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Abstract

Diabetes mellitusis frequently associated with coagulation disorders such as coronary heart
disease or stroke.  We aimed to clarify the molecular mechanism whereby hyperglycemia
causes the procoagulant state.  The HuH7 human hepatocyte cells were treated with high
glucose alone, or in combination with proinflammatory cytokines, and the effects on the activity
of the transcription factor NF-xB, which mediates the expression of acute phase and
coagulation-related genes, were examined.  The results showed that increasing the medium
glucose concentration from 3 to 24 mM significantly enhanced the NF-xB-luciferase activity by
~40% in the presence of insulin.  The effect was promoter-specific, and was not mimicked by
comparable hyperosmoldity with L-glucose.  Proinflammatory cytokines such asinterleukin-1
and TNF-a also stimulated NF-xB-dependent transcription, and showed an additive effect with
high glucose. Similar effects were obtained on acute phase or coagulation/fibrinolysis-related
gene promoters such asfibrinogen or PAI-1, all of which are shown to have NF-xB-mediated
transcription.  Finaly, pretreatment of the cells with an antioxidant PDTC completely
abolished the effect of high glucose, and markedly attenuated that of TNF-«, suggesting the
involvement of reactive oxygen species. These results suggest that 1) high glucose aswell as
proinflammatory cytokines have positive effects on NF-xB-mediated transcription in an
additive manner, and enhance coagulation-related gene expression, and 2) the effects are
mediated, at least partly, by the generation of oxidative stress, and may be responsible for the
high prevalence of thrombotic disordersin the metabolic syndrome with diabetes,

hyperinsulinemia, obesity and/or inflammation.
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1. Introduction

Itiswell known that long-term hyperglycemia causes diabetes-specific microvascul ar
complications, i.e. retinopathy, nephropathy and neuropathy. In addition, patients with
uncontrolled diabetes mellitus sometimes suffer from thrombotic disorders like coronary or
cerebrovascular obstruction, which may occur with mild or even postprandial hyperglycemia
(Ceriello, 2000; Bonora, 2002; Haheim, Holme, Hjermann, & Leren, 1995). Indeed,
enhanced coagulation and/or impaired fibrinolysis are reported to accompany patients with
hyperglycemia (Bruno et al., 1996; Festa et al., 1999), and large population studies suggest
the relationship between postprandial hyperglycemia and cardiovascular risk (Hanefeld et al.,
1996; Tominaga et a., 1999; The DECODE study group, 1999; Hanefeld et al., 2000).

Other risk factors such as hyperinsulinemia, obesity, and high cytokine levels in the metabolic
syndrome may also contribute, to some extent, to the hypercoagulability. However, the
precise molecular mechanisms regarding how individual risk factors are integrated and are
eventually causative to the thrombotic disorders remain unresolved.

In this study, we focused on the effect of each risk factor, especially high glucose, on the
nuclear factor kappa-B (NF-xB)-dependent transcription, using the human hepatocyte cell line
invitro. NF-xB isatranscription factor which is known to play a pivotal rolein mediating
the gene expression of acute phase proteins such as C-reactive protein (CRP) or serum
amyloid protein A (SAA), or avariety of inflammation/coagul ation-related genes such as
fibrinogen or plasminogen activator inhibitor-1 (PAl-1) in the liver (Lavrovsky et al., 2000).
Thus, we hypothesize that high glucose by itself activates the transcriptional activity of NF-
Kk B-dependent genesin the liver, which causes the overproduction of the

proinflammatory/procoagulant proteins.

2. Materialsand Methods

2.1. Cell culture and transfection

HuH7, a human hepatoma cell line, or HUH7NF, a subclone of the HUH7 cell linein
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which the pNF-xB-Luc reporter plasmid containing 5 tandem repeats of NF-xB binding sites
(Stratagene, La Jolla, CA) was stably incorporated, were used inthisstudy. The
characteristics of the latter cell line were previousdly described (Iwasaki et al., 2004). Cells
were maintained in a T culture flask with DMEM (high glucose; Invitrogen, Carlsbad, CA)
supplemented with 10% FBS (Invitrogen) and antibiotics (50 U/ml penicillin and 50 ug/ml
streptomycin; Invitrogen) under a 5% CO,-95% air atmosphere at 37°C.  Culture medium
was changed twice aweek, and the cells were subcultured once aweek. In some
experiments (Figs. 4 and 7), HUH7 cells were transfected transiently with RSV-LTR-, human
fibrinogen 5’ -promoter (=1 kb)-, or human plasminogen activator inhibitor-1 (PAI-1) 5'-
promoter (=0.7 kb)-luciferase fusion genes, by a lipofection method using a commercialy
available reagent [FuGene 6, Roche Diagnostics, Penzberg, Germany; Reagent (ul): DNA

amount (ug)=2:1].

