanced by EVI1 siRNA in human airway
epithelial A549 cells, suggesting that EVI1 acts as a negative regulator of NTHi-induced
NF-κB activation in airway epithelial cells. Next we sought to determine the generalizability
of negative regulation of NF-κB activation by EVI1 by assessing its effect on NF-κB
activation induced by TNF-α, a commonly used inflammation inducer. Similar to NTHi-
induced NF-κB activation, TNF-α-induced NF-κB activation was also markedly enhanced
by EVI1 siRNA in A549 cells (Supplementary Fig. 1C). We next confirmed the role of
EVI1 in negatively regulating NTHi-induced NF-κB activation by overexpressing wild-type
(WT) EVI1. Overexpression of EVI1 markedly reduced NTHi-induced NF-κB activation in
A549 cells (Fig. 1B), human middle ear epithelial HMEEC-1 cells (Fig. 1C) and mouse
macrophage RAW264.7 cells (Supplementary Fig. 1D). Similar results were also observed
in TNF-α-induced NF-κB activation in A549 cells (Supplementary Fig. 1E). Together, these
results demonstrate the negative role of EVI1 in regulating NTHi- and TNF-α–induced NF-
κB activation.

Previously, a missense change in the C-terminal zinc finger region of the Evi1 gene was
found to cause chronic middle ear inflammatory disease in mice (13). Thus, we generated
EVI1 N782I mutation (EVI1 MT), a human homologue of mouse EVI1 N763I mutation
(13), and determined the role of EVI1 N7821 mutation in NTHi-induced NF-κB activation
by co-expressing theEVI1 MT. Consistent with our results obtained with EVI1 siRNA,
overexpressing EVI1 MT also markedly enhanced NTHi-induced NF-κB activation in A549
cells (Fig. 1D) and RAW264.7 cells (Supplementary Fig. 1F), indicating that EVI1 MT
indeed acts as a dominant-negative mutant. Similar results were also observed in TNF-α-
induced NF-κB activation by co-expressing EVI1 MT in A549 cells (Supplementary Fig.
1G). Collectively, it is evident that EVI1 is a negative regulator of NF-κB activation induced
not only by bacterial pathogen NTHi, but also by proinflammatory cytokine TNF-α.
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Having identified EVI1 as a negative regulator of NF-κB activation, we next sought to
determine if EVI1 also negatively regulates NF-κB-dependent transcription of several key
proinflammatory mediators. As shown in Fig. 1E, Supplementary Fig. 1H, EVI1 siRNA
greatly enhanced NTHi–induced mRNA expression of TNF-α, IL-1β, IL-8, MCP-1 and
ICAM-1 in A549 cells. Similarly, TNF-α-induced mRNA expression of TNF-α, IL-1β,
IL-8, MCP-1 and ICAM-1 was also potently enhanced by knockdown of EVI1 in A549 cells
(Supplementary Fig. 1I and 1J). To further confirm the negative effect of EVI1 on NTHi-
and TNF-α-induced up regulation of proinflammatory mediators, we evaluated the effects of
overexpression of EVI1 WT and EVI1 MT expression plasmids on NTHi- and TNF-α-
induced mRNA expression of TNF-α, IL-1β, and IL-8. As shown in Fig. 1F–H and
Supplementary Fig. 1K, overexpressing EVI1 WT significantly reduced NTHi- and TNF-α-
induced mRNA expression of TNF-α, IL-1β, and IL-8 in A549 and HMEEC-1 cells,
whereas overexpressing EVI1 MT significantly increased NTHi-induced mRNA expression
of TNF-α, IL-1β, and IL-8, similar to the findings with EVI1 siRNA. Taken together, these
results confirmed our hypothesis that EVI1 is indeed a negative regulator of bacterial
pathogen NTHi- and proinflammatory cytokine TNF-α-induced NF-κB-dependent
inflammation in a variety of human cell types including respiratory epithelial cells and
macrophage in vitro.

