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ABSTRACT 

 

The distribution of tissue factor pathway inhibitor (TFPI) consisting of free, 

lipoprotein-bound and endothelial anchoring forms, was studied in 156 patients with 

coronary artery disease (average age 61.2±9.1: range 32 to 78 years-old) by heparin infusion 

(50 IU/kg), and compared with the pre-heparin TFPI levels of 229 healthy subjects (average 

age 59.6±9.4 : range 41 to 80 years-old).  In the pre-heparin state, the patients had lower 

free TFPI and lower high-density lipoprotein cholesterol (HDL.c) levels than those of the 

healthy subjects with equivalent lipoprotein-bound forms (free TFPI; 15.9±6.5 vs. 19.2±

8.1 ng/ml). In a partial correlation analysis, the free TFPI levels were shown to be inversely 

correlated with the HDL.c concentrations in both the patients (r=.-454:P<.001) and the 

healthy subjects (r=.-136:P<.05). In the post-heparin state, the patients generally showed free 

form levels less than 10%, lipoprotein-bound form levels at 30% and endothelial TFPI at 

60%.  The patients were divided into four categories by their low density lipoprotein 

cholesterol (LDL.c:130 mg/dl) and HDL.c (40 mg/dl) levels to specify their coronary risks.  

The low HDL.c groups had significantly increased intravascular free TFPI levels (including 

endothelial TFPI) and decreased post-heparin LPL levels, while the high LDL.c groups 

showed increased levels of lipoprotein-bound TFPI.  As a result, in a partial correlation 

analysis, we found a proportional relation between intravascular free TFPI (including 

endothelial TFPI) and apo lipoprotein A-II (r=.5327), and between HDL.c and LPL (r=.4906).  

Intravascular free TFPI was inversely correlated with HDL.c (r=-.4280) and post-heparin 

LPL (r=-.4791).  These findings suggested that increased intravascular free TFPI in patients 

with low HDL.c may be a compensatory response of the endothelium to prevent 

atherothrombotic processes.  
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Abbreviation 

 

 TFPI  Tissue Factor Pathway Inhibitor 

 Lp-TFPI  Lipoprotein-bound TFPI 

 LDL.c  Low-density Lipoprotein Cholesterol 

 HDL.c  High-density Lipoprotein Cholesterol 

CAD  Coronary Artery Disease 

LPL  Lipoprotein Lipase 

HL  Hepatic Lipase 

Apo A-II Apolipoprotein A-II 
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INTRODUCTION 

 

  Tissue factor pathway inhibitor (TFPI) plays an important role in the anti-thrombotic 

properties of vessel walls by inhibiting extrinsic coagulation processes (1-2).  Intravascular 

TFPI consists of three major pools except in platelets (3), i.e., the free form without carrier, 

lipoprotein-bound form (4) and endothelial anchoring form (5).  An exogenous 

administration of recombinant TFPI to experimental animals prevents thrombosis (6) while 

increased TFPI levels have been observed in patients with acute myocardial infarction (7). 

Although the alteration of serum lipids by cholesterol lowering therapy influences 

lipoprotein-bound TFPI profiles (8-11), little is known about the clinical implications of the 

TFPI level and its regulation in relation to lipid risk profiles.  

In the present study, we compared TFPI subfractions in pre-heparin plasmas of normal 

healthy subjects and patients with coronary artery disease (CAD).  Significant negative 

correlations were observed between the free TFPI and high density lipoprotein cholesterol 

(HDL.c) concentrations in both of these groups. Accordingly, we studied the TFPI 

distribution including endothelial TFPI levels in CAD patients divided according to their 

different phenotypes of dyslipidemias, especially hypercholesterolemia (high low density 

lipoprotein cholesterol: LDL.c) and low HDL cholesterolemia to evaluate the patients’ 

coronary risks.  Although lipoprotein-bound TFPI constitutes the major part of circulating 

TFPI, endothelial TFPI released by heparin is physiologically the most important form. 

Because the amount of endothelial TFPI is the still greater than that of lipoprotein-bound 

form in vessels and mediates the major antithrombotic activity as free form (12-13).  

Endothelial TFPI is believed to bind to heparan sulfate on the cell surface, as does lipoprotein 

lipase (LPL) (14), which regulates the LDL and HDL fractions by hydrolyzing 

triglyceride-rich lipoproteins (TGRL) and by producing LDL particles or a surface coat of 
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HDL particles (15). Consequently, we found that the level of intravascular free TFPI 

(including endothelial TFPI) was increased in the patients with low HDL.c concentration, 

and significantly proportional to apolipoprotein A-II (apo A-II) levels and negatively 

correlated with post-heparin LPL mass.  These results suggest the close relation between 

antithrombotic aspect and lipid metabolism on vascular beds, giving new insight into risk 

profiles for atherothrombosis in vivo. 
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METHODS 

Subjects  

 One–hundred and fifty-six patients with CAD, aged 32 to 78 years, were recruited for the 

study. These patients were referred to and admitted to the National Cardiovascular Center 

Hospital (Osaka, Japan) because of stable symptoms or suspected CAD.  All patients had no 

hepatic or renal dysfunction, but anti-anginal drugs had been administered such as nitrates 

(47.8%), calcium antagonists (46.6%), -blockades (29.2%) and aspirin (44.1%). The 

patients who had been administered lipid-lowering drugs, those with a triglyceride (TG) level 

more than 4.5 mmol/L (400 mg/dl), and those with familial hypercholesterolemia or type III 

hyperlipidemia were excluded from this study.  All patients were examined by coronary 

angiography to evaluate the severity of coronary atherosclerosis.  Blood samples were 

obtained during the diagnostic catheterization procedure in the early morning. Pre-heparin 

plasma samples were collected from a femoral artery just after the insertion of the sheath for 

catheter manipulation. Post-heparin plasma samples were obtained 10 minutes after an 

intravenous injection of unfractionated standard heparin (Novo-Nordisk A/S, Denmark) with 

a bolus of 50 IU/kg body weight. The blood samples were drawn into evacuated tubes 

containing 0.38% trisodium citrate (1:9 vol/vol) and disodium EDTA (0.1%), immediately 

placed in refrigerator and centrifuged at 3,000g at 4 ℃ within 1 hour to obtain platelet-poor 

plasma. Aliquots were stored at –80 ℃ until assay.  