2.2. Experiments

The HUH7NF (or HUH7) cells were plated with =50% confluency and cultured in DMEM
(high glucose) supplemented with 1% FBSin 24-well plates. After 48 h, the culture medium
was changed to DMEM containing 1% FBS and 3 mM glucose, and then the cells were
cultured with different concentrations of glucose (3 to 24 mM) according to the experimental
protocol until the end of each experiment.  The culture medium was also supplied with
human insulin (1 nM; Sigma, St. Louis, MO) except one experiment (see the legend of Fig. 2).
In some experiments (Figs. 6 and 8), the cells were simultaneously incubated with human
interleukin-1p (IL-1f; PeproTech, Rocky Hill, NJ) or tumor necrosis factor-o (TNF-a;
PeproTech) for the defined timeinterval.

2.3. Assays

L uciferase assay was performed as previoudly described (Aoki et al., 1997), and light output
was measured for 20 sec at room temperature using aluminometer (Berthold Lumat LB9501,
Bad Wildbad, Germany). Protein assay was performed using acommercialy available kit
(BCA Protein Assay Kit, Pierce, , Rockford, IL).
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2.4. RT-PCR

Endogenous expression of the two major components of NF-xB (p65, p50), fibrinogen,
PAI-1, and insulin receptor were examined by RT-PCR using Superscript 11 (Invitrogen) and
Tag DNA polymerase (Takara, Kyoto, Japan). The primer sets used were as follows: sense,
5 -TCAATGGCTACACAGGACCA-3' and antisense, 5’ -CACTGTCACCTGGAAGCAGA-3' for p65;
sense, 5'-CACCTAGCTGCCAAAGAAGG-3' and antisense, 5 -AGGCTCAAAGTTCTCCACCA-3' for
p50; sense 5’ -GACAACTGCTGCATCTTAGATG-3 and antisense, 5'-
TCATGTGTTAAAATCGATGCTTC-3' for fibrinogen; sense, 5’ -CTTGTCTTTGGTGAAGGGTCT-3'
and antisense, 5’ -TGTGTCTTCACCCAGTCATTG-3' for PAI-1, and sense, 5'-
CCTTCAAGAGATGATTCAGATG-3' and antisense, 5’ -TGTTCATTAGACAGGCCTTGGT-3' for

insulin receptor.

2.5. Electromobility shift assay (EMSA)

EMSA was carried out using a commercialy available non-RI EM SA kit (LightShift
Chemiluminescent EMSA kit; Pierce). Briefly, cells were incubated with DMEM containing
3 mM glucose for 22 h, and then treated for 2 h with DMEM containing either 3 or 24 mM
glucosefor 2 h.  Nuclear extract was prepared using NE-PER nuclear and cytoplasmic
extraction kit (Pierce, Rockford, IL). The extract was then incubated for 6 h with the
double-stranded, 3'-end-biotinylated oligonucleotide probe (50 fmol) encompassing the
consensus NF-xB binding sequence (sense, 5’ -AGTTGAGGGGACTTTCCCAGGC-3' biotin;
antisense, 5’ -GCCTGGGAAAGTCCCCTCAACT-3' biotin), and the mixture was subjected to 4%
nondenaturing polyacrylamide gel (160V for 4 h). Finally, the biotinylated DNA was
transferred to a nylon membrane, cross-linked, and then the biotin-labeled DNA was detected

with digital imaging apparatus (LightCapture, ATTO, Japan).

2.6. Satistical analysis
Results are expressed as meant SEM of triplicate or quadruplicate dishes in each group.
The significance of difference between mean values was evaluated by one-way ANOVA

5



followed by Fisher's PLSD test.

3. Results

3.1. Expression of NF-xB subunits and inflammation/coagul ation-related proteinsin HUH7
human hepatoma cdll line

We firg analyzed the presence of each component of NF-xB aswell as hepatic
inflammation-/coagul ation-related proteins by RT-PCR.  Asshownin Fig. 1, we found PCR
products with the appropriate band size in all cases, indicating the endogenous expression of

mRNAs for the proteins examined.

