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For a long period of time, the transcription factor CCAAT/
enhancer-binding protein homologous protein (CHOP) has
been thought to inhibit transcriptional activity for its ability to
interact with CCAAT enhancer-binding protein family factors,
thus preventing their binding to DNA. We have previously
shown that in human T lymphocytes the CHOP phosphoryl-
ation induced by prostaglandin E2 (PGE2)-increased interleu-
kin-8 (IL-8) gene expression. Given the CHOP positive role in
the regulation of transcription, here we have investigated the
molecular mechanism(s) by which CHOP increases IL-8 gene
activity under PGE2 stimulus. Transfection experiments with
mutants showed both that the CHOP transactivation domain
is essential for IL-8 transcription and that the IL-8/activator
protein 1 (AP-1) promoter mutated in NF-�B and NF-IL-6,
but not in the AP-1 site, harbors essential CHOP-responsive
elements. CHOP silencing confirmed its role in the IL-8 tran-
scriptional regulation and protein production, whereas c-Jun
small interfering RNA experiments showed that the PGE2-
induced activation of IL-8 promoter is mainly c-Jun-inde-
pendent. Moreover, PGE2 induced CHOP-DNA complexes
only when the entire IL-8/AP-1 promoter or the wild type
sequences encompassing the AP-1 upstream region were
employed. Mutations introduced in these sequences pre-
vented the DNA-CHOP complex formation. The IL-8/AP-1
mutant promoter lacking the sequence immediately
upstream the AP-1 site is PGE2-unresponsive. Finally, chro-
matin immunoprecipitation data confirmed in vivo that PGE2
induces CHOP binding to the IL-8 promoter. Taken together,
our results suggest that the increased expression of CHOP in
response to PGE2 exerts a positive transcriptional regulation
of the IL-8 promoter mediated by direct binding to a novel
consensus site.

We have previously reported that prostaglandin E2 (PGE2)2
stimulates the transcription of IL-8 gene in human T lympho-
cytes by activating in a protein kinase C-, p38 MAPK-, and
phosphatidylinositol 3-kinase-dependent manner the tran-
scription factor C/EBP homologous protein (CHOP) (1). More
recently, the positive correlation between CHOP and IL-8 syn-
thesis has been confirmed by experiments showing that the
inhibition ofCHOP repressed theNF-�B-mediated andprotea-
some-induced IL-8 activation (2). These results corroborated a
positive role for CHOP in the induction of pro-inflammatory
genes that was previously indicated on the IL-6 expression in
melanoma cells, although with distinct mechanisms (3). The
activation of IL-6 transcription was dependent on the CHOP
dimerization ability, given that a mutant lacking the leucine
zipper domain exhibited a reduced effect on IL-6 promoter
activity. CHOP was originally cloned as an inhibitory molecule
of the C/EBP family transcriptional factors, to which it binds
with its extreme C-terminal leucine zipper region, thus block-
ing the binding of C/EBPs to DNA (4, 5). Afterward, it has been
reported that CHOP can act as transcription factor inducing
the gene expression by forming a heterodimer (6). It has also
been shown thatCHOPcan interactwith a variety of proteins in
a different manner. The gain-of-function of CHOP induces its
binding to several nuclear protein from erythroid cells, some of
which are not C/EBP family members (7). More recently, it has
been reported that truncation of the N-terminal amino acids
1–42 (CHOP�N) abolishes its co-localization with �-ami-
nobutyric acid type B1a receptor, indicating that CHOP may
also interactwith itsN-terminal domain (8).On the other hand,
a direct activity of CHOP as transcription factor was demon-
strated by Ubeda et al. (9), who showed CHOP binding to a
specific nucleotide sequence, which is similar to but distinct
from the typical C/EBP-binding motif. Moreover, dose-
dependent bidirectional effects of CHOP on the monocyte
chemo-attractant protein-1 promoter were shown in vascular
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C/EBP binding to C/EBP-responsive elements, whereas
increased expression directly stimulated the activity of mono-
cyte chemo-attractant protein-1. Thus, CHOP seems to exhibit
different, and in someways opposite, mechanisms in regulating
gene expression and molecular interactions. In the present
study, we addressed the molecular mechanism(s) by which
CHOP increases the IL-8 gene expression following its activa-
tion by PGE2. Initially we investigated whether PGE2 induced
CHOP expression in T cells; successively we demonstrated that
CHOP is essential for PGE2-mediated IL-8 transcription, iden-
tifying the CHOP domains and the IL-8 promoter sites
involved. Finally, a CHOP-responsive element (CHOP-RE) in
the IL-8 promoter of humanT lymphocytes stimulated byPGE2
was characterized.

EXPERIMENTAL PROCEDURES

Cells and Culture Conditions—Jurkat T cells (clone E6–1)
were obtained from European Collection of Cell Cultures (Sig-
ma-Aldrich) andmaintained in a humidified atmosphere of 5%
CO2 in 95% air (37 °C) in RPMI 1640 (Euroclone, Milan, Italy)
supplemented with 50 IU/ml penicillin, 50�g/ml streptomycin
(Euroclone, Milan, Italy), and 20% heat-inactivated fetal calf
serum (Euroclone, Milan, Italy). The cells were routinely tested
formycoplasma infection, and the cultures were renewed, from
frozen stocks, every 2 months.
RNAExtraction andReverse Transcriptase—Tcells were cul-

tured in 35-mmwell plates (5� 106 cells/well) in the absence or
presence of anti-CD3 (1 �g/ml) plus anti-CD28 (250 ng/ml)
antibodies (Immnunotech, Marseilles, France), and the cells
were then immediately stimulated for the indicated times with
10�5 M PGE2. Total RNA was extracted with TRIzol (Invitro-
gen) according to the manufacturer’s instructions. 1 �g of total
RNAwas reverse-transcribed in a total volume of 20 �l with an
IMProm-IITM reverse transcriptase kit (Promega,Milan, Italy)
according to the manufacturer’s instructions.
Reverse Transcription PCR—20 �l of reverse transcription