 As control subjects, 229 normal volunteers, aged 40 to 81years, were selected from the 

population-based prospective cohort in the district of Ise (Kisei-cho, Mie Prefecture in Japan). 

Serum lipids and TFPI were measured without heparin infusion. Blood samples were 

obtained after the subjects had fasted overnight, from an anticubital vein into evacuated tubes.  

Informed consent was obtained from all patients and healthy subjects for the blood sampling 

and measurements. 
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Classification  

 To evaluate their coronary risk according to their lipid profiles, the CAD patients were 

divided into four categories according to their LDL cholesterol (LDL.c) and HDL cholesterol 

(HDL.c) levels (Fig. 1): the normal group (a), low HDL.c group (b), low HDL.c and high 

LDL.c group (c), and high LDL.c group (d). The cut-off values for the LDL.c and HDL.c 

levels were 3.34 mmol/L (130 mg/dl) and 1.03 mmol/L (40 mg/dl), respectively. HDL.c was 

plotted as reciprocal values (1/HDL.c) as a negative risk factor. This classification according 

to lipid risk can be used to evaluate the independent contributions of the two confounding 

variables of HDL.c and LDL.c to atherosclerosis. A simple factorial analysis of variance 

(two-way ANOVA) was applied to determine the separate abilities of HDL.c and LDL.c 

levels to affect the dependent variables.   

 

Measurements of lipids and risk  

The serum total cholesterol (TC) and triglyceride (TG) levels of pre- and post-heparin 

plasma samples were determined by enzymatic methods (16-17) with the reagents 

commercially supplied by Daiichi Kagaku (Tokyo, Japan) for cholesterol and by Nihon Shoji 

(Osaka) for TG using an auto-analyzer (COBAS MIRA plus, Nihon Roche, Tokyo). HDL.c 

was determined in the supernatant after heparin-manganese precipitation of the apo 

B-containing lipoproteins (18).  Apolipoproteins A-1, A-II, B, C-II, C-III and E were 

measured immunoturbidimetrically with the use of kits (Daiichi Kagaku) (19).  LDL.c was 

calculated by Friedewald’s formula (20).  In the patients, blood pressure and body-mass 

index (BMI : body weight divided by height in square meters) were measured, and alcohol 

and smoking habits were also documented based on a standard questionnaire.   
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TFPI and LPL antigen determination 

Both the total and free TFPI concentrations were measured by a one-step sandwich 

enzyme-linked immunosorbent assay (ELISA) method using “total” and “free” TFPI reagent 

kits (Kaketsuken, Kumamoto, Japan) in both pre-heparin and post-heparin plasma (21).  

Monoclonal anti-TFPI antibodies for Kunitz 3 domain (K9) and for the tertiary structure of 

first and second Kunitz domains (K270) were prepared to detect the free and total TFPI 

levels, respectively.  The amount of lipoprotein–bound TFPI and endothelial TFPI were 

calculated by subtracting free TFPI concentration from total TFPI concentration and by 

subtracting the total TFPI concentration in the pre-heparin plasma from total TFPI 

concentration in the post-heparin plasma, respectively.  Intravascular free TFPI consists of 

endothelial TFPI released by heparin and circulating free TFPI in pre-heparin plasma, 

because endothelial anchoring TFPI is detected as “free” form after a heparin infusion. 

However, post-heparin free TFPI is different from intravascular free TFPI, because part of 

the heparin releasable TFPI from endothelium newly binds to lipoprotein as described in the 

result.  

 The plasma LPL mass was measured by a sandwich enzyme immunoassay (EIA) using 

commercial reagent kits (Daiichi Kagaku) (22).  The endothelial LPL level was calculated 

by subtraction of the pre-heparin LPL concentration from the post-heparin LPL concentration. 

Regarding these LPL levels, the intravascular LPL concentration was equal to the 

post-heparin LPL concentration.   

 

Statistical analysis 

   Statistical analysis was performed using SPSS software (SPSS Inc, Chicago, IL). 

Two-tailed Student’s t test was applied for the differences between the control subjects and 

CAD patients, except for the gender distribution (chi square test).  Comparisons of the  
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dyslipidemic categories were made by a simple factorial analysis of variance (two-way 

ANOVA) to determine the differences in clinical parameters, where HDL and LDL 

cholesterol were the two independent factors. Significant differences of the main effect of 

each factor was examined after that of their interaction.  Partial correlation coefficients was 

calculated for the pre- and post-heparin TFPI, LPL, lipids and apolipoprotein levels. The TG 

concentrations were logarithmically transformed because of their skewed distribution. P 

values less than 5 % were considered significant.  
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RESULTS 

 

Comparison of serum lipid, apolipoprotein and TFPI levels in control subjects and 

patients  

Figure 1 shows a scatter gram of the LDL.c and HDL.c levels of the healthy subjects and 

CAD patients. The HDL.c levels of the patients were clearly shifted to the lower range 

characterizing lipid profiles of patients at risk for atherosclerosis ; 80 patients (51%) had 

HDL cholesterol levels in the range less than 1.03mmmol/L (40 mg/dl). The CAD patients  

had significantly lower serum lipids and apolipoprotein levels compared to those of the 

control subjects, except for the apo C-II levels (Table 1). However, the apo A-II level divided 

by HDL.c was higher in the patients group than in the healthy subjects, indicating relatively 

increased apo A-II rich HDL particles in the CAD patients.  

 Both the free and total TFPI concentrations were significantly lower in the patients than  

in the control subjects. The lipoprotein-bound TFPI concentrations were not significantly 

different between the patients and control subjects.  The free (TFPI) / total (TFPI) ratios and 

Lp-bound (TFPI) / total (TFPI) ratios showed that the TFPI in the control group was about 

one-fourth (25%) the free form and 75% the lipoprotein-bound form. The TFPI of the 

patients was about one-fifth (20%) the free form and 80% the lipoprotein-bound form.  

