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Figure 1. The level of precursor B-cells is reduced in the bone marrow of C/EBPB-KO mice. The
percentage of B220" B-cells (A) and B220"CD43™ precursor B-cells (B) in the bone marrow (BM) of
WT mice (WT, n = 14) and C/EBPB-KO mice (KO, n = 13), as determined by flow cytometric
analysis. (C, D) Detailed flow cytometric analysis of subsets of B-cells in the BM of WT and
C/EBPB-KO mice. (C) Representative counter-plots. Numbers indicate the percentage of cells in
boxes. (D) Percentages of pre-pro-B-cells (Fraction A), pro-B-cells (Fraction B/C), and pre-BI cells
(Fraction C’). *, P <0.05; **, P <0.01.
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Figure 2. C/EBPp-deficient bone marrow cells generate an equivalent level of B-cells as WT bone
marrow cells when transplanted into WT mice. (ACDC) BM transplantation experiments. (A) Schema
of the BM transplantation experiments. WT mice, which provide a normal BM microenvironment,
received BM hematopoietic cells (1x10° cells) from WT mice (WT—WT, n = 5) or C/EBPB-KO
mice (KO—WT, n = 3). The level of B-cells in the BM of recipient mice was analyzed 14 weeks after
transplantation. (B) Percentage of B220" B-cells in the recipient BM of the WT—WT (closed bar)
and the KO—WT (open bar) groups, as determined by flow cytometric analysis. (C) Detailed flow
cytometric analysis of subsets of B-cells. Percentages of pre-pro-B-cells (Fraction A), pre-B-cells
{(Fraction B/C), and pre-BI cells (Fraction C) in the recipient BM of the WT—-WT and KO—WT
groups. (DOF) Competitive BM transplantation experiments. (D) Schema of the competitive BM
transplantation experiments. GFP™ WT mice, which provide a normal bone marrow
microenvironment, received BM cells from GFP” WT mice (1x10° cells) and either GFP* WT mice
(1x10° cells) (Transplantation-A, n = 5) or GFP* C/EBPB-KO mice (1x10° cells) (Transplantation-B,
n = 5). BM cells were analyzed 20 weeks after transplantation. (E) Percentage of GFP" cells
engrafted in the recipient BM and spleen (SP), as determined by flow cytometric analysis. (F)
Percentage of B220" cells engrafted in the recipient bone marrow (BM), as determined by flow

cytometric analysis.
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Figure 3. Differentiation of HSCs into precursor B-cells is impaired when co-cultured with
C/EBPp-deficient BMMSCs, in which CXCL12/SDF-1 production is reduced. KSL HSCs derived
from WT (Ly5.1) mice (WT (Ly5.1)-KSL cells) were co-cultured with WT (Ly5.2) or

- C/EBPB-deficient (KO) (Ly5.2) BMMSCs in vitro in the presence of SCF, Flt3-L and IL-7 with
(SDF-1 +) or without (SDF-1 -) addition of CXCL12/SDF-1. Three experiments were performed in
each condition. B-cell lymphopoiesis was analyzed after 10 days of co-culture. (A) Schema of
co-culture experiments. (B) The number of hematopoietic cells generated from WT (Ly5.1)-KSL
cells when co-cultured with WT (Ly5.2) or C/EBPB-deficient (KO) (LyS5.2) BMMSCs, or cultured
alone (BMMSCs (-)). (C, D) Flow cytometric analysis showing levels of B220" B-cells generated
from WT (Ly5.1)-KSL cells when co-cultured with WT (LyS5.2) or C/EBPB-deficient (KO) (LyS5.2)
BMMSCs. (C) Representative counter plots. (E, F) Detailed flow cytometric analysis of the
precursor B-cell population. Representative counter plots (E) and the percentages of B-cell subsets in
B220°CD43" precursor B-cells (F). (G) Quantitative real-time PCR analysis examining
CXCLI12/SDF-1 mRNA expression in BMMSCs. WT: WT BMMSCs (n = 6), KO:
C/EBPpB-deficient BMMSCs (n = 6). (H) The protein concentration of CXCL12/SDF-1 was
measured in the culture supernatant of WT BMMSCs (WT, n = 5) and C/EBPB-deficient BMMSCs
(KO, n = 5) by ELISA. (I) The number of B220" B-cells generated from WT-KSL cells strongly
correlated with the concentration of CXCL12/SDF-1 in the culture supernatant. Numbers in each box
indicate the percentage of cells (C, E). *, P <0.05; **, P <0.01.
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Figure 4. C/EBPf-deficient BMMSCs have an impaired osteogenic differentiation capability. (A, B)
Alizarin Red S staining of WT and C/EBPB-deficient (KO) BMMSCs cultured in
osteogenesis-inducing conditions in vitro. (A) Representative images. Yellow arrows indicate
calcium deposits. Original magnification, 100%. Bars, 50 um. (B) Calcium deposits were measured
in ten different fields at 100x magnification. (C) Immunoblot analysis of Runx2 and ALP expression
in WT and C/EBPf-deficient (KO) BMMSCs cultured in osteogenesis-inducing conditions in vitro.
Expression levels were measured using densitometry and normalized against the expression level of
B-actin. (D) Quantitative real-time PCR analysis examining the expression of ALP mRNA in
BMMSCs cultured in osteogenesis-inducing conditions in vitro. WT: WT BMMSCs (n = 3), KO:
C/EBPB-deficient BMMSCs (n = 5). (E, F) In vivo bone-forming capability of BMMSCs. WT or
C/EBPp-deficient BMMSCs mixed with HA/TCP were subcutaneously implanted into SCID mice.
(E) Representative macroscopic appearance of BMMSC implants (left panels). Yellow arrows
indicate osseous nodules. Representative microscopic images of sections of BMMSC implants
stained with HE (right panels). Original magnification, 40%. Bars, 50 um. Yellow asterisks indicate
bone-forming areas. (F) Bone formation in WT BMMSC implants (WT, n = 6) and C/EBPB-deficient
BMMSC implants (KO, n =4), as assessed by HE staining. Bone-forming areas at 40x magnification

