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Abstract 

Plasminogen activator inhibitor (PAI)-1 is an important mediator of 

atherosclerosis and liver fibrosis in insulin resistance.  Circulating levels of PAI-1 

are elevated in obese individuals, and PAI-1 mRNA is significantly higher in the 

livers of obese type 2 diabetic individuals than in non-obese type 2 diabetics.  To 

address the mechanism underlying the up-regulation of hepatic PAI-1 in obesity, 

we tested the effects of TNF-α, an important link between obesity and insulin 

resistance, on PAI-1 production in the non-malignant human hepatocyte cell line, 

THLE-5b.  Incubation of THLE-5b cells with TNF-α stimulated PAI-1 

production via PKC-, MAP kinase-, protein tyrosine kinase- and NF-κB-dependent 

pathways.  A thiazolizinedione, pioglitazone, reduced TNF-α-induced PAI-1 

production by 32%, via PKC- and NF-κB-dependent pathways.  The HMG-CoA 

reductase inhibitor cerivastatin inhibited TNF-α-induced PAI-1 production by 59%, 

which was reversed by coincubation with mevalonic acid.  In conclusion, obesity 

and TNF-α up-regulation of PAI-1 expression in human hepatocytes may 

contribute to the impairment of the fibrinolytic system, leading to the development 

of atherosclerosis and liver fibrosis in insulin resistant individuals.  A 

thiazolidinedione and a HMG-CoA reductase inhibitor may thus be candidate 
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drugs to inhibit obesity-associated hepatic PAI-1 production. 
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1. Introduction 

The liver plays a central role in glucose and lipid homeostasis, and type 2 diabetes 

is characterized by excessive hepatic production of glucose.  The long duration of 

diabetes and obesity causes systemic vascular complications, such as micro- and 

macro-angiopathy.  Moreover, type 2 diabetes, together with obesity and insulin 

resistance, is often associated with non-alcoholic fatty liver disease (NAFLD).  

Histologically, NAFLD begins as simple steatosis of hepatocytes in fatty liver, but may 

progress to the inflammation and fibrosis characteristic of non-alcoholic steatohepatitis 

(NASH).  The liver is also a major source of angiogenic factors and cytokines, such as 

plasminogen activator inhibitor (PAI)-1 (1), vascular endothelial growth factor (VEGF) 

and transforming growth factor (TGF)-β (2, 3).  Many of these proteins may 

contribute to the development of atherosclerosis and NASH (4). 

The common pathophysiology between obesity and type 2 diabetes is insulin 

resistance.  We recently found that fatty liver is closely associated with insulin 

resistance and elevated plasma levels of PAI-1 (5), in agreement with previous 

observations that the plasma concentration of PAI-1 is elevated in obese individuals (6).  

Moreover, plasma PAI-1 levels were found to be more closely related to liver steatosis 

than to adipose tissue accumulation in a murine model of genetic obesity (7).  In 
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addition, PAI-1 was shown to be important in the development of atherosclerosis (8), as 

well as being a key participant in organ fibrosis (9).  Thus, PAI-1 may constitute a link 

between insulin resistance and its related disorders.  Although the liver has been 

reported to be a source of PAI-1 (10, 11), there is no in vivo or in vitro evidence of 

regulated PAI-1 expression in human hepatocytes. 

In individuals with visceral obesity, the liver is exposed to abundant TNF-α 

secreted by adipocytes (12), leading to insulin resistance.  TNF-α has been reported to 

decrease the expression of glucose transporter 4 in adipocytes (13).  Moreover, in a 

human hepatoma cell line, TNF-α has been found to increase the serine phosphorylation 

of insulin receptor substrate-1, resulting in the reduction of insulin signaling (14). 

