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SUMMARY

Chemokines are important mediators in the development of inflammation. Our previous work
demonstrated that an oxidative stress can up-regulate mRNA expression of a CC chemokine
macrophage inflammatory protein (MIP)-1a in rat alveolar macrophages. In the present study,
we further investigate whether an oxidative stress can regulate the gene expression of a related
CXC chemokine MIP-2, involved in both neutrophil chemotaxis and activation. A rat alveolar
macrophage cell line (NR8383) was exposed to 10 ug/ml bacterial lipopolysaccharide (LPS) and
MIP-2 mRNA levels dramatically increased after 4 hr of stimulation. This increase by LPS was
attenuated by co-treatment with the antioxidants N-acetylcysteine and dimethylsulphoxide,
suggesting that the induction of MIP-2 mRNA is mediated via the generation of reactive oxygen
species. To assess directly the role of oxidative stress on regulation of MIP-2 mRNA expression,
macrophages were exposed to H,0,. MIP-2 mRNA levels had significantly increased after 1 hr
exposure to 0-5mMm H,O,, were maximally increased after 4 hr and decreased after 6 hr.
Co-treatment of macrophages with the transcriptional inhibitor actinomycin D eliminated the
H,O,-induction of MIP-2 mRNA, implicating a role for transcriptional activation in increased
expression of MIP-2. Genomic cloning of the rat MIP-2 gene 5'-flanking region has identified a
consensus nuclear factor-kB (NF-kB) binding site. Gel-mobility shift assays revealed NF-kB
binding to the MIP-2 promoter/enhancer sequence was induced by H,0,. LPS treatment for 4 hr
also significantly activated NF-kB binding, which could also be attenuated by pretreatment with
N-acetylcysteine at the doses that reduced MIP-2 mRNA expression. The half-life of MIP-2
mRNA transcripts was also increased by H,0O, treatment. These observations indicate that MIP-2
gene expression is subject to both transcriptional and post-transcriptional control in response to

an H,0, oxidative stress.

INTRODUCTION

Inflammation, which includes leucocyte migration and acti-
vation, is a classic response to pathogen invasion or tissue
damage. The recent literature has established a group of struc-
turally related peptides, termed chemokines, which are respon-
sible for recruitment of specific leucocyte subsets to the
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inflammatory sites.'”> The chemokine superfamily can be div-
ided into two subsets based on the position of the two cysteine
residues at the N terminus: CXC chemokines contain a single
amino acid between the first two cysteines; or CC chemokines
which have two adjacent cysteines.! Interleukin-8 (IL-8), a
CXC chemokine, appears to be the prominent neutrophil
chemotactant in humans.* The rodent counterpart of human
IL-8 has not been identified, even after vigorous cloning efforts
from different groups. Previous work from our group and
others has established that two rodent CXC chemokines, macro-
phage inflammatory protein-2 (MIP-2) and KC, act in rodents
as functional homologues for human IL-8.5-8 MIP-2 is a potent
neutrophil chemoattractant both in vitro and in vivo.>*® It can
also increase the oxidative metabolism in these cells and appears
to be a mitogen for epithelial cells.*® Increased MIP-2
expression has been implicated in the development of pulmonary
inflammation induced by a variety of stimuli, including bacterial
endotoxin, reovirus, ozone, sulphur dioxide and the transition
metals vanadium and manganese.’™'4
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Lipopolysaccharide (LPS)-induced IL-8 production in
human peripheral blood mononuclear cells can be blocked by
antioxidants, suggesting a role for reactive oxygen species
(ROS) in the regulation of chemokine expression.!>!¢ We
have also found that LPS caused a time-dependent increase
of MIP-2 mRNA and protein expression in rat alveolar macro-
phages (M. M. Shi et al. submitted for publication). Other
recent work from our laboratory provided direct evidence that
oxidative stress generated by H,O, and menadione could
induce mRNA expression of a CC chemokine, MIP-1qa, in a
rat alveolar macrophage cell line NR8383.17 The objective of
the study reported here was to test the hypothesis that an
oxidative stress can serve as a common signal to regulate both
CC and CXC chemokines in alveolar macrophages. We utilized
a rat alveolar macrophage (AM) cell line to investigate the
regulation of MIP-2 gene expression in response to oxidative
stress. LPS-induction of MIP-2 mRNA expression was attenu-
ated by antioxidants, suggesting that the induction of
MIP-2 mRNA expression by LPS is mediated through the
generation of ROS. H,O, treatment directly caused a transient
induction of MIP-2 mRNA expression, which involves tran-
scriptional regulation. We recently cloned a full-length rat
MIP-2 ¢cDNA (M. M. Shi et al. GenBank accession number
U45965) and the 5'-flanking region of the MIP-2 gene (M. M.
Shi et al. GenBank accession number U83656). A search of
this rat MIP-2 gene 5'-flanking region revealed a consensus
nuclear factor-«B (NF-xB) and an activator protein-1 (AP-1)
binding site. We found that the up-regulation of MIP-2 mRNA
involves both transcriptional activation of gene expression
and post-transcriptional regulation of mRNA half-life. Gel-
mobility shift assays suggest that transcriptional activation of
MIP-2 gene expression involves NF-kB activation.

