


(Figure 5B). These results directly confirmed that both
AhR-binding site and GAS/ISRE are necessary but not
independently sufficient for glucose-mediated activation of
the THBS1 promoter in HASMCs. Our results demonstrate
that in HASMCs, a cooperative association between proximal
and distal binding elements mediates transcriptional upregu-
lation of THBS1 promoter by glucose, whereas such interac-
tion is not present or required in ECs.

Discussion
The present study describes a novel cell type–specific mech-
anism of transcriptional regulation of TSP-1 in vascular cells
in response to glucose. We report here that unlike our recently
identified short promoter region (�280/�66) responsible for
the increased THBS1 transcription in ECs, a longer promoter
fragment (�1270/�66) is required for THBS1 regulation in
HASMCs, as was described for specialized pericytes and
mesangial cells.27 Interestingly, glucose responsiveness in
ECs was in fact inhibited by the distal fragment of the
promoter,10 suggesting the presence of an inhibitory element
in this region, which is not active in either VSMCs or
mesangial cells.27 The longer promoter region, �1270/�66,
responsible for the increased THBS1 transcription in
HASMCs contained distinctly different binding elements, as
identified by MatInspector, located in the distal end of the
promoter. These binding elements had no similarity to those
in the EC-specific THBS1 promoter fragment, �280/�66,
maximally responsive to glucose. Both regions of the promoter
containing the GREs were strikingly conserved between species,
both the sequence and the binding sites for TFs.

Similar to ECs,10 AhR was required for transcriptional
upregulation of TSP-1 by high glucose in HASMCs, demon-
strated by both decoy experiments and analysis of the activity
of the longer fragment (�1270/�66) with mutated AhR-
binding site at �272. However, our data clearly reveal the
requirement for a distal GRE that includes the GAS/ISRE
binding IRF-1, which is essential for THBS1 transcriptional
activation by glucose in VSMCs. The specific role of AhR
and GAS/ISRE in THBS1 promoter activation was initially
established by promoter analysis studies. Such studies re-
vealed the predicted GAS/ISRE within the long promoter
region (�1270/�66) responsive to glucose in HASMCs. The
activation of AhR and GAS/ISRE-binding protein(s) was

detected by a targeted proteomic approach and confirmed by
EMSA. Furthermore, GAS/ISRE- and AhR-binding decoy
oligonucleotide (but not the corresponding mismatched oligo-
nucleotides) completely abolished the glucose-induced acti-
vation of the �1270/�66 THBS1 promoter fragment in
HASMCs. Additionally, the role of the distant GRE, GAS/
ISRE, was confirmed using the �1270/�66 THBS1 promoter
construct with substitutions in the core-sequence of the
IRF-1–binding motif (�1016), IRF-1 being one of the TFs
known to bind to the GAS/ISRE. Although the GAS/ISRE
mutant promoter fragment contained an intact AhR-binding
motif, it could not be activated by high glucose in VSMCs,
suggesting a cooperative interaction between AhR- and GAS/
ISRE-binding TFs that is specific to VSMCs. Thus, our data
clearly demonstrate that, unlike in ECs,10 high glucose
activates the GAS/ISRE-binding protein(s), in addition to
AhR, in HASMCs and formation of a single complex be-
tween AhR- and GAS/ISRE-binding protein(s) controls the
expression of TSP-1 in glucose-stimulated HASMCs.

Intracellular metabolism of glucose initiates several signal-
ing pathways regulating gene expression in response to
hyperglycemia.28,29 One of the pathways implicated in gene
regulation in response to hyperglycemia is the hexosamine
pathway, which produces intermediates for protein glycosyl-
ation. Many intracellular proteins, including proteases, sig-
naling molecules, and TFs are modified by addition of
O-GlcNAc and other sugar moieties, and such modification
regulates the activity of these proteins.30,31 We previously
reported that activation of the hexosamine pathway and
subsequent protein glycosylation mediate TSP-1 upregulation
by glucose in VSMCs.25 Recently, we reported a similar
mechanism of THBS1 transcriptional activation in ECs.10 The
present study clearly reveals that both ECs and VSMCs share
a common signaling pathway that mediates upregulation of
TSP-1 gene expression in response to glucose. Our results
demonstrate that glycosylation of a TF(s) via generation of
GlcNAc resulting from activation of the hexosamine pathway
is the underlying mechanism for the glucose-mediated in-
crease in THBS1 transcription in VSMCs. We have shown
that glucose-induced activation of TFs binding to either
proximal (AhR, AP-2) or distal (PPAR�, GAS/ISRE-binding
proteins) THBS1 promoter fragments, or activation of the
transcriptional complex depends on glycosylation and at least