Here, we assayed the expression of PAI-1 mRNA in the livers of individuals with 

type 2 diabetes by real-time PCR, and we found that obesity up-regulates hepatic PAI-1 

expression in individuals with type 2 diabetes.  To address the mechanism underlying 

the up-regulation of hepatic PAI-1 in obesity, we tested the effects of TNF-α, an 

important link between obesity and insulin resistance (15), on PAI-1 production and its 

signal transduction pathways in a non-malignant human hepatocyte cell line, THLE-5b.  

We also tested the effects of a thiazolidinedione and a 3-hydroxy-3-methylglutaryl 

coenzyme A (HMG-CoA) reductase inhibitor (statin), which are potent agents in the 
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treatment of insulin resistance and dyslipidemia in obese type 2 diabetic patients, on the 

TNF-α-induced production of PAI-1 in THLE-5b cells. 
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2. Materials and methods 

2.1. Gene expression analysis in the liver  

Liver biopsy specimens were obtained from 21 individuals with type 2 diabetes 

(15 males, 6 females; mean age 53 ± 2 years; mean body mass index (BMI) 24.4 ± 0.9 

kg/m2; mean fasting plasma glucose (FPG) 143 ± 11 mg/dl, mean HbA1c 7.3 ± 0.3%, 

mean ALT 34 ± 6 IU/L, The duration of diabetes was 6.3 1.6 (means ± ± SE ) years) 

and 11 non-diabetic individuals (6 males, 5 females; mean age 44 ± 4 years; mean BMI 

26.1 ± 1.4 kg/m2; mean FPG 91 ± 2 mg/dl; mean HbA1c 5.1 ± 0.1%; mean ALT 31 ± 11 

IU/L).  Fasting blood samples were obtained from the antecubital vein. Blood samples 

were allowed to clot and were centrifuged.  Serum was separated and frozen at -70°C 

until the time of the assay.  Serum samples were assayed for lipids, TNF-α and PAI-1.  

The biopsy samples were immediately frozen in liquid nitrogen and stored at –80°C 

until use.  All 32 subjects tested negative for hepatitis B and C viruses, and each 

consumed less than 20 grams of alcohol per day.  No subjects experienced body 

weight loss or malnutrition before liver biopsies.  All liver biopsies were performed in 

the fasting state.  No biopsies were performed in a fed state.  Diagnoses of all 

patients were based on standard criteria (16).  The patients with diabetes were being 

treated with diet therapy alone or insulin, and none had been prescribed any other oral 
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hypoglycemic agent.  Any individual with a BMI greater than the median BMI in each 

group (24.4 kg/m2 and 26.1 kg/m2 in the diabetes and non-diabetes groups, respectively) 

was defined as obese or overweight.  None of the individuals in either group was 

being treated with statins, angiotensin-converting enzyme inhibitors or angiotensin II 

receptor blockers. 

Informed consent was obtained from all individuals, both for this study and for 

histological examination of liver diseases, including NASH, which often complicate 

diabetes (17).  The experimental protocol was approved by the relevant ethics 

committee in our institution, and was carried out in accordance with the Declaration of 

Helsinki. 

Liver biopsy specimens were histologically examined using hematoxylin-eosin 

and silver reticulin stains. 

2.2 Cell lines and culture conditions 

We used a simian virus 40 large-T (SV40-T) antigen immortalized non-malignant 

human hepatocyte cell line, THLE-5b.  Cells at the third to fourth passage were seeded 

at 1.0 x 106/well in 6-well dishes and grown to confluence in conditioned PFMR-4 

medium (Pasadena Foundation for Medical Research Medium No.4), supplemented 

with 4.2 μg/ml insulin and 0.2 μM hydrocortisone, at 37°C in a humidified atmosphere 
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containing 5% CO2, changing the medium three times per week.  All experiments 

were performed using 80-90% confluent THLE-5b cells.  Where indicated, these cells 

were cultured in the presence of recombinant human TNF-α (Pierce Endogen, Rockford, 

IL) and other agents for 24 hours.  Cell culture supernatants were collected at 

indicated times and stored at -20°C until assayed. 