MATERIALS AND METHODS

Materials

Polyclonal antibodies to p65 (Rel A) and p50 were obtained
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA). The
radiolabels [¢-3?P]dATP (6000 Ci/mmol) and [y-3*P]dATP
(3000 Ci/mmol) were from DuPont-NEN (Boston, MA). If
not specified, other materials were purchased from Sigma
Chemical Co. (St. Louis, MO).

Cells and culture conditions

The rat AM cell line, NR8383, was developed from normal
rat AMs and provided by Dr R. Helmke.'® These cells behave
similarly to primary AMs relative to phagocytosis, the respirat-
ory burst, and cytokine release.!®2? Cells were cultured in
RPMI-1640 supplemented with 5% equine serum, 2 mm L-
glutamine, 100 U/ml penicillin and 100 pg/ml streptomycin.
Cells were grown in a humidified incubator at 37° with 5% CO,.

Cell treatment

Tissue culture plates (100 mm) were precoated with polyhyd-
roxymethylacrylate to prevent cell adherence as previously
described.? Cells were plated at a density of 1 x 10° cells/ml
in serum-free RPMI-1640 for at least 4 hr prior to addition of
LPS or H,0,. For inhibitor studies, AMs were treated with
H,0, along with 5 pg/ml actinomycin D to inhibit transcrip-
tion. For antioxidant treatment, cells were incubated with 1,
10, or 20 mm N-acetylcysteine (NAC) or 1% dimethyl sulphox-

ide (DMSO) for 1 hr, followed by the addition of 10 pg/ml
LPS for 4 hr.

RNA extraction

Total cellular RNA was isolated from AMs using a guanidin-
ium method as previously described.!”?* RNA was dissolved
in diethyl pyrocarbonate-treated TE buffer [10 mm Tris/1 mm
ethylenediamine tetraacetic acid (EDTA), pH 7-4] and stored
at —70° before gel electrophoresis.

Northern analysis

Total cellular RNA (10 pg/lane) was denatured in 50%
formamide/7% formaldehyde, resolved in a 1% agarose/7%
formaldehyde gel and transferred and ultraviolet (UV) cross-
linked to nylon membranes (Schleicher & Schuell, Keene,
NH). A 0-33-kilobase rat MIP-2 cDNA was labelled with [o-
32P]1dATP (6000 Ci/mmol) by random primer labelling (Life
Technologies, Inc., Gaithersburg, MD).® Prehybridization
(3 hr) and hybridization with 3*P-labelled MIP-2 cDNA (over-
night) were carried out in 0-5mM NaPO,/1 mm EDTA/7%
sodium dodecyl sulphate (SDS)/150 pg/ml tRNA at 65°.%
Blots were washed once in 0-1 x SSC (20 x =3 M NaCl, 0-3 M
sodium citrate)/0-1% SDS at room temperature and twice at
52° before autoradiography and densitometry. The same blots
were stripped of hybridized MIP-2 probe and rehybridized
with a radiolabelled cDNA fragment of mouse B-actin cDNA
(American Type Culture Collection, Rockville, MD) as an
internal control. Several blots used in this study had been
previously probed with MIP-1o. cDNA and stripped.!’