Figure 5. Glucose-mediated activation of
�1270/�66 p THBS1 promoter in
HASMCs is blocked by AhR- and GAS/
ISRE-binding decoy oligomers, as well as
mutations in AhR- and GAS/ISRE-binding
sites. HASMCs were cotransfected with
�1270/�66 THBS1 or pGL3 together with
AhR- or GAS/ISRE-binding decoy or mis-
matched mutant oligomer (A) or trans-
fected with wild-type, AhR-speci�c, or
GAS/ISRE mutant �1270/�66 THBS1
promoter fragments or pGL3 (B). Cells
were then treated with glucose, and lucif-
erase activity was measured as in Figure
1A. Open bars indicate decoy; closed
bars, mutant oligomers; n�3 to 4.
*P�0.05 vs corresponding decoy (A) or
5 mmol/L glucose (B).
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1 of the proteins in the complex is glycosylated as demon-
strated using RL2 antibody.

Regulation of gene transcription in response to extracellu-
lar and intracellular stimuli involves combinatorial interac-
tions between several TFs, allowing for a cell-specific re-
sponse to multiple conditions in the environment. This is
largely dependent on the promoter structure and availability
of binding elements in each specific cell type, as well as cell
type–specific patterns of activation of transcriptional activa-
tors, cofactors, enhancers, and suppressors. In this work, we
identified a HASMC-specific distinct group of TFs forming a
complex on the THBS1 promoter in response to glucose;
several common proteins were identified in complex with
either AhR or IRF-1, as detected by TF-TF interaction studies
and confirmed by chromatin immunoprecipitation, as well as
supershift experiments with the corresponding antibodies.
These include AhR, GAS/ISRE-binding protein IRF-1,
PPAR�, and USF1/2. This complex is distinctly different
from that associating with the shorter glucose-responsive
fragment of the promoter (�280/�66) in ECs, where putative
binding sites for all TFs in the complex were in close
proximity to the AhR-binding site. In contrast, we demon-
strate that the proteins forming a complex on the THBS1
promoter in HASMCs include TFs with GREs located in both
the proximal (AhR) and distant segments (GAS/ISRE,
PPAR�) of the promoter. Of these, the nuclear proteins that
were consistently activated (�2.5-fold) by high glucose in
HASMCs were AhR, AP-2, GAS/ISRE-binding proteins,
IRF-1, and PPAR�. Although a glucose-mediated activation
of Oct-1 and USF was previously reported in both ECs and
VSMCs,32–36 our array experiments failed to detect a direct
activation of these TFs. However, as revealed by immuno-
precipitation and TF-TF interaction array, Oct-1 and USF
were identified in the complex formed on the THBS1 pro-
moter, in association with both AhR and IRF-1, suggesting a
potential role of these proteins as coactivators required for
THBS1 transcriptional activation. On the other hand, Egr-1
was detected in complex with only AhR, suggesting that it is
not part of the transcriptional complex formed in response to
glucose. However, an association of these proteins with the
transcriptional complex suggests that even in the absence of
additional activation of a TF by glucose, the basal levels of
the active protein may contribute to the transcriptional regu-
lation through association with a newly activated protein(s).

The combination of multiple complementary methods
demonstrated that the activation of TFs in response to glucose
is cell-specific, and the complexes formed by the TFs are also
cell type–specific. In HASMCs, the activation of proteins
binding to the 2 GREs (proximal AhR-binding element and
distal IRF-1–binding element) is necessary to activate the
THBS1 promoter. Evidence for the need of both elements and
formation of a single protein complex providing the interaction
between the elements was obtained from the mutant promoter
activity assays (both deletions and element mutations in the
context of the full promoter), decoy oligonucleotide transfec-
tions, immunoprecipitations of protein complexes and chroma-
tin, and EMSA (summarized in supplemental Table V).

