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Abstract Aims/hypothesis: Resistin is an adipokine that
might link obesity and insulin resistance. A common poly-
morphism of the human resistin gene, −420C>G, is a major
determinant of plasma resistin concentrations as well as
resistin mRNA expression in human adipose tissue. In this
study, we investigated the regulatory mechanism by which
this polymorphism affects resistin expression. Methods:
Electrophoretic mobility shift assay was performed to iden-
tify the transcription factors binding to the −420G region.
Transient transfection and reporter assay were used to mea-
sure promoter activities of the resistin gene. The binding
ability of stimulatory protein 1 (Sp1) in response to adipo-
cyte differentiation or high glucose concentrations was also
measured. Results: Sp1 and stimulatory protein 3 (Sp3) spe-
cifically bound to the region around −420G of the human
resistin gene. Overexpression of Sp1 increased the promot-
er activity regardless of −420 genotypes, while the promoter
activity of the −420G construct was two-fold higher than
that of the −420C construct. In contrast, overexpression of
Sp3 scarcely increased the promoter activity. The binding
ability of Sp1 to the −420G region was increased in re-
sponse to adipocyte differentiation. Mithramycin A, an in-
hibitor of DNA binding of Sp1, reduced the effect of high
glucose on transcription induction of the resistin gene in
adipocytes. Conclusions/interpretation: These results sug-

gest that Sp1 is an important factor regulating transcription
of human resistin gene. A common polymorphism of the
human resistin promoter, −420C>G, is critical for the bind-
ing of Sp1 and modulates the transcriptional activity of the
resistin gene by changing the binding ability of Sp1. In
addition, Sp1 may be involved in the increase of resistin
expression by hyperglycaemia.
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Abbreviations C/EBPα: CCAAT/enhancer binding
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PPAR: Peroxisome proliferator-activated receptor . Sp1:
Stimulatory protein 1 . Sp3: Stimulatory protein 3 . SREBP:
Sterol regulatory element binding protein

Introduction

Resistin is a cysteine-rich secretory polypeptide expressed
in adipocytes and belongs to a protein family called resistin-
like molecules, which is also known as the found-in-in-
flammatory-zone family [1–3]. Resistin has been proposed
as a potential link between obesity and insulin resistance. It
has been reported that the serum levels of resistin are mark-
edly increased in obese mice and are decreased by treatment
with thiazolidinediones [4]. The expression of resistin in
adipocytes is decreased by fasting and increased by re-
feeding, and the administration of anti-resistin antibodies
increased insulin-stimulated glucose uptake in obese mice.
Furthermore, the treatment of normal mice with recombi-
nant resistin impairs glucose tolerance and insulin action
[4]. The transgenic overexpression of resistin impairs skel-
etal muscle glucose metabolism and promotes glucose in-
tolerance [5]. In contrast, some reports demonstrate that a
high level of resistin is not related to obesity or insulin
resistance [6–8]. In particular, several studies with human
resistin do not show any association between resistin ex-
pression and insulin resistance [9, 10]. Levels of resistin
expression are similar in normal, insulin-resistant and type 2
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diabetic individuals [9]. Recently, however, we observed
that plasma resistin levels were elevated in patients with
type 2 diabetes compared with those in non-diabetic in-
dividuals [11]. Moreover, mice lacking the resistin gene
show that resistin plays an important role in the mainte-
nance of blood glucose during fasting, by increasing hepatic
glucose production [12]. It has been reported that retinoic
acid administration to mice reduces the expression of re-
sistin and improves glucose tolerance [13]. Therefore, re-
sistin may play an important role in insulin resistance or
glucose homeostasis.