EVI1 negatively regulates bacteria-induced inflammation in mouse model in vivo
To further determine the in vivo biological role of EVI1 in negatively regulating
inflammation, we explored the consequences of EVI1 mutations using the Junbo mutant
mice (Jbo/+) generated from an ENU mutagenesis screen (13). Age- and sex-matched WT
and Jbo/+ mice were intratracheally inoculated with NTHi, and the inflammatory response
in the lung of infected mice was then monitored at 9hours or 24hours after NTHi
inoculation. As shown in Fig. 2A, mRNA expression of NF-κB-regulated pro-inflammatory
markers such as TNF-α, IL-1β and MIP-2 was markedly enhanced in lungs of Jbo/+ mice
compared to that of WT littermate controls and was further enhanced with NTHi
inoculation. Consistent with these results, histopathological analysis of the lung of NTHi-
inoculated mice exhibited enhanced leukocyte infiltration in peribroncheal and interstitial
areas in Jbo/+ mice compared with that in WT mice (Fig. 2B). Moreover, as shown in Fig.
2C, MPO activity, a key index of neutrophil activity, was also markedly enhanced in Jbo/+
mice compared with that in WT mice after NTHi inoculation. Similar results were also
observed in the analysis of BAL fluids (Fig. 2D and 2E). Next, we confirmed if EVI1-
mediated negative regulation of inflammatory response is dependent on the negative
regulatory effect of EVI1 on NF-κB by assessing the effect of EVI1 siRNA on a
transdominant-negative mutant of IκBα (IκBα S32/36A)-mediated inhibition of pro-
inflammatory gene expression. As shown in Supplementary Fig. 1L, NTHi- and TNF-α-
induced NF-κB-dependent promoter activity was enhanced by EVI1 siRNA and inhibited by
overexpressing IκBα S32/36A. Moreover, EVI1 knockdown using EVI1 siRNA no longer
enhanced NTHi- or TNF-α-induced NF-κB-dependent promoter activity in cells
overexpressing IκBα S32/36A. Consistent with the findings from the luciferase assay,
NTHi- and TNF-α-induced mRNA expression of TNF-α was enhanced by EVI1
knockdown and inhibited by overexpressing IκBα S32/36A. EVI1 siRNA no longer
enhanced NTHi-induced mRNA expression of TNF-α and IL-8 in IκBα S32/36A
overexpressing cells, suggesting that EVI1 negatively regulates NTHi-induced TNF-α
mRNA expression via inhibition of NF-κB. (Supplementary Fig. 1M). Together, these
results demonstrate that EVI1 is indeed a negative regulator of inflammatory response
induced by bacterial pathogen NTHi and proinflammatory cytokine TNF-α in vitro and in
vivo by negatively regulating NF-κB signaling.
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EVI1 negatively regulates bacteria-induced activation of NF-κB by inhibiting its DNA-
binding activity, likely independently of p65 nuclear translocation

We next sought to determine how EVI1 inhibits NF-κB-dependent inflammation. The IκB
kinase enzyme complex (IKKs) is part of the upstream NF-κB signal transduction cascade.
The IκBα (inhibitor of kappa B) protein inactivate the NF-κB transcription factor by
masking the nuclear localization signals (NLS) of NF-κB proteins and keeping them
sequestered in an inactive state in the cytoplasm (20–22). Specifically, IKKs phosphorylate
IκBα (23). This phosphorylation results in the degradation and dissociation of IκBα from
NF-κB, which in turn leads to the nuclear translocation of NF-κB and the subsequent
transcription of NF-κB-dependent genes. Among the three IKK isoforms IKKα, KKβ, and
IKKγ, IKKβ plays a key role in NTHi-induced NF-κB activation by inducing
phosphorylation of IκBα. Thus, we first determined if EVI1 negatively regulates NTHi-
induced NF-κB activation by acting either upstream or downstream of IKKβ. To this end,
A549 cells were co-transfected with a constitutively active form of IKKβ (IKKβ CA) alone
or together with EVI1 WT construct. As shown in Fig. 3A, IKKβ CA significantly increased
NF-κB luciferase activity, and overexpressing EVI1 markedly inhibited IKKβ CA-induced
NF-κB luciferase activity. This result suggests that EVI1 negatively regulates NTHi-induced
NF-κB activation by acting either at the level of or downstream of IKKβ.