 

Partial correlation coefficients in control subjects and patients 

The free TFPI levels were inversely correlated with the HDL.c levels (Table 2) in both the 

healthy subjects (r=-.1358; P<.001: Fig. 2a) and the CAD patients (r=-.4540; P<.001: 

Fig.2b).  In the control subjects, HDL.c was correlated with apo A-I (r=.7895: P<.001) and 

apo A-II (r=.3054: P<.001), while in the patients, HDL.c was weakly correlated with apo A-I 

(r=.1898: P=.026), but no longer correlated with the apo A-II level (r=-.0638).  Despite the 
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negative correlation of free TFPI with HDL.c, the free TFPI concentration was positively 

correlated with the apo A-II level in both groups, more so in the patients. Although the 

circulating free TFPI was related to apo A-II rather than apo A-I in both the patients and the 

control subjects, the patients who had low HDL.c levels had a stronger correlation between 

free TFPI and apo A lipoproteins (apo A-I and apo A-II). In only the control group, free TFPI 

was correlated with the triglyceride level (r=.254; P<.001) and LDL.c level (r=.1669; P<.01). 

The lipoprotein-bound TFPI level was found in LDL fraction as the major part in the 

control subjects (r=.4587; P<.001) and the patients (r=.4623;<.001). In the control group, the 

HDL fraction (r=.3152;P<.001) significantly contributed to the binding of lipoprotein-bound 

TFPI.  In the patients, in contrast, an explanatory linkage of lipoprotein-bound TFPI and the 

HDL fraction was not observed.  

    

Different forms of TFPI associated with dyslipidemic profiles 

 The patients were divided by their LDL.c and HDL.c levels into four categories (Table 3).  

The low HDL.c groups (b and c) had higher BMI and lesser alcohol consumption values than 

those of the patients without low HDL.c (a and d). There was no significant difference in 

smoking status among the groups.  LDL.c and HDL.c contributed to the significant 

differences of TC, apo A-I and apo B between the patients with low HDL.c (b and c) and 

high LDL.c (c and d) without any secondary interaction.  Although the apo A-II levels were 

lower in the high LDL.c groups, the apo A-II / HDL.c ratio was significantly elevated in the 

low HDL.c groups.  Apo C-II levels were also higher in the low HDL.c patients than in the 

patients without low HDL.c. 

The heparin infusion (50 IU/kg) caused marked increases in the circulating free TFPI, 

from 7.7- to 11.1-fold and LPL concentrations from 12- to 16- fold in the pre-heparin plasma 

(Table 4). 
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The low HDL.c groups were characterized by significantly higher free TFPI and reduced 

LPL levels in both pre-heparin and post-heparin plasma compared to the high LDL.c groups. 

Accordingly, the endothelial TFPI values calculated were also increased in the low HDL.c 

groups compared to the high LDL.c groups, while the endothelial LPL levels were 

significantly lower in the low HDL.c groups (P<.005) and higher in the high LDL.c groups 

(P<.01) compared to those of the other groups. 

As expected, the lipoprotein-bound TFPI levels in both the pre-heparin and post-heparin 

plasma were increased in the groups with high LDL.c.  However, the total TFPI level in 

post-heparin plasma was higher in the low HDL.c groups compared to that in the high LDL.c 

groups, because of the higher endothelial TFPI released by heparin infusion in the low 

HDL.c groups.  Interestingly, the lipoprotein-bound form in the post-heparin plasma was 

increased by about 10 to 20 ng/ml compared to that in the pre-heparin plasma in all groups. 

Newly detected lipoprotein-bound TFPI represented by -Lp-TFPI was significantly higher 

in the high LDL.c groups (P<.005). Consequently, the intravascular TFPI in the patients was 

less than 10% circulating free TFPI, 30% lipoprotein-bound form and 60% endothelial 

anchoring form, regardless of dyslipidemias. The circulating free TFPI levels (in pre-heparin 

plasma) was about 10 to 14% of the endothelial TFPI. 

 

Partial correlation coefficients among TFPI, LPL and lipids in the patients group   

 Based on the partial correlation analysis of the patients (Table 5), the free TFPI levels in 

pre-heparin plasma were shown to be significantly related to the intravascular free TFPI 

concentration (r=.6748; P<.001), while pre-heparin LPL showed a weak association with 

post-heparin LPL levels (r=.3473; P<.001).  Similar to the results shown by the 

dyslipidemic classification, the HDL.c concentration was inversely correlated with the free 

TFPI levels and positively correlated with LPL in both pre-heparin and post-heparin plasmas. 
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Although the apo A-I and apo A-II levels were well correlated with each other (r=.6458; 

P<.001), only apo A-I was associated with the HDL.c level (r=.2009; P<.01). These two 

types of apolipoproteins were positively correlated with free TFPI levels (circulating and 

intravascular) and were negatively correlated with intravascular LPL, where apo A-II was 

much more strongly correlated than was apo A-I in both cases.    

Significant correlations were observed between intravascular free TFPI and apo A-II 

(r=.5327; P<.001) (Fig. 3a) and between post-heparin LPL and HDL.c (r=.4906; P<.001), 

whereas significant inverse correlations were documented between intravascular free TFPI 

and post-heparin LPL (r=-.4791; P<.001) (Fig. 3b), between intravascular free TFPI and 

HDL cholesterol (r=-.4280; P<.001), and between post-heparin LPL and apo A-II (r=-.3678; 

P<.001).  
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DISCUSSION 

 

 To elucidate the intravascular TFPI distribution in the present study, it was necessary to 

discriminate the free form and lipoprotein-bound form of TFPI, because of their different 

anticoagulant properties (7-8).  The heparin infusion enable to measure the total  

intravascular TFPI including the endothelial anchoring form, which was 7.7 to 11.2 times 

more than the free TFPI level in the pre-heparin plasma, as previously reported (5).  The 

intravascular TFPI of the present CAD patients generally consisted of less than 10% of the 

circulating free form (6-9%), 30% of the lipoprotein-bound form (27-32%) and 60% of the 

endothelial anchoring form (60-64%) regardless of patients’ dyslipidemic profiles. In 

addition, intravascular free TFPI was strongly correlated with pre-heparin free TFPI 

(r=.6748), indicating a certain physiological equilibrium between the endothelial TFPI and 

circulating free TFPI. In contrast, the pre-heparin LPL concentration was not a good 

predictor of the intravascular LPL levels (r=.3709).    