were quantified using Image J software. **, P <0.01.
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Figure 5. C/EBPB-deficient BMMSCs have an impaired adipogenic differentiation capability. (A-C)
Culture of WT and C/EBPp-deficient (KO) BMMSCs in adipogenesis-inducing conditions in vitro.
(A) Representative phase contrast images. Yellow arrows indicate lipid deposition. Original
magnification, 100x. Bars, 50 pm. (B, C) Oil Red O staining of WT and C/EBPp-deficient (KO)
BMMSCs cultured in adipogenesis-inducing conditions. (B) Representative images. Yellow arrows
indicate lipid deposits. Original magnification, 100x. Bars, 50 um. (C) The number of Oil Red O"
cells was measured in ten different fields at 100x magnification. (D) Immunoblot analysis examining
the expression of PPARy, Lpl, and FABP4 in WT and C/EBP-deficient (KO) BMMSCs cultured in
adipogenesis-inducing conditions in vitro. Expression levels were determined using densitometry
and normalized against the expression level of B-actin. (E) Quantitative real-time PCR analysis
examining the expression of PPARy, Lpl, and Fabp4 mRNA in BMMSCs cultured in
adipogenesis-inducing conditions. WT: WT BMMSCs (n = 5), KO: C/EBP-deficient BMMSCs (n
=5). *, P <0.05; **, P <0.01.
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Figure 6. Survival of leukemic precursor B-cells is suppressed when co-cultured with
C/EBPB-deficient BMMSCs. (A) BaF3/Ber-Abl cells were co-cultured with WT or
C/EBPp-deficient (KO) BMMSCs. (B) Number of BaF3/Bcr-Abl cells when co-cultured with WT
(WT, n = 5) or C/EBPB-deficient (KO) (n = 5) BMMSCs. (C, D) Cell cycle analyses of
BaF3/Bcer-Abl cells after co-culture with WT (n =5) or C/EBPB-deficient (KO) (n =5) BMMSCs for
2 days. (C) Representative histograms. (D) The frequencies of BaF3/Bcr-Abl cells at G0/G1, S and
G2M phases. Data are mean values + SD. (F, G) Frequency of apoptotic BaF3/Bcr-Abl cells after
co-culture with WT (n = 5) or C/EBPB-deficient (KO) (n = 5) BMMSCs for 3days. (E)
Representative counter plots. Numbers in each box indicate the percentage of cells. (F) Frequencies
of Annexin VPI", Annexin V'PI', and Annexin V'PI" cells. Data are mean absorbance values = SD.
(G) The number of BaF3/Bcr-Abl cells stimulated with exogenous CXCL12/SDF-1 was examined
by determing BrdU incorporation using a colorimetric immunoassay (n = 6). Data are mean
absorbance values + SD. *, P <0.05; **, P <0.01.
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ABSTRACT

Neutrophil extracellular traps (NETs) are composed of extracellular DNA fibers with antimicrobial
peptides that capture and kill microbes. NETs play a critical role in innate host defense and in
autoimmune and inflammatory diseases. While the mechanism of NET formation remains unclear, reac-
tive oxygen species (ROS) produced via activation of NADPH oxidase (Nox) are known to be an important
requirement. [n this study, we investigated the effect of uric acid (UA) on NET formation. UA, a well-
known ROS scavenger, was found to suppress Nox-dependent ROS release in a dose-dependent manner.
Low concentrations of UA significantly inhibited Nox-dependent NET formation. However, high concen-
trations of UA unexpectedly induced, rather than inhibited, NET formation. NETs were directly induced by
UA alone in a Nox-independent manner, as revealed by experiments using control neutrophils treated
with ROS inhibitors or neutrophils of patients with chronic granulomatous disease who have a congenital
defect in ROS production. Furthermore, we found that UA-induced NET formation was partially mediated
by NF-xB activation. Our study is the first to demonstrate the novel function of UA in NET formation and
may provide insight into the management of patients with hyperuricemia.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Neutrophils, the first line of defense against the microbes, play a
critical role in innate immunity [ 1]. In infected sites, they phagocy-
tose microbes, degranulate enzymes, and produce reactive oxygen
species (ROS) such as superoxide and hydrogen peroxide generated
by the NADPH oxidase (Nox) complex. Recently, a novel killing
mechanism known as neutrophil extracellular traps (NETs) has
been reported. NETs capture microbes with their extracellular
structures consisting of DNA fibers and antimicrobial granule pro-
teins [2,3]. Many physiological stimuli are known to induce NETs.
Notably, NET formation is generally ROS-dependent. Patients with
chronic granulomatous disease (CGD), who are defective in Nox

Abbreviations: CGD, chronic granulomatous disease; DHR, dihydrorhodamine
123; DPI, diphenyleneiodonium; HBSS, Hanks' balanced salt solution; MSU,
monosodium urate; MVP, trans-1-(2'-methoxyvinyl)pyrene; Nox, NADPH oxidase;
NET, neutrophil extracellular trap; PBN, o~phenyl-N-tert-butyl nitrone; PMA,
phorbol myristate acetate; ROS, reactive oxygen species; 10,, singlet oxygen; UA,
uric acid.

* Corresponding author. Fax: +81 75 751 4963.
E-mail address: kouhei@kuhp.kyoto-u.acjp (K. Yamashita).
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0006-291X/$ - see front matter © 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.bbrc.2013.12.007

activity, fail to generate ROS and to make NETs [4]. In a recent study,
we demonstrated that singlet oxygen (10,), one species of ROS, is
required for Nox-dependent NET formation on stimulation with
phorbol myristate acetate (PMA) [5]. Interestingly, neutrophils of
CGD patients treated with 'O, in vitro produced NETSs, revealing that
the pathway could be rescued downstream of Nox [5].

Uric acid (UA), a product of purine metabolism, is a scavenger of
10, that regulates oxidative stress in humans [6]. Since !0, is pro-
duced by Nox [7], UA is expected to suppress Nox-dependent NET
formation. However, a recent study showed that peripheral and
synovial fluid neutrophils derived from patients with acute gout,
whose UA levels in serum were mostly high, formed NETs [8].
Acute gout is an inflammatory arthritis that is triggered by the
deposition of monosodium urate (MSU) crystals, uric acid precipi-
tates in sodium, into the joint space. The inflammatory cascade re-
sults in the secretion of inflammatory cytokines, especially
interleukin (JL)-1R and neutrophil recruitment into the joint [9].
Thus, it is still a matter of debate what effect UA directly exerts
on NET formation.

In the present study, we first examined the effect of UA on Nox-
dependent NET formation by control neutrophils stimulated with
PMA. Thereafter, we investigated how UA directly affected NET for-




2

mation by using control neutrophils treated with ROS inhibitors or
CGD neutrophils. Finally, we demonstrate that UA may induce NET
formation in a manner distinct from that of PMA.