Many studies show that various hormones and drugs in-
fluencing insulin sensitivity regulate resistin mRNA ex-
pression in cell culture and animal models [14–17]. Glucose
and dexamethasone increase resistin mRNA levels, but in-
sulin, TNF-α and thiazolidinediones suppress the expression
of resistin. However, little is known about the regulatory
mechanisms of resistin expression by these hormones or
drugs. In addition, some transcriptional regulators have been
identified as involved in the expression of human or mouse
resistin. CCAAT/enhancer binding proteinα (C/EBPα) and
sterol regulatory element binding protein (SREBP) are key
regulatory factors for adipocyte-specific expression of re-
sistin [18, 19].

There are several reports showing polymorphisms of
human resistin gene, and interestingly a common promoter
polymorphism of human resistin gene, −420C>G, is a
major determinant of the mRNA levels of resistin [20]. We
also reported that this polymorphism was important in de-
termining plasma resistin levels [21]. In that study, plas-
ma resistin levels of the −420G/G genotype group were
higher than those of the −420C/C genotype group. In ad-
dition, we showed that the specific transcription factors of
the nuclear extracts from adipocytes and monocytes were
bound to the −420G region with high affinity but not to the
−420C region [21].

Stimulatory protein 1 (Sp1) is one of the best character-
ised transcriptional factors, and involved in expression of
numerous genes. Sp1 binds to GC or GT boxes in the pro-
moters and stimulates transcription of the target genes [22].
Three other Sp family members, Sp2, Sp3 and Sp4, have
been identified. Sp3 is highly homologous to Sp1 and they
have similar affinities for the binding sites. Sp3 stimulates
transcription of some genes by working cooperatively with
Sp1, but it can also repress Sp1-mediated transcription of
several genes [23–25]. Post-translational modifications,
0-glycosylation and phosphorylation, of Sp1 modulate the
activity of Sp1 [22].

In this study, we investigated the regulatory factors in-
volved in inducing the different resistin levels observed in
the −420C>G polymorphism.

Materials and methods

Plasmids The DNA fragment from −746 to −211 bp of the
human resistin gene was inserted into the region upstream
of the luciferase gene of the pGL2-basic vector (Promega,
Madison, WI, USA). Based on the nucleotide at −420, each

construct was named RETN (−420G) Luc orRETN (−420C)
Luc. The Sp1 and Sp3 expression vectors were generous
gifts from Dr I. K. Lee (Keimyung University, Korea) and
Dr T. K. Kim (Korea Advanced Institute of Science and
Technology, Taejon, Korea), respectively [26, 27].

Cell culture and differentiation The 3T3-L1 adipocytes
were maintained in DMEM (Invitrogen, Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum (FBS)
(Invitrogen). Differentiationwas induced by adding 0.5mmol/
l 3-isobutyl-1-methylxanthine, 0.25 μmol/l dexamethasone
(Sigma, St. Louis, MI, USA) and 5 μg/ml insulin to the
media for 48 h. The cells were maintained in DMEM sup-
plemented with 10% FBS and 1 μg/ml insulin for an addi-
tional 10 days with the media being changed every other
day. The THP-1 monocytes were maintained in RPMI 1640
(Invitrogen,) supplemented with 10% FBS. The COS7 cells
were cultured in DMEM supplemented with 10% FBS.