products were brought to a volume of 100 �l containing 2 mM
MgCl2, 0.2 mM PCR nucleotide mixture, a 1 �M concentration
of both the upstream and downstream PCR primers (Sigma), 5
units of Taq DNA polymerase (Transgenomic, Inc., Bergamo,
Italy), and 10� PCR buffer (Transgenomic, Inc.). Two pairs of
primers were used in this study. The primer sequences were
as follows: CHOP, 5�-CAGAACCAGCAGAGGTCACA-3�
(sense) and 5�-AGCTGTGCCACTTTCCTTTC-3� (anti-
sense); and �-actin, 5�-TGACGGGGTCTACCCACACTGT-
GCCCCATCTA-3� (sense) and 5�-CTAGAAGCATTGCGC-
TGGACGATGGAGGG-3� (antisense). Amplification was
carried in a DNA thermal cycler (Applied Biosystems, Milan)
after an initial denaturation at 95 °C for 4 min. This was fol-
lowed by 35 cycles of PCR using the following temperature and
time profile: denaturation at 94 °C for 1 min, primer annealing
for 1 min at 60 °C for CHOP and at 62 °C for �-actin, primer
extension at 72 °C for 2 min, and a final extension at 72 °C for 7
min. The PCR products were visualized by electrophoresis on
1% agarose gel in 1� buffer containing 89mMTris borate and 2
mM EDTA (pH 8.3) after staining with 0.5 �g/ml ethidium bro-
mide. The UV light-illuminated gels were photographed, and
the relative sum intensity was calculated by normalizing the

sum intensity of the CHOP product to the �-actin mRNA
control.
Quantitative Real-time PCR—Quantitative real-time PCR

was performed using the ABI Prism 7500 real-time PCR system
(Applied Biosystems). We used 5�-GCTTCTCTGGCTTG-
GCTGACT-3� (Forward primer), 5�-CTGTTTCCGTTTCCT-
GGTTCTC-3� (Reverse primer), and FAM-5�-CACTCTCCA-
GATTCCAGTCA-3�-MGBNFQ as primers and a TaqMan
probe, respectively. Thermal cycling conditions included acti-
vation at 95 °C (10 min) followed by 40 cycles each of denatur-
ation at 95 °C (15 s) and annealing/elongation at 55 °C (1 min).
Each sample was analyzed in triplicate with �-actin (Applied
Biosystems) as an the inner control, and the mean value of
CHOP mRNA was calculated.
The cycle threshold (Ct) was used to calculate relative

amounts of target DNA. The Ct was determined as the number
of PCR cycles required for a given reaction to reach an arbitrary
fluorescence value within the linear amplification range.
Plasmid Construction and Transient Transfections—Lipo-

some-mediated transient gene transfer was carried out with
DMRIE-C (Invitrogen) as recommended by the manufacturer.
Briefly, the cells were seeded at 2 � 106 cells/well and tran-
siently transfected with 1 �g of wt IL-8, IL-8 lacking the AP-1
site (IL-8–97), IL-8–97 mutant C/EBP (IL-8–97/mC/EBP),
IL-8–97 mutant NF-�B (IL-8–97/mNF-�B), or IL-8 double
mutant for C/EBP and NF-�B (IL-8/AP-1) promoter-driven
luciferase reporter vectors developed in collaboration with Dr.
Hector R. Wong (Cincinnati Children’s Hospital Medical Cen-
ter, Cincinnati OH); pSV-nlsLacZ DNA, a �-galactosidase
expression vector (0.5 �g) and “empty” plasmid DNA (pBSM),
at a final concentration of 2 �g/plate. pcDNA 3.1/V5 His
expression plasmids for CHOP at a final concentration of 0.2
�g/plate were co-transfected where indicated. A mutant IL-8/
AP-1 promoter construct (IL-8/AP-1�CHOP-RE) lacking the
nucleotides GTGTGATG located upstream from the AP-1 was
generated by PCR using forward primer 5�-TCCcccgggACT-
CAGGTTTGCCCTGAGGGGA and reverse primer 5�-CCG-
ctcgagTGCCTTATGGAGTGCTCCGGTG. PCR conditions
were 35 cycles at 94 °C for 45 s, 52 °C for 45 s, 72 °C for 45 s, and
a final extension at 72 °C for 10 min. The PCR product was
cloned as a SmaI/XhoI fragment into PGL2 basic vector (Pro-
mega). The constructs were sequenced before utilization.
wt CHOP and CHOP mutants lacking the basic DNA-bind-

ing domain (CHOP�BR) or the leucine zipper domain
(CHOP�LZ) or mutated into the p38 MAPK-dependent phos-
phorylation site (S79A,S82A) were kindly provided by Dr.
Hidetoshi Hayashi (Nagoya City University, Nagoya, Japan).
The CHOP mutant lacking either the DNA-binding or the
leucine zipper domains and containing the sole transactivation
domain (CHOPTA)was obtained by Stratagene (Stratagene, La
Jolla, CA). To create the dominant negative transactivation
domain mutant CHOP (TAM-CHOP), the nucleotide
sequences were amplified by PCR from the human genome
using the forward primer 5�-ATGGGTACCTATGTTTCAC-
CTCCTGG-3� and the reverse primer 5�-TCATGCTTGGTG-
CAGATTCACCATTC-3�. The PCRproducts were cloned into
a pcDNA3.1/V5His expression vector (TOPOTA; Invitrogen).
The sequence was confirmed by DNA sequencing (CEQ 2000;
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Beckman, Fullerton, CA). wt c-Jun plasmid was provided by
Lucia Altucci (Department of General Pathology, Second Uni-
versity of Naples, Naples, Italy).
In all of the experiments, the transfectionswere stopped after

6 h by adding an equal volume of RPMI 1640 containing 20%
fetal calf serum. Twenty-four hours after transfection, the cells
were treated with 10 �M PGE2 (Sigma, Milan, Italy). After an
additional 6 h, the cells were harvested, and protein extracts
were prepared for the luciferase activity using luciferine (Pro-
mega,Milan, Italy) as the substrate. Luciferase activity was nor-
malized for�-galactosidase activity produced by co-transfected
plasmid pnlsLAC.
siRNA and Transfection—The siRNA sequence targeting

CHOP mRNA corresponding to 5�-CAAUUGUUCAUGCU-
UGGUGUU-3�, the siRNA sequence targeting c-Jun mRNA
corresponding to 5�-GGAUCAAGGCGGAGAGGAA-3� and
the nonspecific duplex corresponding to 5�-CAGUGGAGAU-
CAACGUGCAAGUU-3� (ctr-siRNA) were obtained from
Dharmacon (Lafayette, CO). Concentrations of siRNA and
times of incubation were tested. Both CHOP and c-Jun siRNA
knockdown reached the maximum at a concentration of 50 nM
and at 48 h post-transfection. To assess gene silencing, the pro-
tein levels of CHOP and c-Jun were determined by immuno-
blotting. Jurkat T cells were plated in 35-mm well plates in
RPMI 1640 medium without fetal bovine serum and co-trans-
fected with double-stranded siRNA and wt IL-8 promoter (1
�g) using the DMRIE-C reagent according to the manufactur-
er’s instructions. 48 h after the transfection, the cells were incu-
bated in the absence or presence of anti-CD3 (1 �g/ml) plus
anti-CD28 (250 ng/ml) antibodies with PGE2 10 �M. After an
additional 6 h, the cells were harvested, and protein extracts
were prepared for the luciferase activity using luciferine (Pro-
mega,Milan, Italy) as the substrate. Luciferase activity was nor-
malized for�-galactosidase activity produced by co-transfected
plasmid pnlsLAC.
Western Blot Analysis—The cells were cultured in 35-mm

well plates at a concentration of 5 � 106 cells/well. After stim-
ulation, the cells were lysed at 4 °C in 150 �l of lysis buffer
M-PER (Pierce) and 1mM phenylmethylsulfonyl fluoride, 1mM
sodium orthovanadate, 1 mg/ml leupeptin. Where indicated,
total extracts were prepared from Jurkat T cells 36 h after trans-
fectionwithwt ormutant pcDNA3.1/V5HisCHOPexpression
plasmids.
Western blotting was carried out as previously described (1).