In our study, the patients with CAD had serum lipid levels that were lower than those of 

the control subjects, suggesting that the stable diet control during hospitalization might have 

affected the lipid profiles of the patients.  However, a critical difference between the healthy 

subjects and patients was present in the HDL.c level, which may be the best indicator for 

CAD rather than hypercholesterolemia in the Japanese population. We observed the inverse 

correlation between free TFPI and HDL cholesterol in the pre-heparin plasma (r=-.1358) of 

the healthy subjects (Fig. 2a), and in the pre-heparin (r=.-4547) and post-heparin plasma of 

the CAD patients (r=-.4280: Fig. 2b).  In the dyslipidemic classification, the pre-heparin 

free TFPI and endothelial TFPI levels were significantly increased in the groups of the 

patients with low HDL.c concentration compared with the other groups (Table 4).  Hansen 

et al. (10) reported that pre-heparin plasma TFPI activity of 14 patients with familial 
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hypercholesterolemia was not associated with HDL.c or apo A-I. But they did not 

discriminate between TFPI activity and antigen, and mixed data at base-line and after 

different lipid-lowering therapy.  Cella  et al. (23) reported a positive relation between 

HDL.c and total TFPI antigen in post-heparin plasma (20 IU/kg of heparin), analyzing a 

small number of heterogeneous subjects (12 hospitalized patients with marked obesity (mean 

BMI 41.4) and 14 normal subjects).  Although the reason for the difference in findings 

between that study and ours is unclear, it may be associated with the discrimination of free 

and lipoprotein-bound forms and the interpretation of TFPI response dependent on the study 

population.  We demonstrated that symptomatic CAD patients had free TFPI levels lower 

than those of normal healthy subjects. This result indicates a reduction of intravascular free 

TFPI in the atherogenic vascular milieu, except for the lipoprotein-bound form which is 

dependent on cholesterol levels. However, the negative correlation between the free TFPI and 

HDL.c indicated different aspects of the regulation of TFPI concentration, i.e. a 

compensatory augmentation of free TFPI levels produced by endothelial cells against the 

atherogenic vascular milieu. Increased TFPI levels in patients with acute myocardial 

infarction (7) may be evidence of such an endothelial compensation.   

Lesnik et al. (24) reported elevated TFPI activity in small dense LDL and HDL fractions. 

Moor et al. (25) also described that HDL3b was associated with TFPI in patients with CAD.  

A low HDL.c concentration is generally associated with the presence of small and dense 

HDL particles, because of the shrinkage of HDL cycles between HDL2 and HDL3 (13).  

Small and dense HDL particles are enriched in apo A-II.  Although apo A-I was positively 

correlated with HDL.c in the present CAD patients, apo A-II was no longer correlated with 

HDL.c in them. Among the patients with low HDL.c (80 patients), apo A-II was inversely 

correlated with HDL.c levels (r=-.291; P=.009), indicating that the lower the HDL.c is, the 

more enriched apo A-II is present in the CAD patients with low HDL.c. This idea may be 
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supported by the findings that the apo A-II / HDL.c ratio was significantly higher in the CAD 

patients compared to the healthy subjects (Table 1), and the apo A-II/HDL.c ratio of the 

patients with low HDL.c was higher than that of the patients without low HDL.c (Table 3). 

TFPI bound to HDL particles is thought to covalently bind to apo A-II which was cleaved by 

reduction, suggesting a disulfide-bond (26-27).  However, we found that the apo A-II levels 

were significantly correlated with free TFPI, not with the lipoprotein-bound form.  In 

addition, the apo A-II and free TFPI levels were in complete opposition to the HDL.c levels 

in the control subjects and the patients, especially in the post-heparin plasma of the patients 

(Fig. 2b). 

  Since HDL particles have several protective functions for vessels against injury (28-29), 

anti-atherogenic properties should be reduced in a low HDL.c milieu.  When the 

augmentation of anti-thrombotic activity is required, endothelial cells may be forced to 

generate TFPI and compensate for the consumption of free TFPI in response to certain 

signals such as thrombin (30) or other inflammatory mediators (31).  From this point of 

view, elevated free TFPI in a certain population could be a risky aspect as indicated by the 

inverse relationship between HDL.c and free TFPI in the present CAD patients.  The 

negative correlation between free TFPI and HDL.c was stronger in the symptomatic patients 

than in the healthy subjects, and in the patients with low HDL.c than in the patients without 

low HDL.c.  

 The metabolic state of the low HDL.c level was associated with an increased clearance of 

apo A-I and apo A-II (32), presumably due to an overdriving reverse cholesterol transport 

system. Since the HDL.c concentration was shown to be proportional to the LPL levels as in 

a previous study (33), LPL may also be processed in the low HDL.c situation, reflected by 

the negative correlation of LPL with intravascular TFPI.  It is possible that increased TFPI 

shares the binding sites of heparan sulfate proteoglycans, where LPL is replaced by TFPI, 
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resulting in the negative correlation between the two parameters (Fig. 3b). 

Apo A-II has been reported to have the ability to activate hepatic lipase (HL) (34), another 

key enzyme of triglyceride hydrolysis, and HL was shown to be inversely correlated with 

HDL2 (35).  It is also conceivable that free TFPI from endothelium binds to apo A-II 

enriched HDL particles on the way of HDL metabolism. However, the correlation between 

intravascular free TFPI and apo A-II indicates some interrelation between TFPI and apo A-II 

or some function of apo A-II beyond that as a binding mediator of TFPI to HDL particles, 

since it correlates with free TFPI.  