Nuclear extracts and electrophoretic mobility shift assay
Nuclear proteins were prepared from 3T3-L1 adipocytes,
THP-1 monocytes and COS7 cells, as described previously
with minor modifications [28]. Double-stranded oligonu-
cleotide representing the −433 to −406 bp region (upper
strand sequence: 5′-CTGGACATGAAGAGGGAGGCCC
TGTTGG-3′; −420G is underlined) of the resistin gene was
labelled with [α-32P] dCTP using Klenow DNA polymerase
(Ambion,Austin, TX,USA). The labelled probe (25,000 cpm)
was incubated with nuclear proteins (5 μg) in 10 mmol/
HEPES, pH 7.9, containing 50 mmol/l KCl, 0.1 mmol/l
EDTA, 0.25 mmol/l DTT, 0.1 mg/ml poly(dIdC), 0.01%
Nonidet P-40, and 10% glycerol, at room temperature for
15 min. Antibodies against Sp1 (sc-17824), Sp3 (sc-644),
Ikaros (sc-9861) or Kluppel-like factor 4 (KLF4) (sc-01905)
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) were
incubated with nuclear proteins for 15 min on ice before
the addition of the labelled probe. Competitor oligonucle-
otides (the −433 to −406 bp region containing −420G or
−420C) were added in 100-, 200- or 400-fold molar ex-
cesses with respect to the labelled probe. The oligonucle-
otide containing the consensus Sp1 binding site (upper
strand sequence: 5′-GATTCGATCGGGGCGGGGCGAGC
TTGG-3′; consensus Sp1 binding site is underlined) was
also used as a competitor. The reaction mixtures were sep-
arated on 5% polyacrylamide gel in 0.5× TBE buffer and
subjected to electrophoresis. The complexes were visual-
ised by autoradiography.

Transient transfection and reporter assay 3T3-L1 or COS7
cells were cultured in DMEM supplementedwith 10%FBS.
The cells were transfected in six-well plates using Lipo-
fectamine Plus (Invitrogen). The cells were transfected with
a total of 1 μg of DNA per well: 0.6 μg of the reporter
plasmids, 0.25 μg of the Sp1 or Sp3 expression vectors and
0.15 μg of pCMV-β-galactosidase. To transfect the same
amount of DNA, pcDNA (Invitrogen) was added in place of
the Sp1 or Sp3 expression vector in the case of the control
set. The cells were harvested 40 h after transfection, and
luciferase assays were performed using the luciferase assay
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system (Promega, Madison, WI, USA). The β-galactosi-
dase activity was measured in order to normalise any varia-
tions in the transfection efficiency.

RNA isolation, Northern blots and ELISA 3T3-L1 adipo-
cytes differentiated for 10 days were maintained with low
glucose (5.5 mmol/l) or high glucose (25 mmol/l) for 48 h.
Mithramycin A (100 nmol/l) (Sigma), an inhibitor of Sp1
binding to DNAs [29], was added 24 h before harvesting
cells. Total RNAs were extracted using Trizol (Invitrogen)

according to the manufacturer’s instructions. Total RNAs
(20 μg) were separated by electrophoresis and transferred to
aNytranmembrane (NY13-N; Schleicher&Schuell, Keene,
NH, USA). The membranes were prehybridised in Quick-
Hyb hybridisation solution (Stratagene, La Jolla, CA, USA)
and then hybridised with probes for mouse resistin or
β-actin labelled with [α-32P] dATP. The membranes were
then exposed to X-ray films. The films were scanned and
the band intensities were analysed by the TINA 2.10 g
program (Raytest, Straubenhardt, Germany). The amount

Fig. 1 Binding of Sp1 to the
region around −420G of the
resistin gene promoter. a Sche-
matic diagram of a part of the
human resistin gene, indicating a
sequence variation at −420 of the
resistin gene. b Electrophoretic
mobility shift assays. Double-
stranded oligonucleotides repre-
senting the region from −433 to
−406 bp of the resistin gene were
radiolabelled with [α-32P]-dCTP
and incubated without nuclear
extracts (lanes 1 and 6), with
nuclear extracts from 3T3-L1
adipocytes (lanes 2–5) or with
nuclear extracts from THP-1
monocytes (lanes 7–10). Ap-
proximately 1 μg of the antibod-
ies against Sp1, Ikaros or KLF4
were used for the super-shift
experiment. Three specific
DNA–protein complexes (bands
1, 2 and 3) and free probes are
indicated. The −420G/C varia-
tion-independent band is indi-
cated by an asterisk, and the fact
that this band is not related to the
−420G/C variation was proven
in the previous work [21]
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of resistin in the media was measured using a mouse
resistin ELISA kit according to the manufacturer’s instruc-
tions (Komed, Seoul, Korea) [11].