3.2. High glucose concentration stimulates NF-xB-dependent transcription

We then examined the dose-response and time-course effects of the increase in the glucose
concentration of the culture medium on NF-xB-dependent transcription using HUH7NF cells.
Asshownin Fig. 2A, the increment in the glucose concentration for 6 h significantly
stimulated the NF-xB-luciferase activity in a dose-dependent manner. This was more
obvious when the cells were ssmultaneously treated with insulin (1 nM), and an
approximately 40% increase was observed with the increase in the glucose concentration from
3to24 mM. Theeffect seems not to be due to a difference in the cellular growth rate,
because cellular protein level was not influenced by the glucose concentration, insulin, or
|GF-I (used as a control) during the incubation period (Fig. 2B). A time-course experiment
showed that a significant rise was obtained as early as 3 h, and reached the maximal effect at
and after 6 h (Fig. 3). These results suggest that high glucose concentration per seisan
independent stimulus for NF-kxB-dependent transcription, and the effect is more obvious with

the presence of insulin.

3.3. Specificity of high glucose on NF-xB-dependent transcription
To confirm the specificity of the above findings, we examined the effect of L-glucose on

NF-xB-dependent transcription, and also the effect of D-glucose on RSV-LTR promoter. As



shown in Fig. 4, the effect of glucose (D-glucose) was not mimicked by equimolar
concentration of metabolically inactive L-glucose.  Furthermore, high concentration of
glucose (D-glucose) did not influence the RSV-luciferase activity. These results suggest that
the positive effect of high glucose is not a non-specific nutritional or osmogenic effect, but is

rather a promoter- and glucose-specific event.

3.4. High glucose enhances DNA binding of NF-xB

To seeif high glucose enhances the DNA binding of NF-xB, EMSA analysswas carried out
using canonical NF-xB binding sequences as probes. Asshown in Fig. 5, high glucose
treatment (24 mM for 2 h) clearly enhanced the protein binding to the probe, compared with the
control (3 mM for 2 h).

3.5. High glucose and proinflammatory cytokines have a combined effect on NF-xB-
dependent transcription

Itiswell known that proinflammatory cytokines stimulate the transcription of acute phase
protein and other hepatic inflammation-related proteins through NF-xB activation. We
therefore studied the effect of representative cytokines such asIL-13 or TNF-a aloneor in
combination with high glucose. Asshownin Fig. 6, both IL-1f (100 pM, 12 h) and TNF-a
(100 nM, 12 h) potently stimulated NF-xB-luciferase activity. Again, high glucose (24 mM)
with insulin (1 nM) alone caused a 40% increase, and additive effects were observed when
high glucose and either cytokine were simultaneously used. These results suggest that a
combination of the stimulants (cytokines, high glucose, high insulin) exerts cumulative effects

on the NF-xB-dependent transcription.

3.6. High glucose also stimulates the transcription of the genes encoding coagulation-related
proteins

The expression of fibrinogen and PAI-1, mgor regulatory proteinsfor coagulation, are
enhanced by inflammatory stimuli. We thus examined the effect of high glucose on the 5'-

promoter activity of the genes. Asshown in Fig. 7, the transcriptiona activity of both PAI-1
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and fibrinogen genes wasinvariably stimulated by 24 mM glucose. These data suggest that
high glucose concentration enhances the expression of hepatic proteinsinvolved in
coagulation/fibrinolysis.  Since NF-xB is shown to play amgor rolein the transcriptional
regulation of these genes, we assume that the positive effects are, at least partly, mediated
through the activation of NF-xB.

3.7. The effect of high glucose is eliminated by an antioxidant PDTC

Finally, to see the possible involvement of freeradical generation in high glucose-induced
NF-xB activation, we carried out asimilar experiment in the presence of an antioxidant PDTC.
Asshownin Fig. 8, the positive effect of high glucose was compl etely abolished, and that of
TNF-o was markedly impaired under the treatment with 100 uM of PDTC. Since high
glucose is known to cause enhanced mitochondrial oxidation with radical generation
(Nishikawa et a., 2000), and NF-xB isaradica-sensitive transcriptional factor (van den Berg et
al., 2001), we assume that elevated glucose concentration stimulates NF-x B-dependent
transcription through increased oxidative stress.  Our data also suggest that a similar
mechanism is, at least partly, involved in the TNF-a-mediated NF-xB activation in hepatocytes.