Determination of mRN A half-life

Actinomycin D (final concentration of 5 pg/ml) was added to
the media of control cells or AMs treated with 0-5 mm H,0,
for 1 hr. Cells were sampled at times indicated through 6 hr
and levels of MIP-2 mRNA were determined by Northern
analysis. The integrated band values, as determined by densito-
metry, were normalized to B-actin RNA and 100% mRNA
was set at time 0 after actinomycin D treatment.

Nuclear protein extraction and electrophoresis mobility shift
assay (EMSA)
After treatment with 0-5 or 1 mm H,O, or LPS in the presence
or absence of antioxidant NAC for different times, nuclear
protein was extracted from 10 million cells/treatment using a
modified Dignam protocol and frozen at —70°.2° Total nuclear
protein concentrations were determined before EMSA using a
bicinchoninic acid protein assay (Pierce, Rockford, IL).
Oligonucleotides including the putative rat NF-kB-binding
sequence: 5'-GAGCTGCGGGAATTTCCCAGCC-3" (—100
to —78) and AP-1-binding sequence: 5'-GGGCACTTGAGT
CAGAACTCA-3"(—244 to —224) were synthesized according
to the actual sequences determined from the rat MIP-2 gene
promoter region (M. M. Shi et al. GenBank accession number
U83656). Double-stranded DNA probes containing the AP-
1- or NF-kB-binding regions were 5’ end-labelled with [y-
32P1dATP and T4 polynucleotide kinase (Promega, Madison,
WI), and purified by G-50 Sephadex columns (Pharmacia
Biotech, Pittscatway, NJ). Five micrograms of the protein/
nuclear extract from control or H,O,-treated cells was added
to the 3?P-labelled DNA fragments (50 000 c.p.m.) in a reaction
buffer to a final volume of 10pl containing 2pg of
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poly(dI-dC), 10 pg of bovine serum albumin, 10 mm Tris—HCl
(pH 7-5), 50 mm NaCl, 1 mMm dithiothreitol (DTT), 1 mm
EDTA and 5% glycerol. DNA-protein complexes were
resolved on 5% non-denaturing polyacrylamide gels electroph-
oresed in low ionic strength buffer (50 mm Tris, 50 mm boric
acid, 1 mm EDTA) and visualized by autoradiography. For
supershift assays, the antibodies to p65 or p50 were added to
the above mixture at a concentration of 4 pg per 10 pl and the
samples were allowed to incubate at room temperature for
1 hr prior to gel loading. The presence of an additional gel
shift band or the disappearance of the original band were
recognized by comparison with antibody-free parallel samples.

RESULTS

Antioxidants attenuate the MIP-2 mRNA production in
response to LPS

Steady-state mRNA levels encoding MIP-2 in AMs were
dramatically induced in response to 10 pg/ml LPS treatment
for 4 hr (Fig. 1). To test the potential roles of reactive oxygen
intermediates in LPS-induced MIP-2 mRNA expression, AMs
were exposed to LPS in the presence of varying doses of the
antioxidants NAC or DMSO. NAC is a synthetic antioxidant
which can replenish intracellular glutathione levels.?” DMSO
has been widely used as an antioxidant and has been proposed
to inhibit oxygen free radical production.”® AMs were pre-
treated with 0, 1, 10, or 20 mm NAC or 1% DMSO for 1 hr
before challenging with 10 pug/ml LPS for 4 hr. The low dose
of NAC (1 mmMm) did not influence the LPS-induction of
MIP-2 mRNA expression, while both NAC at 10 or 20 mm
and DMSO at 1% significantly decreased this induction

(Fig. 1).