Statistical analysis Statistical differences between experi-
ment groups were determined by Student’s t-test using
InStat (GraphPad Software, San Diego, CA, USA). Values
of p<0.05 were considered significant.

Results

Identification of transcription factors bound to the region
around −420G of the resistin gene MatInspector analysis
provided several candidate transcription factors that prefer

−420G to −420C as their binding site, such as Ikaros and
KLF4. Since the KLF4 binding motif was similar to the
Sp1 binding site, Sp1 was included among the candidate
factors. To identify the transcription factors that specifi-
cally bind to the −420G region, electrophoretic mobility
shift assays (EMSAs) were performed using nuclear ex-
tracts from 3T3-L1 adipocytes with a probe containing
−420G in the presence of antibodies against Sp1, Ikaros or
KLF4. Antibodies against Ikaros or KLF4 did not affect the
binding of the transcription factors to the −420G region. In
contrast, DNA-protein complex 1 was super-shifted upon
the addition of an antibody against Sp1. Since human
resistin is expressed mainly in monocytes rather than in
adipocytes, we also performed EMSAwith THP-1monocyte
nuclear extracts. The addition of antibody against Sp1 also

Fig. 2 Sp1 and Sp3 specifically bind to the −420G region of the
resistin gene. a EMSAs with competitors. Nuclear extracts from 3T3-
L1 adipocytes were incubated with the same probe as that used in
Fig. 1. For the competition assay, unlabelled oligonucleotides con-
taining −420G (lanes 3–5), −420C (lanes 6–8) or the consensus Sp1

binding site (lanes 9–11) in 100-, 200- or 400-fold molar excesses
were used. EMSAs (b) with antibodies against Sp1 and Sp3. Nuclear
extracts were incubated with antibodies against Sp1 (lane 2), Sp3
(lane 3) or both (lane 4) for 15 min before the addition of labelled
probes. Super-shifted bands are indicated
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Fig. 3 Effect of overexpression of Sp1 on the resistin promoter
activity. a A DNA fragment representing the region between the
−746 bp and −211 bp of the resistin gene was inserted into the region
upstream of the luciferase coding sequences of the pGL2-basic vector.
Each construct containing −420G or −420C is referred to RETN
(−420G) Luc or RETN (−420C) Luc, respectively. One of the reporter
constructs, pGL2-basic, RETN (−420G) Luc or RETN (−420C) Luc,
was transfected into 3T3-L1 preadipocytes (b) or COS-7 cells (c) with
Sp1 expression vectors and pCMV-β-galactosidase as described (see
Materials and methods). Luciferase activity was normalised by β-
galactosidase activity. Luciferase activity of RETN (−420G) in the

absence of Sp1 overexpression was set to one, and the other activities
were expressed relative to this measure. Bars indicate means ± SEM
from seven independent experiments (3T3-L1) or four independent
experiments (COS-7). ** p<0.01 compared with the value of RETN
(−420G) Luc in the presence of Sp1. d Luciferase reporter constructs
were transfected with the Sp1 and Sp3 expression vectors or both.
When the Sp1 or Sp3 expression vector (0.15 μg) was transfected
alone, empty vectors (pCMV-vector, 0.15 μg) were added to transfect
the same amount of DNA. Bars indicate means±SEM from three
independent experiments. *p<0.05 compared with the value of RETN
(−420G) Luc in the presence of Sp1
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super-shifted the DNA-protein complex 1 from monocyte
nuclear extracts (Fig. 1b).