 The present study also revealed the novel finding that about 10% (8-15%) of endothelial 

TFPI (10 to 20 ng/ml) was bound to lipoproteins, a level which was significantly higher in 

the patients with high LDL.c, suggesting the instant interaction between TFPI and 

lipoproteins.  TFPI synthesized in the endothelium is believed to bind to heparan sulfate 

proteoglycans on the cell surface, where LPL also enhances the binding of lipoproteins (36). 

It is possible that part of the endothelial TFPI is physiologically processed to lipoproteins 

mediated by LPL on the cell surface, forming lipoprotein-bound TFPI.  Although the 

lipoprotein-bound TFPI was significantly correlated with LDL.c levels in both the healthy 

and CAD patient groups of the present study, it was no longer linked with the HDL fraction 

in the patients (Table 2), because of their reduced HDL.c concentrations.  The pre-heparin 

free TFPI levels were positively correlated with the triglyceride concentrations in only the 

control group (37), not in the patients with CAD as previously reported (15).  This means 

that the contribution of triglycerides to TFPI levels is not ubiquitous and depends on the lipid 

regulation in a given study population.   

Taken together, the present findings indicate that the levels of intravascular TFPI 

(including lipoprotein-bound form) is influenced by lipid metabolism as presented by a 

characteristic constellation involving the TFPI, apo A-II, HDL.c, LDL.c and LPL levels. The 
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lower the HDL cholesterol concentration is, the higher the intravascular free TFPI level is. 

However, the intravascular free TFPI level should be interpreted as a biphasic phenomenon, 

whether it is decreased or not, and whether it is compensated or not when TFPI is not 

reduced. Although the event leading to this constellation of high TFPI and low HDL.c remain 

to be elucidated, it appears that increased intravascular free TFPI in a risky state may be a 

compensatory response of the endothelium, which clearly plays a crucial role in the 

regulation of not only anti-thrombotic properties, but also the lipoprotein metabolism 

mediated by heparan sulfate proteoglycans.  

 

ACKNOWLEDGEMENT 

 

We thank Ms Akiko Makino and Ms Eiko Saitoh for technical assistance in performing 

ELISA and using the autoanalyzer. 



14/11/13                 Kawaguchi et al., TFPI & dyslipidemia 

 

  -18- 

REFERENCE 

 

(1) Novotny WF: Tissue factor pathway inhibitor. Semin Thromb Hemostas. 1994; 20: 

101-108. 

(2) Broze GJ: Tissue Factor Pathway Inhibitor. Thromb Haemost. 1993; 74: 90-93. 

(3) Novotny WF, Girard TJ, Miletich JP, Broze GL Jr: Platelets secrete a coagulation 

inhibitor functionally and antigenically similar to the lipoprotein associated coagulation 

inhibitor.  Blood. 1988;72:2020-2025.  

(4) Novotny WF, Brown SG, Miletich JP, Rader DJ, Broze GJ Jr. :Plasma antigen levels of 

the lipoprotein-associated coagulation inhibitor in patients samples.  Blood. 

1991;78:387-393. 

(5) Sandset PM, Ablidgaar U, Larsen ML: Heparin induces release of extrinsic coagulation 

inhibitor(EPI).  Thromb Res. 1988 ;50:803-813. 

(6) Haskel EJ, Torr S, Day KC, Palmier MO, Wun TC, Sobel BE, Abendschein DR: 

Prevention of Arterial Reocclusion After Thrombolysis With Recombinant 

Lipoprotein-Associated Coagulation Inhibitor. Circulation. 1991; 84: 821-827. 

(7) Sandset PM, Sirnes PA, Abildgaar U: Factor VII and extrinsic pathway inhibitor acute 

coronary disease.  Br J Haematol. 1989 ;72:391-396, 1989  

(8) Kokawa T, Enjyoji K, Kumeda K, Kamikubo Y, Harada-Shiba M, Koh H, Tsushima M, 

Yamamoto A, Kato H: Measurement of the free form of TFPI antigen in hyperlipidemia; 

relationship between free and endothelial cell-associated forms of TFPI. Arterioscler 

Thromb Vasc Biol. 1996; 16: 802-808.  

(9)   Sandset PM, Lund H, Norseth J, Ablidgaard U, Ose L.  Treatment with 

hydroxymethylglutaryl-coenzyme A reductase inhibitors in hypercholesterolemia induces 



14/11/13                 Kawaguchi et al., TFPI & dyslipidemia 

 

  -19- 

changes in the components of the extrinsic coagulation system.  Arterioscler Thromb. 

1991; 11:138-145. 

(10) Hansen JB, Huseby NE, Sandset PM, Svensson B, Lyngmo V, Nordoy: Tissue factor 

pathway inhibitor and lipoproteins. Evidence for association with and regulation by LDL 

in human plasma.  Arterioscler Thromb. 1994; 14:223-229. 

(11) Hansen JB, Husby KR, Husby NE, Sandset PM, Hanssen TA, Nordoy: Effects of 

cholesterol lowering on intravascular pools of TFPI and its anticoagulant potential in type 

II hyperlipoproteinemia. Arterioscler Thromb Vasc Biol. 1995;15:879-885. 

(12) Hubbard AR, Jennings CA.: Inhibition of the tissue factor-factor VII complex: 

Involvement of factor Xa and lipoproteins.  Thromb Res. 1987; 46:527-537. 

(13) Kokawa T, Abumiya T, Kimura T, Harada-Shiba M, Koh H, Tushima M, Yamamoto 

A, Kato H: Tissue factor pathway inhibitor activity in human plasma; Measurement of 

lipoprotein-associated and free forms in hyperlipidemia. Arterioscler Thromb Vasc Biol. 

1995; 15: 504-510. 

(14) Olivecrona T. Bengtsson-Olivecrona G: Lipoprotein lipase and hepatic lipase. Curr 

Opin Lipidol. 1990; 1: 222-230. 