CHOP (Affinity BioReagentsTM) and c-Jun (Santa Cruz Bio-
technology, Santa Cruz, CA) mouse monoclonal antibodies,
diluted 1:500, and anti-V5mousemonoclonal antibody, diluted
1:5000 (Invitrogen), have been employed, as described by the
manufacturer. A mouse monoclonal 1:1000 diluted primary
anti-�-actin antibody was used to normalize protein loading to
that of specific proteins in each lane (Sigma-Aldrich Milan,
Italy). After washings in phosphate-buffered saline with 0.3%
Tween 20, the membranes were incubated with secondary
horseradish peroxidase-conjugated anti-mouse IgG for 1 h.
The proteins were visualized with reagents from Pierce (Super-
signal West Pico chemiluminescent substrate system).
IL-8 Production Assay—Jurkat T cells were cultured in

round-bottom 24-well plates (1 � 106 cells/well) and tran-

siently transfected with IL-8/AP-1 or IL-8/AP-1�CHOP-RE
promoters, as above reported. Where indicated, the cells were
co-transfected with wt CHOP, wt c-Jun plasmids, or both, in
the presence or absence of CHOP or c-Jun siRNAs. After trans-
fection, the cells were stimulated with anti-CD3 (1 �g/ml) plus
anti-CD28 (250 ng/ml) antibodies and immediately treated
with 10�5 MPGE2. 24 h after stimulation, the supernatantswere
collected and analyzed for IL-8 production using an enzyme-
linked immunosorbent assay (ELISA) kit (BioSource Interna-
tional, Nivelles, Belgium) according to the manufacturer’s
instructions.
Electrophoretic Mobility Shift Assay (EMSA)—Isolation of

nuclear proteins from cultures of 1 � 108 Jurkat T cells grown
in RPMI 1640 (Euroclone) with 10% fetal calf serum (Euro-
clone) supplemented with 50 IU/ml penicillin, 50 �g/ml strep-
tomycin (Euroclone) in 5%CO2 at 37 °Cwas performed accord-
ing to a recently detailed method (11). Where indicated, the
nuclear extracts were prepared from Jurkat T cells 36 h after
transfection with c-Jun or TAM-CHOP plasmids.
Nuclear extracts (20 �g) were incubated for 30 min at room

temperature with 50 fmol of biotin-3�-end-labeled, double-
strands of different consensus or mutated probes (Table 1)
(both complementary oligonucleotides were end-labeled sepa-
rately and then annealed prior to use). Binding reactionmixture
was prepared in a final volume of 20 �l of HEPES buffer con-
taining 1mg of double-stranded poly(dI/dC), 10% glycerol, 100
mM MgCl2, and 1% Nonidet P-40, performed with the Light-
ShiftTMChemiluminescent EMSAkit (Pierce), according to the
manufacturer’s instructions. For competition assay, 50-fold
excess unlabeled double-stranded oligonucleotides used as
competitors were incubated with the extracts at room temper-
ature 10 min prior to probe addition. For antibody supershift
assays, the nuclear extracts were incubated with the respective
antibodies in the same binding reaction volume for an addi-
tional hour at 4 °C. The antibodies used were anti-CHOP
(Affinity BioReagentsTM) and anti-c-Jun (Santa Cruz Biotech-
nology, Santa Cruz, CA). The bound complexes were separated
on 7.5% nondenaturating polyacrylamide gels, blotted onto
nylon membrane, and visualized on Kodak x-ray film (Kodak)
by autoradiography.

TABLE 1
Sequences of wild type (A, B, and C) and mutated (Mut 1–5) probes
employed
The AP-1 site is indicated by the underlined bases. The mutated sequences are
shown with bold, italic type.

Oligonucleotide
name Sequence (5�3 3�)

Aa GAAGTGTGATGACTCAGGTTTGCCCTGAGGGGATGGGCCATC
Mut A GAAGTGTGACTTCTCAGGTTTGCCCTGAGGGGATGGGCCATC
Bb ACAAAATAGGAAGTGTGATG
Mut B1 TGGACCGATGAAGTGTGATG
Mut B2 ACAAAATAGGAAGTGTGGCA
Mut B3 ACAAAATAGTCCGTGTGATG
Mut B4 ACAAAATAGGACACGTGATG
Mut B5 ACAAAATAGGAAGTTACATG
Cc TGACTCAGGTTTGCCCTGAGGGGATGGGCCATC
Mut C TGACGACGGTTTGCCCTGAGGGGATGGGCCATC

a Region of IL-8 promoter (GenBank� accession number M28130) between bases
�141 and �99.

b Region of IL-8 promoter between bases �150 and �130.
c Region of IL-8 promoter between bases �129 and �99.
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Chromatin Immunoprecipitation (ChIP)—ChIP was per-
formed essentially as described byWeinmann and Farnhan (12)
with the following modifications. Cultures of 1 � 108 Jurkat T
cells were grown in RPMI 1640 (Euroclone) with 10% fetal calf
serum (Euroclone) supplemented with 50 IU/ml penicillin, 50
�g/ml streptomycin (Euroclone) in 5% CO2 at 37 °C. Cross-
linkingwas induced by adding 1% (v/v) formaldehyde and incu-
bation for 10 min at room temperature on a shaker. After stop-
ping the cross-linking reaction by adding 0.125 M glycine and
incubation for 5 min (with shaking at room temperature), the
cells were pelletted and washed twice in ice-cold phosphate-
buffered saline including protease inhibitors. The nuclei were
isolated by resuspending the cellular pellet in 1 ml of ice-cold
swelling buffer (5 mM PIPES, pH 8.0, 85 mM KCl, 0.5% Nonidet
P-40, and protease inhibitors), split into two aliquots, and incu-
bated on ice for 10min. Chromatin was fragmented by subject-
ing the nuclei to sonication procedure, using four pulses of 15 s
each at setting 7 on a Fisher model 60 sonic dismembranator.
The lysate was combined and transferred to a 15-ml conical