2. Materials and methods
2.1. Reagents

Hanks’ balanced salt solution (HBSS) was purchased from Invit-
rogen (Carlsbad, CA, USA); trans-1-(2’-methoxyvinyl)pyrene
(MVP), Sytox green and orange (for double-strand DNA staining),
and dihydrorhodamine 123 (DHR) were ordered from Molecular
Probes (Eugene, OR, USA). o-Phenyl-N-tert-butyl nitrone (PBN)
was acquired from Radical Research Ltd. (Hino, Tokyo, Japan) and
was dissolved in phosphate-buffered saline (PBS) at a final concen-
tration of 100 mM (pH 7.4). Anti-myeloperoxidase (MPO) antibody
and matched secondary antibody (anti-rabbit I[gG-Alexa Fluor 488)
were obtained from Abcam (Eugene, OR, USA) and Life Technolo-
gies (Carlsbad, CA, USA), respectively. Other chemicals, including
UA, PMA, diphenyleneiodonium (DPI), and apocynin, were pur-
chased from Sigma Aldrich Inc. (St. Louis, MO, USA). (E)3-[(4-Meth-
ylphenyl)sulfonyl]-2-propenenitrile (BAY 11-7082) was obtained
from Merck (Darmstadt, Germany).

2.2. Human CGD patients

We studied two CGD patients, a 29-year-old man with gp91-
phox deficiency with a G-to-A point mutation at nucleotide 252
in exon 3, and a 24-year-old man with gp91-phox deficiency with
a G-to-A point mutation at nucleotide 389 in exon 10.
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2.3. Isolation of human neutrophils

Human neutrophils were isolated from peripheral blood by sed-
imentation through two-step Percoll (GE Healthcare, Tokyo, Japan)
gradients. The experiments were conducted with the understand-
ing and the consent of each participant. The ethical committee of
Kyoto University approved the experiments.

2.4. Chemiluminescence assay

Neutrophils (2 x 10° cells) were mounted on a luminescence
reader (Aloka BLR-310; Aloka, Tokyo, Japan) in the presence of
40 pM MVP, a '0,-specific probe [10]. After that, neutrophils were
stimulated with 100 ng/ml PMA in the presence of 0-5 mg/dl UA,
or 8 mg/dl UA alone, and MVP luminescence was monitored every
30 s for 30 min.

2.5. Flow cytometric DHR assay

Neutrophils (1 x 10° cells) treated with 2 pM DHR were stimu-
lated with 100 ng/ml PMA or 8 mg/dl UA for 30 min at 37 °C and
analyzed by flow cytometry using a FACSCanto II (Becton Dickin-
son, Durham, NC, USA).

2.6. Immunofluorescence stainings of NET-forming neutrophils

Purified neutrophils (1 x 10° cells) were incubated with 100 ng/
ml PMA or 8 mg/dl UA in HBSS without serum for 3 h on culture
slides (BD Biosciences, San Jose, CA, USA). After fixation with 2%
paraformaldehyde (Nacalai Tesque, Kyoto, Japan) for 15 min and
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Fig. 1. The effect of UA on PMA-induced ROS production and NET formation. Neutrophils were isolated from the peripheral blood of healthy volunteers. (A) The effect of UA
(0-5 mg/dl) on 0, production by PMA-stimulated neutrophils. The 0, production by neutrophils was examined by chemiluminescence using a '0,-specific probe, MVP. (B)
Quantitative analysis of '0, production by neutrophils. The '0, production is shown relative to that by PMA-stimulated neutrophils in the absence of UA. The data represent
the mean + SE (n = 3, **P < 0.001, unpaired t-test). (C) The effect of UA on PMA-induced NET formation. Neutrophils stimulated with PMA were incubated with 0~5 mg/dl UA.
NET formation was visualized by laser-scanning fluorescence confocal microscopy (upper panels) and SEM (lower panels). Scale bars represent 100 pm (upper panels) and
30 pm (lower panels). (D) Quantitative analysis of NET formation. The data represent the mean + SE (n =4, *P < 0.05, **P < 0.01, unpaired t-test).
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permeabilization with 100% methanol (Nacalai Tesque) for 10 min also visualized with a scanning electron microscope (SEM,
at -20 °C, the cells were stained with rabbit anti-MPO antibodies S-4700, Hitachi, Tokyo, Japan).

overnight at 4 °C, followed by Alexa Fluor 488-conjugated goat

anti-rabbit IgG and Sytox orange. The cells were attached to the 2.8. Treatments of neutrophils with inhibitors

slides by centrifugation, coverslipped with mounting medium

(ProLong Gold Antifade Reagent, Life Technologies), and analyzed Neutrophils (4 x 10° cells) from healthy volunteers were pre-
by confocal microscopy. incubated at 37 °C for 30 min with Nox inhibitors, DPI (10 pM)
and apocynin (10 pM), a 'O, inhibitor, PBN (4 mM) [11], or an
2.7. NET formation by neutrophils NF-xB inhibitor, Bay 11-7082 (10 pM), and then stimulated with
100 ng/ml PMA or 8 mg/dl UA for 3 h. NET formatlon was visual-

Neutrophils (4 x 10° cells) from healthy volunteers were sus- ized and analyzed as described above.

pended in HBSS without serum and stimulated with 100 ng/ml

PMA in the presence of 0-5 mg/dl UA for 3 h at 37 °C under 5% 2.9. Immunoblotting

CO, in glass base dish (Asahi Glass, Tokyo, Japan). In other experi-

ments, neutrophils from healthy volunteers or CGD patients were Neutrophils (4 x 10° cells) from healthy volunteers were incu-
stimulated with 1-8 mg/dl UA alone. After incubation, cells were bated at 37 °C for 30 min with 100 ng/ml PMA or 8 mg/dl UA. Ly-
stained with 500nM Sytox Green, and NET formation was sates were prepared using RIPA lysis buffer (Wako Pure Chemical
visualized with a laser-scanning fluorescence confocal microscope Industries, Osaka, Japan). Cell debris was separated by centrifuga-
(Nikon Digital Eclipse C1, Tokyo, Japan). Quantitative analysis was tion and equal amounts of proteins in the supernatant were sepa-
performed by counting the number of NET-forming cells per field rated by electrophoresis (4-12% SDS-polyacrylamide gels, Life
(average data of 5 randomly selected fields). NET formation was Technologies). Proteins were then electrotransferred onto nitrocel-
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Fig. 2. The effect of UA alone on ROS production and NET formation. (A and B) Effect of UA on '0, production. Neutrophils were stimulated with PMA (100 ng/ml) or UA
(8 mg/dl). "0, production was examined by chemiluminescence using a '0,-specific probe, MVP. (A) Representative data. UA-stimulated neutrophils hardly produced any
10,. (B) Quantitative analysis of '0, production shown relative to that by PMA-stimulated neutrophils. Data represent mean # SE (n = 3, **P < 0.001, unpaired t-test). (C) ROS
production by DHR assay. The Jogarithmic fluorescence intensity is shown on the x-axis and the cell count on the y-axis. (D-F) Direct effect of UA on NET formation. (D)
Representative micrographs of neutrophils incubated with 1-8 mg/dl of UA. NET formation was visualized by laser-scanning fluorescence confocal microscopy (upper panels)
and SEM (lower panels). Scale bars represent 100 pm (upper panels) and 30 pm (lower panels). (E) Quantitative analysis of NET formation. Data represent the mean + SE
(n=5, *P<0.05, *P<0.01, unpaired t-test). (F) Colocalization of extracellular dsDNA and MPO in UA-stimulated neutrophils. UA- or PMA-stimulated neutrophils were
immunostained with anti-MPO antibody (green). The dsDNAs were counterstained with Sytox-orange (red). Scale bars represent 10 um. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this article.)
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lulose membranes. After blocking, membranes were incubated
overnight at 4°C with a rabbit polyclonal anti-phospho-NF-«B
p65 or anti-NF-xB p65 antibody (Santa Cruz Biotechnology, Dallas,
TX, USA) followed by a goat anti-rabbit HRP antibody. Protein
bands were visualized by enhanced chemiluminescence, and re-
sults were analyzed with Image] software.