4. Discussion

In this study, we showed the stimulatory effect of high glucose on NF-«xB-dependent
transcription in hepatic cellsin vitro, suggesting that glucose by itself isresponsible for the
activation of inflammation/coagul ation-related protein expression, at least partly viaincreased
oxidative stress. These data are in accordance with the recent clinical notion that
postprandial hyperglycemiais a possible risk factor for macrovascular disorders frequently
seen in patients with mild diabetes mellitus (Hanefeld et al., 1996; Tominagaet al., 1999; The
DECODE study group, 1999; Hanefeld et al., 2000).  Furthermore, the effect was more
pronounced in the presence of insulin, and was additive with the effects of proinflammatory
cytokines which are additional risk factors associated with visceral obesity (Hotamidligil,

2000; Matsuzawa, Funahashi, & Nakamura, 1999). Thismay explain the molecular
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mechanism of the integration of multiple risk factors (hyperglycemia, hyperinsulinemia, and
high plasma cytokine levels) in the metabolic syndrome in terms of enhanced expression of
procoagul ant/proinflammatory proteins.

The transcription factor NF-xB is expressed ubiquitoudly including the liver, and playsa
central role in the transcriptional regulation of inflammation-related genes (Barnes & Karin,
1997). During the inflammation/infection, proinflammatory cytokines activate NF-xB in
hepatocytes, causing the immediate expression of acute phase proteins such as CRP and SAA,
procoagul ants such as fibrinogen and factor V111, and fibrinolysisinhibitor PAI-1 (Cha-
Molstad et a., 2000; Bing, Huang, & Liao, 2000; Fuller & Zhang, 2000; Begbie et al., 2000;
Ruan et al., 2001). These proteins may play a beneficial role in the acute phase of
inflammation (Gabay & Kushner, 1999), but chronic overproduction is known to cause
hypercoagulability with resultant thrombotic disorders and/or atherosclerosis.  Furthermore,
recent studies suggest that adipose tissue produces TNF-a. and other cytokines (Matsuzawa,
Funahashi, & Nakamura, 1999), which al so stimulate the NF-xB-dependent transcription.
Our present data extend the lines of evidence, suggesting that high glucose is aso responsible
for the activation of the NF-xB-mediated inflammatory processintheliver. The effect
seems to be promoter-specific and not caused by hyperosmolality (Loitsch et al., 2000;
Takeda et a., 2001), because no increase was observed in RSV promoter-mediated
transcription, and the effect was not caused by metabolically inactive L-glucose.

The effect of high glucose alone on NF-xB-dependent transcription was relatively weak in
the absence of insulin.  On the other hand, significant augmentation was observed with
insulin, mimicking the condition in which the combination of high glucose (hyperglycemia)
and high insulin concentration (hyperinsulinemia) causes a higher risk in obese patients with
diabetes mellitus. Moreover, further activation of NF-xB-dependent transcription was
observed with proinflammatory cytokines (IL-18, TNF-c), raising the possibility that NF-xB
may play a pivota rolein the integration of multiple risk factors seen in the metabolic
syndrome. Recent clinical data clearly show that the constellation of risk factors such as
hyperglycemia, hyperinsulinemia, and high plasma cytokine levels produces an increase in

plasma PAI-1 and fibrinogen, causing enhanced coagulability and impaired fibrinolysis, with

9



resultant increasein the risk of cardiovascular events (Schneider, Nordt, & Sobel, 1993;
Pandolfi et al., 2001). Our data also show the increased promoter activity of fibrinogen and
PAI-1 genes by glucose, in accordance with the increased plasma level of these proteins and
hypercoagulability in patients with uncontrolled diabetes (Bruno et a., 1996; Festa et al.,
1999).

The precise mechanism whereby high glucose activates the NF-xB pathway is not
completely understood. Chronic hyperglycemia causes the production of advanced glycation
end product (AGE), which is known to generate ROS with subsequent activation of NF-xB
(Mohamed et al., 1999; Bierhaus et al., 2001). However, in this study, the effect of high
glucose was observed as early as 6 h, suggesting the involvement of AGE to be unlikely.
Previous studies suggest the involvement of protein kinase C (PKC) in high glucose-induced
NF-xB activation in vascular endothelial or smooth muscle cells (Pieper & Riazul, 1997;
Yerneni et a., 1999). Inthisstudy, we found that PDTC completely eliminated the effect of
glucose/insulin, and markedly attenuated the effect of TNF-a.. PDTC is usually recognized
as an NF-«B inhibitor, but is known to exert this effect viaits antioxidant properties. Since a
recent study suggests that hyperglycemia acutely produces oxidative stress (Nishikawa et al.,
2000), we hypothesize that high glucose enhances the production of ROS in hepatocytes,
which in turn activates NF-x B-dependent transcription possibly through PKC. The
suppressive effect of PDTC on TNF-a-mediated NF-xB activation is also explained by a
recent report that TNF-a. generates ROS by activating NADPH oxidase (Li et al., 2002).