The thiazolidinedione compound pioglitazone was supplied by Takeda Chemical 

Industries (Osaka, Japan) and dissolved to 1 mM solution in ethanol.  The HMG-CoA 

reductase inhibitor, cerivastatin sodium, was donated by Bayer Pharmaceuticals (Osaka, 

Japan).  Mevalonic acid was purchased from ICN Biomedicals (Zoetermeer, The 

Netherlands), and 2’-amino-3’-methoxyflavone (PD98059), emodin, 

4-(4-fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)1H-imidazole (SB203580), 

calphostin C, and genistein were purchased from Calbiochem (La Jolla, CA). 

2.3. PAI-1 Assays   

The concentration of PAI-1 antigens in THLE-5b cell culture supernatants was 

determined by ELISA (TintElize PAI-1; Biopool International, Umea, Sweden) as 

described (18), with a detection limit of 0.5 ng/ml.  The within- and between-assay 

coefficients of variation were 1.9% and 2.4%, respectively. 

2.4. Real-Time Quantitative PCR  
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Total RNA was extracted from cells using a RNeasy mini kit (QIAGEN, West 

Sussex, UK), as recommended by the manufacturer, and dissolved in 50 μl RNase-free 

water.  RNA concentration was determined spectrophotometrically at 260 nm.  

Complementary DNA (cDNA) was synthesized from 100 ng of total RNA as described 

(4) using a High-Capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA).  

The cDNA was used as a template in real time quantitative PCR, which was performed 

using an ABI Prism 7700 Sequence detection system (Applied Biosystems) as 

described (19).  Primer sets and TaqMan probes for PAI-1, tissue-type plasminogen 

activator (tPA) and TNF-α were proprietary to Applied Biosystems.  To control for 

variation in the amount of cDNA loaded, expression of PAI-1, tPA and TNF-α mRNA 

was normalized relative to the expression of an endogenous control, β-actin (β-actin 

TaqMan control reagent kit; Applied Biosystems).  The PCR conditions were 1 cycle 

at 50°C for 2 min and 95°C for 10 min, followed by 50 cycles at 95°C for 15 s and 

60°C for 1 min.  

2.5. Statistical analysis of the data  

All data are presented as means ± SEM.  Differences between groups were 

determined using one-way ANOVA and the Kruskal-Wallis test, followed by a Fisher 

protected least significant test for pair-wise differences.  P < 0.05 was considered 
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statistically significant.  All calculations were performed with the computer program 

StatView, version 4.0, for Macintosh (Abacus Concepts, Berkeley, CA). 
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3. Results 

3.1. Hepatic expression of PAI-1 in patients with type 2 diabetes  

Baseline characteristics of the patients are shown in Table 1.  Obese patients in 

the diabetic group had higher ALT values, but there were no significant differences in 

age, FPG, HbA1c levels, serum levels of lipids and histological scores of the liver 

between obese and non-obese individuals in either group. 

We found that hepatic expression of PAI-1 mRNA was significantly higher in the 

livers of obese type 2 diabetics than in non-obese type 2 diabetics (Fig. 1).  There 

were no significant between-group differences in tPA mRNA expression. 

3.2. Hepatic expression of TNF-α in patients with type 2 diabetes  

Protein levels of TNF-α is found to be elevated in plasma as well as in the adipose 

tissue of obese subjects (20, 21)  In our study, obesity up-regulated plasma levels of 

TNF-α and the hepatic expression of TNF-α mRNA in patients with type 2 diabetes(Fig. 

2). 