2.10. Statistical analysis
Data were expressed as mean + standard error (SE). Values of

P<0.05 determined by the unpaired Student t-test were consid-
ered significant.

3. Results and discussion
We examined the effect of UA on '0, production and NET for-

mation by PMA-stimulated neutrophils. First, neutrophils from
healthy volunteers were stimulated with PMA with or without

A Medium

UA, and the '0, production was detected by chemiluminescence.
As expected, increasing concentrations of UA (0.05-5 mg/dl) sup-
pressed 10, production by PMA-stimulated neutrophils in a dose-
dependent manner, suggesting that UA is a '0, scavenger
(Fig. 1A and B). Treatments of less than 0.5 mg/dl of UA suppressed
PMA-induced NET formation in confocal microscopy (Fig. 1C, upper
panels, and Fig. 1D) and SEM (Fig. 1C, lower panels). Surprisingly,
treatment of PMA-stimulated neutrophils with 5 mg/dl of UA failed
to suppress NET formation, suggesting that a high concentration of
UA may have a novel function in NET formation (Fig. 1C and D).
These results were substantiated by the quantitative analysis of
representative micrographs (Fig. 1D).

Next, we investigated the direct effect of UA on 0, production
and NET formation. UA treatment alone did not produce any
detectable levels of 10, (Fig. 2A and B). We used the fluorescent
dye DHR in a flow cytometric assay to detect ROS. UA-stimulated
neutrophils from healthy volunteers did not exhibit any increase
in DHR fluorescence, in contrast to a significant increase in
PMA-stimulated neutrophils (Fig. 2C). Unexpectedly, UA alone

UA 8 mgl/dl

DPI Apo PBN

Medium
1 mgldl

CGD Patient

8 mg/dl
+ DNase

Fig. 3. UA-induced NET formation is independent of ROS. (A) The effect of ROS inhibitors on UA- (upper panels) or PMA- (lower panels) induced NET formation. Neutrophils
from healthy volunteers were incubated with 8 mg/dl UA or 100 ng/ml PMA in the presence or absence of Nox inhibitors, DPI and apocynin (Apo), or a 'O, inhibitor, PBN. NET
formation was visualized by laser-scanning fluorescence confocal microscopy. Scale bars represent 100 pum. (B) The effect of UA on NET formation. Neutrophils from CGD
patients were incubated with 1-8 mg/dl of UA. Representative micrographs are shown. NET formation was visualized by laser-scanning fluorescence confocal microscopy
(upper panels) and SEM (lower panels). Scale bars represent 100 pm (upper panels) and 30 pm (lower panels).
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Fig. 4. UA induces NET formation through NF-xB activation. (A and B) The effect of an NF-«B inhibitor on UA~induced NET formation. Neutrophils from healthy volunteers
were stimulated with 100 ng/ml PMA or 8 mg/dl UA in the presence or absence of an NF-xB inhibitor. (A) Representative micrographs. NET formation was visualized by laser-
scanning fluorescence confocal microscopy. Scale bars represent 100 um. (B) Quantitative analysis of NET formation. The data represent the mean = SE (n =5, *P < 0.05,
**P < 0.01, unpaired t-test). (C) Immunoblot analysis of PMA- or UA-stimulated neutrophils. Cell lysates were subjected to immunoblotting using an anti-phospho-NF-«B p65
or anti-NF-kB p65 antibody. Membranes were reprobed with an anti-actin antibody. (D) Quantification of proteins on immunoblots. The expression levels are shown relative
to that in neutrophils without stimuli. The data represent the mean £ SE (n = 5, *P < 0.05, unpaired t-test).

significantly induced NET formation in healthy neutrophils, irre-
spective of the absence of ROS (Fig. 2D and E). NET formation
was abrogated by DNase treatment, which degrades DNA fibers
of NETs (Fig. 2D). NET formation by UA was further verified by
immunostaining, in which extracellular dsDNA colocalized with a
granule protein MPO, an important structural component of NETs
(Fig. 2F). These results suggest that NET formation by UA may
not be mediated by ROS.

This hypothesis was substantiated by the use of Nox inhibitors,
DPI and apocynin, or a 10, scavenger, PBN. None of the ROS inhib-
itors suppressed UA-induced NET formation, while PMA-induced
NETs were strongly inhibited (Fig. 3A). We next examined NET for-
mation in neutrophils from CGD patients, who have a defect in ROS
formation. Regardless of the absence of ROS, CGD neutrophils trea-
ted with UA produced NETs, which were suppressed by DNase
treatment (Fig. 3B). Taken together, these results suggest that UA
may induce NET formation in a Nox-independent manner.

Recently, Lopponi et al. implicated NF-xB activation in NET for-
mation induced by PMA stimulus or stress signals, such as acidic or
hyperthermic conditions [12]. Therefore, we investigated whether
NF-kB blockade affected NET formation by UA-stimulated neutro-
phils. The treatment of healthy neutrophils with the NF-xB inhib-
itor BAY 11-7082 resulted in a marked suppression of UA-induced
NET formation (Fig. 4A and B). In addition, immunoblot analysis re-
vealed that phosphorylation of the p65 subunit of NF-xB was sig-
nificantly enhanced in neutrophils stimulated with UA (Fig. 4C
and D). Taken together, these results suggest that the NF-xB cas-
cade is important in UA-mediated NET formation, and could be a
key regulatory pathway of NET formation. Identification of signal-
ing pathways upstream of NF-kB in UA-induced NET formation
should be a future area of investigation.