Because phosphorylation and degradation of IκBα and subsequent nuclear translocation of
NF-κB are critical for NF-κB activation, we next determined if EVI1 negatively regulates
NTHi-induced NF-κB activation by altering phosphorylation and degradation of IκBα. As
shown in Fig. 3B and 3C, neither knockdown of EVI1 expression by siRNA nor
overexpressing EVI1 exhibited any significant inhibitory effect on NTHi-induced IκBα
phosphorylation and degradation. These results thus led us to determine if EVI1 inhibits
NTHi-induced NF-κB activation by regulating nuclear translocation of p65 by performing
western blot analysis of the nuclear extract. As shown in Fig. 3D, EVI1 exhibited no
inhibitory effect on NTHi-induced p65 translocation, which was further confirmed by p65
immunofluorescence staining (Fig. 3E). Similarly, EVI1 also exhibited no inhibitory effect
on TNF-α-induced p65 translocation (Supplementary Fig. 2A and 2B). These results thus
led us conclude that the negative regulation of NF-κB activation by EVI1 may occur at the
level further downstream of p65 nuclear translocation.

Because the DNA-binding activity of the NF-κB complex is critical for NF-κB to exert its
transcriptional regulatory activity, we next investigated the effect of EVI1 on NTHi-induced
DNA-binding activity of NF-κB by performing electrophoretic mobility shift assay
(EMSA). As shown in Fig. 3F, overexpressing EVI1 significantly deceased NTHi-induced
DNA-binding activity of NF-κB. Moreover, NTHi- and TNF-α-induced DNA-binding
activity of NF-κB was further enhanced and remained sustained with EVI1 knockdown
using EVI1 siRNA as assessed by performing ChIP assays (Fig. 3G, Supplementary Fig.
2C). Taken together, these data suggest that EVI1 negatively regulates NTHi-induced NF-
κB activation by inhibiting its DNA-binding activity, likely independent of p65 nuclear
translocation.

NTHi induces direct interaction of EVI1 with p65
We have found that EVI1 negatively regulates NTHi-induced NF-κB activation and
subsequent inflammatory responses by inhibiting DNA-binding activity of the NF-κB
complex. Next, we sought to determine if NTHi induces interaction between EVI1 and p65,
the major subunit of NF-κB complex, by performing co-immunoprecipitation analysis of
interaction between EVI1 and p65. As shown in Fig. 4A, NTHi markedly increased the
interaction of EVI1 with p65 in A549 cells. This interaction was confirmed by reverse
immunoprecipitation as indicated in Fig. 4B. To further confirm the interaction of EVI1 with
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p65, triple immunostaining with antibodies against DAPI, EVI1 and p65 was performed. As
shown in Fig. 4C and Supplementary Fig. 3A, the majority of EVI1 is mainly localized in
the nucleus, whereas p65 is mainly localized in the cytoplasm in the absence of NTHi but is
translocated to the nucleus and co-localized with EVI1 in the nucleus in response to NTHi.
We next determined if endogenous EVI1 directly interacts with endogenous p65 and if such
a direct interaction is further enhanced upon NTHi and TNF-α treatment by performing co-
immunoprecipitation analysis. As shown in Fig. 4D, endogenous EVI1 indeed directly
interacts with endogenous p65, and both NTHi and TNF-α treatment markedly enhanced
their direct interaction. Since EVI1 has been shown to interact directly with the known
transcriptional repressor CtBP2 via two CtBP-binding consensus motifs (10, 11), we
determined if NTHi induces the formation of p65/CtBP2 repressor complexes and EVI1
knockdown using EVI1 siRNA inhibits their interaction, thereby resulting in enhanced
activation of NF-κB. As shown in Supplementary Fig. 3B, protein-protein interaction
between p65 and CtBP2 was observed in cells treated with NTHi, and EVI1 knockdown
using EVI1 siRNA inhibited their interaction. Similar results were also observed in cells
treated with TNF-α (Data not shown). However, the data with TNF-α was not as definitive
as that with NTHi. These results thus suggest that NTHi or TNF-α induces direct physical
interaction of EVI1 with p65 in the nucleus, and EVI1 promotes the association of CtBP2
with p65, which may in turn lead to the inhibition of NF-κB activation.