Induction of MIP-2 mRNA by H,0,

To assess directly the role of oxidants on MIP-2 mRNA
expression, AMs were exposed to H,O, for up to 6 hr and

- + + + + + - LPS
0 0 1 10 20 0 — NAC (mwm)
- - - - - + — DMSO

- MIP-2

— B-actin

Figure 1. Effect of NAC and DMSO on MIP-2 mRNA levels in
response to LPS in the rat alveolar macrophage cell line, NR8383.
Cells were incubated with 10 pg/ml LPS for 4 hr and MIP-2 mRNA
expression was determined by Northern analysis as described in the
Materials and Methods. For antioxidant treatment, cells were incu-
bated with 1, 10, or 20 mm NAC or 1% DMSO for 1 hr, followed by
the addition of 10 pg/ml LPS for 4 hr. Upper panel, radio image of
Northern blot hybridized with a radiolabelled MIP-2 cDNA. Lower
panel, the same membrane hybridized with a mouse B-actin cDNA.
Results are representative of two independent experiments.

© 1999 Blackwell Science Ltd, Immunology, 97, 309-315

MIP-2 mRNA was measured by Northern analysis. Levels of
MIP-2 mRNA were rapidly induced as early as 1 hr following
exposure to 0-5 mm H,0,, maximally induced after 4 hr and
returned to the control level by 6 hr (Fig. 2a). H,0, at 0-1 mm
did not induce a change in MIP-2 mRNA Ilevels (data not
shown). The induction of MIP-2 mRNA expression at 4 hr
following 0-5 mm H,0O, exposure could be partially attenuated
by pretreatment with 1 mm NAC for 1 hr (Fig. 2b).

Effect of actinomycin D on the elevation of MIP-2 mRNA levels
by H,0,

Increased mRNA expression is commonly controlled by tran-
scriptional or post-transcriptional mechanisms. To determine
whether H,O, elevates MIP-2 mRNA levels through transcrip-

(@) 1hr 4hr 6hr

| — p-actin
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-+ = + = HO,

- MIP-2

— B-actin

i — B-actin

Figure 2. Induction of MIP-2 mRNA levels by H,O, in a rat alveolar
macrophage cell line, NR8383. (a) Cells were incubated with 0 or
0-5mm H,0, in serum-free RPMI for 1, 4, or 6 hr. (b) Cells were
incubated with 1 mm NAC for 1 hr, followed by the addition of
0-5mm H,0, for 4 hr. (c) Cells were treated with 0 or 0-5 mm H,0,
in the presence or absence of 5 pg/ml actinomycin D for 1 hr. Total
cellular RNA was extracted and Northern analysis was performed as
described in the Materials and Methods. Upper panel, autoradiogram
of Northern blot hybridized with radiolabelled MIP-2 cDNA. Lower
panel, the same membrane hybridized with a mouse B-actin cDNA.
Results are representative of two independent experiments.
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tional activation of MIP-2 gene, we utilized a commonly
used transcriptional inhibitor actinomycin D as previously
described.!”?° AMs were exposed to 0-5mm H,O, in the
presence or absence of 5 pg/ml actinomycin D for 1 hr and
the MIP-2 mRNA levels were quantified by Northern analysis.
The elevation of MIP-2 mRNA by H,O, was blocked by
co-incubation with actinomycin D, suggesting that the increase,
at least at this early time-point, involves transcriptional regu-
lation (Fig. 2c).

