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SUMMARY: Prostaglandins (PG) formed by cyclooxygenase (COX) enzymes are important mediators of inflammation in
rheumatoid arthritis. The contribution of the inducible COX-2 to inflammation in the rheumatoid synovium is well documented. We
examined the regulation of COX-2 mRNA and protein expression in response to both glucocorticoids (GC) and FK506 using
rheumatoid synovial fibroblasts. Combined treatment of FK506 and a low concentration of dexamethasone (DEX) (1029 M)
down-regulated synovial COX-2 mRNA and protein expression. In contrast, neither FK506 nor DEX (1029 M) alone influenced
COX-2 expression. Immunocytochemical studies showed that pretreatment with FK506 enhanced the nuclear translocation of the
glucocorticoid receptor (GR) in synovial fibroblasts in the presence of low concentrations of DEX (1029 M). Transient transfection
experiments showed that treatment of cells with FK506 enhanced the expression of glucocorticoid-responsive gene reporter in
the presence of DEX (1029 M). NF-kB is known to mediate the transcriptional activation of the COX-2 gene. Electrophoretic
mobility shift assay demonstrated that DNA-binding activity of NF-kB was suppressed more profoundly by FK506 plus DEX (1029

M) treatment with those of DEX (1029 M) alone in IL-1b-stimulated synovial cells. Our results indicated that FK506-induced
potentiation of GR-mediated repression of synovial COX-2 gene transcription is the result of increased translocation of GR to the
nucleus and subsequent repression of NF-kB transactivation. Our results also suggest that FK506 may exert anti-inflammatory
effects in the rheumatoid synovium by potentiating GR-mediated signal transduction. (Lab Invest 2000, 80:135–141).

R heumatoid arthritis (RA) is an inflammatory joint
disease in which perpetuation of synovitis leads

to articular destruction (Zvaifler and Firestein, 1994).
Rheumatoid synovial fibroblasts release various in-
flammatory mediators (Dayer et al, 1986). Prostaglan-
din (PG), one of the important mediators in rheumatoid
synovitis, is synthesized by cyclooxygenases (COX)
(Salmon et al, 1983; Wittenberg et al, 1993). It has
been demonstrated that COX-2, an inducible COX
isoform, is expressed in rheumatoid synovial fibro-
blasts and that treatment with IL-1b induces the
synthesis of COX-2 mRNA and protein, while glu-
cocorticoids (GC) suppress this induction (Crofford et
al, 1994).

GC has been used for decades as a clinical tool to
suppress inflammatory and immune responses. GC
action is known to be mediated by cellular glucocor-
ticoid receptors (GR) (Bamberger et al, 1996). The
binding of GC is followed by a conformational change
in GR; the hormone-receptor complex translocates to

the nucleus and binds to its acceptor site in DNA
(Truss and Beato, 1993). In the cytoplasm, GR asso-
ciates with several heat shock proteins (Pratt, 1993;
Smith and Toft, 1993). Recent studies showed that the
GR complex also contains members of the immu-
nophilin class of proteins (Tai et al, 1992). Further-
more, Yem et al (Yem et al, 1992) reported that
FK506-binding protein (FK-BP) is associated with the
GR complex. This association between FK-BP and GR
suggests that immunophilin and steroid receptor-
mediated signal transduction pathways may be func-
tionally convergent.

In the present study, we investigated the effects of
two immunosuppressive drugs, FK506 and GC, on
rheumatoid synovial cell function. Our results showed
that FK506 combined with low concentrations of DEX
results in a marked suppression of COX-2 mRNA and
protein expression.