EVI1 negatively regulates NTHi-induced NF-κB activation via inhibition of p65 acetylation
at lysine 310

Having demonstrated that EVI1 directly interacts with p65 and inhibits NTHi-induced
DNA-binding activity, the molecular mechanism underlying the inhibition of DNA-binding
activity of p65 by EVI1 is still unknown. Post-translational modifications, particularly
acetylation, have been shown to play a critical role in NF-κB activation by enhancing the
DNA-binding activity of p65 to the κB site (45). Because EVI1 was known to potentially
recruit both HDACs and p300/pCAF (12), it is logical to hypothesize that EVI1 may
negatively regulate NTHi-induced DNA-binding activity of NF-κB by inhibiting acetylation
of p65. We thus determined if EVI1 inhibits NTHi-induced p65 acetylation by assessing the
effect of EVI1 overexpression in p65-overexpressing cells. Cells were first transfected with
p65 WT with or without EVI1, and NTHi-induced p65 acetylation was then measured (Fig.
5A and 5B). Interestingly, as shown in Fig. 5A, overexpressing EVI1 markedly inhibited
NTHi-induced p65 acetylation. Because acetylation of p65 at lysine 310 (p65 K310) is
required for full transactivation activity of the NF-κB complex, we next determined if EVI1
inhibits the acetylation of p65 at K310(24). As shown in Fig. 5B, the acetylation of p65 at
K310 induced by NTHi is markedly reduced by overexpressing EVI1. To further confirm
the functional involvement of p65 K310, A549 cells were transfected with EVI1 siRNA
alone or together with p65 WT or p65 K310R (a p65 mutant at K310) and NF-κB luciferase
activity was assayed. As shown in Fig. 5C, knockdown of EVI1 using EVI1 siRNA
markedly enhanced NF-κB activation in cells co-transfected with WT p65 but not with p65
K310R. To further confirm the functional involvement of p65 K310 in inhibition of NF-κB
activation by EVI1, we assessed the effect of EVI1 knockdown on NTHi-induced NF-κB
activity in p65−/− MEF cells that were reconstituted with either WT p65 expression plasmid
or p65-K310R mutant. The expression of p65 WT and p65 K310R in p65−/− cells was first
confirmed by WB analysis (Fig. 5D, bottom panel). As shown in Fig. 5D (upper panel),
EVI1 knockdown markedly enhanced NTHi-induced NF-κB activation inp65−/− MEF cells
that were reconstituted with WT p65 expression plasmid but not with p65-K310R mutant.

Next, we determined if EVI1 regulates endogenous acetylation of p65 by assessing the
effect of EVI1 siRNA on NTHi- and TNF-α-induced acetylation of endogenous p65. As
shown in Supplementary Fig. 4, NTHi-induced acetylation of endogenous p65, and
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knockdown of EVI1 using EVI1 siRNA further enhanced and led to the sustained
acetylation of p65. It has been previously reported that acetylation of p65 is dependent on
p65 phosphorylation (51). Thus we further determined if EVI1 regulates acetylation of p65
by regulating p65 phosphorylation. As shown in Supplementary Fig. 4A, NTHi-induced p65
acetylation was further enhanced by EVI1 siRNA, whereas phosphorylation of p65 at Ser
536 remained unaffected by EVI1 siRNA. Similar results were also found in TNF-α treated
cells (Supplementary Fig. 4B). Taken together, our data demonstrate that EVI1 acts as a
negative regulator of NTHi-induced DNA-binding activity of NF-κB by inhibiting
acetylation of p65 at the K310 site, thereby leading to the inhibition of NF-κB-dependent
inflammation.

Expression of EVI1 itself is also induced by NTHi both in vitro and in vivo
Negative feedback regulation plays a critical role in preventing overactive and detrimental
inflammatory response in a variety of human inflammatory diseases including infectious
diseases (52). It is well known that many genes involved in inflammatory response undergo
changes in expression pattern in response to inflammatory stimuli such as bacteria. Because
EVI1 negatively regulates TNF-α- and NTHi-induced NF-κB-dependent inflammatory
response, we hypothesized that EVI1 itself may also be induced by NTHi, which may in turn
lead to the inhibition of NTHi-induced inflammatory response, thereby preventing an
overactive inflammatory response. To test our hypothesis, we determined if NTHi induces
EVI1 expression. As shown in Fig. 6A, EVI1 expression at the mRNA level was markedly
up-regulated by NTHi in A549 cells. The induction of EVI1 by NTHi was also confirmed at
the protein level by performing western blot analysis (Fig. 6B). Moreover, up-regulation of
EVI1 by NTHi was also observed in the lung of WT mice inoculated with NTHi (Fig. 6C).
Together, these data suggest that EVI1 itself is also induced by NTHi, which in turn leads to
the inhibition of NTHi-induced inflammatory response.