Taken together, results of the present study provide evi-
dence for the cell type–specific differential regulation of

THBS1 transcription in response to glucose. In VSMCs, such
regulation is sustained by a bipartite promoter and a func-
tional interaction between proximal and distal binding ele-
ments of the promoter, capable of binding other cooperating
TFs, mediate the glucose-induced activation of TSP-1 tran-
scription. Such cell type–specific mechanisms of cooperativ-
ity between AhR- and GAS/ISRE-dependent transcriptional
machinery may provide a molecular basis for the altered
tissue-specific patterns of endothelial dysfunction and SMC
activation in diabetes. Differential cell type–specific mecha-
nisms of gene regulation by high glucose provide novel
mechanistic insights into the tissue-specific response to high
glucose.
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Methods 

Cell culture 

Primary HASMC isolates, kindly provided by Dr. Donald Jacobsen and Dr. Edward F. Plow 

(Cleveland Clinic, Cleveland, OH) were grown to confluence in DMEM/F12 medium with 10% 

FBS.  Cells with passage numbers between 4 and 16 were used in all experiments.  Stimulation of 

HASMC with high glucose was done as described previously
1, 2

.  In some experiments HASMC 

were preincubated with 40 mol/L DON, a GFAT-specific inhibitor known to inhibit the 

hexosamine pathway of intracellular glucose metabolism, as described earlier.
2
 

 

Promoter reporter constructs 

The different fragments of the THBS1 promoter used in this study were generated by PCR.  The 

fragments -1270/+66 bpTHBS1 and -280/+66 bpTHBS1 were generated from -2033/+66 

bpTHBS1 (a kind gift from Dr. Paul Bornstein, University of Washington, Seattle) by PCR and 

then subsequently cloned into basic pGL3 (Promega).  The primer sequences used for generation 

of the -280/+66 bpTHBS1 were as previously described in 
3
.  The following primer sequences 

were used to generate -1270/+66 bpTHBS1: 5’- CTTCTACCTATGCCCTGGCCTCGGA  and  

5’- GGTTGCTCCTGGAGAGCGACAGGAG.  Site-directed mutagenesis was introduced in the 

AhR and IRF1 binding sites of the -1270/+66 bp THBS1 promoter fragment using QuikChange 

Site-directed mutagenesis kit (Stratagene, La Jolla, CA), according to manufacturer’s instructions.  

Core sequences of the THBS1-specific AhR and GAS/ISRE binding elements with nucleotide 

substitutions in bold were as follows: 

AhR-mutant 5’-CGGCAG- 3’ 

Wild-type 5’-CGCGTG- 3’ 

GAS/ISRE element-mutant 5’-ATGCGC- 3’ 

Wild-type 5’-ATGAAA- 3’ 

The primer sequences used to generate the mutants were as follows:  
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AhR-mutant- forward: 5’ CACCCCGAGCCCGGCAGGCGCAAGAGTACGAGCGCCGAG; 

reverse: 5’ CTCGGCGCTCGTACTCTTGCGCCTGCCGGGGCTCGGGGTG;  

GAS/ISRE element mutant- forward: 

5’GGAGCCGAAAAATGCGCAGAACGTTTAGGGAGGAAAAAG; reverse: 

5’CTTTTTCCTCCCTAAACGTTCTGCGCATTTTTCGGCTCC 

The mutants were designed based on the decoy oligonucleotide experiment: several 

oligonucleotides with mutations in the AhR-binding site as well as the GAS/ISRE-binding 

element were tested in co-transfection experiments to identify the ones that did not prevent 

activation of -1270/+66 THBS1 promoter fragment by high glucose. 

 

Antibodies used 

Anti-AhR was purchased from Novus Biologicals (Littleton, CO) and Abcam (Cambridge, MA).  