In summary, this is the first report to demonstrate the novel
function of UA in NET formation. Contrary to expectations, UA, a
known '0, scavenger, induced NETSs in neutrophils in a Nox-inde-

pendent manner and partially through activation of the NF-xB
pathway. The mechanisms by which UA contributes to NET forma-
tion are not yet clear. It has been reported that the Raf-MEK-ERK
pathway is involved in a NET formation cascade downstream of
Nox activation in PMA-stimulated neutrophils [13]. Furthermore,
MSU crystals induced NETs in a ROS-dependent manner as well
as PMA [14]. In contrast, NET formation by UA was independent
of ROS. In addition, neither the activation of ERK, nor the suppres-
sion of NETs by an ERK inhibitor, was observed in UA-stimulated
neutrophils in our study (unpublished observation). This suggests
that UA induces NETs in a different fashion from that of PMA and
MSU crystals. An example of ROS-independent NET formation
was reported in a recent study, where the calcium ionophore ion-
omyecin did not require Nox activation to induce NETs [15]. More-
over, Staphylococcus aureus and Candida albicans have been
reported to induce NETs independently of Nox [16,17]. Thus, it is
possible that there are several mechanisms of NET formation.
The importance of a ROS-independent pathway in NET formation
in physiological settings awaits further investigation.

NETs are similar to a double-edged sword; they can either fight
disease or cause disease, depending on the situation [18]. Excessive
NET formation is associated with the pathogenesis of inflammatory
and autoimmune diseases, including preeclampsia [19], cystic
fibrosis [20], and systemic lupus erythematosus [21]. Moreover,
NETs are relevant to vascular injury, in which extracellular his-
tones released from neutrophils during NET formation injure the
endothelium [22], and the injured endothelium, in turn, induces
NETs, establishing a vicious cycle leading to severe damage [23].
Clinically, the association of hyperuricemia and gout with other
medical conditions such as hypertension, chronic kidney disease,
and cardiovascular disease has been recognized [24]. Recent ani-
mal and epidemiologic studies support the idea that uric acid ele-
vation in the serum is an independent risk factor for the
development of these serious medical problems, by damaging
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endothelial cells, although it is still a matter of debate [25]. In light
of these findings, we speculate that uric acid elevation may induce
NET formation and subsequent vascular endothelial dysfunction,
ultimately leading to cardiovascular diseases. Therefore, NETs
could be a missing link between uric acid elevation and cardiovas-
cular diseases. Thus, we may need to reappraise the importance of
uric acid in human health and disease, and reconsider the manage-
ment of patients with asymptomatic hyperuricemia in order to de-
crease the risk of cardiovascular diseases.
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, Abstract

 The transcription factor NF—KB plays a key regulatory role in lymphocyte actlvatlon and generatlon of immune response.
~ Stimulation of T cell receptor (TCR) induces phosphorylation of CARMAT1 by PKCB, resulting in formation of CARMA1-Bcl10-
 MALTT (CBM) complex at lipid rafts and subsequently leading to NF-«B activation, While many molecular events leading to
NF-«B activation have been reported, it is less understood how this activation is negatlvely regulated, We performed acell-
based screening for negative regulators of TCR-mediated NF-kB activation, .using mutagenesis and complementatlon
cloning strategies. Here we show that casein kinase-2 interacting protein-1 (CKlP 1) suppresses PKCG-CBM-NF-xB signaling.
We found that CKIP-1 interacts with CARMA1 and competes with PKC8 for association. We further confi rmed that a PH
- domain of CKIP-1 is required for association with CARMA1 and its inhibitory effect. CKIP-1 represses NF-xB activity in-
. unstimulated cells, and inhibits NF-xB activation induced by stimulation with PMA or constitutively active PKCH, but not by
stimulation with TNFo. Interestingly, CKIP-1 does not inhibit NF-xB activation induced by CD3/CD28 costlmulatlon, which
caused dissociation of CKIP-1 from lipid rafts. These data suggest that CKIP-1 contributes maintenance of a resting state on
NF-kB activity or prevents T cells from being activated by inadequate signaling. In conclusnon we demonstrate that CKIP 1
~interacts wnth CARMA1 and has an mhlbltory effect on PKCB-CBM-NF-«B signaling. ~
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Introduction

The NF-«B family of transcription factors plays a key regulatory
role in lymphocyte activation and generation of immune response
[1]. The respective NF-kB target genes allow the organism to
respond effectively to the environmental changes. Engagement of
TCR by specific antigen presented on major histocompatibility
complex (MHC) of antigen presenting cells (APC) induces T cell
activation and proliferation. However, stimulation of TCR/CD3
complex alone is not sufficient for activation of NF-kB. The
simultaneous costimulation of CD28 through its ligand, B7, is
needed for optimal activation of NF-xB [2]. CD3/CD28
costimulation induces the formation of a large multicomponent
complex at the contact site between T cell and the APC, termed as
immunological synapse [3,4]. This contact area of T cells is highly
enriched in cholesterol and glycosphingo-lipids, also termed as
lipid rafts, and serve as the platform for the assembly of proximal
signaling components of TCR. PKCH is recruited to the
immunological synapse from the cytosol upon T cell stimulation
and catalytically activated [5,6]. Activated PKCO phosphorylates
CARMAL (CARD11) to induce its conformational changes which
enable CARMALI to form the complex with Bcl10-MALT1 [7,8].
Subsequently, the IxB kinase (IKK) complex becomes activated
and phosphorylates IxBs, leading to their ubiquitylation and
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subsequent proteasomal degradation. The degradation of IxBs
allows NF-xB to enter the nucleus and induce transcription of
target genes [1].