EVI1 is induced by NTHi via an IKKβ-p65-dependent mechanism, thereby unveiling a novel
negative feedback loop of NF-κB-dependent inflammation

Because our data indicate that EVI1 is induced by NTHi, a potent inducer for inflammation,
we sought to determine if NTHi-induced EVI1 expression is also controlled by IKKβ-NF-
κB pathway. Interestingly, as shown in Fig. 7A, NTHi-induced EVI1 expression was
markedly inhibited by overexpressing a dominant-negative mutant form of IKKβ (IKKβ
DN) in A549 cells. We next investigated the role of p65 in NTHi-induced EVI1 expression.
As shown in Fig. 7B, no induction of EVI1 expression by NTHi was observed in p65−/−

MEF cells. In contrast, NTHi markedly induced EVI1 expression in p65−/− MEF cells that
were reconstituted with p65 WT construct (Fig. 7B). These data thus unveils a novel EVI1-
dependent negative feedback loop controlling NF-κB-dependent inflammation.

Discussion
In the present study, we provide direct evidence that EVI1 acts as a negative feedback
regulator of NTHi-induced NF-κB-dependent inflammation in human respiratory epithelial
cell in vitro and in mouse model of lung inflammation in vivo. Interestingly, expression of
EVI1 itself is also induced by NTHi in an NF-κB-dependent manner, which, in turn, leads to
the inhibition of acetylation of p65 at K310 site, thereby leading to the decreased DNA-
binding activity of NF-κB and subsequent inhibition of inflammatory response (Fig. 7C).
This study will not only provide new insights into the novel role of EVI1 in the regulation of
NF-κB-dependent inflammatory response through a negative feedback loop, but may also
lead to the development of new therapeutic interventions for controlling inflammation.
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Of particular interest in this study is the identification of EVI1 as a novel negative feedback
regulator of NF-κB-dependent inflammatory response in vitro and in vivo. EVI1 was
originally identified as a proto-oncogene and zinc finger transcription factor with important
roles in normal development and leukemogenesis. As a proto-oncogene, the aberrant
expression of EVI1is associated with AML (2, 4), MDS (5), and CML (3). High expression
of EVI1 is detectable in around 8% of AML cases and is a poor prognostic indicator (4, 53).
As a transcription factor, EVI1 has the potential to interact with both co-repressors and co-
activators and is involved in many signaling pathways for both co-repression and co-
activation of cell cycle genes (6–9). It has also been demonstrated that Smad3 interacts with
the first zinc finger domain of EVI1. As a consequence, EVI1 disturbs the TGF-β signaling
pathway, which is known to be a negative regulator for cellular growth and differentiation
(54). However, there has been no report demonstrating a role of EVI1 in regulating NF-κB
activity and the subsequent inflammatory response. In the present study, we show that EVI1
negatively regulates NTHi- and TNF-α-induced NF-κB activation and inflammatory
response in vitro and in vivo. This finding is in line with the previous study demonstrating
that the loss of function mutation in the second zinc finger domain of Evi1 in the Junbo
mouse is associated with the predisposition to chronic OM (13). Interestingly, human EVI1
MT that is homologous to the point mutation of Junbo mouse indeed acts as a dominant-
negative mutant in our in vitro studies. Thus, our results unveil a previously unrecognized
role of EVI1 as a negative feedback regulator of NF-κB-dependent inflammation in upper
respiratory inflammatory diseases.

In the current study, the generalizability of our finding that EVI1 acts as a negative regulator
of NF-κB-dependent inflammation was further confirmed by evaluating the negative
regulation of TNF-α-induced NF-κB-dependent inflammation by EVI1. Since we found that
EVI1 inhibits inflammation by directly targeting NF-κB, it seems reasonable to postulate
that EVI1 may act as a negative regulator of NF-κB-dependent inflammation induced by
other inflammatory stimuli as well.