tube and diluted with 9 ml of dilution buffer (0.01% SDS, 1.1%
Triton X-100, 1.2 mM EDTA, 16.7 mM Tris-HCl, pH 8.1, 167
mM NaCl, and protease inhibitors). An aliquot of 500 �l of
protein A-Sepharose beads (Pharmacia) was added to the
diluted nuclear lysate and incubated for 2 h at 4 °C while rotat-
ing. The beads were pelletted for 10 min at 2000 rpm, and the
supernatant was divided into 10 aliquots. 25 �l containing 1 �g
of the appropriate monoclonal antibody (c-Jun or CHOP;
Chemicon International and Affinity BioReagents, respec-
tively) or no antibody was added to the aliquoted supernatant
and incubated at 4 °C overnightwhile rotating. The pellets were
washed twice with 1� dialysis buffer (2mMEDTA, 50mMTris-
Cl, pH 8.0, phenylmethylsulfonyl fluoride and then four times
with IP wash buffer (0.01% SDS, 1.1% Triton X-100, 1.2 mM
EDTA, 16.7 mM Tris-Cl, pH 8.1, 167 mM NaCl, protease inhib-
itors). Elution of antibody-protein-DNA complexes was
obtained by the addition of 200 �l of elution buffer (50 mM
NaHCO3, 1% SDS). Residual traces of Staph A cells were
removed adding 1 �l of high concentration of RNase A (Roche
Applied Sciences catalog number 1579681; 10mg/ml) and 12�l
of 5 MNaCl to a final concentration of 0.3 M. After incubation of
samples at 67 °C for 4–5 h to reverse formaldehyde cross-links,
2.5 volumes of ethanol was added, and precipitation was
achieved at �20 °C overnight. DNA extraction was performed
with phenol/chloroform/isoamyl alcohol protocol. DNA was
precipitated adding 30�l of 5 MNaCl, 5�g of glycogen (Invitro-
gen), and 750 �l ethanol for overnight.
DNAwas dissolved in 10�l of TE buffer and quantified using

a genomic PCR, as reported by Vij et al. (13). Briefly, the 2-�l
DNA sample was mixed with 1 �M IL-8 forward primer
(CATACTCCGTATTTGATAAGGAAC), 1 �M IL-8 reverse
primer (GGCTCTTGTCCTAGAAGCTT), and 16 �l of PCR
supermix (Invitrogen). The PCR was carried out as follows:
95 °C for 10 min, 28 three-step cycles: 95 °C for 15 s, 60 °C for
30 s, and 72 °C for 30 s. Where indicated, DNAwas mixed with
1 �M IL-6 forward primer (CCTCAGACATCTCCAGTC-
CTATA), 1 �M IL-6 reverse primer (TGCTTCTTAGCGCTA-
GCCTCAAT), and 16 �l of PCR supermix (Invitrogen). The
PCR conditions were as follows: 95 °C for 10min, 38 three-step

cycles: 94 °C for 40 s, 68 °C for 50 s, and 72 °C for 60 s. All of the
samples were analyzed by 2% agarose gels containing ethidium
bromide.
Densitometry and Statistical Analysis—The relative intensi-

ties of protein and nucleic acid bands were analyzed using the
Digital Sciences one-dimensional program from Kodak Scien-
tific Imaging Systems (New Haven, CT). Standard curves were
run, and the data that were obtained were in the linear range of
the curve. In addition, all of the values were normalized to their
respective lane loading controls. The data are expressed as the
means � S.E. of n determinations. The results were analyzed
by two-tailed Student’s t test. p values �0.05 were consid-
ered significant.

RESULTS

CHOP Expression after Stimulation with PGE2—Because we
have previously shown that PGE2 is able to induce IL-8 pro-
moter expression through phosphorylation and activation of
CHOP inT lymphocytes (1), we investigatedwhether PGE2 also
affects the expression of this transcription factor. To this end,
reverse transcription-PCR, real-time PCR, and Western blot
analyses were performed in Jurkat T cells treated with 10�5 M
PGE2 for different periods of time. Fig. 1A shows that the
mRNA expression of CHOP was induced by PGE2 at 60 min
after treatment and decreased at 180 min, with a peak at 120
min (p� 0.01). These results were confirmed and strengthened
by data obtained from quantitative PCR experiments, which
showed a similar pattern of mRNA synthesis after PGE2 treat-
ment (Fig. 1B). Fig. 1C shows the increase in CHOP protein
levels after PGE2 treatment, which reaches the maximum
between 180 and 240 min (p � 0.01). Therefore, PGE2 stimula-
tion leads to a time-dependent increase of CHOP at both
mRNA and protein levels.
CHOPDomains Involved in the IL-8 Promoter Induction—To

identify theCHOPdomain(s) responsible for the IL-8 promoter
activation in untreated (Fig. 2A, white bars) as well as in PGE2-
treated (Fig. 2A, black bars) cells, co-transfection with the wt
IL-8 promoter along with constructs overexpressing different
CHOP mutants was performed, and luciferase activity in the
cell lysates was measured. CHOPmutants that either (i) lacked
the basic DNA-binding domain (CHOP�BR), (ii) lacked the
leucine zipper domain (CHOP�LZ), (iii) lacked both (CHOP-
TA), or (iv) weremutated into the p38MAPK-dependent phos-
phorylation sites (S79A,S82A) were still able to activate IL-8
promoter activity similarly to wt CHOP (Fig. 2A). The CHOP
mutant lacking the transactivation domain (TAM-CHOP)
exhibited a slight inhibition of the IL-8 promoter in untreated
cells, thus suggesting that the basal activity of IL-8 gene is
largely CHOP-independent. In PGE2-treated cells overexpress-
ing the CHOP�BR, CHOP�LZ, CHOP-TA, or CHOP
(S79A,S82A), the IL-8 promoter activity is up-regulated to the
same extent of cells expressing wt CHOP. In contrast, expres-
sion of TAM-CHOP highly reduced IL-8 promoter activation
when compared with wt CHOP (Fig. 2A, black bars). Thus,
PGE2 induces IL-8 gene expression mainly through the CHOP
transactivating domain. Of note, all mutants resulted in similar
expression levels after transfection (Fig. 2B), thus confirming
that the described regulations are specific.
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IL-8 Promoter Sites Responsive to PGE2—To identify the IL-8
promoter region involved in PGE2 activation, promoter regions
named wt IL-8, IL-8/AP-1, IL-8–97/mC/EBP, IL-8–97/mNF-
�B, and IL-8–97 (Fig. 3A) were transfected in PGE2-treated
cells, and their luciferase reporter activitiesweremeasured.Up-
regulation of luciferase expression upon PGE2 stimuli was

observed only when wt IL-8 or IL-8/AP-1 promoters were
respectively employed (Fig. 3B). Thus, deletion of AP-1 im-
paired the activation by PGE2, given that either IL-8–97, IL-8–
97/mC/EBP, or IL-8–97/mNF-�B promoters failed to increase
the luciferase activity. Therefore, the element involved in PGE2
IL-8 promoter regulation is distinct from C/EBP and NF-�B
sites and lies in the IL-8/AP-1 promoter region.
Activation of IL-8/AP-1 promoter by PGE2 is dependent on