As shown in Fig. 2a, cold oligonucleotides containing
−420G (self competitor) but not −420C competed well with
the probe for the binding of the transcription factors. In
addition, the oligonucleotides containing the consensus Sp1
binding sites competed effectively, suggesting that the con-
sensus Sp1 binding site is more susceptible to these tran-
scription factors. Since Sp1 and Sp3 bind to the same DNA
sequence, we performed an EMSAwith antibodies against
Sp1 and Sp3 (Fig. 2b). Different bands were super-shifted
upon the addition of antibodies against Sp1 or Sp3, and the
simultaneous addition of the Sp1 and Sp3 antibodies super-
shifted all of the DNA-protein complexes found in the
adipocyte nuclear extracts. Therefore, we concluded that
Sp1 and Sp3 specifically bind to the −420G region of the
resistin gene.

Transactivation of resistin promoter activity by Sp1 To
investigate the effect of the binding of Sp1 to the −420G
region on the promoter activities, a proximal region of the
resistin promoter (from −746 to −211 bp) was linked to the
luciferase reporter gene of the pGL2-basic vector (Fig. 3a).

The recombinant vectors were transfected into 3T3-L1
preadipocytes or COS-7 cells in the absence or presence of
the Sp1 expression vector. The promoter activities of two
constructs, RETN (−420G) Luc and RETN (−420C) Luc, in
3T3-L1 preadipocytes were found to be similar (Fig. 3b).
When the Sp1 expression vector was cotransfected, the
promoter activity of RETN (−420G) Luc was increased 11-
fold and that of RETN (−420C) Luc was increased about
six-fold in 3T3-L1 preadipocytes (Fig. 3b). There was an
approximately two-fold difference between these two con-
structs in the levels induced by Sp1. When the same con-
structs were transfected into COS-7 cells, the promoter
activity of RETN (−420G) Luc was increased five-fold by
cotransfecting it with the Sp1 expression vector (Fig. 3c). In
contrast, there was an approximately 2.7-fold increase in the
RETN (−420C) Luc.

Since the results obtained from the EMSAs showed that
both Sp1 and Sp3 bound to the −420G region, we examined
the role of Sp3 in the promoter activity. Cotransfection of
the Sp3 expression vector scarcely increased the promoter
activity of either RETN (−420G) Luc or RETN (−420C) Luc
in 3T3-L1 preadipocytes (Fig. 3d) andCOS-7 cells (data not
shown). We cotransfected the Sp1 and Sp3 expression vec-

Fig. 4 Binding activity of Sp1/
Sp3 to the −420G region in COS-
7 and 3T3-L1 adipocytes. Nu-
clear extracts were prepared from
COS-7 (lanes 2–5), differen-
tiated adipocytes (lanes 6–9) or
preadipocytes (lanes 10–13).
Nuclear proteins (5 μg) were
incubated with the −420G probe
in the presence of Sp1 or Sp3
antibodies. An additional band
(*) was observed in the nuclear
extracts from COS-7. Even
though the protein was not iden-
tified, it may be the same as that
found in the nuclear extracts
from THP-1 (Fig. 1), whose
binding to the probe was not
specific to the −420G/C variation
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tors simultaneously in order to determine whether there was
any interaction between these two transcription factors. The
coexpression of Sp3 did not inhibit the effect of Sp1 over-
expression on the promoter activity (Fig. 3d).

Binding ability of Sp1/Sp3 in response to differentiation of
adipocytes To understand the physiological role of Sp1 in
relation to the expression of resistin, EMSAswere performed
with nuclear extracts from COS-7, 3T3-L1 preadipocytes
and differentiated adipocytes. The Sp1 binding affinity of
nuclear extracts from differentiated adipocytes was higher
than that from COS-7 cells (Fig. 4). In addition, the binding
affinity of Sp1 was somewhat higher after differentiation of

the 3T3-L1 cells. Several transcription factors including per-
oxisome proliferator-activated receptor (PPAR)γ, SREBP
and C/EBPα are involved in adipocyte differentiation. To
elucidate whether a specific transcription factor mediates
the increase of Sp1 binding affinity during differentiation,
we expressed one of these transcription factors in preadi-
pocytes, and tested the binding affinity of Sp1. This was not
increased by exogenous expression of one of the adipocyte-
specific transcription factors, PPARγ, SREBP or C/EBPα
(Electronic Supplementary Material, Fig. 1), suggesting
that the Sp1 binding affinity is not regulated directly by one
of these factors.