Results

Effects of DEX and FK506 on Synovial COX-2
mRNA Expression

As described previously, DEX, ranging in concentra-
tion from 1028 to 1027 M, inhibited the constitutive
expression of COX-2 mRNA in synovial fibroblasts.
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Synovial fibroblasts were incubated with FK506 (100–
1000 nM) for 2 hours followed by the addition of DEX
and further incubation for 6 hours. Total cellular RNA
was extracted and RT-PCR was performed (Fig. 1).
COX-2 mRNA was detected in synovial fibroblasts
under basal conditions. 1028 M of DEX inhibited
COX-2 mRNA expression, although no inhibition of
expression was noted at concentrations below 1029

M. Pre-treatment with FK506 further suppressed sy-
novial COX-2 mRNA expression in the presence of
1029 M of DEX. FK506 pretreatment alone did not
inhibit the COX-2 mRNA expression.

Effects of DEX and FK506 on Synovial COX-2
Protein Expression

Figure 2 shows an immunoblot of synovial cell lysates
probed with anti-COX-2 antiserum. Before stimulation
with IL-1b (5 U/ml), there was no measurable level of
immunoreactive protein. Because COX-2 is a short-
lived protein (Evett et al, 1993), its protein expression
may not be detected by immunoblot in the basal
condition. After 12 hours of IL-1b stimulation, a clear
COX-2 immunoreactive band of 72 kDa became evi-
dent. No change was noted in IL-1b-induced COX-2
expression in the presence or absence of 1029 M of
DEX. However, synovial cells pretreated with FK506
followed by DEX contained much reduced levels of
COX-2 protein compared with synovial cells treated
with DEX alone without pretreatment with FK506.
FK506 pretreatment alone did not affect IL-1b-
induced COX-2 expression on synovial cells.

Immunofluorescence Study of Subcellular
Localization of GR

We also examined the effects of FK506 on the sub-
cellular distribution of the GR using indirect immuno-
fluorescent analysis of synovial fibroblasts obtained
from RA patients. In the absence of either DEX or
FK506, the green fluorescence was mainly localized in
the cytoplasm (Fig. 3). After a 2-hour treatment with
the indicated concentrations of DEX, GR fluorescence
gradually shifted to the nucleus in a concentration-
dependent manner, indicating that synovial fibroblasts

from RA patients contain functional GR. To test the
effect of FK506 on the GR, cells were cultured in the
presence of the indicated concentration of DEX and
FK506. As shown in Figure 3, FK506 clearly increased
nuclear fluorescence of the GR. This additive effect of
FK506 was evident at relatively lower concentrations
of DEX (eg, 1 and 10 nM), and appeared to be
saturated in the presence of 100 nM DEX.

Transcriptional Control of Glucocorticoid-Inducible
Promoter by FK506

To test the effect of FK506 on the transactivational
function of the GR, synovial cells were transfected
with a GC-inducible luciferase reporter plasmid pGRE-
Luc and cultured in the presence or absence of DEX
and FK506, as indicated. As shown in Figure 4,
treatment with DEX resulted in a concentration-
dependent increase in reporter gene expression, indi-
cating that cellular GR is transcriptionally functional.
Addition of 1 mM FK506 resulted in an approximately
2-fold increase in luciferase activity at relatively lower
concentrations of DEX (eg, 1 and 10 nM, Fig. 4).
However, FK506 showed no significant effect on re-
porter gene expression at 100 nM DEX (Fig. 4). From
this result, together with those of indirect immunoflu-
orescent analysis, we conclude that FK506 potenti-
ates GC hormone action, most likely through promo-
tion of its ligand-dependent nuclear translocation.

Figure 1.
Effects of dexamethasone (DEX) and FK506 on COX-2 mRNA expression.
Rheumatoid synovial fibroblasts were pretreated with FK506 for 2 hours and
with DEX for the last 6 hours of incubation. Total RNA was reverse transcribed
after PCR amplification with primers for COX-2 and b-actin. Ethidium bromide
staining of PCR products was performed after 25 cycles of amplification and
separation in a 1.5% agarose gel. A representative example of three rheuma-
toid arthritis (RA) patients showing similar results.