CHOP and independent of c-Jun—Given that the IL-8/AP-1
promoter region contains the consensus sequence for c-Jun, we
tested the effect of PGE2 in the IL-8/AP-1 region of IL-8 pro-
moter in cells overexpressing CHOP, c-Jun, or both. Fig. 4A
shows that although c-Jun overexpression did not significantly
modify either the basal or the PGE2-induced levels of IL-8 pro-
moter, CHOP overexpression was able to up-regulate IL-8 pro-
moter activity. CHOP and c-Jun overexpression data were sim-
ilar to those obtained with the single CHOP, thereby
reinforcing the concept that CHOP drives IL-8 promoter activ-
ity upon PGE2 stimuli. In agreement with these observations,
IL-8 protein synthesis shown in Fig. 4B is only enhanced by
CHOP overexpression.
To further elucidate the relative roles of CHOP and c-Jun in

the PGE2-induced IL-8/AP-1 promoter activation, we per-
formed gene silencing experiments using synthetic CHOP and
c-Jun siRNAs (Fig. 5 and “Experimental Procedures”). Under
optimal conditions (50 nM, 48 h post-transfection), we achieved
80 and 88% knockdown of CHOP and c-Jun proteins, respec-
tively (Fig. 5A).We found that the inhibition of the endogenous
CHOP, but not c-Jun, suppressed the PGE2-induced IL-8 pro-
moter activity (Fig. 5B) as well as IL-8 protein production (Fig.

FIGURE 1. CHOP synthesis in Jurkat T cells treated with 10�5 M PGE2.
A, CHOP and �-actin (as internal control) mRNA were measured by reverse
transcription-PCR. The expected product sizes of CHOP and �-actin are 198
and 391 bp, respectively. The relative density was calculated by dividing the
density of CHOP band by the density of the �-actin band at the same time
point. The data are the means � S.D. of five independent experiments. *, p �
0.05; **, p � 0.01 versus control untreated cells, based on Student’s two-tailed
t test. B, quantification of CHOP mRNA was performed using real-time PCR,
and the �-actin gene was used as an internal control. The data are the
means � S.D. of three independent experiments. *, p � 0.05; **, p � 0.01
versus control untreated cells, based on Student’s two-tailed t test. C, total cell
lysates of T cells were loaded on gels (60 �g of protein/lane) and subjected to
SDS-PAGE and immunoblotted using monoclonal antibody anti-CHOP. The
mean densitometry values are depicted as the means � S.D. of five independ-
ent experiments. All of the densitometry values were normalized to the
endogenous �-actin protein. **, p � 0.01 versus control untreated cells based
on Student’s two-tailed t test.

FIGURE 2. CHOP domains responsible for the activation of IL-8 promoter.
A, Jurkat T cells were transfected with wt IL-8 promoter and, where indicated,
co-transfected with wt or mutants CHOP expression plasmids. After transfec-
tion, Jurkat T cells were treated with anti-CD3 (1 �g/ml) plus anti-CD28 (250
ng/ml) antibodies in the absence (white bars) or presence (black bars) of 10�5

M PGE2. The data are the means � S.D. of five independent experiments and
are expressed as fold induction. �-Galactosidase levels were determined for
transfection efficiency. **, p � 0.01 versus wt CHOP co-transfected cells, based
on two-tailed Student’s t test. B, Western blot of total extracts prepared from
Jurkat T cells 36 h after transfection with pcDNA 3.1/V5 His wt or mutant CHOP
expression vectors. The total proteins were resolved by 10% SDS-PAGE and
immunoblotted using anti-V5 mouse monoclonal antibody.
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5C). Therefore, these data provide the definitive evidence of the
functional role of CHOP in PGE2-induced IL-8 gene expression
and exclude any involvement of c-Jun. Thereby to explain this
evidence, we postulate that CHOP may act in the region of the
AP-1 site on the IL-8 promoter.
In Vitro DNA-Protein Complex Formation in Untreated and

PGE2-treated T Cells—Looking for the CHOP-binding ele-
ment(s) within the IL-8/AP-1 promoter region, nuclear
extracts prepared from untreated and PGE2-treated cells were
analyzed by electrophoreticmobility shift and supershift assays.
Three double-stranded oligonucleotide probes reproducing (i)
the sequence from �141 to �99, encompassing the sequences
upstream and downstream of the AP-1 site (probe A), (ii) the
sequence from�150 to�130,which encompasses the first base
of the AP-1 site and the upstream region (probe B), and (iii)
the sequences from �129 to �99, which encompass the AP-1
site and the downstream region (probe C), respectively, were
employed (Table 1). We found that two nucleoprotein com-
plexes were generated with cell lysates from PGE2-treated cells
after incubation with the probe A (Fig. 6A, lane c), with the

lower complex being very weak in
the nuclear lysates from untreated
cells (Fig. 6A, lane b). The antibody
anti-c-Jun supershifted the high
molecular weight nucleoprotein
complex that does not show
changes in treated versus untreated
nuclear extracts (Fig. 6A, lanes d
and e). The antibody against CHOP
supershifted the PGE2 inducible
lower molecular weight nucleopro-
tein complex (Fig. 6A, lanes f and g).
The formation of the protein-DNA
complexes could be competed out
by 50-fold excess of unlabeled wild
type probe (Fig. 6A, lane h) but not
by a competing mutant probe (Fig.
6A, lane i), thus confirming DNA
binding activity specificity. We
extended these observations by test-
ing the electrophoretic mobility of
protein-DNA complexes obtained
by nuclear extracts from c-Jun (Fig.
6B) or TAM-CHOP (Fig. 6C) over-
expressing cells, in the absence or
presence of PGE2. A specific DNA-
protein complex was clearly formed
independently from PGE2 treat-
ment (Fig. 6B, lanes b and c) in the
c-Jun overexpressing cells. The
mobility could be retarded by incu-
bation with the anti-c-Jun antibody
to generate a supershifted complex
(Fig. 6B, lanes d and e). An evident
DNA-protein complex (Fig. 6B, lane
c), supershifted by the anti-CHOP
antibody (Fig. 6B, lane g), was
clearly formed only after PGE2