RL2 was from Abcam (Cambridge, MA); anti-IRF1, anti-USF1/2 and anti-PPAR-  were obtained 

from Santa Cruz (Santa Cruz, CA); anti-luciferase antibody was purchased from Promega 

(Madison, WI). 

 

Analysis of the binding sites for transcription factors in the -1270/+66 bpTHBS1 promoter 

region responsive to glucose 

The sequence of THBS1 was analyzed using MatInspector 7.4.3 (Genomatix, 

www.genomatix.de).  This program uses matrices and algorithms described in.
4
  

 

Analysis of Activation of Transcription Factors and formation of Transcription Factor 

complexes 

Nuclear extracts isolated from either control (5 mmol/L glucose) or 30 mmol/L glucose-

stimulated HASMC were used in these experiments.  Analysis of activation of Transcription 

Factors in glucose-stimulated HASMCs was performed using TranSignal Protein/DNA Combo 
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Array (Panomics, Fremont, CA)) according to the manufacturer’s instructions.  Analysis of 

Transcription Factor complexes formed on the THBS1 promoter as well as interactions with other 

Transcription Factors with putative binding sites on the THBS1 promoter was performed using 

Transcription Factor-Transcription Factor interaction arrays I and II (Panomics, Fremont, CA) 

according to manufacturer’s protocol.  For these experiments, nuclear extracts were obtained 

from either control or 30 mmol/L glucose-stimulated HASMC, preincubated in the absence or 

presence of the GFAT-specific inhibitor, 40 mol/L DON (Glucose + DON).  Quantification of 

signals was done using Photoshop (Adobe, San Jose, CA). Every experiment was performed three 

times with three different cultures of cells. 

Chromatin immunoprecipitation 

Chromatin precipitations were performed using Chip-IT kit (Active Motif) according to the 

manufacturer’s description of the procedure. To monitor the quality of the chromatin, the Control 

Kit (Active Motif) containing control positive and negative antibody and primers was used. Anti-

AhR, anti-IRF-1 and anti-luciferase antibodies were used for immunoprecipitations, and the 

precipitated DNA of the glucose response elements was amplified using primers 

5’CCCTCCTAGGTGGTCTCCCCAGCCCCGTCCCTTTTCG and 5’ 

CCAGCTAGAAAGTGAAGGGGGCGGGGGTCGGGGCTTGGG (proximal) and 

5’CAATGACAGAAGCACTAGGCAGCGGCACTCATGGC and 

5’GGAGAATTTGCAGAACCATCTGGCTCCAGAGTCTTCAGC (distal).  

Electrophoretic Mobility Shift Assay (EMSA) 

Non-radioactive EMSA was performed using an EMSA kit (Panomics, Fremont, CA) according 

to manufacturer’s protocol.  Briefly, nuclear extracts were prepared from either control (5 

mmol/L glucose) or 30 mmol/L glucose-stimulated (24h) HASMC using nuclear extraction kit 

from Panomics (Fermont, CA), according to manufacturer’s instructions.  5-10 g of nuclear 

extracts were incubated at room temperature for 30 min with biotinylated oligonucleotides 

containing THBS1-putative AhR (5’- AGCCCGCGTGGCGCA-3’) and GAS/ISRE element (5’- 
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GAAAAATGAAAAGAAC-3’) binding motifs.    In addition, binding was also tested with 

consensusoligonucleotide probes for GAS/ISRE and AhR provided by the manufacturer.  The 

samples were then electrophoretically separated (120V, 45min-1h) in a 6% polyacrylamide gel 

and blotted (300 mA, 30-45 min) on a GeneScreeen Plus nylon membrane (Perkin-Elmer, 

Waltham, MA).  Chemiluminescence was visualized using Kodak BioMax MR film exposed for 

1-15 min.  EMSA supershift assays were performed by incubation of the glucose-stimulated 

nuclear extracts with 1 g of different antibodies (anti-AhR, anti-IRF1, anti-USF1, anti-USF2, 

anti-PPAR- , anti-luciferase or RL2) for 30 min on ice prior to the addition of the biotin-end-

labeled oligonucleotide probe.  The samples were then treated as described above.   