(15) Tall AR, Breslow JL:Plasma high-density lipoprotein and atherogenesis: In: Fuster V, 

Ross R, Topol EJ, eds.  Arteriosclerosis and coronary artery disease: New York: 

Lippincott-Raven , NY 1997: 105-128 

(16) Allain CC, Poon LS, Chan CSG, Richmond W, Fu PC: Enzymatic determination of 

total serum cholesterol. Clin Chem 1974;20:470-475 

(17) Buccolo G, David H: Quantitative determination of serum triglycerides by the use of 

enzymes. Clin Chem 1973;19:476- 482 

(18) Brustein M, Scholnick HR, Morfin R: Rapid method for the isolation of lipoprotein 



14/11/13                 Kawaguchi et al., TFPI & dyslipidemia 

 

  -20- 

from human serum by precipitation with polyanions. J Lipid Res 1970;11:583-595 

(19) Ikeda K, Shibuya Y, Senba U, Sugiuchi H, Arai S, Uji Y, Okabe H: Automated 

immnunoturbidimetric analysis of six plasma apolipoproteins: Correlation with radial 

immunodiffusion assays. J Clin Lab Anal. 1991; 5:90-95. 

(20) Friedewald WT, Levy RI, Fredrickson DS: Estimation of the concentration 

low-density lipoprotein cholesterol in plasma, without use of the preparative 

ultracentrifuge. Clin Chem 1972;18:499-502 

(21) Abumiya T, Enjyoji K, Kokawa T, Kamikubo Y, Kato H: An anti-tissue factor 

pathway inhibitor(TFPI) monoclonal antibody recognized the third kunitz domain (K3) of 

free-form TFPI but not lipoprotein-bound forms in plasma.  J Biochem. 1995; 

118:178-182.  

(22) Kobayashi J, Hashimoto H, Fukamachi I, Tashiro J, Shirai K, Saito Y, Yoshida S. 

Lipoprotein lipase mass and activity in severe hypertriglyceridemia.  Clin Chem Acta. 

1993; 216:113-123. 

(23) Cella G, Vetto R, Sbarai A, Rossi E, Rampin E, Macor C, Mussap M,Plebani 

M,Luzzatto G, Girolami a: Endothelial cell-associated tissue factor pathway inhibitor 

(TFPI) antigen in severe nondiabetic obese patients: Effect of hyoerinsulinemia.  Semin 

Thromb Hemostas 1997 ;23:129-134 

(24) Lesnik P, Vonica A, Guerin M, Moreau M, Chapman MJ: Anticoagulant activity of 

tissue factor pathway inhibitor in human plasma is preferentially associated with dense 

subspecies of LDL and with Lp(a). Arterioscler Thromb. 1993; 13: 1066-1075 

(25) Moor E, Hamsten A, Krape F, Bavenholm P, Blomback M, Silvia A: Relationship of 

tissue factor pathway inhibitor activity to plasma lipoproteins and myocardial infarction 

at a young age.  Thromb Haemost.  1994; 71:707-712. 



14/11/13                 Kawaguchi et al., TFPI & dyslipidemia 

 

  -21- 

(26) Novotny WF, Brown SG, Miletich JP, Broze GJ Jr; Purification and characterization 

of the lipoprotein associated coagulation inhibitor from human plasma.  J Biol Chem. 

1989; 264:18832-18837. 

(27) Broze GL, Lange GW,Duffin KL, MacPhail L: Heterogeneity of plasma tissue factor 

pathway inhibitor.  Blood Coag Fibrinol. 1994; 5:551-559. 

(28) Watson DW, Berliner JA, Hama SY, La Du BN, Faull KF, Fogelman AM, Navab M: 

Protective effect of high density lipoprotein associated paraoxonase; Inhibition of the 

biological activity of minimally oxidized low density lipoprotein.  L Clin Invest. 

1995;96:2882-2891. 

(29) Mackness MI, Arrol S, Abbot C, Durrington P: Protection of low-density lipoprotein 

against oxidative modification by high-density lipoprotein associated paraoxonase. 

Atherosclerosis. 1993;104:129-135. 

(30) Lupu C, Lupu F, Dennehy U, Kakkar VV, Scully MF: Thrombin induces the 

redistribution and acute release of tissue factor pathway inhibitor from specific granules 

within human endothelial cells in culture. Arterioscler Thromb Vasc Biol. 1995; 15: 

2055-2062. 

(31) Ameri A, Kuppuswarmy MN, Basu S, Bajaj SP : Expression of tissue factor 

pathway inhibitor by cultured endothelial cells in response to inflammatory mediators. 

Blood. 1992 ;79 :3219-3226 

(32) Brinton EA, Eisenberg S, Breslow JL: Increased apo A-I and apo A-II fractional 

catabolic rate in patients with low high density lipoprotein-cholesterol levels with or 

without hypertriglyceridemia. J Clin Invest. 1991; 87: 536-544. 

(33) Nikkila EA,Taskinen MR, Kekki M: Relation of plasma high-density lipoprotein 

cholesterol to lipoprotein-lipase activity in adipose tissue and skeletal muscle of man. 



14/11/13                 Kawaguchi et al., TFPI & dyslipidemia 

 

  -22- 

Atherosclerosis. 1978; 29:497-501. 

(34) Jahn CE, Osborne JC, Schaefer EJ, Brewer HB: Activation of the enzymatic activity 

of hepatic lipase by apolipoprotein A-II; Characterization of a major component of high 

density lipoprotein as the activating plasma component in vitro. Eur J Biochem. 1983; 

131: 25-29. 

(35) Kuusi T, Ehnholm C, Viikari J, Harkonen R, Vartiainen E, Puska P, Taskinen MR: 

Postheparin plasma lipoprotein and hepatic lipase are determinants of hypo- and 

hyperalphalipoprotenemia.  J Lipid Res. 1989; 30:1117-1126. 

(36) Eisenberg S, Sehayek E, Olivecrona T, Vlodavsky: Lipoprotein lipase enhanced 

binding of lipoproteins to heparan sulfate on cell surfaces and extracellular matrix.  J 

Clin Invest. 1992; 90:2013-2021. 

(37) Zitoun D, Bara L, Basdevant A, Samama MM: Levels of Ⅶc associated with 

decreased tissue factor pathway inhibitor and increased plasminogen activator inhibitor-1 

in dyslipidemias. Arterioscler Thromb Vasc biol. 1996; 1: 77-81. 