treatment. Nuclear extracts prepared from PGE2-treated or
untreated Jurkat T cells transfected with the TAM-CHOP
expression vector were still able to form the high molecular
weight specific complex (Fig. 6C, lanes b and c) supershifted by
the anti-c-Jun antibody (Fig. 6C, lanes d and e), whereas only a
very weak complex was formed as lower molecular weight that
was supershifted by the anti-CHOP antibody (Fig. 6C, lanes f
and g).
Only one low marked nucleoprotein complex was generated

upon PGE2 stimulation after incubation with probe B (Fig. 6D,
lane c), whereas this nucleoprotein complex was much weaker
in untreated cells (Fig. 6D, lane b). In supershift assays, the
antibody against CHOP supershifted the nucleoprotein com-
plex (Fig. 6D, lanes d and e). Again formation of the protein-
DNAcomplex could be competed out by 50-fold excess of unla-
beled wt probe (Fig. 6D, lane f) but not by a competing mutant
(Fig. 6D, lane g), thus strengthening the specificity of the results.
One nucleoprotein complex was generated from either

nonstimulated or PGE2-stimulated cells after incubation
with probe C (Fig. 6E, lanes b and c). In supershift assays, the

FIGURE 3. IL-8 promoter sites involved in the PGE2-induced activation. A, the IL-8 promoter mutants used
are shown: white, gray, and black bars, wild type sites; striped bars, mutated sites. B, Jurkat T cells were trans-
fected with wt IL-8, IL-8/AP-1, IL-8 –97/mC/EBP, IL-8 –97/mNF-�B, IL-8 –97 promoters, and, subsequently, stim-
ulated with PGE210�5

M for 6 h. The graph shows fold increase of luciferase activity in cells treated with PGE2
(black boxes) by comparing with those without PGE2 treatment (white boxes). The data are the means � S.D. of
five independent experiments and are expressed as fold induction. �-Galactosidase levels were determined for
transfection efficiency. **, p � 0.01 wt IL-8 and IL-8/AP-1 transfected plus PGE2-treated cells versus the relative
controls based on Student’s two-tailed t test.
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anti-c-Jun antibody supershifted the nucleoprotein complex
(Fig. 6E, lanes d and e). Also in this case, c-Jun DNA binding
activity was clearly specific, because the complex formation
could be competed out by 50-fold excess unlabeled wt probe
(Fig. 6E, lane f) and not by competing with an AP-1 mutant
probe (Fig. 6E, lane g).
In Vivo Binding of CHOP to the IL-8 Promoter Following

PGE2 Treatment—To elucidate the mechanism of CHOP-me-
diated andPGE2-induced IL-8 activation,weusedChIP assay to
detect the in vivo binding of CHOP transcription factor to the
IL-8 promoter. The binding of c-Jun in PGE2-treated and
untreated cells was also studied.We found that PGE2 induced a
marked interaction of CHOP on the IL-8 promoter (Fig. 7A,
lane 2), whereas the binding of CHOP detected in untreated
cells was very weak (Fig. 7A, lane 1). On the contrary, c-Jun was
bound to the IL-8 promoter either in untreated (Fig. 7A, lane 3)
or in PGE2-treated cells (Fig. 7A, lane 4). Thus, it can be argued
that CHOP directly binds in vivo to the IL-8 promoter in
response to the pro-inflammatory stimulus of PGE2. To verify
whether in T cells the PGE2-induced activation of CHOP is
followed by in vivo binding to the promoter of another target
pro-inflammatory gene, such as IL-6, we next performed a fur-
ther ChIP assay. Cross-linked chromatin fragments were iso-
lated and analyzed for the presence of specific DNA sequence
corresponding to the IL-6 promoter. As shown in Fig. 7B, IL-6
promoter sequences were not immunoprecipitated with anti-
CHOP antibody (lane 1).

Binding of CHOP to Its Responsive Element—To identify the
CHOP-RE at the 5� upstream region of the IL-8/AP-1 pro-
moter, EMSA experiments were performed with probe B
mutated at different nucleotides, as reported in Table 1. As
shown in Fig. 8A, following PGE2 treatment, a DNA-protein
complex was detected only when Mut B1 and B3 probes were
tested (lanes a and d). The anti-CHOP antibody supershifted
the complexes (lanes b and e). No complexes were detected
when other types of mutated B probes were employed (lanes c,
f, and g). Therefore, theCHOP-RE (GTGTGATG)was found to
lie between bases �130 and �137 of the IL-8 promoter and to
share 1 bp with the AP-1 site.
Finally, to firmly establish the CHOP-DNA binding func-

tional role in the regulation of the IL-8 promoter, we intro-
duced a deletion into the IL-8/AP-1 promoter at the CHOP-RE
to determine the effect of this mutation on PGE2-induced
IL-8/AP-1 promoter activity. PGE2-treated and untreated cells

FIGURE 4. IL-8/AP-1 promoter activity in PGE2-treated cells overexpress-
ing CHOP and c-Jun. A, Jurkat T cells were transfected with IL-8/AP-1 pro-
moter and, where indicated, co-transfected with wt CHOP, wt c-Jun, or both
the expression vectors. After transfection, Jurkat T cells were treated with
anti-CD3 (1 �g/ml) plus anti-CD28 (250 ng/ml) antibodies in the absence
(white bars) or presence (black bars) of 10�5 PGE2. The data are the means �
S.D. of five independent experiments and are expressed as fold induction.
�-Galactosidase levels were determined for transfection efficiency. **, p �
0.01 versus control untreated cells, based on two-tailed Student’s t test. B, Jur-
kat T cells, transfected with IL-8/AP-1 promoter or, where indicated, co-trans-
fected with wt CHOP, wt c-Jun plasmids, or both, were stimulated with anti-
CD3 (1 �g/ml) plus anti-CD28 (250 ng/ml) antibodies and treated for 24 h with
(black bars) or without (white bars) 10�5

M PGE2. IL-8 protein was measured in
cell supernatants by ELISA assay. The data are depicted as the means � S.D. of
five independent experiments. **, p � 0.01 versus control untreated cells,
based on two-tailed Student’s t test.