Activation of NF-kB binding to the MIP-2 promoter by H,O,

To investigate further the transcriptional regulation of MIP-2
gene expression, we recently cloned the MIP-2 gene 5'-flanking
region and identified consensus transcription factor NF-xB
(—92 to —83) and AP-1 binding sites (—236 to —229) (M.
M. Shi et al. GenBank accession number U83656). In this
study, we performed EMSA to determine whether either of
these two putative sites are bound during H,O, treatment.
Oligonucleotides containing NF-kB- or AP-1-binding sites
identified in the MIP-2 promoter region were synthesized and
used to probe nuclear extracts from control and H,O,-treated
AMs. Binding of the NF-xB sequence was markedly induced
after 1 mm H,O, treatment for 1 hr and was still much higher
than control levels after 6 hr of H,O, treatment (Fig. 3a).
H,0,-induced nuclear protein-DNA binding was further
characterized immunochemically using antibodies against
known members of the NF-kB family. The protein-DNA
complex was supershifted by anti-p50 antibody and abrogated
by anti-p65 antibody (Fig. 3a). These results indicate that
H,0, activates the DNA binding for both the p50 and p65
subunits of the NF-kB transcription factor. Binding to the
AP-1 sequence was weak and was not influenced by 0-5 mm
H,0, treatment (data not shown).

Activation of NF-kB binding to the MIP-2 promoter by LPS is
attenuated by NAC

Binding of the NF-xB sequence was also markedly induced
after 10 ug/ml LPS treatment for 4 hr (Fig. 3b). AMs were
also pretreated with 0, 1, 10, or 20 mm NAC for 1 hr before
challenging with 10 pg/ml LPS for 4 hr and then, nuclear
extracts were prepared and EMSA was performed. NAC at
10 or 20 mMm significantly reduced the activation of NF-kB-
binding by LPS, while 1 mMm NAC was ineffective. Again, the
protein—-DNA complex was supershifted by anti-p50 antibody
and abrogated by anti-p65 antibody. These results indicate
that LPS activates the DNA binding for both the p50 and p65
subunits of the NF-kB transcription factor and this activation
of NF-kB could be attenuated by relatively high doses of the
antioxidant NAC.

Effect of H,O, on MIP-2 mRNA half-life

The possible contribution of changes in MIP-2 mRNA stability
to its increased expression in response to H,O, was also
evaluated by measuring MIP-2 mRNA half-life (z,). Control
and AMs exposed to 0-5 mm H,O, for 1 hr were treated with
5 pug/ml actinomycin D to stop transcription. Cells were
sampled for 6 hr post-actinomycin D treatment and levels of
MIP-2 mRNA were quantified by Northern analysis (Fig. 4a).
The integrated band values, as determined by densitometry,
were normalized to B-actin RNA (Fig. 4b). In the presence of
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Figure 3. Effects of H,0O, and LPS on NF-kB binding to an oligonucle-
otide probe containing a putative consensus sequence within the
MIP-2 promoter region. (a) Cells were treated without or with 1 mm
H,0, for the times indicated. (b) Cells were incubated with 1, 10, or
20 mm NAC for 1 hr, followed by the addition of 10 pg/ml LPS for
4 hr. Then, nuclear extracts were prepared and electrophoretic mobility
shift assays were performed using 3?P-labelled oligonucleotide contain-
ing the NF-kB-binding site. For supershift assays, nuclear extracts
from cells treated with 1 mm H,0, (a) or 10 pg/ml LPS (b) for 4 hr
were preincubated with 4 pg of antibodies to p65 or pS0 before gel
loading. Binding of specific antibodies to the NF-kB subunits either
eliminates the formation of radiolabel-NF-kB complex or results in a
higher molecular weight complex that migrates more slowly on the
gel (supershift). The autoradiogram is a representative of three separ-
ate experiments.

actinomycin D, MIP-2 mRNAs from both control and H,O,-
treated macrophages display biphasic degradation kinetics,
with an initial rapid first-order decay followed by a plateau
after 3 hr. The initial phase of mRNA decay in control cells
was very quick, with a ¢, of ~2hr. H,O, treatment signifi-
cantly increased the half-life of MIP-2 mRNA, with an initial
phase ¢, greater than 3 hr, suggesting that the induction of
MIP-2 mRNA by H,O, also involves post-transcriptional
regulation of the MIP-2 mRNA transcript.