 

AhR- and GAS/ISRE -binding decoy and mutant oligomers 

 Sense and antisense strands of AhR and GAS/ISRE-binding decoy and corresponding 

mismatched mutant oligonucleotides were designed based on their THBS1 putative binding 

element sequences and were obtained from Invitrogen.  Sequences were as follows:  

AhR-mutant S 5’-AGCCCGGCAGGCGCA-3’ 

AhR-decoy S 5’-AGCCCGCGTGGCGCA-3’ 

GAS/ISRE binding oligo-mutant S 5’-AAAAATGCCAAGAAC-3’ 

GAS/ISRE binding oligo-decoy S 5’-AAAAATGAAAAGAAC-3’ 

 

Annealing, cell transfection and luciferase reporter assay 

Sense and antisense strands of oligonucleotides were annealed by heating at 95
o
C for 5 minutes 

followed by a steady temperature descent to 25
o
C.  HASMC were plated in 24-well clusters 

(Costar) (0.3 x 10
6
 cells/well) in 10% FBS, DMEM/F12 media.  Upon 70-80% confluency, cells 

were cotransfected with either the decoy or mutant oligonucleotides together with the -1270/+66 

THBS1 promoter fragment or pGL3vector control.  In a separate series of experiments, HASMC 

were transfected with either pGL3 vector control, wild-type -1270/+66 bp THBS1 or THBS1 



 6 

promoter fragments with mutated AhR or GAS/ISRE element specific binding sites.  The 

transfection procedure was carried out using Lipofectin Reagent (Invitrogen), according to the 

manufacturer’s instructions.  6h post-transfection, the plasmid DNA-containing medium was 

changed to low glucose (5 mmol/L), 0.2% FBS containing DMEM and the transfected cells were 

further incubated with or without 30 mmol/L glucose.  After 42h of incubation, cell extracts were 

assayed for luciferase activity using a luciferase assay kit (Promega).  Protein concentrations in 

cell lysates were analyzed using the BCA protein assay reagent (Pierce), and the activity of 

luciferase was normalized to total protein concentration in lysates. 
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Statistical Analysis   

All data are presented as mean values ± S.E.M. (n = 3-5 independent experiments).  P values 

were determined by t-test using Microsoft Excel.  P values  0.05 were considered statistically 

significant. The experiments were performed at least three times. 
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Supplemental Figure Legends 

Supplemental Figure I. Promoters of Homo sapiens, Bos taurus and Mus musculus were 

compared using MatInspector 7.4.3 to reveal a conservation of binding elements in the distal and 

the proximal glucose response elements (A) and the conservation of the sequences in these 

regions of promoters (B).  

Supplemental Figure II. EMSA was performed with THBS1-AhR or THBS1-GAS-ISRE probe 

without antibodies or with addition of antibodies as described in Methods and legends for Fig.2 

and 4. 
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Supplemental Figure I. 

A 

B 
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Supplemental Figure II. 



Supplemental Table I. Cell-type-specific activation of transcription factors by high glucose in human aortic smooth 

muscle cells  (SMC) and human aortic endothelial cells (EC). Three sets of arrays were used for each cell line with nuclear 

extracts from cultured cells of three separate isolates of primary cells. The probes with statistically significant (p<0.05) 

increase or decrease of  2 fold are shown in the table. Cell-type-specific increase is highlighted in grey and in bold, cell-

type-specific decrease is highlighted in grey. Values for AhR, GAS/ISRE and IRF-1 and PPAR probes are highlighted in 

yellow. 