In conclusion, our in vitro data strongly support the clinical hypothesis that, besides the
microvascular injury as a complication of chronic hyperglycemia, short-term high plasma
glucose, alone or in combination with other risk factors, causes the accumulated activation of
NF-xB-mediated transcription with a subsequent increase in the risk of thrombotic vascular

events.

10



References

Aoki, Y., Iwasaki, Y., Katahira, M., Oiso, Y,, & Saito, H. (1997). Regulation of the rat
proopiomelanocortin gene expression in AtT-20 cells. |: Effects of the common
secretagogues.  Endocrinology 138, 1923-1929.

Barnes, PJ., & Karin, M. (1997). Nuclear factor-xB, A pivotal transcription factor in chronic
inflammatory diseases. N Engl J Med 336, 1066-1071.

Begbie, M., Notley, C., Tinlin, S, Sawyer, L., & Lillicrap, D. (2000). The Factor VIII acute
phase response requires the participation of NFkxB and C/EBP. Thromb Haemost 84, 216-
222,

Bierhaus, A., Schiekofer, S., Schwaninger, M., Andrassy, M., Humpert, PM., Chen, J., Hong,
M., Luther, T., Henle, T, Kloting, I., Morcos, M., Hofmann, M., Tritschler, H., Weigle, B.,
Kasper, M., Smith, M., Perry, G., Schmidt, A.M., Stern, D.M., Haring, H.U., Schleicher,
E., & Nawroth, PP. (2001). Diabetes-associated sustained activation of the transcription
factor nuclear factor-kB. Diabetes 50, 2792-2808.

Bing, Z., Huang, JH., & Liao, W.S. (2000). NFkB interacts with serum amyloid A3 enhancer
factor to synergistically activate mouse serum amyloid A3 gene transcription. J Biol Chem
275, 31616-31623.

Bonora, E. (2002). Postprandial peaks as arisk factor for cardiovascular disease:
epidemiological perspectives. Int J Clin Pract 129 (suppl), 5-11.

Bruno, G., Cavallo-Perin, P, Bargero, G., Borra, M., D'Errico, N., & Pagano, G. (1996).
Association of fibrinogen with glycemic control and abumin excretion rate in patients
with non-insulin-dependent diabetes mellitus. Ann Intern Med 125, 653-657.

Ceridllo, A. (2000). The post-prandial state and cardiovascular disease: relevance to diabetes
mellitus. Diabetes Metab Res Rev 16, 125-132.

Cha-Molstad, H., Agrawal, A., Zhang, D., Samals, D., & Kushner, 1. (2000). The Rel family
member P50 mediates cytokine-induced C-reactive protein expression by a novel
mechanism. J Immunol 165, 4592-4597.

Festa, A., D'Agostino, R. Jr., Mykkanen, L., Tracy, R.P, Zaccaro, D.J., Hales, C.N., & Haffner,
S.M. (1999). Relative contribution of insulin and its precursors to fibrinogen and PAI-1 in
alarge population with different states of glucose tolerance. The Insulin Resistance
Atherosclerosis Study (IRAS). Arterioscler Thromb Vasc Biol 19, 562-568.

Fuller, G.M., & Zhang, Z. (2001). Transcriptional control mechanism of fibrinogen gene
expression. Ann N Y Acad Sci 936, 469-479.

11



Gabay, C., & Kushner, 1. (1999). Acute-phase proteins and other systemic responses to
inflammation. N Engl J Med 340, 448-454.

Haheim, L.L., Holme, I., Hjermann, I., & Leren, P. (1995). Nonfasting serum glucose and the
risk of fatal stroke in diabetic and nondiabetic subjects. 18-year follow-up of the Oslo
Study. Stroke 26, 774-777.

Hanefeld, M., Koehler, C., Henkel, E., Fuecker, K., Schaper, F., & Temelkova-Kurktschiev, T.
(2000). Post-challenge hyperglycaemia relates more strongly than fasting hyperglycaemia
with carotid intima-media thickness: the RIAD Study. Risk Factorsin Impaired Glucose
Tolerance for Atherosclerosis and Diabetes. Diabet Med 17, 835-840.