Figure 2.
A, Effects of DEX and FK506 on COX-2 protein expression. Rheumatoid
synovial fibroblasts were pretreated with FK506 for 2 hours. The cells were
stimulated with IL-1b (5U/ml) in the presence of 1029 M of DEX for 12 hours.
The cells were lysed and lysates were analyzed by anti-COX-2 immunoblot. A
representative example of three RA patients showing similar results. B, Results
were calculated as a relative unit by densitometer. IL-1b control was assigned
the value of 100%. Data were expressed as the percentage of IL-1b control.
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Effects of FK506 on the DNA-Binding Activity of NF-kB

Recent studies indicate that GR and NF-kB physically
interact and function as antagonists (Caldenhoven et
al, 1995). To examine the molecular mechanism of the
FK506 effect on COX-2 expression, we performed
EMSA using the oligonucleotide-encompassing
NF-kB element as a probe. The promoter region of
COX-2 contains an NF-kB element that is known to be

a target of IL-1b-dependent induction of COX-2 (Crof-
ford et al, 1997) .

As shown in Figure 5A, IL-1b stimulation produced
several protein-DNA complexes; C1, C2, and C3. C1
was not inhibited by excess amounts of either specific
(NF-kB element) or non-specific oligonucleotide (GRE
and HRE) (lanes 2 to 5), suggesting that C1 is a
nonspecific complex. In contrast, formation of C2 and
C3 was inhibited only by NF-kB oligonucleotide. An-
tibody supershift experiments demonstrated that C2
contained both p65 and p50 (lanes 7 and 8). The
components of C3 remained unknown. Because the
heterodimer of p65 and p50 is a major component of

Figure 3.
Effect of DEX and FK506 on the subcellular localization of GR. Synovial
fibroblasts isolated from RA patients were cultured in the presence of DEX and
FK506 as indicated, and subcellular localization of the GR was analyzed using
a confocal laser microscope. A representative example of three RA patients
showing similar results.

Figure 4.
Additive effects of FK506 on glucocorticoid (GC)-inducible gene expression.
Synovial fibroblasts were transfected with the GC-responsive reporter plasmid
pGRE-Luc and cultured in the presence of DEX and FK506, as indicated. The
data represent the mean 6 SD of three independent experiments.

Figure 5.
A, Protein components of protein-DNA complexes formed between the nuclear
extracts from RA synovial cells and a NF-kB oligonucleotide probe. Synovial
cells were treated with (lane 2 to lane 7) or without IL-1b (lane 1). After
incubation with a 32P-labeled NF-kB oligonucleotide probe, samples were run
on 4% native PAGE and gel was dried and autoradiographed. If indicated, 20
times molar excess of competitor oligonucleotides or antibodies were included
in the reaction mixtures. C1, C2, and C3, positions of protein-DNA complexes
were formed between the NF-kB probe and nuclear extracts. F, position of free
probe. B, Effect of IL-1b, Dex, and FK506 on NF-kB DNA-binding activity.
Synovial cells were treated with IL-1b, Dex, and FK506, as indicated, and
nuclear extracts were prepared and C2 complex formation was monitored in
EMSA. C, Effect of IL-1b, Dex, and FK506 on NF-kB DNA-binding activity.
NF-kB DNA-binding activity (C2 position) was calculated as a relative unit by
densitometer. IL-1b control was assigned the value of 100%, and data were
expressed as the percentage of IL-1b control. Data represent the mean 6 SD

of two separate experiments.
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cytokine-inducible NF-kB, we focused on C2 and
tested the effect of treatment with DEX and FK506. As
shown in Figure 5B, treatment with IL-1b significantly
induced the DNA-binding activity of NF-kB p50/p65
(lanes 1 and 2). Addition of a low concentration of DEX
(1 nM) alone did not influence NF-kB activity. However,
a high concentration of FK506 reduced NF-kB DNA-
binding activity. Moreover, concomitant addition of
FK506 with DEX further decreased NF-kB DNA bind-
ing activity in a concentration-dependent manner (Fig.
5C).