Fold change vs. Control (5mM 
glucose) Transcription factor, probe 

(Protein/DNA array, Panomics) 
SMC EC 

CD28RC(1) 7.88 ± 1.9 .92 ± .05 

AhR/Arnt 6.71 ± 1.3 6.92 ± 2.2 

GAS/ISRE 6.14 ± 1.1 1.23 ± .07 

CEF1 5.85 ± 1.5 1.26 ± .13 

Pit 1 5.6 ± 1.5 1.09 ± .19 

Pbx1 5.2 ± .94 2.2 ± .7 

Tax/CREB 5.17 ± 1.2 1.23 ± .28 

CSBP 4.92 ± 1.2 1.67 ± .54 

Sp1 4.32 ± 1.6 2.28 ± .73 

GATA-1 4.23 ± 1.07 1.86 ± .48 

MyT1 4.03 ± 1.8 1.24 ±.36 

p53(2) 3.81 ±1.6 .54 ±.12 

HSE 3.81 ± 1.5 1.1 ± .1 

T3R 3.7 ± .28 1.35 ± .19 

AREB6 3.67 ± .98 1.26 ± .25 

PPARa 3.64 ± 1 1.05 ± .16 

Stat6 3.4 ± .43 2.05 ± .57 

ISRE (J7) 3.38 ± .76 1.64 ±.54 

AP1 3.36 ± 0.87 2.64 ± .79 

GATA 3.22 ± .86 1.77 ± .49 

PPAR 3.14 ±1.06 1 ± .13 



ARP 3.14 ± 1.5 .92 ± .07 

SRY 3.12 ± 1.6 .93 ± .26 

IRF-1, IRF-2 3.08 ± .67 1.5 ± .48 

AP2 (B16) 3.07 ± .62 1.79 ± .46 

Pur-1 3.06 ± 1.4 1.15 ± .33 

TFEB 2.92 ± 1.1 .65 ± .07 

M-globin factor 2.88 ± 1.6 .56 ± .16 

HOXD8(1) 2.87 ± 1.1 2.53 ± .6 

RAR(DR-5) 2.87 ± .93 1.68 ± .43 

HFH-8 2.83 ± .44 1.34 ± .11 

CTEF-CRE 2.77 ± .65 1.1 ± .09 

TIF1 2.69 ± .95 1.09 ± .22 

COUP-TF 2.65 ± .73 2.08 ± .64 

N-ras BP 2.63 ± 1.3 1.12 ± .14 

Freac-2 2.63 ± .27 1.9 ± .52 

MTF(1) 2.5 ± 1.06 1.05 ± .2 

GATA-3 2.49 ± .83 1.46 ± .33 

myc-PRF 2.48 ± 1.3 .67 ± .14 

ADR1 2.48 ± .78 2.44 ± .79 

CCAC 2.47 ± .35 .97 ± .01 

LF-A2 2.44 ± 1.2 .67 ± .13 

TR 2.44 ± .23 1.44 ± .43 

Beta-RE 2.43 ± 1.1 2.41 ± .74 

AML1 2.42 ± .67 1.1 ± .07 

TREF1_2 2.37 ± .76 1.41 ± .6 



E4BP4 2.37 ± .49 2.34 ± .88 

HNF-4 2.36 ± .74 1.08 ±.15 

alpha-PAL 2.33 ± .33 1.38 ± .34 

ATC-adelta 2.32 ± 1.04 .86 ± .12 

Skn 2.3 ± .96 .75 ± .08 

PPARr 2.3 ± .03 0.91 ± .1 

ATC/CRE 2.27 ± .25 .96 ± .2 

CD28RC(2) 2.27 ± .14 1.71 ± .58 

C/EBPa(1) 2.26 ± .64 .62 ± .11 

GATA-2 2.25 ± .97 2.2 ± .61 

GRE 2.25 ± .75 1.11 ± .02 

Brn-3 2.23 ± .85 1.39 ± .17 

WT1(2) 2.23 ± .79 .86 ± .02 

Elk1 2.2 ± .35 1.46 ± .38 

ISRE (K7) 2.19 ± .98 2.07 ± .74 

TR(DR-4) 2.13 ± .48 1.04 ± .04 

IRF-1 2.1 ± .88 1.04 ± .07 

Freac-7 2.08 ± .04 1.09 ± .08 

ANG-IRE 2.06 ± .22 1.71 ± .16 

NFIL-2 2.04 ± 1.15 .66 ± .11 

SRE 2.04 ± .38 1.37 ± .19 

WT1(1) 2.03 ± 1.1 .75 ± .10 

CBFB 2.02 ± .37 .81 ± .15 

HOXD8(2) 2.02 ± .17 1.22 ± .15 

Pax2/5/8 2 ± .91 1.54 ± .36 



GAS 2 ± .35 1.25 ± .28 

E4F, ATF 1.87 ± .43 2.99 ± 1.04 