FIGURE 5. CHOP, but not c-Jun, inhibition, suppresses the PGE2-induced
IL-8 transcriptional activation. A, representative immunoblot of CHOP and
c-Jun proteins in Jurkat T cells transfected with control (ctr), CHOP, or c-Jun
siRNAs (50 nM), activated with anti-CD3 (1 �g/ml) plus anti-CD28 (250 ng/ml)
antibodies, and treated with 10�5

M PGE2. B, Jurkat T cells were transfected
with IL-8/AP-1 promoter and, where indicated, co-transfected with control,
CHOP, or c-Jun siRNAs (50 nM). After transfection, Jurkat T cells were treated
with anti-CD3 (1 �g/ml) plus anti-CD28 (250 ng/ml) antibodies in the absence
(white bars) or presence (black bars) of 10�5

M PGE2. the data are the means �
S.D. of five independent experiments and are expressed as fold induction.
�-Galactosidase levels were determined for transfection efficiency. **, p �
0.01 versus IL-8/AP-1 transfected cells, based on two-tailed Student’s t test.
C, Jurkat T cells, transfected with IL-8/AP-1 promoter or, where indicated,
co-transfected with control, CHOP, or c-Jun siRNAs were stimulated with anti-
CD3 (1 �g/ml) plus anti-CD28 (250 ng/ml) antibodies and treated for 24 h with
(black bars) or without (white bars) 10�5

M PGE2. IL-8 protein was measured in
cell supernatants by ELISA assay. The data are depicted as the means � S.D. of
five independent experiments. **, p � 0.01 versus control untreated cells,
based on two-tailed Student’s t test.
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were transfected with IL-8/AP-1�CHOP-RE plasmid, and the
luciferase activity aswell as the IL-8 protein concentrationwere
detected. The lack of the CHOP-RE prevents any activation of
the IL-8 promoter by PGE2 (Fig. 8B) and as well as IL-8 protein
synthesis (Fig. 8C), thus clearly indicating that CHOP binding
to its consensus sequence is a necessary event for IL-8 promoter
up-regulation induced by PGE2.

DISCUSSION

From the results here shown we may hypothesize that in
basal conditionsCHOP isweakly bound to its RE located at IL-8

promoter, which is diverse, but
slightly overlapping the AP-1/c-
Jun-binding site. Differently, when
PGE2 is added to the cells, the
CHOP expression level gets up-reg-
ulated inducing a reorganization of
the transcription factors binding at
the IL-8/AP-1 promoter region.
This hypothesis is clearly demon-
strated by the experiments in which
CHOP silencing completely abol-
ished the PGE2-induced IL-8 pro-
moter activity. In agreement with
our previous observations that
CHOP-induced IL-8 activation is
dependent on CHOP phosphoryla-
tion at sites different from the target
of p38 MAPK (1), the mutant
CHOPSA still activates IL-8 gene.
Only staurosporine, a protein
kinase C inhibitor, abolished CHOP
transactivation activity, whereas SB,
a well known p38 MAPK inhibitor,
reduced it only �40–45% (1). Sur-
prisingly, from the data shown in
Fig. 2, we found that the CHOP
transactivation domain is necessary
and sufficient for the full activation
of IL-8 promoter by PGE2. This
aspect shades a new light on the
ability of CHOP domains to bind
DNA, given that only very few
reports have shown that CHOP
directly binds to DNA (6, 9, 14). A
recent work confirms the positive
involvement of CHOP in the PGE2-
induced activation of IL-8 gene
expression shown by us (1) in cystic
fibrosis cells (13) and reports the
direct binding of this transcription
factor to the IL-8 promoter in vivo.
The data hereby presented are the
first supporting the direct binding
of CHOP transactivation domain to
DNA and describe the CHOP con-
sensus sequence on IL-8 promoter.
Our andpreviously reported data (9,

15, 16) indicate that depending on the mechanism by which
CHOP exerts its function as transcription factor, the DNA-
binding domain regionsmay vary.Note to this respect that both
EMSA and functional analysis performed by us with mutated
probes or IL-8 promoter constructs fully support the CHOP
direct binding induced by PGE2 to a novel and well defined
responsive element on the IL-8 promoter. From the data shown
in Fig. 4, we deduce that CHOP induces a significant rise of the
basal as well as PGE2-induced activation of IL-8/AP-1 pro-
moter and IL-8 synthesis. On the contrary, c-Jun does notmod-
ify the response of IL-8/AP-1 promoter to PGE2 treatment. Fur-

FIGURE 6. CHOP and c-Jun in vitro binding to the IL-8/AP-1 promoter region. A, biotin-labeled oligonucleo-
tide probe A was incubated with nuclear extracts from untreated (lane b) and PGE2-treated Jurkat T cells (lane
c). In supershift analyses, the antibodies against c-Jun (lanes d and e) and CHOP (lanes f and g) were incubated
with the nuclear extract-probe mixtures for an additional hour at 4 °C. For competition assays 50-fold excess of
unlabeled wt or mutant probe A was incubated with nuclear extracts at room temperature 10 min before the
addition of labeled probe A (lanes h and i). B, biotin-labeled oligonucleotide probe A was incubated with
nuclear extracts from untreated (lane b) and PGE2-treated cells (lane c) transiently transfected with the c-Jun
plasmid. In supershift analyses, the antibodies against c-Jun (lanes d and e) and CHOP (lanes f and g) were
incubated with the nuclear extract-probe mixtures for an additional hour at 4 °C. For competition assays
50-fold excess of unlabeled wt or mutant probe A was incubated with nuclear extracts at room temperature 10
min before the addition of labeled probe A (lanes h and i). C, biotin-labeled oligonucleotide probe A was
incubated with nuclear extracts from untreated (lane b) and PGE2-treated cells (lane c) transiently transfected
with the TAM-CHOP plasmid. In supershift analyses, the antibodies against c-Jun (lanes d and e) and CHOP
(lanes f and g) were incubated with the nuclear extract-probe mixtures for an additional hour at 4 °C. For
competition assays 50-fold excess of unlabeled wt or mutant probe A was incubated with nuclear extracts at
room temperature 10 min before the addition of labeled probe A (lanes h and i). D, biotin-labeled probe B was
incubated with nuclear extracts from untreated (lane b) and PGE2-treated cells (lane c). In supershift analyses,
the antibody against CHOP (lanes d and e) was incubated with the nuclear extract-probe mixtures for an
additional hour at 4 °C. For competition assays 50-fold excess of unlabeled wt or mutant probe B was incubated
with nuclear extracts at room temperature 10 min before the addition of labeled probe B (lanes f and g).
E, biotin-labeled probe C was incubated with nuclear extracts from untreated (lane b) and PGE2-treated cells
(lane c). In supershift analyses, the antibody against c-Jun (lanes d and e) was incubated with the nuclear
extract-probe mixtures for an additional hour at 4 °C. For competition assays 50-fold excess of unlabeled wt or
mutant probe C was incubated with nuclear extracts at room temperature 10 min before the addition of
labeled probe C (lanes f and g). Wild type or mutant probes were described in Table 1. Unt, untreated; T, treated.
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thermore, c-Jun is unable to increase the basal levels of IL-8
gene activity and of IL-8 protein synthesis, thus indicating it to
be dispensable inmodulating the IL-8 gene expression.Accord-
ingly, the quantity of c-Jun bound to IL-8 promoter is consist-
ent either in treated or in untreated cells, whereas the amount
of CHOP is very low in basal conditions increasing under PGE2
stimulation (Fig. 6). Thus, it could be hypothesized that the
constitutive levels of IL-8 protein in T cells are dependent on
c-Jun, and the increase upon exposition to PGE2 is
CHOP-mediated.
Althoughwe fully demonstrated CHOP/DNAdirect binding