3.3. Effect of TNF-α on PAI-1 secretion from THLE-5b cells  

We found that unstimulated THLE-5b cells secreted PAI-1 into the culture medium 

(Fig. 3A).  After incubation with 1.0 ng/ml TNF-α, PAI-1 concentrations were 

elevated in a time-dependent manner, peaking at 24 hours to 2.23 ± 0.15-fold of the 
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control value (P < 0.0001 versus control).  Control cultures had a PAI-1 concentration 

of 360 ± 40 ng/ml medium, whereas, following incubation with 2.0 ng/ml TNF-α for 24 

hours, the PAI-1 concentration was 1180 ± 10 ng/ml medium.  The effect of TNF-α on 

PAI-1 secretion was also dose-dependent, from 0.5 to 2.0 ng/ml (Fig. 3B). 

3.4. Effect of TNF-α on PAI-1 mRNA and the tPA/PAI-1 mRNA ratio in THLE-5b 

cells 

To determine the effect of TNF-α on PAI-1 at the transcriptional level, we 

quantitatively evaluated PAI-1 mRNA expression by THLE-5b cells in the absence or 

presence of TNF-α by real-time PCR.  We found that 1.0 ng/ml TNF-α induced a 

time-dependent increase in PAI-1 mRNA, with a maximum after 6 hours, 

corresponding to a 12.0 ± 4.3-fold increase relative to the control value (P < 0.05 

versus control; Fig. 4A).  Since the balance between PAI-1 and tPA has been reported 

to determine fibrinolytic activity (22), we also assayed the effect of TNF-α on t-PA 

mRNA expression in these THLE-5b cells.  Although TNF-α did not affect tPA mRNA 

levels for 24 hours (Fig. 4B), it decreased the tPA/PAI-1 mRNA ratio in a 

time-dependent manner (Fig. 4C), with a maximum effect at 6 hours (16.2 ± 7.2%, P < 

0.005 versus control). 

3.5. Effect of signal transduction inhibitors on TNF-α-induced PAI-1 production in 
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hepatocytes 

To determine which of the TNF-α-induced signal transduction pathways leads to 

PAI-1 production, we tested the effects of various pathway inhibitors on 

TNF-α-induced PAI-1 secretion (Fig. 5A).  The signal transduction inhibitors were 

used at concentrations found to be most effective and not cytotoxic in a pilot study 

(data not shown), as described (23).  We found that the protein kinase C (PKC) 

inhibitor calphostin C, the specific inhibitor of p38 mitogen-activated protein (MAP) 

kinase SB 203580, the MAP kinase/extracellular signal-regulated kinase 

(ERK)-specific inhibitor PD98059, the protein tyrosine kinase (PTK) inhibitor 

genistein, and the NF-κB inhibitor emodin all reduced TNF-α-induced PAI-1 secretion 

in a dose-dependent manner.  While calphostin C, SB203580, PD98059 and emodin 

partially inhibited TNF-α-induced PAI-1 secretion, genistein reduced PAI-1 secretion to 

the control level (P < 0.001). 

To determine whether each of these inhibitors acts at the transcriptional level, we 

also measured steady state PAI-1 mRNA levels in these cells by real-time quantitative 

PCR (Figure 5B).  We found that each of these inhibitors reduced TNF-α-induced 

PAI-1 mRNA in a dose-dependent manner, with a maximum effect at 6 hours, to an 

extent almost the same as that of PAI-1 secretion. 
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3.6. Effects of a thiazolidinedione and an HMG-CoA reductase inhibitor on 

TNF-α-induced PAI-1 secretion 

When we tested the effects of a thiazolidinedione, pioglitazone, and an HMG-CoA 

reductase inhibitor, cerivastatin, on TNF-α induced PAI-1 secretion in THLE-5b cells, 

we found that each inhibited TNF-α-induced PAI-1 secretion in a dose-dependent 

manner (Fig. 6). 

Cholesterol synthesis includes the conversion of HMG-CoA to mevalonic acid by 

the enzyme HMG-CoA reductase.  We therefore tested the effects of mevalonic acid 

on the cerivastatin inhibition of TNF-α-stimulated PAI-1 production in THLE-5b cells.  