Effect of mithramycin A on the expression of resistin We
analysed the homology between human and mouse resistin
genes in the proximal regions of their promoters. Mouse
resistin gene promoter sequence displayed only 49.5% se-
quence identity with the human resistin gene promoter, but
sequences were conserved in the binding sites for several
transcription factors, including C/EBPα, SREBP and Sp1
(Electronic Supplementary Material, Fig. 2). Several Sp1
binding sites were found in the mouse resistin gene pro-
moter as well as in the human resistin gene promoter, even
though the sites were dispersed differently in the promoters.

To confirm that Sp1 is involved in resistin expression in
differentiated adipocytes, 3T3-L1 adipocytes were treated
with mithramycin A, an inhibitor of DNA binding of Sp-
family transcription factors. The resistin mRNA level was
significantly decreased by the treatment with mithramycin
A (lane 1 and 2) (Fig. 5a). Next, we tested whether Sp1 was
involved in the regulation of resistin expression by glucose
levels. The mRNA level of resistin of the cells maintained
with high glucose media (25 mmol/l) was 1.5-fold higher
than that of the cells maintained with low glucose media
(5.5 mmol/l) (Fig. 5a, b). Treatment with mithramycin A
almost abolished the effect of glucose on the resistin mRNA
levels, indicating that Sp1 is involved in the glucose-in-
duced regulation of the resistin gene.

Resistin protein levels in the media were determined after
treatment withmithramycin A in the presence of low or high
levels of glucose. Consistent with the results of northern
blot analysis, the resistin protein level was increased 1.4-
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with the value of low glucose in the absence of mithramycin A.
*p<0.05 compared with the value of high glucose in the absence of
mithramycin A

1156



fold when the cells were maintained in high glucose media
(Fig. 5c). After treatment with mithramycin A, the effect of
the glucose concentration on the resistin level was signif-
icantly reduced.

Discussion

Several polymorphisms have been found in the promoter
region of the resistin gene and it has been reported that one
polymorphism, −420 C>G, was related to plasma resistin
levels and diabetes [20, 21, 30]. In this study, we investi-
gated the molecular mechanism underlying the effect of the
−420G/C variation on the expression of the resistin gene.
The results from the EMSAs suggest that Sp1 and Sp3 bind
efficiently to the −420G region, but not to the −420C re-
gion. The difference in the plasma resistin levels observed
in the case of the polymorphism was reproduced in the
promoter activities of the constructs containing −420G or
−420C induced by overexpression of Sp1. The promoter
activity of RETN (−420G) Luc was about two-fold higher
than that of RETN (−420C) Luc when the Sp1 expression
vector was cotransfected. The difference between these two
constructs in both 3T3-L1 and COS-7 shows that Sp1 spe-
cifically binds to the −420G motif and positively regulates
the promoter activity of the resistin gene. In addition, there
might be additional Sp1 binding sites in the resistin pro-
moter constructs because cotransfection of the Sp1 expres-
sion vector still increased the promoter activity of RETN
(−420C) Luc.

Several studies have shown that Sp1 and Sp3 bind to the
same DNA sequence and work independently, synergisti-
cally or in a mutually inhibitory fashion [31]. In our ex-
periment, Sp3 overexpression had little effect on the resistin
promoter activity. However, since 3T3-L1 and COS-7 cells
contain relatively high levels of endogenous Sp3, we cannot
rule out the possibility that the effect produced by trans-
fection of the Sp3 expression vector was not detected in this
assay. It could be helpful to use Sp1/Sp3-depleted cells like
Drosophila SL2 cells for transfection, even though it has
been reported that Sp3 activates some promoters in Dro-
sophila cells but not in mammalian cells [32]. Cotrans-
fection of Sp3 with Sp1 did not inhibit the Sp1-mediated
transcriptional activation, suggesting that Sp3 is at least not
an inhibitory regulator in resistin expression. Even though
the role of Sp3 is obscure, it is clear that Sp1 plays an
important role in regulating resistin expression and is a
determinant factor in the induction of different resistin
levels according to the −420C>G polymorphism.