by in vitro and in vivo experiments, we cannot exclude that,
apart from the shown DNA binding, at the same time protein
complexes containing CHOP and c-Jun may also take place.
Note in this respect that CHOP transactivation domain is the
DNA-binding domain, given that is the only CHOP domain
able to activate IL-8 promoter in both basal and PGE2-induced
conditions (Fig. 2). For this reason, we consider it a weak pos-
sibility that protein-protein interactions between CHOP and
c-Jun may also occur. Our hypothesis supports a model by
which the PGE2-mediated induction of CHOP influences the
transcriptional regulation of IL-8, favoring the CHOP binding
to the IL-8 promoter. These results are very interesting consid-
ering that we found a novel CHOP-responsive element on IL-8
promoter and a new mechanism of CHOP regulation of gene
expression. On the base of the obtained results, we propose the
model shown in Fig. 9 in which PGE2 alters the c-Jun/CHOP
equilibrium on IL-8 promoter, thereby shifting the c-Jun-de-
pendent basal IL-8 expression into CHOP-dependent
increased IL-8 activation. The fact that CHOP is up-regulated
in diverse, but specific, cellular stress responses (9, 14, 17–23)
and that it plays a role in differentiation, adipogenesis (24–26),
and interleukin gene expression (1, 3) suggests that additional
factors may determine specificity. Those factors may involve
CHOP associates, such as C/EBP� (4, 6, 27–29), ATF3 (20), and
AP-1 (9), or the nature of the signaling pathway that is activated
in response to various stimuli. In the case of IL-8 gene expres-

sion induced by PGE2 hereby shown, a different mechanism of
CHOP gene regulation is highlighted. In fact, by introducing
severalmutations either in theCHOPprotein or in the involved

FIGURE 7. PGE2-induced in vivo binding of CHOP to the IL-8 promoter.
A, the interaction of CHOP and c-Jun with IL-8 DNA sequence was evaluated
using a ChIP assay. Aliquots of ChIPs immunoprecipitated with CHOP and
c-Jun antibodies from untreated (�) (lanes 1 and 3) and PGE2-treated (�)
(lanes 2 and 4) cells were amplified through PCR of the IL-8 promoter. Lanes 5
and 6 are “input” lanes where no immunoprecipitation was performed prior
to PCR (positive control). Lane 7 contained IgG antibody for immunoprecipi-
tation (negative control). B, cross-linked chromatin isolated from T lympho-
cytes treated with 10�5

M PGE2 was immunoprecipitated with the antibody
against CHOP. Immunoprecipitates were analyzed by PCR to confirm the
presence of the promoter sequence of the human IL-6 gene (lane 1). Lanes 2
and 3 are the negative and positive controls, respectively.

FIGURE 8. The CHOP-RE is necessary for PGE2-induced activation of the
IL-8 promoter. A, EMSAs of nuclear extracts from PGE2-treated cells incu-
bated with mutated B probes. In supershift analysis, the antibody against
CHOP (lanes b and e) was incubated with the nuclear extract-probe mixtures
for an additional hour at 4 °C. Mutant B probes were described in Table 1.
B, Jurkat T cells were transfected with IL-8/AP-1 and IL-8/AP-1�CHOP-RE IL-8
promoter plasmids. After transfection, the cells were treated with anti-CD3 (1
�g/ml) plus anti-CD28 (250 ng/ml) antibodies in the absence (white bars) or
presence (black bars) of 10�5

M PGE2. The data are the means � S.D. of results
of five independent experiments and are expressed in fold induction. �-Galacto-
sidase levels were determined to establish transfection efficiency. **, p � 0.01
versus the relative untreated controls, based on two-tailed Student’s t test. C, Jur-
kat T cells, transfected with IL-8/AP-1 or IL-8/AP-1�CHOP-RE IL-8 promoter plas-
mids, were stimulated with anti-CD3 (1 �g/ml) plus anti-CD28 (250 ng/ml) anti-
bodies and treated for 24 h with (black bars) or without (white bars) 10�5

M PGE2.
IL-8 protein was measured in cell supernatants by ELISA. The data are depicted as
the means � S.D. of results of five independent experiments. **, p � 0.01 versus
control untreated cells, based on two-tailed Student’s t test.
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region of IL-8/AP-1 promoter, we demonstrated the CHOP
binding, via its transactivation domain, to the novel consensus
sequenceGTGTGATG.Note that this notion is fully supported
by the fact that the IL-8/AP-1 promoter construct lacking this
region (IL-8/AP-1�CHOP-RE) is unable to be activated by
PGE2, thus showing that the PGE2-induced and CHOP-driven
activation of IL-8 promoter needs the direct binding of CHOP
to a specific responsive element located 5� upstream the AP-1
site. The newly identified CHOP-RE on IL-8 promoter shows
only a modest similarity to the residues TGCAATC recognized
by the CHOP/C/EBP dimer previously reported (6, 9). The dif-
ference in four of eight bases may depend on either the absence
of a CHOP dimerization partner or on the different domain of
CHOP responsible for the DNA binding. The higher similarity
of the nucleotides ATGTGACG within the IL-6 promoter to
the CHOP-RE found by us was not sufficient to induce a phys-
ical association of CHOP with this promoter upon PGE2 treat-
ment, thus showing that the recruitment of CHOP to the IL-8
promoter is gene-specific and/or requires the complete con-
sensus sequence for binding. These findings are in agreement
with Hattori et al. (30), who reported that CHOP plays an
important role in IL-6 production without binding to its pro-
moter. The results reported here are most consistent with two
novel aspects of the molecular mechanisms by which CHOP
acts as transcription factor. They are the first to show a direct
positive role for CHOP in inducing the IL-8 gene expression in
T cells exposed to the inflammation mediator PGE2 and, thus,
regulating the immune homeostasis. Moreover, evidence has
been provided for a new consensus region on IL-8 promoter for
CHOP transactivation domain. These issues represent interest-
ing topics for further investigation in other cell systems.
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FIGURE 9. Schematic draw of CHOP and c-Jun occupancy on IL-8 promoter
in unstimulated and PGE2-exposed T cells. In basal conditions, the consti-
tutive levels of IL-8 are c-Jun-dependent. Following exposure to PGE2, over-
expression as well as activation of CHOP occurs. These events induce the
binding of CHOP through its transactivation domain to the sequence GTGT-
GATG 5� upstream from the AP-1 site, resulting in an increase of IL-8 synthesis.
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