Discussion

GC has been widely used as a potent immunosup-
pressive drug. GC binds to cytoplasmic GR, a member
of the steroid hormone receptor superfamily, which
translocates to the nucleus as a transcription factor
(Bamberger et al, 1996). In the cytoplasm, GR asso-
ciates with several chaperone particles, such as heat
shock proteins (Smith and Toft, 1993). GR requires
dissociation with these proteins for nuclear transloca-
tion (Pratt, 1993). Therefore, substances that dissoci-
ate these proteins may facilitate nuclear translocation
of GR and augment GC action. Recently, a GR-
associated heat shock protein, hsp 56, has been
shown to be identical to an immunophilin, FK506-
binding protein (Tai et al, 1992; Yem et al, 1992). The
association between immunophilin and GR suggests
that FK506 may influence steroid receptor function. To
support this, Ning et al demonstrated that FK506
potentiates GR-mediated gene expression by increas-
ing the translocation of GR to the nucleus (Ning and
Sanchez, 1993).

We tested this hypothesis by assessing the effect of
FK506 on nuclear translocation of the GR using rheu-
matoid synovial fibroblasts. We showed that FK506
increased the translocation of GR to the nucleus in the
presence of low concentrations of DEX. Furthermore,
in the presence of DEX, transactivation of the
glucocorticoid-responsive promoter was increased by
FK506 pretreatment. These results suggest that
FK506 interacts with the GR-associated hsp56 or
other FK506-binding proteins and facilitates the dis-
sociation of GR and chaperone proteins with subse-
quent nuclear translocation. Thus, our results identify
a new model in which FK506 potentiates GR-
mediated transcriptional regulation by enhancing the
translocation of GR in human synovial fibroblasts.

FK506-bound hsp56 does not form a complex with
or inhibit the phosphatase activity of calcineurin (Le-
beau et al, 1994). So it seems unlikely that calcineurin
phosphatase inhibition is related the synergistic inter-
action between FK506 and steroid. Additionally, Hsp
90, hsp70 and GR were co-isolated with FKBP (Wied-
errecht et al, 1992), and hsp 90 has the immunophilin-
binding region (Peattie et al, 1992). It is possible that,
in addition to hsp56, these proteins can interact with
GR and are responsible for FK-506-mediated GR
translocation.

COX is an important regulatory enzyme for the
biosynthesis of PG (Needleman et al, 1986). COX-2,

one of the two forms of COX, is highly inducible by
cytokines and growth factors and is responsible for
PG synthesis at inflammatory sites (Jones et al, 1993).
Therefore, up-regulation of COX-2 in the synovium is
regarded as the mechanism mediating the high PG
levels in synovial inflammation. The expression of
COX-2 is regulated at a transcriptional level (Appleby
et al, 1994). Furthermore, the promoter region of the
human COX-2 gene contains putative transcriptional
elements such as NF-IL6 and NF-kB (Crofford et al,
1997).

It is suggested that one mechanism by which GC
exerts down-regulatory effects on COX-2 expression
may be due to the inhibition of NF-kB. GR is retained
in the cytoplasm in an inactive state by its association
with the regulatory heat shock proteins (Bamberger et
al, 1996). Activation of GR requires dissociation from
regulatory heat shock proteins. Activated GR rapidly
translocates to the nucleus and interacts with the
transcription factor, functioning as a negative regula-
tor of transcription (Caldenhoven et al, 1995). It has
been demonstrated that GR and the p65 subunit of
NF-kB physically interact and that this interaction
involves the Rel homology domain of p65 and the
DNA-binding domain of GR (McKay and Cidlowski,
1998). This evidence suggests that the phenomenon
of GR translocation and the NF-kB-signaling pathway
could be linked. To investigate the interplay between
NF-kB and GR and the molecular mechanism by
which FK506 suppressed the COX-2 expression in
DEX-treated synovial cells, we examined the role of
NF-kB. Our data clearly indicated that the specific
DNA-binding activity of NF-kB was inhibited by FK506
plus DEX (1 nM) in IL-1b-stimulated synovial cells. In
contrast, DEX (1 nM) alone did not affect this activity in
the same conditions. In our experiments, a high con-
centration of FK506 (1000 nM) alone inhibited the
DNA-binding activity of NF-kB, but this inhibition was
mild compared with that of FK506 (1000 nM) plus DEX
(1 nM). FK506 pretreatment alone did not affect the
nuclear translocation of GR. Therefore, it is possible
that this effect was induced by the inhibition of cal-
cineurin, which was shown to stimulate NF-kB by
enhancing inactivation of IkB, an inhibitor of NF-kB
(Frantz et al, 1994).