MHC W box 1.66 ± .16 2.04 ± .23 

E47 1.61 ± .45 2.36 ± .68 

MRE 1.51 ± .12 2.41 ± .69 

HFH-1 1.49 ± .39 2.43 ± 1.07 

AAF 1.48 ± .11 2.21 ± 1.53 

USF-1 1.43 ± .21 3.3 ± 1.4 

Stat3 1.38 ± .25 2.21 ± .65 

NFkB 1.35 ± .41 2.48 ± .51 

EVI-1 1.35 ± .18 2.22 ± .93 

AP2 (B1) 1.33 ± .14 3.55 ± 1.2 

TEF1 1.31 ± .07 .46 ± .07 

Antioxidant RE 1.3 ± .3 2.66 ± .82 

EGR 1.3 ± .15 2.42 ± .94 

RXR(DR-1) 1.29 ± .1 2.17 ± 1 

KKLF 1.18 ± .35 2.41 ± .98 

pax-6 1.17 ± .56 .50 ± .08 

SIE 1.16 ± .12 2.18 ± .86 

GATA-1/2 1.16 ± .03 2.17 ± .62 

c-fos BP .81 ± .15 .5 ± .14 

PEBP .70 ± .28 2.19 ± 1.2 

L-III BP .68 ± .11 2.95 ± 1.0 

LyF (1) .5 ± .19 .99 ± .13 

PBGD BP .5 ± .12 .76 ± .08 



 

TCE .49 ±.24 1.31 ± .34 

TFE3 .49 ± .27 1.57 ± .81 

MZF1 (2) .48 ± .11 .77 ± .12 

HOXD8 9 10 .47 ± .14 1.59 ± .45 

p53 .41 ± .06 1.21 ± .15 

LF-A1 .39 ± .20 .91 ± .1 

LR1 .34 ± .07 .94 ± .1 

NFkB (2) .33 ± .11 .44 ± .09 

NFkB (2) .33 ± .11 .44 ± .09 



Supplemental Table II. Transcription factors forming a complex with IRF-1 in response to glucose. Three sets of 

arrays were used with nuclear extracts from cultured cells of three separate isolates of primary cells. The probes with

binding that demonstrated statistically significant (p<0.05) increase of  2 fold as compared to effect of 5 mM glucose

and at least >1.5 fold higher than the increase in precipitation with non-immune IgG are shown in the table. 

 

 

 

Probes, TF/TF array 
Anti-IRF-1 antibody, 

Glc/Cont 
Non-immune IgG, 

Glc/Cont 

DR3 1037 ± 76 1 ± 0.01 

Pax6 70.9 ± 5.61 1 ± .19 

AhR/Arnt 33.43 ± 1.61 7.38 ± .38 

AP2(2) 31.35 ±3.15 8.93 ± 0 

MEF2 30.97 ± 6.61 1.28 ± .18 

GAS/ISRE 26 ± 1.3 5.24 ±.74 

ISRE1 19.9 ± 0.01 1 ± 0.01 

MEF1 11.62 ± .62 5.41 ± 1.28 

C-Myb 9.47 ± 3.44 1.12 ±.03 

GAS 7.74 ± 1.98 1.27 ± 0.01 

CEF2 7.12 ± .46 .47 ± .05 

OCT 7.16 ± 3.3 1.06 ± .22 

NZF-3 7.15 ± 0.01 1 ± 0.01 

AP1(2) 5.38 ± .08 2.2 ± .5 

USF1 5.17 ± 2.42 1.05 ± .03 

MT-Box 4.9 ± 1.25 .35 ± .05 

MSP-1 4.43 ± 0.01 0.86 ± 0.01 

TR-DR4 3.98 ± 1.27 .0014 ± .0013 

ERE 3.56 ± .98 .41 ± .05 

PPAR 2.71 ± .06 1.64 ± .14 



Pax8 2.66 ± 0.01 1 ± 0.01 

NF-E1 2.6 ± .36 1.65 ± .24 

Sp1 2.57 ± .23 1.45 ± .06 

GATA-1 2.47 ± .10 .04 ± .65 

HBS+HAS 2.45 ± .28 0 ± 0.01 

Rreb(2) 2.17 ± .2 0.94 ± 0.01 

L-III BP 2.15 ± .25 0.07 ± 0.01 

 