We found that co-incubation with mevalonic acid completely reversed the inhibitory 

effects of cerivastatin in a dose-dependent manner (Fig. 7). 

3.7. Target of pioglitazone in the signal transduction pathway leading to 

TNF-α-induced PAI-1 production in hepatocytes 

To identify the target of pioglitazone in the signal transduction pathways leading 

to TNF-α-induced PAI-1 production, we investigated the effects of the signal 

transduction inhibitors calphostein C, SB203580, PD98059, genistein and emodin on 

TNF-α-induced PAI-1 production in the presence or absence of pioglitazone (Fig. 8).  

We found that SB203580, PD98059 and genistein inhibited TNF-α-induced PAI-1 
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secretion in the presence of pioglitazone by 42.1 ± 2.6%, 37.7 ± 3.1% and 84.0 ± 5.6%, 

respectively.  While SB203580, PD98059 and genistein significantly added to the 

inhibitory effects of pioglitazone, calphostin C and emodin did not have additive 

effects. 
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4. Discussion 

Most in vitro studies of hepatocytes have been performed using cell lines derived 

from hepatomas, such as the HepG2 and Huh7 cell lines.  We previously observed, 

however, that gene expression profiles differed among hepatocyte cell lines, especially 

with respect to α–fetoprotein production (24).  We therefore used THLE-5b cells, a 

non-malignant human hepatocyte cell line immortalized with SV40-T antigen. These 

cells maintain a non-tumorigenic phenotype and do not have telomerase activity or 

oncogenic ras (24).  In addition, angiogenic and growth factors, such as ephrin-A1 and 

TGF-β2, are not up-regulated in THLE-5b cells as they are in hepatoma cell lines (24), 

suggesting that THLE-5b cells are a suitable hepatocyte cell line for the study of gene 

expression stimulated by cytokines and growth factors. 

When we evaluated gene expression profiles in the livers of patients with type 2 

diabetes using real-time quantitative PCR, we found that PAI-1 gene expression was 

up-regulated in obese compared with non-obese individuals, suggesting that obesity 

may promote PAI-1 gene expression in the livers, as well as in the adipose tissue (6), of 

diabetic individuals. 

Protein levels of TNF-α is found to be elevated in plasma as well as in the adipose 

tissue of obese subjects (20, 21).  In our study, obesity up-regulated plasma levels of 
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TNF-α and the hepatic expression of TNF-α mRNA in patients with type 2 diabetes.  

To model the regulation of PAI-1 production by the liver during insulin resistance, we 

assayed the in vitro effect of TNF-α on PAI-1 production by THLE-5b cells and on its 

signal transduction pathways.  We found that TNF-α stimulated PAI-1 secretion and 

PAI-1 mRNA expression in these hepatocytes, suggesting that TNF-α may be an 

important factor stimulating PAI-1 overproduction in the livers of patients with obesity 

and insulin resistance.  In addition, TNF-α may inhibit the net fibrinolytic system in 

hepatocytes, as shown by the decrease in the tPA/PAI-1 mRNA ratio.  These findings 

support previous in vivo results, showing that intravenous injection of TNF-α induced 

PAI-1 gene expression in mouse livers (25). 

Our findings also indicate that the PKC, p38, ERK, protein tyrosine kinase and 

NF-κB pathways are involved in TNF-α-induced PAI-1 production in the liver.  In 

contrast, the PKC and p38 pathways were reported not to be involved in 

TNF-α-induced PAI-1 production in HUVECs (23).  Both in HUVECs and THLE-5b 

cells, TNF-α-induced PAI-1 production is only partly dependent on the NF-κB pathway 

but is completely dependent on the protein tyrosine kinase pathway, suggesting that 

both NF-κB-dependent and -independent pathways may be involved in TNF-α-induced 

PAI-1 production in hepatocytes.  It is not known, however, whether other 
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transcription factors, such as activator protein-1 and signal transducers and activators of 

transcription, are involved in the NF-κB-independent pathway.  Since protein tyrosine 

kinase plays an important role in the platelet-derived growth factor-induced 

proliferation and activation of hepatic stellate cells in vitro, genistein may have 

therapeutic potential against liver fibrosis (26). 