DISCUSSION

MIP-2 is a primary CXC chemokine that can cause neutrophil
chemotaxis and activation. Elevation of MIP-2 mRNA

© 1999 Blackwell Science Ltd, Immunology, 97, 309-315
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Figure 4. Effect of H,0, on the half-life of MIP-2 mRNA. (a) Cells
were untreated (control), or treated with 0-5mm H,O, for 1 hr.
Actinomycin D was then added to a final concentration of 5 ug/ml,
and at the times indicated, total RNA was isolated and Northern
analysis was performed as described in the Materials and Methods.
Upper panel, autoradiogram of Northern blot hybridized with radio-
labelled-MIP-2 cDNA. Lower panel, the same membrane hybridized
with a mouse B-actin cDNA. This is a representative blot from three
independent experiments. (b) Densitometric quantification of the
decay of MIP-2 mRNA normalized to B-actin RNA from control cells
and from cells treated with H,O,. Results are mean+SE of three
independent experiments.

expression has been implicated in the development of inflam-
matory diseases in several animal models, such as pulmonary
inflammation induced by ozone, SO, and the transitional
metals vanadium and manganese.!*™'* While ozone and SO,
are direct oxidants, transitional metals have been shown to
induce cellular oxidative stress.!#3° In the current study, we
investigated whether induction of MIP-2 mRNA parallels the
generation of ROS. AMs treated with LPS for 4 hr showed
significant increases in MIP-2 mRNA levels (Fig.1). In
addition, LPS-induction of MIP-2 mRNA expression was
attenuated by pretreatment with the antioxidants NAC and
DMSO, further suggesting a role for ROS in the regulation of
this gene. There is increasing evidence that increased expression
of other cytokines by LPS also involves reactive oxygen
intermediates. For example, the induction of a human CXC