Hanefeld, M., Fischer, S., dulius, U., Schulze, J., Schwanebeck, U., Schmechel, H., Ziegelasch
H.J, & Lindner, J. (1996). Risk factors for myocardial infarction and desth in newly
detected NIDDM: the Diabetes Intervention Study, 11-year follow-up. Diabetologia 39,
1577-1583.

Hotamidligil, G.S. (2000). Molecular mechanisms of insulin resistance and the role of the
adipocyte. Int J Obes Relat Metab Disord 24, S23-27.

Iwasaki, Y,. Asal, M., Yoshida, M., Nigawara, T., Kambayashi, M., & Nakashima, N. (2004).
Dehydroepiandrosterone-sulfate inhibits nuclear factor-kappaB-dependent transcription in
hepatocytes, possibly through antioxidant effect. J Clin Endocrinol Metab 89, 3449-
3454.

Lavrovsky, Y., Chatterjee, B., Clark, R.A., & Roy, A.K. (2000). Role of redox-regulated
transcription factors in inflammation, aging and age-related diseases. Exp Gerontol 35,
521-532.

Li, JM., Mullen, A.M., Yun, S., Wientjes, F., Brouns, G.Y., Thrasher, A.J., & Shah, A.M.
(2002). Essential role of the NADPH oxidase subunit p47(phox) in endothelial cell
superoxide production in response to phorbol ester and tumor necrosis factor-alpha.  Circ
Res 90, 143-150.

Loitsch. S.M., von Mallinckrodt, C., Kippenberger, S., Steinhilber, D., Wagner, T.O., Bargon,
J. (2000). Reactive oxygen intermediates are involved in IL-8 production induced by
hyperosmotic stress in human bronchial epithelia cells. Biochem Biophys Res Commun
276, 571-578.

Matsuzawa, Y., Funahashi, T., & Nakamura, T. (1999). Molecular mechanism of metabolic
syndrome X: contribution of adipocytokines adipocyte-derived bioactive substances. Ann
N Y Acad Sci 892, 146-154.

Mohamed, A.K., Bierhaus, A., Schiekofer, S., Tritschler, H., Ziegler, R., Nawroth, PP. (1999).
Therole of oxidative stress and NF-xB activation in late diabetic complications.

12



Biofactors 10, 157-167.

Nishikawa, T., Edelstein, D., Du, X.L., Yamagishi, S., Matsumura, T., Kaneda, Y., Yorek,
M.A., Beebe, D., Oates, PJ., Hammes, H.P, Giardino, I., & Brownlee, M. (2000).
Normalizing mitochondrial superoxide production blocks three pathways of
hyperglycaemic damage. Nature 404, 787-790.

Pandolfi, A., Giaccari, A., Cilli, C., Alberta, M.M., Morviducci, L., De Filippis, E.A.,
Buongiorno, A., Pellegrini, G., Capani, F., & Consoli, A. (2001). Acute hyperglycemia and
acute hyperinsulinemia decrease plasma fibrinolytic activity and increase plasminogen
activator inhibitor type 1 in the rat. Acta Diabetol 38, 71-76.

Pieper, G.M., & Riazul, H. (1997). Activation of nuclear factor kB in cultured endothelial
cells by increased glucose concentration: prevention by calphostin C. J Cardiovasc
Pharamacol 30, 528-532.

Ruan, Q.R., Zhang, W.J., Hufnagl, P, Kaun, C., Binder, B.R., & Wojta, J. (2001).
Anisodamine counteracts lipopolysaccharide-induced tissue factor and plasminogen
activator inhibitor-1 expression in human endothelial cells: contribution of the NF-xB
pathway. JVasc Res 38, 13-19.

Schneider, D.J., Nordt, T.K., & Sobel, B.E. (1993). Attenuated fibrinolysis and accelerated
atherogenesisin type |1 diabetic patients. Diabetes 42, 1-7.

Takeda, K., Kato, M., Wu, J., Iwashita, T., Suzuki, H., Takahashi, M., & Nakashima, |. (2001).
Osmotic stress-mediated activation of RET kinases involves intracellular disulfide-bonded
dimer formation. Antioxid Redox Signal 3, 473-482.

The DECODE study group (1999). Glucose tolerance and mortality: comparison of WHO and
American Diabetes Association diagnostic criteria. Lancet 354, 617-621.