The thiazolidinedione, pioglitazone, has been found to improve glucose 

intolerance, insulin resistance and dyslipidemia (27), and may inhibit the progression of 

atherosclerosis (28).  We previously found that troglitazone directly inhibited 

cytokine-induced monocyte chemoattractant protein-1 expression in human mesangial 

(29) and endothelial cells (30).  These findings suggested that a thiazolidinedione may 

inhibit atherosclerosis not only by improving glucose intolerance, insulin resistance and 

dyslipidemia, but also through pleiotropic effects.  We have shown here that 

pioglitazone inhibited TNF-α-stimulated PAI-1 production in hepatocytes, similar to its 

effect in HUVECs (23).  These effects are consistent with the clinical observation that 

plasma concentrations of PAI-1 in patients with type 2 diabetes are reduced after 

troglitazone administration (31).  Thus, thiazolidinediones may inhibit the 

development of diabetes-associated macro- and microangiopathy by reducing hepatic 

fibrinolytic activity, as well as by inhibiting the development of NASH (32, 33). 
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Concerning the maximal effect of pioglitazone, pioglitazone at a dose above 10 

μM seems to be pharmacological and out of range of treatment dose in a clinical setting 

(34). Most in vitro experiments in the previous reports were performed by using PPAR 

gamma agonist at a dose under 10 μM 23, 29, 30, 35（ ）.  As shown in Figure 6, 

pioglitazone at 10 μM did not abolish TNF-α-induced PAI-1 production completely.  

Actually, we observed additive inhibitory effects of SB203580, PD98059 and genistein 

with pioglitazone on TNF-α-induced PAI-1 production.  TNF-α may induce PAI-1 via 

both PPAR-γ-dependent and –independent pathway. 

Although the target signal transduction pathway of thiazolidinediones in the 

regulation of PAI-1 production in hepatocytes has not yet been clarified, we have 

shown here that the inhibitory effects of pioglitazone on PAI-1 production are not 

additive with calphostin C and emodin.  These findings suggest that, in hepatocytes, 

pioglitazone inhibits TNF-α-induced PAI-1 production via pathways involving PKC 

and NF-κB.  We previously observed that the ERK kinase and NF-κB pathways are 

also involved in the effects of troglitazone on PAI-1 production in HUVECs (23).  In 

mesangial cells, troglitazone has been found to inhibit the activation of the 

diacylglycerol-PKC-ERK pathway by high glucose concentrations (36).  Furthermore, 

in obese individuals, troglitazone therapy has been reported to reduce the intranuclear 

 20



and total cellular amounts of NF-κB in mononuclear cells of obese individuals in whom 

plasma PAI-1 levels also decreased (37).  Thus, the PKC and NF-κB pathways may be 

common targets of pioglitazone action in various tissues. 

The statins, a class of HMG-CoA reductase inhibitors, are the most effective 

agents currently available for lowering serum concentrations of low density lipoprotein 

cholesterol.  Statins have also been shown to inhibit the progression of atherosclerosis 

and cardiovascular disease, and there is increasing evidence that both 

thiazolidinediones and statins have pleiotropic effects on the pathogenesis of 

obesity-associated metabolic syndrome (19, 23).  Statins have been shown to 

downregulate thrombin generation and the thrombotic process, as well as to up-regulate 

plasmin and thrombolytic processes (38).  In addition, statins may prevent the 

TNF-α-induced secretion of PAI-1 and PAI-1 mRNA expression by human peritoneal 

mesothelial (39) and endothelial (40) cells.  We have shown here that hepatocytes are 

also target cells in the statin inhibition of TNF-α-stimulated PAI-1 production.  Our 

finding, that co-incubation of mevalonic acid with cerivastatin reversed the inhibitory 

effect of the latter, suggests that this statin down-regulates PAI-1 production through 

the mevalonic acid pathway.   