Since resistin is produced and secreted from differen-
tiated adipocytes, the expression of the resistin gene should
be regulated during differentiation. Resistin expression is
regulated by several adipocyte-specific transcription fac-
tors, such as C/EBPα and SREBP [19]. Some reports have
indicated that the binding ability of Sp1 to the Sp1 binding
element in target promoters was increased during the dif-
ferentiation of adipocytes [33]. They demonstrated that phos-
phorylation or dephosphorylation of Sp1 determined the
binding affinity of Sp1 during adipocyte differentiation. In

this study, we showed that the binding ability of Sp1 to the
Sp1 binding site (−420G) of the resistin gene was increased
after adipocyte differentiation. The increase of Sp1 binding
affinity was not observed by overexpression of PPARγ,
SREBP or C/EBPα, which are major transcription factors
involved in adipocyte differentiation. Therefore, Sp1 binding
affinity might be determined by a complex process including
post-translational modifications during differentiation, rather
than directly by a specific transcription factor. Both human
and mouse resistin promoters contain several Sp1 binding
sites andmithramycinA, an inhibitor of Sp1 binding toDNAs,
significantly reduced expression of the resistin gene in
mouse adipocytes. Therefore, these results suggest that Sp1
is an important transcription factor in the regulation of
resistin expression in adipocytes; they also explain how the
level of resistin is regulated by one base change at −420 in
the promoter region in adipose tissues. Since Sp1 and Sp3
bindings were detected in nuclear extracts from THP-1
monocytes (Fig. 1b and data not shown), which are known
to be amajor cell type that expresses resistin in humans, Sp1
might be the regulatory factor in these cells as well.

Sp1 mediates the transcriptional regulation of several
genes by means of various external signals. Glucose regu-
lates the promoter activity of several genes via the Sp1 and
Sp1 binding sites [34, 35]. Glucocorticoids and insulin are
associated with the expression of some genes through the
Sp1 function [36]. The expression of resistin is regulated by
several factors, including glucose, insulin, dexamethasone
and thiazolidinediones [17]. Therefore, it would be inter-
esting to investigate whether Sp1 is involved in any tran-
scriptional regulation of the gene caused by these treatments.
In this study we tested whether Sp1 is involved in the reg-
ulation of resistin expression by glucose. In the presence of
mithramycin A, the effect of glucose on the mRNA and
protein levels of resistin was significantly reduced. Sp1 is
subjected to post-translational modifications such as gly-
cosylation and phosphorylation [22]. O-glycosylation of
Sp1 affects the nuclear localisation, stability and transcrip-
tional activity of Sp1 and phosphorylation regulates the
binding activity of Sp1 to the target sequence [22]. It has
been reported that hyperglycaemia increases glycosylation
of Sp1 and influences the transcriptional activity of Sp1
[37]. Since resistin expression is increased by hyperglycae-
mia in rodents, it will be important to find the mechanism by
which hyperglycaemia regulates resistin expression. Even
though this study did not demonstrate the mechanism by
which glucose affected resistin expression, our data suggest it
is possible that Sp1 has a function in the regulation of resistin
expression by hyperglycaemia.

In conclusion, the G/C variations at −420 of the resistin
gene are critical for the binding of Sp1, and modulate the
transcriptional activity of the resistin gene by changing the
binding ability for Sp1. In addition, Sp1 may be an im-
portant factor in regulating transcription of the resistin gene
and in mediating the effect of glucose levels.
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