Another major interesting finding in this study is that EVI1 inhibits NTHi-induced DNA-
binding activity of NF-κB by directly interacting with p65 and also inhibiting the acetylation
of p65. The NF-κB family of transcription factors consists of five members in mammalian
cells: RelA (p65), RelB, c-Rel, p50/p105, and p52/p100. NF-κB is a dimeric transcription
factor consisting of homo- or heterodimers of Rel-related proteins (55). The most important
heterodimer consisting of two subunits, RelA/p65 and p50, is involved in the regulation of a
variety of physiologic and pathologic processes, including proliferation, differentiation,
survival, tumorigenesis and inflammation (55). In the inactive state, NF-κB resides in the
cytoplasm and forms a multi-protein complex with an inhibitory subunit, inhibitor of NF-κB
(IκB). Upon activation by external stimuli, the inflammatory signal converges on and
activates a set of IκB kinases known as the IκB kinase (IKK) complex, which phosphorylate
NF-κB, targeting it for proteasomal degradation. Once released from the IκBα complex,
NF-κB translocates to the nucleus, where it binds to DNA and promotes the transcription of
pro-inflammatory mediators, including cytokines, chemokines, and adhesion molecules,
thereby playing a critical role in mediating inflammatory response (19). Our studies indicate
that EVI1 negatively regulates NTHi-induced NF-κB activation via a mechanism
independent of IκBα phosphorylation or degradation (Fig. 3B and 3C), and p65 nuclear
translocation (Fig. 3D and 3E), but dependent on the inhibition of DNA-binding activity of
the NF-κB complex (Fig. 3F and 3G).

Recent studies have suggested that degradation of IκBα and nuclear translocation of NF-κB
are insufficient to induce a maximal NF-κB-dependent transcriptional activity. Rather, the
NF-κB complex must undergo additional post-translational modifications. Among all known
post-translational modifications of p65, acetylation of p65 has been shown to play a critical
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role in controlling the duration and strength of NF-κB signaling and regulating various
biological functions of NF-κB, including DNA binding, transactivation and association with
the inhibitor IκBα (38, 51, 56). The p300 and CBP have been shown to play major roles in
the acetylation of p65, while HDAC3 appears to be critical for the deacetylation of p65.
Endogenous p65 is acetylated in a stimulus-coupled manner after activation of cells with
NTHi or other stimuli (45). Interestingly, our data demonstrate that EVI1 directly binds to
p65 and inhibits p65 acetylation (Fig. 4 and 5). Site-specific acetylation of p65 regulates
discrete biological activity of the NF-κB complex. It has been previously reported that
acetylation of p65 at the K310 residue is important for the transcriptional activity of NF-κB
because acetylation of K310 is required for optimal p65 transcriptional activity by
enhancing NF-κB/DNA binding and attenuating its interaction with IκBα (24). In our study,
we found that overexpression of EVI1 significantly inhibits NTHi-induced acetylation of
p65 at the K310 site. Further analysis using a site-specific mutant of 310 and p65−/− MEFs
reconstituted with either WT p65 or p65-K310R mutant confirmed that the lysine 310
residue is critical for EVI1-regulated acetylation of p65 by NTHi. Thus, our studies provide
evidence that EVI1, a proto-oncogene, negatively regulates NF-κB-dependent inflammation
by inhibiting p65 acetylation.