We also showed that DEX inhibits the constitutive
COX-2 mRNA expression in synovial cells when used
at a concentration higher than 10 nM. However, at 1 nM

or lower concentrations, DEX did not inhibit COX-2
mRNA expression. In contrast, FK506 pretreatment
down-regulated synovial COX-2 mRNA even in the
presence of as little as 1 nM DEX. Moreover, FK506
pretreatment inhibits IL-1b-induced COX-2 protein
expression in the presence of 1 nM of DEX as well. This
concentration (1 nM) of DEX corresponds to the phys-
iological level of plasma GC. Therefore, we speculate
that FK506 alone may elicit at least partial inhibition of
synovial COX-2 expression of patients with RA. Thus,
FK506 may be potentially useful as a new therapeutic
modality to modify GR function by inhibiting the target
gene, such as COX-2, in addition to its immunosup-
pressive action.
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In conclusion, our results suggest that FK506 inhib-
its COX-2 expression in human rheumatoid synovial
cells in the presence of relatively low concentrations of
GCs. This inhibitory effect of FK506 is most likely
mediated through enhancement of ligand-dependent
GR nuclear translocation.

Materials and Methods

Reagents

FK506 was kindly provided by Fujisawa Pharmaceu-
tical Company (Osaka, Japan). All other reagents were
purchased from Sigma Chemical (St. Louis, Missouri).

Synovial Cell Culture

The experimental protocol was approved by the local
ethics committee, and a signed consent form was
obtained from each patient. Synovial tissue samples
were obtained from patients with RA during synovec-
tomy. The synovial membranes were minced asepti-
cally, then dissociated enzymatically with collagenase
(4.0 mg/ml, Sigma) in RPMI 1640 for 4 hours at 37° C.
The cells were plated on culture dishes and allowed to
adhere. To eliminate non-adherent cells from synovial
cell preparations, the plated cells were cultured for 18
hours with RPMI 1640 supplemented with 10% FCS at
37° C in humidified 5% CO2 in air. The cells were then
washed thoroughly with phosphate-buffered saline
(PBS) solution. Adherent synovial cells were removed
by adding trypsin-EDTA followed by washing with
PBS containing 2% FCS. The collected synovial cells
were used at the third or fourth passages for subse-
quent experiments. Synovial cell preparations were
less than 1% reactive with monoclonal antibodies
CD3, CD20, CD68 (Coulter Electronics, Miami Lake,
Florida), and anti-human von Willebrand factor (Immu-
notech, Marseille, France), indicating that these prep-
arations were almost free of mature T lymphocytes, B
lymphocytes, monocytes/macrophages, and vascular
endothelial cells.

COX-2 Expression Analysis by Western Blot

The expression of COX-2 was analyzed by the West-
ern blot method as described previously by Crofford et
al (Crofford et al, 1994). For this purpose, the cells
were washed with cold PBS and lysed by the addition
of a lysis buffer, containing 1% nonidet P-40, 50 mM