Tominaga, M., Eguchi, H., Manaka, H., Igarashi, K., Kato, T., & Sekikawa, A. (1999).
Impaired glucose tolerance is arisk factor for cardiovascular disease, but not impaired
fasting glucose. The Funagata Diabetes Study. Diabetes Care 22, 920-924.

van den Berg, R., Haenen, G.R., van den Berg, H., & Bast, A. (2001). Transcription factor
NF-xB as a potential biomarker for oxidative stress. Br J Nutr 86 (Suppl 1), S121-127.

Yerneni, K.K., Bai, W., Khan, B.V., Medford, R.M., & Natargjan, R. (1999). Hyperglycemia-
induced activation of nuclear transcription factor kappaB in vascular smooth muscle cells.
Diabetes 48, 855-864.

13



Figurelegends

Fig. 1. Expression of PAI-1, fibrinogen (Fib), NF-xB p50, p65, and insulin receptor (IR)
MRNAs analyzed by RT-PCR in HUH7NF cells.  The figure shows photographs of the
ethidium bromide-stained products using agarose gel electrophoresis. cDNA produced from
an RT reaction using total RNA from HUH7NF cells was amplified by PCR with pairs of
oligonucleotide primers specific for each mRNA. No band was amplified in the same

reaction without reverse transcriptase (not shown). MW, molecular weight marker.

Fig. 2. Effectsof extracellular glucose concentration on the NF-xB-dependent transcription in
HUH7NF cdls. A. Cdlsweretreated with medium containing the indicated concentration of
glucose with or without insulin (1 nM) for 6 h, and the changes in the promoter activity were
determined by luciferase assay. *P<.05vs. vaueat 3mM. B. Cdl were treated with medium
containing 3 or 24 mM glucose with vehicle, insulin (1 nM), or IGF-I (100 nM, PeproTech) for

6 h, and the changes in the cellular protein content per well were determined by a protein assay.

Fig. 3. Time-course effect of high extracellular glucose concentration on the NF-xB-
dependent transcription in HUH7NF cells.  Cellswere treated with medium containing 24 mM
of glucose with insulin for 3 to 24 h, and the changes in the promoter activity were determined

by luciferase assay. *P<.05 vs. vaue at time zero.

Fig. 4. The specificity of the effect of high glucose in HUH7 cells. HuH7NF cdlswere
cultured with two different concentrations of D- or L-glucose (3 or 24 mM) for 6 h (left, and
middle). Alternatively, HUH7 cellstransfected transiently with RSV-luciferase reporter
plasmid were cultured with D-glucose (3 or 24 mM) for 6 h (right). The changesin the
promoter activity were determined by luciferaseassay. *P<.05vs vdueat 3mM. N.S,, not

significant.

Fig. 5. Effect of high glucose on the DNA binding of NF-xB. HuH7NF cells were treated
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for 22 h with DMEM containing 3 mM glucose, and then incubated with DMEM containing
either 3 or 24 mM glucosefor 2 h. The cells were harvested and the extracted nuclear

protein was used for EMSA analysis. LG, low glucose; HG, high glucose.

Fig. 6. The combined effects of high extracellular glucose and proinflammatory cytokines on
the NF-xB-dependent transcription in HUH7NF cells.  HUH7NF cells were treated with high
glucose (24 mM) for 6 h and/or with human IL-1f (100 pM; left) or human TNF-a (100 pM;
right) for 12 h, and the changes in the promoter activity were determined by luciferase assay.

*P<.05 vs. cytokine aone.

Fig. 7. Theeffect of high extracellular glucose concentration on the promoter activities of the
coagulation/fibrinolysis-related proteins. HuH7 cellswere transiently transfected with each
promoter-luciferase congruct, and then treated with high glucose (24 mM) for 6 h.  The
changes in each promoter activity were determined by luciferase assay. *P<.05vs. vadueat 3

mM.

Fig. 8. Theeffect of antioxidant PDTC on the high glucose/ TNF-a-stimulated NF-xB-
dependent transcription in HUH7NF cells.  Cells were cultured with high glucose (G; 24 mM)
for 6 h and/or human TNF-a (T; 100 pM) for 12h under the trestment with PDTC (100 uM,
left) or vehicle (right).  The changesin the promoter activity were determined by luciferase

assay. *P<.05vs. contral.