© 1999 Blackwell Science Ltd, Immunology, 97, 309-315

chemokine IL-8 by LPS can also be blocked by a variety
of antioxidants, including DMSO.'5'1® The primary cellular
source of ROS production in response to LPS has been
suggested to be mitochondrial.** The molecular mechanism of
ROS production in response to LPS treatment is not clear.
Other recent work from our laboratory provides direct
evidence that oxidative stress in the form of H,0, and mena-
dione can directly induce MIP-lo mRNA expression in an
AM cell line, NR8383.17 In combination with this study, we
suggest that the induction of both CXC and CC chemokines
involves ROS production. We hypothesize that ROS may serve
as a common signal to regulate the gene expression of most,
if not all, chemokines, thereby initiating and propagating the
inflammatory process. To study the regulation of a CXC
chemokine MIP-2 gene expression, we exposed AMs directly
to H,0,, a commonly used in vitro system to generate oxidative
stress. H,0, exposure at 0-5 mMm caused a transient induction
of MIP-2mRNA levels at 1hr and 4hr post-treatment
(Fig. 2a). Co-incubation with actinomycin D blocked the
induction of MIP-2 mRNA by H,0, (Fig. 2c), suggesting that
the transcriptional regulation of the MIP-2 gene is involved.
To characterize the transcriptional regulation of the MIP-2
gene, we recently cloned the rat MIP-2 gene 5’-flanking region.
Analysis of the 5-flanking region of rat MIP-2 gene revealed
only putative AP-1 and NF-kB consensus sequences (M. M.
Shi et al. GenBank accession number U83656). NF-kB motifs
have been found in the 5-regulatory regions of an increasing
number of cytokine genes, including human IL-8 gene.?
Mammalian NF-xB is a heterodimeric transcription factor
which can induce a variety of genes involved in inflammation
and acute-phase immune responses.®*3* AP-1 is a transcription
factor composed of various fos and jun family gene products,
which form homodimers or heterodimers and bind to a
common cis-acting element. The expression of fos family and
jun family genes can be induced by a variety of extracellular
stimuli, such as serum, growth factors, phorbol esters, calcium
ionophore and ionizing radiation.?® ROS have been implicated
in the activation of both transcription factors NF-kB and
AP-1,3%738 but oxidative induction of NF-kB or AP-1 is not a
universal phenomenon.?***° In the current study, H,O, treat-
ment induced the formation of NF-kB complexes in a time-
dependent fashion. In addition, the NF-xB complexes could
be supershifted by specific antisera against p5S0 and abrogated
by antisera against the p65 subunit of the NF-«xB, indicating
the induction of a p65-p50 dimer (Fig. 3a). The AP-1 binding
to the DNA probes from MIP-2 promoter was not influenced
by H,O, treatment. AMs treated with LPS for 4 hr also
showed significant activation of NF-kB (Fig. 3b). Similar to
the Northern results (Fig. 1), LPS-induction of NF-kB acti-
vation was attenuated by pretreatment with the antioxidant
NAC (Fig. 3b), further suggesting a role for ROS in the
regulation of gene transcription. Taken together, these results
suggest that the induction of MIP-2 gene expression in AMs
is most likely to be through the activation of NF-kB.
Oxidative regulation of mRNA stability is another poten-
tially important regulatory mechanism.*!*4> We previously
reported that LPS- and H,0,-induction of mRNA for another
chemokine, MIP-1q, also involves post-transcriptional stabiliz-
ation of MIP-loo mRNA. .74 MIP-la belongs to the CC
chemokine subfamily, rather than the CXC group to which
MIP-2 belongs. The two chemokine subfamilies represent two
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sets of genes clustered on two different chromosomes, sug-
gesting their regulation might be controlled differently.!
Quantification of control MIP-2 mRNA half-life revealed a
biphasic pattern, with initial rapid first-order kinetics and a ¢,
of around 2 hr, followed by a plateau at around 30% of the
initial message levels (Fig. 4). As shown by others, this arrest
of degradation is most likely a general effect attributed to the
transcription  inhibitors.** H,0, treatment significantly
increased MIP-2 mRNA half-life at the initial phase with a
t,>3 hr and reached a plateau at around 60% of initial mRNA
levels. The instability of mRNA in many cytokines is deter-
mined by a specific cis-element (AU-rich element) in the
3"-untranslated regions (UTRs) of their mRNAs.* It was
previously postulated that MIP-loo mRNA stabilization may
be attributed to the presence of multiple copies of the reiter-
ated AUUUA motifs within the 3’-untranslated region of the
mRNA. These sequences are typically conserved in these
regions of cytokine and growth factor mRNAs and areim-
plicated in mRNA stability and translational control.*®#7
Adenosine—uridine-binding factor (AUBF) is a 33000 MW
cytoplasmic protein found in many tumour cell lines or
activated normal lymphocytes. It binds to multiple AUUUA
elements in the 3'-UTRs of many cytokine and growth factor
mRNAs and stabilizes them.*® The binding of AUBF to RNA
templates was reported to be redox sensitive.** Sequence
analysis of the MIP-2 cDNA 3’-UTR also revealed multiple
copies of the ATTTA motifs (M. M. Shi et al. GenBank
accession number U45965). H,0O, treatment increased the
mRNA half-lives of both MIP-2 and MIP-1a, suggesting that
an oxidative stress can influence mRNA stability through a
common oxidative control mechanism. The possible role of
AUBF in the regulation of chemokine gene mRNA stabiliz-
ation deserves further investigation.

In conclusion, the present study demonstrates that the
induction of MIP-2 mRNA expression by LPS is attenuated
by antioxidants, suggesting ROS as a mediator for chemo-
kine expression. H,O, treatment increases MIP-2 mRNA
expression through both transcriptional control, most likely
involving NF-xB activation, and post-transcriptional control
via increased mRNA transcript stability.
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