Of additional interest in this study is that EVI1 itself is markedly induced by NTHi in an
NF-κB-dependent manner, which in turn leads to the inhibition of the NTHi-induced
inflammatory response, thereby preventing an overactive inflammatory response. The
inflammatory response triggered by bacteria is a protective attempt by the host to remove
the injurious stimuli and to initiate the healing process, but excessive inflammatory response
is detrimental to the host, due to severe tissue damage (57, 58). To avoid overactive and
detrimental inflammatory response in infectious disease, bacteria-induced inflammatory
response must be tightly regulated. The host has evolved a variety of strategies to prevent
detrimental inflammatory response during bacterial infections. Bacteria-induced negative
feedback regulation is thought to play a critical role in preventing overactive inflammatory
response by bacterial pathogens. However, despite the importance of tight regulation in
preventing overactive inflammatory response, the molecular mechanisms underlying the
negative feedback regulation of inflammation in the pathogenesis of NTHi infection remain
largely unknown. In this study, we found that EVI1 acts as an inducible negative feedback
regulator of NTHi-induced NF-κB-dependent inflammatory response in vitro and in vivo.
Thus, up regulating EVI1 may represent an interesting therapeutic strategy for controlling
overactive inflammation in bacterial infections.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. EVI1 negatively regulates bacteria-induced NF-κB-dependent inflammatory response
in airway epithelial and middle ear epithelial cells
(A-D) A549 or HMEEC-1 cells were co-transfected with NF-κB-luciferase reporter plasmid
together with either EVI1 siRNA (A), EVI1 WT (B & C), or EVI MT (D)construct for
40hours and then treated with or without NTHi for 5 hours. NF-κB-dependent promoter
activity was measured by luciferase assay. (E-H) A549 or HMEEC-1 cells were transfected
with either EVI1 siRNA (E), EVI1 WT (F & G), or EVI MT (H) construct for 40 hours and
then treated with or without NTHi for 5 hours. Total RNA was extracted, and mRNA
expression of TNF-α, IL-1β and IL-8 was measured by real-time quantitative RT-PCR (Q-
PCR) assay. Data represent the mean ± SD of at least three independent experiments, and
each experiment was performed in triplicate. *p < 0.05 vs. control; #p < 0.05 vs. NTHi
alone.
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Figure 2. EVI1 negatively regulates bacteria-induced inflammation in the lung of mice in vivo
(A) Jbo/+ and wild-type littermate control (WT) mice were intratracheally inoculated with
NTHi or saline as a control, and mRNA expression of TNF-α, IL-1β and MIP-2 was
measured in the lung tissues of mice by Q-PCR assay. Data represent the mean ± SD of at
least three independent experiments. (B)Representative slides of H&E staining with lung
tissues from Jbo/+ and WT mice inoculated with NTHi or saline as a control (magnification
×200). (C) Lung tissues from Jbo/+ and WT mice inoculated with NTHi or saline were
sonicated, and myeloperoxidase (MPO) activity was measured in the lung tissues
homogenates. (D & E) Polymorphonuclear (PMN) cells were collected from the lung tissues
of Jbo/+ and WT mice inoculated with NTHi or saline as a control by performing
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bronchoalveolar lavage (BAL). PMN numbers were counted (D) and stained with
Hemacolor after cytocentrifugation (E). *p < 0.05 vs. saline; #p < 0.05 vs. NTHi in WT
mice. All the Data are representative of at least three independent experiments.
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Figure 3. EVI1 negatively regulates bacteria-induced activation of NF-κB by inhibiting its DNA-
binding activity, likely independently of p65 nuclear translocation
(A) A549 cells were co-transfected with NF-κB-luciferase reporter plasmid together with a
constitutively active form of IKKβ (IKKβ CA), and NF-κB-dependent promoter activity
was measured by luciferase assay. (B & C) A549 cells transfected either with EVI1 siRNA
(B) or EVI1 WT construct (C) were treated with NTHi for the time indicated in the figure,
and analyzed by western blot analysis with the indicated antibodies. (D) A549 cells co-
transfected with p65 and EVI1 WT or control vector were treated with NTHi, and nuclear
extracts were analyzed by western blot analysis with the indicated antibodies. (E) A549 cells
co-transfected with EVI1 and p65 were treated with NTHi and immunostained with DAPI
and anti-p65 antibodies. Cells were visualized by fluorescence microscopy. (F) A549 cells
co-transfected with p65 and EVI1 WT or control vector were treated with NTHi, and DNA-
binding activity of NF-κB was assessed by electrophoretic mobility shift assay (EMSA). (G)
A549 cells transfected with EVI1 siRNA or control siRNA were treated with NTHi for the
times indicated in the figure, and chromatin immunoprecipitation (ChIP) assay was
conducted using antibody against p65 and analyzed by PCR using specific primers for the
IL-8 promoter sequences spanning the κB binding sites. *p < 0.05 vs. control; #p < 0.05 vs.
IKKβ CA alone. Data are representative of at least three or more independent experiments.