CARMAL is one of a family of caspase recruitment domain
(CARD)- and membrane associated guanylate kinase-like (MA-
GUK) domain-containing proteins (CARMA) [9,10]. CARMAL1
contains an N-terminal CARD, followed by a coiled-coil (CC)
domain, a PDZ domain, a Src homology 3 (SH3) domain, and a
guanylate kinase (GUK)-like domain in the C-terminus. It has two
mammalian homologs, CARMA2 and CARMAS3. CARMAI is
predominantly expressed in spleen, thymus, and peripheral blood
leukocyte (PBL); CARMA?Z2 is expressed only in placenta; and
CARMAS3 is expressed in broad range of tissues but not in spleen,
thymus or PBL. For B and T cells, the scaffold protein CARMALI
plays an essential role in antigen receptor-induced NF-xB
activation [11-15]. Aberrant NF-xB activation could be involved
in autoimmune diseases and malignant lymphomas. Constitutively
active NF-kB in the activated B cell-like (ABC) subtype of diffuse
large B cell lymphoma (DLBCL) can result from somatic
mutations in genes involved in NF-«B signaling, such as
CD79B, A20 and CARMAL [16]. Recently, germline mutations
in CARMAI have also been reported in four patients with
congenital B cell lymphocytosis [17]. Therefore CARMALI activity
needs to be tightly regulated.
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Casein kinase-2 interacting protein-1 (CKIP-1) was originally
identified as an interacting protein of casein kinase 2ot (CK2o)
[18]. CKIP-1 contains a pleckstrin homology (PH) domain at the
N-terminus, a leucin zipper (L.Z) motif at the C-terminus, and five
proline-rich motifs throughout the protein [19]. Several interact-
ing proteins of CKIP-1 have been identified and CKIP-1 plays
scaffold roles in various signaling pathways [18-27]. It has also
been reported that CKIP-1 binds to lipid through its PH domain
and contributes to localization of its binding proteins. Genetically,
CKIP-1-deficient mice show an age-dependent increase in bone
mass as a result of accelerated osteogenesis, and the MEKK2-
JNK-c-Jun/AP-1 axis is activated in CKIP-1 deficient mouse
embryonic fibroblasts [22,25]. However, the role of CKIP-1 in
NF-xB signaling remains unknown.

Many findings leading to NF-xB activation have been reported,
but it is less understood how this activation is negatively regulated.
To elucidate negative regulation in TCR-mediated NF-xB
activation, we have done a screening by mutagenesis and
complementation cloning strategies. Here we report the identifi-
cation of CKIP-1 as a negative regulator in NF-«B signaling via
TCR. We show that CKIP-1 interacts with CARMA, inhibits the
interaction between PKCO and CARMALI, and suppresses NF-xB
activation.

Materials and Methods

Cells

CARMA1-deficient Jurkat T cell line, named JPM50.6, and
JPM50.6/WT cell line, which was reconstituted with Myc-tagged
CARMAI wild type (WT) in JPM50.6, were kindly gifted from Dr.
Xin Lin [11,28]. These cell lines and Jurkat T cells were
maintained with RPMI1640 (Nacalai Tesque, Kyoto, Japan)
containing 10% fetal bovine serum (FBS) and 1% penicillin-
streptomycin and glutamine (PSG) (Invitrogen, Carlsbad, USA).
HEK?293T cells were maintained with DMEM (Nacalai Tesque)
containing 10% FBS and 1% PSG.

Generation of mutant Jurkat T cells and
complementation cloning strategies by lentiviral cDNA
library

Jurkat T cell line stably expressing EGFP under the control of
an NF-kB-dependent promoter, which we called JR-GFP, was
kindly gifted from Dr. Xin Lin [11]. To generate mutant cells, JR-
GFP cells were treated with 4 pg/ml of ICR191 (Sigma-Aldrich,
St. Louis, USA), alkylating agent that typically generates random
frame-shift mutations [11,29], for 5 hr, and this treatment was
repeated three times. After mutagenesis, EGFP-positive cells were
sorted by BD FACSAria cell sorter (BD, New Jersey, USA) under
the treatment with 2.5 pM of PKC inhibitor GF109203X (Sigma-
Aldrich). Monoclonal mutant cell lines were derived by limiting
dilution, and, among them, an NF-xB constitutively active cell line
was identified. Human leukocyte ¢cDNA library (Invitrogen) on
pCS2-EF-GATEWAY-IRES-hrGFP was transferred into pCS2-
EF-GATEWAY-TRES-H2K® through LR reaction on Gateway
cloning system (Invitrogen) and cDNA and H2K"-dual expressing
lentiviral vector were prepared as described before [30,31]. To
identify NF-xB negative regulators, the NF-kB constitutively active
cell line was infected with this viral vector. If the mutant
phenotype was rescued by the gene from the library, EGFP
expression might return to negative. Both H2K positive and
EGFP-negative cells were sorted using BD FACSAria cell sorter
and subjected to limiting dilution. If EGFP was normally induced
by PMA/ionomycin in each single cell clone, the mutant
phenotype should be rescued by the gene from the library. The
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genes rendering the reversion of the mutant phenotype were
isolated by PCR using vector specific primers. Subsequent DNA
sequencing and BLAST analysis should reveal the integrated gene.

Plasmid constructs

Plasmids encoding Myc-CARMAI1, Myc-CARMALI truncated
forms, EGFP-CARMAI, Myc-Bcl10, PKCO WT, PKC6 AE [32],
IKKB, and GFP-NF-kB RelA were kind gifts from Dr. Xin Lin.
Expression vectors for FLAG-CARMA1 and HA-Bcll0 were
generated by subcloning of coding sequence into pcDNA3 vector
(Invitrogen). GST-CARMAI1 CD-CC was generated by subclon-
ing of coding sequence into pGEX-4T-1 (GE Healthcare,
Buckinghamshire, UK). Human CKIP-1 ¢cDNA was generated
by PCR amplification from Jurkat ¢cDNA and cloned into
pcDNA3/hygro and pcDNA3-FLAG vector (Invitrogen). Expres-
sion vector for DsRed-CKIP-1 was generated by subcloning of
coding sequence into pDsRed1-N1 vector (Clontech, Mountain
View, USA). ALZ-CKIP-1 and APH-CKIP-1 truncated form
were generated by PCR amplificaion from WT CKIP-1
expression vector and subcloned into pcDNA3/hygro vector.

RNA interference

To identify a negative signaling component of NF-«B signaling
from our candidates, we knocked down the molecules by specific
siRNA in JR-GFP cells. siRNAs against our selected eighteen
candidates were purchased from Thermo Scientific (Rockford,
USA) (siGENOME SMARTpool). 5x10° JR-GFP cells were
electroporated with 400 pmol of non-targeting siRNA (D-001206-
13), human TNFAIP3 (A20)-specific siRNA (M-009919-00),
human CKIP-1-specific siRNA (M-016800-01), and siRNAs
against other seventeen genes using AMAXA Nucleofector System
(Lonza, Basel, Switzerland). Five days later, EGFP expression was
analyzed by BD FACSCalibur. siRNA SMARTpool (Thermo
Scientific) is a mixture of four siRNAs. We also used separate
aliquot of four individual siRINAs (D-016800-01, 02, 03, 04).