14/11/13                 Kawaguchi et al., TFPI & dyslipidemia 

 

  -23- 

Table 1   Comparison between the patients with coronary artery disease and the 

healthy control subjects  

 Patients Control subjects 

Number (M/F§) 156(122/34) 229(70/159) 

Age (yr) 61.2±9.1 59.6±9.4 

BMI (kg/m
2
) 23.7±3.0 23.3±3.1 

TC (mmol/L) §   4.85±1.00 5.99±1.01 

TG (mmol/L) 1.25±0.65 1.35±0.86 

LDL.c (mmol/L) § 3.18±0.87 3.93±0.96 

HDL.c (mmol/L) § 

** 

cholesterol(mmol/L) 

1.08±0.36 1.45±0.32 

Apo A-I (mg/dl) § 135.0±32.1 182.6±38.9 

Apo A-II (mg/dl) * 33.9±10.7 36.3±6.5 

Apo B (mg/dl) * 116.6±32.0 124.9±30.0 

Apo C-II (mg/dl) 5.2±2.7 5.8±2.5 

Apo C-III (mg/dl) § 10.4±4.6 13.2±4.6 

Apo E (mg/dl) § 4.8±1.4 6.2±1.8 

Apo A-II/HDL.c ratio § 0.92±0.44 0.67±0.15 

Free TFPI (ng/ml) § 15.9±6.5 19.2±8.1 

Lp-bound TFPI (ng/ml) 61.2±18.7 62.0±19.2 

Total TFPI (ng/ml) * 77.1±20.5 81.2±19.1 

Free/total ratio (%) ‡ 21.0±7.7 24.5±10.8 

Lp-bound/total ratio (%) ‡ 79.0±7.7 75.5±10.8 

Data are mean ± SD. Two-tailed Student’s t test was applied to determine the difference of 

parameter averages except for the gender distribution (chi square test). TG was transformed  

logarithmically at analysis.    *<.05,  ‡<.005,  §<.001. 

 Abbreviations: M , male; F, female; yr; year-old; BMI; body mass index, TC; total 

cholesterol, TG; triglyceride, HDL.c; high-density lipoprotein cholesterol, LDL.c; 

low-density lipoprotein cholesterol, Apo; apolipoprotein. Free (Lp-bound) / total ratio means 

the free (lipoprotein-bound) TFPI/total TFPI ratio. 
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Table 2  Partial correlation coefficients 

  
Control subjects Patients with CAD 

 
Free TFPI Lp-bound TFPI Free TFPI Lp-bound TFPI 

LDL.c  .1669 †    .4587 §     -.0930   .4623 § 

Log [TG]  .2540 §  .0029 .0076 -.0530 

HDL.c -.1358 *   .3152 §  -.4540 § .0030 

Apo A-I .0840      .1315    .2544 ‡ -.1310 

Apo A-II  .1635 †   .1550 *  .4275 § -.1608 

 

Partial correlation coefficients among circulating free TFPI, lipoprotein-bound TFPI, lipids 

(LDL.c, HDL.c and logarithmically transformed TG), apo A-I,A-II, B, C-II, C-II and E in 

pre-heparin plasma were calculated.    *<.05,  †<.01,  ‡<.005,  §<.001.  

Abbreviations: Lp-bound TFPI; lipoprotein-bound TFPI, TG; triglyceride, HDL.c; 

high-density lipoprotein cholesterol, LDL.c; low-density lipoprotein cholesterol, Apo; 

apolipoprotein.   
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Table 3. Clinical characteristics of the CAD patients by dyslipidemic classification 

 

 a  b c d   

 

Normal Low HDL.c 
High LDL.c 

Low HDL.c 
High LDL.c 

HDL.c 

(sig. P) 

LDL.c 

(sig. P) 

No. 39 54 26 37   
Age (yr) 60.1±9.7 63.5±7.9 57.1±10.5 62.0±8.5 Ns Ns 

BMI (kg/m
2
) 23.3±2.9 24.4±3.2 24.3±2.3 22.8±2.7 <.05 Ns 

Cigarettes (/day) 28.6±18.0 27.1±18.5 26.8±15.9 21.7±19.3 Ns Ns 

Alcohol (mg/day) 29.0±35.8 8.5±17.6 14.6±19.4 34.7±58.9 <.01 Ns 

TC (mmol/L) 4.62±0.61 4.05±0.69 5.69±0.95 5.68±0.60 <.05 <.001 

TG (mmol/L) 1.16±0.71 1.31±0.80 1.22±0.40 1.26±0.49 Ns Ns 

HDL.c (mmol/L) 1.40±0.33 0.79±0.15 0.83±0.12 1.34±0.25 <.001 Ns 

LDL.c (mmol/L) 2.69±0.46 2.61±0.38 4.30±0.92 3.76±0.46 Ns <.001 

Apo A-1 (mg/dl) 146.0±39.

7 

133.5±29.6 122.6±23.6 134.2±29.0 <.05 <.05 

Apo A-II (mg/dl) 35.4±11.7 34.7±10.6 32.0±11.7 32.4±8.9 Ns <.05 

Apo B (mg/dl) 101.8±26.

1 

113.4±30.3 143.8±40.4 117.9±20.1 <.001 <.001 

Apo C-II (mg/dl) 4.5±2.9 5.8±3.0 5.6±2.12 5.00±2.25 <.05 Ns 

Apo C-III (mg/dl) 10.4±4.9 9.4±5.0 10.5±3.9 11.7±3.9 Ns Ns 

Apo E (mg/dl) 4.88±1.33 4.50±1.85 5.15±1.13 5.06±0.60 Ns Ns 

Apo II/HDL.c ratio 0.70±0.26 1.20±0.46 1.04±0.48 0.64±0.20 <.001 Ns 

 

Data are mean ± SD. See the text for the method of classification. A simple factorial analysis 

of variance (two-way ANOVA) was performed to determine differences in parameters. 

Significant differences were expressed by the main effects of HDL.c and LDL.c as the 

independent variables. The triglyceride values were logarithmically transformed. Cigarettes; 

cigarettes consumption per day, alcohol; alcohol consumption per day. 