Xu et al. Page 20

J Immunol. Author manuscript; available in PMC 2012 December 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4. EVI1 negatively regulates bacteria-induced NF-κB activation via direct interaction
with p65
(A & B) A549 cells co-transfected with Flag-EVI1 and p65 were treated with NTHi for the
times indicated in the figure, and the proteins were then immunoprecipitated with anti-Flag
antibody (A) or anti-p65 antibody (B). Immunoprecipitations were then analyzed by western
blot analysis with the indicated antibodies. (C) A549 cells co-transfected with Flag-EVI1
and p65 were treated with NTHi and then triple-immunostained with DAPI, anti-p65 and
anti-Flag antibodies. Slides were visualized by fluorescence microscopy. (D) A549 cells
were treated with NTHi or TNF-α for the times indicated in the figure, and the proteins were
then immunoprecipitated with anti-p65 antibody and analyzed by western blot analysis with
the indicated antibodies. Data are representative of at least three independent experiments.
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Figure 5. EVI1 negatively regulates bacteria-induced NF-κB activation via inhibition of p65
acetylation at lysine 310
(A & B) A549 cells co-transfected with EVI1 and p65 were treated with NTHi, and the cell
lysates were immnoprecipitated with anti-p65 antibody and analyzed by western blot
analysis with the indicated antibodies.(C) A549 cells were co-transfected with NF-κB-
luciferase reporter plasmid together with EVI1 siRNA and p65 WT or p65 K310R
constructs, and NF-κB-dependent promoter activity was measured by luciferase assay.*p <
0.05 vs. p65 WT alone; #p < 0.05 vs. p65 WT with EVI1 siRNA.(D) p65−/− MEF cells
reconstituted with vector, p65 WT, or p65 K310R were co-transfected with NF-κB-
luciferase reporter plasmid together with EVI1 siRNA or control vector. Cells were treated
with NTHi, and cell lysate were analyzed by western blot analysis with anti-p65 and tubulin
antibodies (bottom panel). NF-κB-dependent promoter activity was measured by luciferase
assay (upper panel). *p < 0.05 vs. NTHi in p65−/− MEF cells; #p < 0.05 vs. NTHi in p65−/−

MEF cells reconstituted with p65 WT; §p < 0.05 vs. NTHi treatment with EVI1 siRNA in
p65−/− MEF cells reconstituted with p65 WT. For western blot, data are representative of
three independent experiments. For luciferase assay, data represent the mean ± SD of at least
three independent experiments, and each experiment was performed in triplicate.
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Figure 6. Expression of EVI1 itself is induced by NTHi both in vitro and in vivo
(A) A549 cells were treated with NTHi, and mRNA expression of EVI1 was measured by
Q-PCR analysis. (B) A549 cells were treated with NTHi, and expression of EVI1 at protein
level was assessed by western blot analysis with anti-EVI1 antibody. (C) WT mice were
intratracheally inoculated with NTHi, and mRNA expression of Evi1 was measured in the
lung tissues of mice by Q-PCR analysis. Data represent the mean ± S.D (n = 3). *p < 0.05
vs. control.
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Figure 7. EVI1 induction by NTHi is IKKβ- and p65-dependent
(A) A549 cells transfected with a dominant-negative mutant form of IKKβ (IKKβ DN) or
pcDNA as a control vector were treated with NTHi, and mRNA expression of EVI1 was
measured by Q-PCR analysis. (B) p65−/− MEF cells or p65−/− MEF cells reconstituted with
p65 WT were treated with NTHi, and mRNA expression of Evi1 was measured by Q-PCR
analysis. Data represent the mean ± SD of at least three independent experiments. *p < 0.05
vs. control in pcDNA (A) and control in p65−/− MEF cells reconstituted with p65 WT
(B); #p < 0.05 vs. NTHi in pcDNA. (C) Schematic representation describing how EVI1 acts
as an inducible negative regulator for inflammation induced either by bacterial pathogen
NTHi or cytokine TNF-α. As indicated, EVI1 expression is induced by inflammatory
stimuli and, in turn, negatively regulates NTHi- or TNF-α-induced NF-κB activation and
subsequent inflammation by directly binding to p65 and inhibiting acetylation of p65 at the
lysine 310 residue. Abbreviations used: IKKα/β: IκB kinase α/β; p: phosphorylation; Ac:
acetylation; EVI1: Ecotropic Viral Integration Site 1.
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