Supplemental Table III. Inhibitor of GFAT prevents the formation of complexes between IRF-1 and nine other 

transcription factors, including proteins binding to the proximal (detected by hybridization of DNA probes AhR, 
USF, and AP-2) and distal (detected by hybridization of DNA probes GAS-ISRE, PPAR) glucose response 

elements in THBS1 promoter. Immunoprecipitation of complexes from nuclear extracts from SMC stimulated with 30 
mM glucose, with or without DON pre-treatment, followed by TF/TF array (Panomics) to detect labeled probes 
associated with active transcription factors. Mean values, n=3, p < 0.05. 

 

Probe, TF/TF array Glc 30mM/Glc 5mM Glc 30mM + Don/Glc 5mM 

MEF-1 29.35 ± 4.14 1 ± 0.01 

MEF2 14.86 ± 3.26 1 ± 0.01 

AhR/Arnt 12.26 ± 3.36 .87 ± .13 

USF1 9.21 ± 4.28 .52 ± .27 

AP-2(2) 4 ± .79 1.99 ± .81 

NF-E1 2.64 ± .2 .66 ± .25 

GAS/ISRE 2.46 ± .16 1.32 ± .27 

PPAR 2.24 ± .47 .68 ± .02 

CEF2 2.03 ± .84 .96 ± .05 



Supplemental Table IV. Transcription factors forming a complex with AhR in response to glucose. The probes with 

binding that demonstrated increase of  2 fold as compared to the effect of 5 mM glucose are shown in the table. Probes 

for TFs co-precipitated with IRF-1 are highlighted in yellow. Bold – binding prevented by GFAT inhibitor DON. 

Probe, TF/TF array Glc 30mM/Glc 5mM Glc 30mM + Don/Glc 5mM 

CREB-BP1 3.72 ± 1.2 2.07 ± .22 

E47 31.2 ± 5.88 0.11 ± .06 

MT-BOX 2.12 ± .34 .85 ± .08 

DR3 7.77 ± .51 0.17 ± 0.05 

USF-1 56.68 ± 1.63 1 ± 0 

TR(DR-4) 32.16 ± 4.13 1 ± 0 

TR 10.34 ± 0.76 .47 ± 0 

RAR(DR5) 53.84 ± 3.9 .175 ± .14 

PRE 9.22 ±  5.67 .105 ± .35 

PPAR 3.1 ± 0.06 1.42 ±  0.04 

Oct-1 68.44  ±  3.03 1 ± 0 

CEF2 6.4 ±  2.89 0.17 ± .03 

GAS/ISRE 103.7 ± 18.84 7.44 ±  3.31 

AP-2(2) 35.5 ± 35.8 3.87 ±  3.9 

AP-2(1) 38.96 ± 10.83 35.70 ± 23.63 



 

 

 

 

 

 

 

 

 

Supplemental Table V. Summary of the cell-type-dependent activation/complex formation in response to 

high glucose. + = activated or in complex; - = not activated or not in complex. The source of positive 

information: A = array; E = EMSA; C = ChIP. Both the data presented in this manuscript and the data reported 

earlier in Dabir et al. (Circ Res 2008) were used for the table. 

Activation by 

Glc 

In AhR complex In IRF-1 complex Transcription 

factor 

SMC EC SMC EC SMC EC 

GFAT-

dependent 

activation 

or 

interaction 

AhR +  A +  A +  AEC +  AEC +  AEC + AEC + 

AP-2 +  A +  AEC +  A +  AE +  A nd + 

Egr-1 - +  A +  A +  AE - nd - 

USF ±  A +  AG +  AE +  AE + AE nd + 

Pax-5 ±  A ±  A - +  A  nd nd 

IRF-1 +  A - +  AEC - +  AEC nd + 

Oct-1 - - +  A - + A nd + 

PPAR  +  A - +  AE - + AE nd + 