Fig. 9. Schematic representation of the hypothesis based on the present data showing the
molecular background of the metabolic syndrome (multiple risk factor syndrome).
Hyperglycemiaaone, or in combination with hyperinsulinemiaand/or high proinflammatory
cytokines enhances NF-xB-dependent transcription in the liver (and possibly in the arterial
wall), with the subsequent increase in the production of pro-coagul ant/anti-fibrinolytic proteins

such asfibrinogen or PAI-1, both of which promote thrombosis and/or atherosclerosis.
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Fig. 1. Expression of PAI-1, fibrinogen (Fib), NF-xB p50, p65, and insulin receptor (IR)
MRNAs analyzed by RT-PCR in HUH7NF cells. The figure shows photographs of the
ethidium bromide-stained products using agarose gel electrophoresis. cDNA produced from an
RT reaction using total RNA from HuH7NF cells was amplified by PCR with pairs of
oligonucleotide primers specific for each mRNA. No band was amplified in the same reaction

without reverse transcriptase (not shown). MW, molecular weight marker.
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Fig. 2. Effectsof extracellular glucose concentration on the NF-xB-dependent transcription in
HUH7NF cells. A. Cellswere treated with medium containing the indicated concentration of
glucose with or without insulin (1 nM) for 6 h, and the changes in the promoter activity were
determined by luciferase assay. *P<.05vs. valueat 3 mM. B. Cell were treated with medium
containing 3 or 24 mM glucose with vehicle, insulin (1 nM), or IGF-I (100 nM, PeproTech)
for 6 h, and the changes in the cellular protein content per well were determined by a protein

assay.
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Fig. 3. Time-course effect of high extracellular glucose concentration on the NF-kB-
dependent transcription in HUH7NF cells. Cells were treated with medium containing 24 mM
of glucose with insulin for 3 to 24 h, and the changes in the promoter activity were determined
by luciferase assay. *P<.05 vs. value at time zero.
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Fig. 4. The specificity of the effect of high glucose in HUH7 cells. HUH7NF cellswere
cultured with two different concentrations of D- or L-glucose (3 or 24 mM) for 6 h (left, and
middle). Alternatively, HUH7 cells transfected transiently with RSV -luciferase reporter
plasmid were cultured with D-glucose (3 or 24 mM) for 6 h (right). The changesin the
promoter activity were determined by luciferase assay. *P<.05vs. valueat 3mM. N.S,, not
significant.
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Fig. 5. Effect of high glucose on the DNA binding of NF-xB. HUH7NF cells were treated
for 22 h with DMEM containing 3 mM glucose, and then incubated with DMEM containing
either 3 or 24 mM glucose for 2 h. The cells were harvested and the extracted nuclear
protein was used for EMSA analysis. LG, low glucose; HG, high glucose.
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Fig. 6. The combined effects of high extracellular glucose and proinflammatory cytokines on
the NF-xB-dependent transcription in HUH7NF cells. HUH7NF cells were treated with high
glucose (24 mM) for 6 h and/or with human IL-1f (100 pM; left) or human TNF-a (100 pM;
right) for 12 h, and the changes in the promoter activity were determined by luciferase assay.
*P<.05 vs. control; #P<.05 vs. cytokine alone.
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Fig. 7. Theeffect of high extracellular glucose concentration on the promoter activities of
the coagulation/fibrinolysis-related proteins. HuH7 cells were transiently transfected with
each promoter-luciferase construct, and then treated with high glucose (24 mM) for 6 h.
The changes in each promoter activity were determined by luciferase assay. *P<.05 vs.
value at 3 mM.
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Fig. 8. Theeffect of antioxidant PDTC on the high glucose/ TNF-a-stimulated NF-xB-
dependent transcription in HUH7NF cells. Cells were cultured with high glucose (G; 24 mM)
for 6 h and/or human TNF-a (T; 100 pM) for 12h under the treatment with PDTC (100 uM,
left) or vehicle (right). The changes in the promoter activity were determined by luciferase
assay. *P<.05 vs. control.
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Fig. 9. Schematic representation of the hypothesis based on the present data showing the
molecular background of the metabolic syndrome (multiple risk factor syndrome).
Hyperglycemiaalone, or in combination with hyperinsulinemia and/or high proinflammatory
cytokines enhances NF-kB-dependent transcription in the liver (and possibly in the arterial
wall), with the subsequent increase in the production of pro-coagulant/anti-fibrinolytic proteins
such as fibrinogen or PAI-1, both of which promote thrombosis and/or atherosclerosis.