 Abbreviations: TC; total cholesterol, TG; triglyceride, BMI; body mass index, HDL.c; 

high-density lipoprotein cholesterol, LDL.c; low-density lipoprotein cholesterol, Apo; 

apolipoprotein.  
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Table 4. TFPI profile of the pre-heparin and post-heparin plasma of the CAD patients 

by dyslipidemic classification 

 

    Group : a b c d   
 

Normal 

Low 

HDL.c 

High LDL.c 

Low HDL.c High LDL.c 

HDL.c 

(sig. P) 

LDL.c 

(sig. P) 

Pre-heparin       

Free TFPI (ng/ml) 14.2±7.1 19.2±5.9 17.0±6.7 15.7±20.8 <.001 <.05 

Lp-bound TFPI (ng/ml) 60.1±16.4 52.9±12.2 73.7±28.9 64.5±16.5 Ns <.001 

Total TFPI (ng/ml) 74.4±20.7 72.1±14.3 90.6±30.1 80.2±20.6 <Ns <.005 

Free/total ratio (%) 19.0±5.3 26.9±7.2 19.7±8.6 18.0±12.5 <.001 <.001 

Lp/total ratio (%) 81.1±5.4 73.4±7.2 80.3±8.3 84.0±5.0 <.005 <.005 

LPL (ng/ml) 13.4±3.0 11.7±3.0 12.3±3.4 13.2±2.9 <.05 Ns 

Post-heparin       

Free TFPI (ng/ml) 122.7±47.8 152.9±52.3

4 

139.8±38.9 118.2±32.4 <.005 Ns 

Lp-bound TFPI (ng/ml) 71.4±20.1 61.9±18.3 89.7±29.9 86.7±24.8 Ns <.001 

Total TFPI (ng/ml) 194.1±5.3 214.2±57.4 229.5±50.3 205.0±38.1  <.05 Ns 

Free/total ratio (%) 61.8±8.8 69.7±10.6 60.8±9.1 56.4±9.3 <.001 <.001 

Lp/total ratio (%) 38.3±9.1 30.7±10.4 39.4±9.0 43.6±6.9 <.005 <.001 

LPL (ng/ml) 192.4±78.8 130.1±65.9 175.7±68.4 204.7±59.1 <.001 <.05 

Difference between pre- & post-heparin plasma 

Pre- & post 

Heparin plasma 

    

-Lp-TFPI(ng/ml) 9.30±18.6 14.2±14.4 22.7±20.4 20.0±17.6 Ns <.005 

EC-TFPI (ng/ml) 119.8±49.1 144.8±51.0 138.9±49.1 124.8±31.6 <.05 Ns 

EC-LPL (ng/ml) 179.5±78.9 123.6±61.0 164.4±69.0 192.2±59.0 <.005 <.01 

 

Data are mean ± SD. A simple factorial analysis of variance (two-way ANOVA) was applied 

to determine differences in parameters, as in Table 3.  

 Lp-bound TFPI means newly lipoprotein-bound TFPI after heparin infusion.  

Abbreviations ; LPL: lipoprotein lipase, EC-TFPI (LPL); endothelial TFPI (LPL).Other 

abbreviations are as in Table 3.  
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Table 5 Partial correlation coefficients among TFPI, LPL, lipids and apolipoproteins 

 

 
Intravasc. 

free TFPI 

Pre-free 

TFPI 

PHP 

LPL 
Pre-LPL HDL.c LDL.c Apo A-I 

Pre-free TFPI  .6748 §       

PHP-LPL  -.4791 §  -.3984 §       

Pre-free LPL   -.1658  -.2125 *  .3473 §     

HDL.c  -.4280 §  -.4547 §  .4906 §  .3709 §    

LDL.c   -.0923  -.0901  .1962 *  -.0057 -.0325   

Apo A-I  .3311 § .2613 †  -.2937‡   .0185  .2009 * -.0782  

Apo A-II  .5327 § .4357 §  -.3678 §  -.0785 -.0568 -.0923 .6458 § 

 

A partial correlation coefficient analysis was applied to the parameters of pre-heparin free 

TFPI, intravascular free TFPI, pre-heparin LPL, post-heparin (PHP) LPL, pre-heparin 

lipoprotein-bound TFPI, LDL cholesterol, HDL cholesterol, and apolipoproteins A-I, A-II, B, 

C-II, C-III, and E. “Intravasc. free TFPI “ means the circulating free TFPI in pre-heparin 

plasma and endothelial TFPI. “Pre-free TFPI” means the pre-heparin free TFPI concentration.   

*<.05,  †<.01, ‡<.005,  §<.001.           
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 LEGENDS 

Fig 1: Scatter diagram shows the relation between LDL cholesterol and 1/HDL cholesterol in 

229 healthy subjects (○) and 156 patients with coronary artery disease (▲). All subjects 

were divided according to their LDL and HDL cholesterol levels into four categories: (a) 

normal lipid profile, (b) low HDL cholesterolemia, (c) low HDL cholesterolemia and high 

LDL cholesterolemia and (d) high LDL cholesterolemia. The cut-off levels (dotted lines) of 

LDL cholesterol and HDL cholesterol were 130 mg/dl (3.34 mmol/L) and 40 mg/dl (1.03 

mmol/L), respectively. 

 

Fig 2: (a) Scatter diagram of HDL cholesterol and pre-heparin free TFPI in the 229 healthy 

subjects.  An inverse relation (r=-.1358) was observed between the HDL cholesterol 

concentration and circulating free TFPI level in pre-heparin plasma (Table 2). (b) Scatter 

diagram of HDL cholesterol and pre-heparin free TFPI in the 156 CAD patients. An inverse 

relation (r=-.4587) was revealed between the HDL cholesterol concentration and circulating 

free TFPI level in pre-heparin plasma (Table 2).   

 

Fig 3: (a) Relation between apo A-II and free TFPI in intravascular free TFPI in the 156 

CAD patients (r=.5327) (Table 5) (b) : Inverse relation between post-heparin LPL and 

intravascular free TFPI in the 156 CAD patients (r=-.4791) (Table 5). 
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Figure 1: 
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