Tris, (pH 7.5), 100 mM NaCl, 5 mM EDTA, 10 mg/ml
aprotinin, and 10 mg/ml leupeptin, for 20 minutes at
4° C. Insoluble material was removed by centrifuga-
tion at 15,000 3 g for 15 minutes at 4° C. The
supernatant was saved and the protein concentration
was determined using the BioRad protein assay kit
(BioRad, Hercules, California). An identical amount of
protein (50 mg) from each lysate was subjected to 10%
SDS-PAGE. The fractionated proteins were trans-
ferred to nitrocellulose membranes (Amersham Cor-
poration, Arlington Heights, Illinois), and the mem-
branes were blocked for 16 hours in a solution
containing 5% BSA, 10 mM Tri-HCl (pH 8.2), and 140

mM NaCl. The blots were incubated with an anti-COX-
2-specific antibody (IBL Company, Fujioka, Japan) for
2 hours at room temperature. The membranes were
further incubated with peroxidase-conjugated anti-
rabbit IgG antibodies (Amersham) for 60 minutes and
developed using an enhanced chemiluminescence
(ECL) system (Amersham). The blots were analyzed by
densitometer (Photometrics, Tucson, Arizona). Images
from the densitometer were transferred to a personal
computer and analyzed using IPLab Gel software
(Signal Analytics Corporation, Vienna, Virginia). Re-
sults were calculated as relative units, and the density
of the IL-Ib-induced COX-2 protein band was as-
signed the value of 100%. Data were expressed as a
percentage of IL-1b control.

RNA Preparation and RT-PCR Assay

Total cellular RNA was extracted from synovial fibro-
blasts using guanidinium thiocyanate and phenol
(RNAzol B, Cinna/Biotech Laboratory, Friendswood,
Texas). First-strand cDNA was synthesized by reverse
transcription at 42° C for 45 minutes in a 50-ml reac-
tion mixture containing 1 mg of total RNA and MuLV
reverse transcriptase (GIBCO BRL, Gaithersburg,
Maryland). After heating at 99° C for 5 minutes for
denaturing, followed by cooling at 5° C, the cDNA was
used for amplification. For PCR reactions, 2 ml of
denatured cDNA was amplified in a 20-ml final volume
with 1 U Taq DNA polymerase (GIBCO BRL); 1 mM of
both primers and Taq polymerase buffer containing
1.5 mM MgCl2 with 1.5 mM of each dNTP. PCR was
performed in a thermal cycler (Perkin-Elmer Cetus,
Foster City, California), using a program of 25 cycles
at 94° C for 1 minute, 60° C for 1 minute, 72° C for 1
minute, and followed by a 10-minute extension at
72° C. The amplified products were subjected to elec-
trophoresis on 1.5% agarose gel.

The specific primers used included COX-2 (Vergne et al,
1998), 59-TTCAAATGAGATTGTGGGAAAATTGCT-39 (for-
ward primer) 59-AGATCATCTCTGCCTGAGTATCTT-39
(reverse primer). The predicted size of the fragment was
301 bp.

b-actin, 59-GACGAGGCCCAGA GCA AGAGAG-39 (for-
ward primer), 59-ACGTACA TGGCTGGGGTGTTG-39
(reverse primer). The predicted size of the fragment was
284 bp.

Immunocytochemical Analysis of Subcellular
Localization of GR

Cells grown on eight-chambered sterile glass slides
(Nippon Becton & Dickinson, Tokyo, Japan) were fixed
for immunostaining using a freshly prepared solution
of 4% paraformaldehyde (wt/vol) in PBS overnight at
4° C. Immunocytochemistry was carried out as de-
scribed previously (Tanaka et al, 1996) with minor
modifications. Briefly, cells were washed five times
with PBS at room temperature, then incubated with
anti-human GR polyclonal rabbit antibody PA1–512
(Affinity Bioreagents, Neshanic Station, New Jersey) at
2 mg/ml in PBS containing 0.1% Triton X-100 for 9
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hours at 4° C. The cells were washed five times with
PBS and incubated with biotinylated anti-rabbit Ig
species-specific whole antibody from donkey at a
dilution of 1:200 in PBS containing 0.1% Triton X-100
for 1 hour at room temperature. Cells were then
washed five times with PBS and incubated with FITC-
conjugated streptavidin at a dilution of 1:100 in PBS
containing 0.1% Triton X-100 for 1 hour at room
temperature. In the next step, the cells were washed
five times with PBS and mounted with GEL/MOUNT
(Biomedia Company, Foster City, California), then ex-
amined by a confocal laser microscope (model
LSM510, Carl Zeiss, Oberkochen, Germany).