We previously reported that statins prevent the development of sepsis in a mouse 

 21



model by inhibiting the lipopolysaccharide-induced production of TNF-α, interleukin 

1β and nitric oxide (41).  We also found that cerivastatin inhibits the progression of 

diabetic nephropathy through the suppression of enhanced expression of extracellular 

matrix genes (19).  All of these findings indicate that statins have pleiotropic effects 

and indicate that clinical investigations of statins in the prevention of atherosclerosis 

and/or NASH in patients with metabolic syndrome are important. 

In conclusion, we have shown here that PAI-1 expression in the liver was higher in 

obese patients with type 2 diabetes than in non-obese patients, suggesting that the liver 

may be a major source of circulating PAI-1 in obese diabetics.  We also found that 

TNF-α promotes the production of PAI-1 mRNA and protein in a normal human 

hepatocyte cell line through pathways involving PKC, p38, ERK, protein tyrosine 

kinase and NF-κB, and that thiazolidinediones and statins inhibited the TNF-α-induced 

PAI-1 production by hepatocytes.  Our results suggest that thiazolidinediones and 

statins may inhibit the development of atherosclerosis and NASH in obese diabetic 

patients. 
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Legends for figures 

Fig. 1. Levels of PAI-1 and tPA gene transcripts by real-time quantitative PCR.  The 

expression of each target sequence was normalized relative to that of β-actin.  Each 

bar represents means ± SEM. (* P < 0.05; ** P < 0.005). 

Fig. 2. Levels of TNF-α gene transcripts by real-time quantitative PCR.  The 

expression of each target sequence was normalized relative to that of β-actin.  Each 

bar represents means ± SEM. (* P < 0.05).   

Fig. 3. Effect of TNF-α on PAI-1 secretion by THLE-5b cells.  (A) Time course of 

TNF-α-induced PAI-1 secretion.  THLE-5b cells were cultured with (filled bars) or 

without (open bars) 1.0 ng/ml TNF-α in 6-well dishes for 24 hours, and PAI-1 secretion 

was measured by ELISA.  (B) Dose-dependency of TNF-α on PAI-1 secretion, as 

determined by ELISA.  Data are expressed as means ± SEM (n = 3; * P < 0.001 vs. 

control). 

 

Fig. 4. Effect of TNF-α on PAI-1 mRNA expression in THLE-5b cells.  Time course 

of TNF-α (1.0ng/ml)-induced expression of PAI-1 (A), tPA (B) and tPA/PAI-1 (C) 

mRNA expression in THLE-5b cells.  Expression of tPA and PAI-1 mRNA were 

quantified by real-time PCR and normalized relative to the expression of β-actin.  
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Data are expressed as means ± SEM (n = 3; * P < 0.05; ** P < 0.001 vs. control).   

 

Fig. 5. (A) Effect of signal transduction inhibitors on TNF-α-induced PAI-1 secretion. 

Cells were incubated with Calphostin C, SB 203580, PD98059, genistein or emodin, 

and PAI-1 concentrations in the supernatants were measured by ELISA.  All of these 

signal transduction inhibitors reduced TNF-α-induced PAI-1 production in a 

dose-dependent manner.  Data are expressed as means ± SEM (n = 3; * P < 0.05; ** P 

< 0.01; *** P < 0.001 versus TNF-α alone).  (B) Effect of signal transduction 

inhibitors on TNF-α-induced PAI-1mRNA contents in normal human hepatocytes 

evaluated by real-time PCR method.  PAI-1 mRNA levels were normalized with an 

endogeneous control, β-actin mRNA.  Data are expressed as means ± SEM (n = 3; * 

P < 0.05; ** P < 0.01; *** P < 0.001 versus TNF-α alone).   