Chemicals, Cytokines, and Antibodies

PMA and ionomycin were purchased from Sigma-Aldrich.
TNFa was from CellGenix (Freiburg, Germany). PE-conjugated
anti-mouse H2KX (CLO005PE) was from Cedarlane (Ontario,
Canada). Anti-GFP (A6455) was from Molecular Probes (Eugene,
USA). Mouse anti-human CD3 (555336), -CD28 (555725), and -
PKCH (610089) were from BD Biosciences (San Jose, USA). Anti-
CKIP-1 (D-20, sc-50225), -IKKo/f (H470, sc-7607), and -Lck
(3A5, sc-433) were from Santa Cruz Biotechnology (Santa Cruz,
USA). Anti-B-actin (AC-15, A5441), -c-Myc (9E10, M5546, and
C3956), and -FLAG (M2, F3165) were from Sigma-Aldrich. Anti-
HA (12CA5) was from Roche (Mannheim, Germany). Anti-p-Erk
(Thr202/Tyr204, E10, #9106), -Erk (#9102), and -CARMAI
(1D12, #4435) were from Cell Signaling Technology (Danvers,
USA).

Luciferase reporter assay

5 pg of 5xNF-kB-dependent luciferase (Firefly) reporter plasmid
and 0.1 pg of EFla promoter-dependent Renilla luciferase reporter
were transfected together with 5 pg of plasmids encoding the
desired genes or 400 pmol of siRNA by electroporation into
1x107 Jurkat T cells in 0.4 ml serum-free RPMI1640 media at the
power setting of 250 V and 950 pF. Nineteen hours later, the
transfected cells were treated for 5 hr with plate-bound CD3 mAb
(2 pg/ml), plate-bound CD3 + soluble CD28 mAb (2 pug/ml of
each), TNFo (20 ng/ml), PMA (10 ng/ml), or PMA (10 ng/ml) +
CD28 (2 pg/ml). NF-xB activity was measured with Dual-
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Luciferase Reporter Assay System (Promega, Madison, USA) and
was determined by normalization of NF-xB-dependent Firefly
luciferase to Renilla luciferase activity. Values represent the average
of three independent experiments and error bars represent the SD
from the average. Statistically significance was determined using
Student’s t test.

Evaluation of NF-xB activity

Nuclear protein fractions were harvested by the Nuclear Extract
kit (Active Motif, Carlsbad, USA). NF-kB activity was measured in
2 ug of nuclear protein extracts by the TransAM ™ NF-kB p65
chemi (Active Motif), an ELISA-based kit to detect and quantify
NF-kB p65 subunit activation. The assay was performed
according to the manufacturer’s protocol and analyzed using a
microplate luminometer PerkinElmer 2030 ARVO™ X3 (Perki-
nElmer, Waltham, USA). Values represent the average of three
independent experiments and error bars represent the SD from
the average. Statistically significance was determined using
Student’s t test.

Immunoprecipitation

For co-immunoprecipitation, 6-well plate HEK293T cells were
transfected by the calcium phosphate method. Two days after
transfection, cells were lysed in NP-40 lysis buffer (20 mM Tris-
HCI pH 7.5, 250 mM NaCl, 1% NP-40) supplemented with
I mM PMSF, protease inhibitor cocktail (Nacalai Tesque) and
phosphatase inhibitor cocktail (Roche). Total cell lysates were
precleared on Protein A Sepharose beads for 30 min at 4°C. The
precleared cell lysates were immunoprecipitated with Protein A
beads-conjugated with the desired antibodies for 6 hr. Immuno-
precipitates were washed three times with lysis buffer.

To detect the protein interaction in JPM50.6/WT cells, 1 x10®
cells were lysed in NP-40 lysis buffer (10 mM Tris-HC] pH 7.5,
150 mM NaCl, 0.5% NP-40) supplemented with protease
inhibitor cocktail (Nacalai Tesque) and phosphatase inhibitor
cocktail (Roche). Total cell lysates were precleared on Protein A
Sepharose beads for 30 min at 4°C. The precleared cell lysates
were immunoprecipitated with Protein A beads-conjugated with
2 pg of anti-CKIP-1 Ab at 4°C overnight. Immunoprecipitates
were washed three times with 0.05% NP-40 buffer (10 mM Tris-
HCI pH 7.5, 150 mM NaCl, 0.05% NP-40).

Confocal microscopy

HEK293T cells were transfected with expression vectors and
grown on the coverslips. 24 hr after transfection, the cells were
incubated with Alexa Flour 488-conjugated cholera toxin B
(Molecular probes) at 4°C for 20 min. The specimens were fixed
with 4% paraformaldehyde in PBS and mounted on slides using
ProLong Gold antifade reagent with DAPI (Invitrogen), and
analyzed by confocal laser scanning fluorescence microscopy
(Nikon Digital Eclipse C1).

In vitro binding assay

FLAG-CKIP-1 was synthesized ¢ vitro using the TNT T7 Quick
Coupled Transcription/Translation System (Promega). GST and
GST-CARMAL CD-CC proteins were produced in E. colt BL21
and purified with glutathione Sepharose 4B beads (GE Health-
care). The beads were incubated with FLAG-CKIP-1 at 4°C for
2 hr. The beads were washed and proteins were eluted, followed
by Western blotting with anti-FLAG antibody.
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Lipid raft purification

Costimulation of Jurkat T cells was performed in a final volume
of 1 ml by addition of anti-CD3 (10 pg/ml) and anti-CD28 (5 pg/
ml) antibodies, together with 15 pg of mouse IgG (Sigma-Aldrich).
Cells (2x107) were lysed in 1 ml MNE Buffer (25 mM MES
pH 6.5, 150 mM NaCl, 5 mM EDTA) with 1% Triton-X, 1 mM
PMSF, and protease inhibitor cocktail (Nacalai Tesque) for
20 min on ice and dounce homogenized 20 times. Samples were
centrifuged at 1,000 x g for 10 min at 4°C. The supernatants were
mixed with 1 ml of OptiPrep (Axis-Shield, Oslo, Norway) and
transferred to a Beckman Ultracentrifuge tube. Two milliliters of
30% OptiPrep followed by 1 ml of 5% OptiPrep in MNE buffer
were overlaid. Samples were ultracentrifuged in.a SW41Ti rotor
(200,000x g for 20 hr). Fractions (400 ul per fraction) were
collected from the top of the gradient. Proteins from each fraction
were precipitated with trichloroacetic acid before separation by
SDS-PAGE and Western blotting.