Reporter Gene Assay

The GC-responsive reporter plasmid pGRE-Luc has
been described previously, in which the firefly lucif-
erase gene expression is driven under the control of a
tandem repeat of GC response elements (Tanaka et al,
1995; Makino et al, 1996a: Makino et al, 1996b). The
b-galactosidase gene expression plasmid pCH110
(Pharmacia LKB Biotechnology, Uppsala, Sweden)
was used as an internal control for transfection effi-
ciency when indicated. Synovial cells were cultured in
6-cm plastic dishes, and 2 mg of pGRE-Luc was mixed
with 6 ml of TransIT-LT1 reagent and added to the
culture. The total amount of the plasmid was main-
tained at 10 mg by adding an irrelevant plasmid
(pGEM3Z was used unless otherwise specified). After
6 hours of incubation, the medium was replaced with
fresh RPMI1640 medium supplemented with 2%
dextran-coated charcoal-stripped FCS, and the cells
were further cultured in the presence or absence of
various ligands for 24 hours at 37° C. Luciferase
enzyme activity was determined using a luminometer
(Berthold & Company, Bad Wildbad, Germany) as de-
scribed previously (Makino et al, 1996b). After normal-
ization of transfection efficiency by b-galactosidase ex-
pression, luciferase enzyme activity was determined.
Results are shown as fold induction to basal level ex-
pression.

Electrophoretic Mobility Shift Assay

The double-stranded oligonucleotide probes were
end-labeled with [a-32P]dCTP (Amersham-Pharmacia)
using Klenow fragments of DNA polymerase I
(TaKaRa, Kyoto, Japan), and unincorporated nucleo-
tides were chromatographically separated with a Nick
column (Amersham-Pharmacia). Nuclear proteins (1–2
mg), prepared according to Dignam (Dignam et al,
1983), were used in a 20-ml binding mixture containing
4% glycerol, 1 mM MgCl2, 0.5 mM EDTA, 1 mM

dithiothreitol, 50 mM KCl, 10 mM Tris-Cl pH 7.5 and 1
mg poly (dI-dC) according to Newton et al (Newton et
al, 1996), with minor modification. After incubation on
ice for 30 minutes, 0.5 ng of 32P-end-labeled double-
stranded oligonucleotide probe was added. The bind-
ing reactions were carried out on ice for 15 minutes.
Specificity of binding was determined by the prior
addition of a 20-fold excess of unlabeled competitor

consensus oligonucleotide. For supershift analysis,
nuclear extracts were incubated on ice for 1 hour with
antisera, raised to p50 and p65 subunits (Santa Cruz,
California), at 0.5 mg/ml, before the addition of radio-
labeled oligonucleotide. Then the reaction mixture
was loaded onto a 4% non-denaturing polyacrylamide
gel containing 0.253 TBE (13 TBE is composed of 89
mM Tris-base, 89 mM boric acid and 2 mM EDTA). The
gels were run at 300 V for 2 hours and vacuum dried,
and the results were visualized by autoradiography
using Hyperfilm (Amersham-Pharmacia) and an inten-
sifying screen. The upper strand sequence of the
synthetic oligonucleotides containing a consensus
NF-kB recognition site, GC response element, and
hypoxia response element were: 59-CTCGAGTTGA-
GGGGACTTTCCCAGGCG-39 (Lenard and Balti-
more 1989); 59-CGAGTAGCTAGAACAGACTGTT-
CTGAGG-39 (Makino et al, 1996b); 59-AGTCG-
CCCTACGTGCTGTCTCACTGA-39 (Wang and Se-
menza 1995); respectively.
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