 

Fig. 6. Inhibitory effects of pioglitazone or cerivastatin on TNF-α-induced PAI-1 

secretion.  THLE-5b cells were cultured with or without pioglitazone (1 or 10 μM) or 

cerivastatin (0.1 or 1.0 μM) in the presence of 1.0 ng/ml TNF-α for 24 hours, and PAI-1 

concentrations in the supernatants were measured by ELISA.  Data are expressed as 

means ± SEM (n = 3; * P < 0.05; ** P < 0.001 versus TNF-α alone). 
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Fig. 7. Mevalonic acid reverses the inhibitory effect of cerivastatin on TNF-α-induced 

PAI-1 secretion.  THLE-5b cells were cultured with cerivastatin (1.0 μM) with 

mevalonic acid (1.0 mM or 2.0 mM) for 24 hours, and PAI-1 contents in the 

supernatant were measured by ELISA.  Data are expressed as means ± SEM (n = 3; * 

P < 0.05; ** P < 0.001 versus TNF-α +cerivastatin).  

 

Fig. 8. Effect of signal transduction inhibitors on TNF-α-induced PAI-1 secretion in the 

presence or absence of pioglitazone. PAI-1 contents in the supernatant were measured 

by ELISA.  SB203580 and genistein had significant additive inhibitory effects with 

pioglitazone, whereas Calphostin C, PD98059 and Emodin did not.  Data are 

expressed as means ± SEM (n = 3; * P < 0.05; ** P < 0.001 versus TNF-α + 

pioglitazone) 

 

Fig. 9. A summary figure for signaling pathways tested in this study.  In hepatocytes, 

pioglitazone inhibits TNF-α-induced PAI-1 production via pathways involving PKC 

and NF-κB. 
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Non-obesity 

( n = 6 ) 

Obesity 

( n = 5) 

Non-obesity

( n = 12) 

Obesity 

( n = 9 ) 

Non-diabete Diabete

Table 1 Clinical characteristics of study

55 ± 2a 

3 / 9 

21.9 ± 0.4d 

152 ± 17a  

7.5 ± 0.5a  

1.8 ±0.2 

123 ± 27 

202 ± 12 

48 ± 4 

24 ± 2 

35.8 ± 9.5a 

1.1 0.1±

43 ± 4 

3 / 3 

22.7 ± 0.7 

93 ± 2 

5.2 ± 0.2 

2.0 ± 0.5 

154 ± 46 

212 ± 21 

51 ± 7 

18 ± 7 

18.6± 3.4 

1.0  0.2±

50 ± 4 

3 / 6 

27.7 ± 1.3a,f 

131 ± 11a,c  

7.0 ± 0.4a,c 

4.0 ± 1.0 

140 ± 20 

196 ± 6 

45 ± 3 

48 ± 11 

41.6 ± 8.7a 

1.5  0.1a,e ±

Age (y) 

Sex (n: female/male) 

BMI (kg/m2) 

FPG (mg/dl) 

HbA1c (%) 

HOMA-IR 

Triglyceride (mg/dl) 

Total cholesterol (mg/dl) 

HDL-cholesterol (mg/dl) 

ALT (IU/L) 

PAI-1 (ng/ml) 

TNF-  (pg/ml) α

45 ± 7 

2 / 3 

30.3 ± 1.3b 

89 ± 5  

5.0 ± 0.2  

2.7 ± 0.6 

132 ± 46 

214 ± 26 

44 ± 4 

40 ± 17a

29.8 ± 9.3 

1.3 0.1±

 

 
Values are means ± SEM. ; a, P < 0.05, b, P < 0.001 versus Non-diabetes Non-obesity group ;

c, P < 0.05, d, P < 0.001 versus Non-diabetes Obesity group ; e, P < 0.05,  f, P < 0.001 versus

Diabetes Non-obesity group ; 
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