Results

Identification of CKIP-1 as a negative regulator of NF-xB

activation

We have performed a cell-based screening to find negative
regulators in TCR-mediated NF-kB activation, using somatic
mutagenesis and complementation cloning strategies [11,29]. We
used Jurkat T cell line expressing EGFP under the control of an
NF-xB-dependent promoter, named JR-GFP [11]. To generate
NF-xB constitutively active cell lines, JR-GFP cells were subjected
to mutagenesis with ICR191, and EGFP-positive cells were sorted
under the treatment of PKC inhibitor GF109203X. After limiting
dilution, we identified an NF-xB constitutively active cell line in
which negative regulators for NF-xB activation must be mutated.
To identify NF-xB negative regulators, the NF-xB constitutively
active cell line was infected with a human leukocyte-cDNA library
expressing lentivirus, and EGFP-negative cells were sorted. If the
mutant phenotype was rescued by transduction of the gene from
the library, EGFP expression would return to negative. The genes
rendering the reversion of the mutant phenotype were isolated by
PCR and sequenced using library vector specific primers, and then
we obtained dozens of candidates for NF-kB negative regulators.
To examine whether any of these candidates downregulate NF-xB
activity, we selected and knocked down eighteen molecules by
specific sSIRNA in JR-GFP cells. We found that knockdown of
CKIP-1 induced expression of EGFP more than that of TNFAIP3
(A20), which was known as a negative regulator of NF-xB and
used as a positive control [33] (Figure S1). To confirm that CKIP-
1 was a negative regulator of NF-xB, Jurkat T cells were
transfected with CKIP-1 siRNA together with an NF-xB-
dependent luciferase reporter plasmid. We used siRNA SMART-
pool, which is a mixture of four siRINAs, and separate aliquot of all
four individual siRINAs. Knockdown of CKIP-1 increased NF-xB
activity (Figure 1A). We also showed that knockdown of CKIP-1
induced DNA binding activity of NF-xB p65 (Figure 1B), by using
the transcription factor DNA-binding ELISA. Thus, we clearly
demonstrated that CKIP-1 was a novel NF-xB negative regulator.

CKIP-1 suppresses NF-xB activation induced by PMA and
constitutively active PKCO

To examine whether the downregulation of NF-kB activation
by CKIP-1 is specific to TCR stimulation, Jurkat T cells
transfected with CKIP-1, treated with different stimulation, and
assessed NF-kB activity by luciferase reporter assays. CKIP-1
suppressed NF-kB activity in unstimulated cells and stimulated by
CD3, PMA and PMA/CD28, but not by TNFo or CD3/CD28
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Figure 1. Identification of CKIP-1 as a negative regulator in NF-kB activation. (A) 400 pmol of human CKIP-1-specific siRNA or non-
targeting siRNA together with 5 g of xB-Luc, 0.1 ug of Renilla-Luc were electroporated into Jurkat T cells. Luciferase activity was assayed after 48 hr.
The reduction of endogenous CKIP-1 protein levels was analyzed by Western blotting. (B) Jurkat T cells were electroporated with human CKIP-1-
specific siRNA or non-targeting siRNA using AMAXA Nucleofector System (Lonza). Thirty hours later, nuclear protein extracts were harvested and NF-
kB activity was measured by TransAM NF-kB p65 chemi kit (Active Motif). The reduction of endogenous CKIP-1 protein levels was analyzed by
Western blotting. (C) Jurkat T cells were transfected with 5 pg of CKIP-1 or empty vector (mock) together with 5 pg of xB-Luc and 0.1 ug of Renilla-
Luc. Nineteen hours later, cells were stimulated for 5 hr upon CD3 (2 pg/ml), CD3/CD28 (2 pg/mi each), TNFo (20 ng/ml), PMA (10 ng/ml) or PMA
(10 ng/ml) + CD28 (2 ng/ml). The expressed protein levels were analyzed by Western blotting. (D) Jurkat T cells were transfected with 5 ug of CKIP-1
or empty vector (mock). Twenty-four hours later, cells were stimulated for 30 min upon PMA (10 ng/ml). Then cells were harvested and NF-xB activity
was measured by TransAM NF-kB p65 chemi kit. The expressed protein levels were analyzed by Western blotting. Values represent the average of
three independent experiments and error bars represent the SD from the average.

doi:10.1371/journal.pone.0085762.g001

(Figure 1C). Using the transcription factor DNA-binding ELISA,
we also showed that CKIP-1 suppressed NF-xB activation induced
by PMA stimulation (Figure 1D). These data suggest that CKIP-1
inhibits NF-kB signaling via TCR but not via TNF receptor and
that CKIP-1 targets downstream signaling components of PKC6,
since the treatment of PMA directly activates PKCs. To clarify
which step of signaling CKIP-1 affects, NF-xB activation driven by
transfection of each downstream signaling component of PKC8
was assessed in Jurkat T cells in the presence or absence of co-
transfection of CKIP-1 (Figure 2A). NF-«B activation induced by
PKCO AE, a constitutively active mutant [32], was clearly
suppressed by CKIP-1, whereas activation induced by NF-xB
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RelA, IKKP or Bcll0 was not affected. NF-kB activation induced
by CARMAL seemed to be suppressed by CKIP-1, but the effect
was not statistically significant. Conversely, knockdown of CKIP-1
increased NF-xB activation induced by transfection of CARMAL1
or PKCH AE (Figure 2B). These results suggest that the inhibitory
effect of CKIP-1 targets signaling events around PKCO or
CARMAL

As shown in Figure 1C, CKIP-1 did not suppress CD3/CD28-
induced NF-xB activation. We hypothesized that CKIP-1 might
work in a resting state and finish its role during CD3/CD28
costimulation. PKCO and CARMAI have been reported to be
recruited to lipid rafts upon TCR stimulation [34]. It has been
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Figure 2. CKIP-1 suppresses NF-kB activation induced by constitutively active PKCH. (A) Jurkat T cells were transfected with 5 pg of CKIP-1
or empty vector (mock) together with 5 pg of each signaling component, 5 pg of kB-Luc and 0.1 pg of Renilla-Luc by electroporation. Luciferase
activity was assayed after 24 hr. PKCO AE is constitutively active mutant. The expressed protein levels were analyzed by Western blotting. (B) Jurkat T
cells were transfected with 400 pmol of human CKIP-1-specific SIRNA or non-targeting siRNA together with 5 pg of kB-Luc, 0.1 pg of Renifla-Luc, and
5 pg of PKCH AE (left panel) or CARMAT1 (right panel) by electroporation. Thirty hours later, cells were lysed and luciferase activity was assayed. The
expressed protein levels were analyzed by Western blotting. Values represent the average of three independent experiments and error bars represent
the SD from the average.

doi:10.1371/journal.pone.0085762.g002

shown that CKIP-1 binds to lipid through its PH domain and raft) fractions were prepared by the ultra-centrifugation in a
overexpressed CKIP-1 localizes in the plasma membrane and discontinuous OptiPrep density gradient. Lck was constitutively
partly in the nucleus [18,20,22]. To examine where CKIP-1 associated with lipid rafts, and PKCO was recruited to lipid rafts
localizes in Jurkat T cells, the detergent-insoluble membrane (lipid after CD3/CD28 costimulation (Figure 3) as previously reported
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