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Abstract

The ethiopatogenic role of dyslipidemia in atherosclerosis nowadays is widely accepted. Lipoprotein (a) (Lp (a)), a modified LDL particle which presents a structurally homologue protein to plasminogen – apolipoprotein (a)- shows elevated levels in myocardial infarction and stroke patients. It has been described that Lp (a) is cross-linked covalently to fibrinogen and thus influences the permeability of intravascular thrombi.

We have performed a cross-sectional case-control study on 65 patients suffering of peripheral arterial disease, 15 myocardial infarction patients and 41 healthy controls, evaluating Lp (a) in serum. We have established correlations of Lp (a) with other biological, functional and morphological parameters. Lp(a) was significantly higher in both patient groups than in controls and showed a weak correlation with serum CRP. Surprisingly, Lp (a) presented significantly lower values in the patient group suffering of critical ischaemia. We could not state any correlation between Lp (a), ankle-brachial pressure index and carotid intima-media thickness. 

Rezumat

Rolul dislipidemiilor în etiopatogenia aterosclerozei este astăzi larg acceptat. Lipoproteina a (Lp (a)), o particulă LDL modificată care prezintă o componentă structural omoloagă plasminogenului - apolipoproteina a, prezintă valori crescute în sângele persoanelor cu infarct miocardic şi atac ischemic cerebral. S-a descris că Lp (a) se leagă în mod covalent sub efectul factorului XIII de fibrinogenul plasmatic şi că astfel influenţează permeabilitatea trombilor intravasculari. 

Efectuând un studiu transversal tip caz-control pe 65 de pacienţi cu ateroscleroză periferică obliterantă, 15 bolnavi cu infarct miocardic, comparativ cu un grup control (n=41), am determinat Lp (a) serică şi am stabilit corelaţiile acesteia cu alţi parametri biologici, respectiv morfologici şi funcţionali. Lp (a) a fost semnificativ mai mare la grupa cu ateroscleroză obliterantă respectiv infarct miocardic şi a prezentat o corelaţie slabă cu valorile proteinei C-reactive (PCR) serice. Surprinzător, Lp (a) a prezentat valori semnificativ mai scăzute în cazul grupului cu ischemie critică. Nu s-au putut stabili corelaţii semnificative cu indicele gleznă-braţ şi grosimea intima-media determinată pe artera carotidiană.
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Introduction
The lipid overload theory of atherosclerosis is known for more than 100 years, however, alteration of plasma lipid levels (hyper-cholesterolemia, hyper-triglyceridaemia and low HDL-cholesterol) by far cannot be considered the only cause for the complex pathophysiological phenomena of the disease. 

Lipoprotein (a) is a modified LDL particle possessing two different protein moieties: the apo B100 molecule with a molecular mass of 550 kD and apolipoprotein (a), a distinct, specific protein with variable molecular mass ranging between 400 and 800 kD [2]. This molecular diversity is due to the genetic polymorphism of the apo (a) locus; until now, at least 11 variants have been characterized [5]. Regarding its function, apolipoprotein A shows a high-grade homology with plasminogen and interferes with it by competition for plasminogen binding sites on blood vessel cells abolishing the assembly of the fibrinolytic system [1,2]. Coagulation factor XIII, a transglutaminase stabilizing the fibrin clot by covalent binding of endo-(-glutaminyl and endo-(-lysyl residues of proteins, crosslinks fibrinogen and apolipoprotein (a) thus hardening the fibrin clot and increasing its size [7,12].

Approximately 20% of the general population has high circulating levels of Lp (a) [1]. Both Lp (a) and plasma fibrinogen are independent risk factors of coronary heart disease and peripheral arterial disease and predictors of fatal cardiovascular events [4,5,10]. Hartmann et al. have found a positive correlation between lipoprotein a, fibrinogen and atheromatous plaque progression in the left main coronary artery assessed by intravascular ultrasound in 60 patients [6]. In fibrinogen knockout-apolipoprotein (a) transgenic mice fibrinogen deficiency decreases substantially fatty streak development and apolipoprotein (a) accumulation in the vessel wall [13]. 

Concerning the findings mentioned above, it becomes evident that fibrinogen and apolipoprotein (a) are key figures in atherogenesis/atherothrombosis and their relationship influences major cardiovascular events. We aimed at investigating the relationship between Lp (a), plasma fibrinogen, human serum C reactive protein (hsCRP) and other biological and functional parameters in order to assess risk accumulation in people suffering of peripheral arterial disease.
Materials and methods
We performed a cross-sectional case-control study comprising 80 atherosclerosis patients without diabetes who have been enrolled in the study between September 2006-June 2007. 65 of these have suffered of peripheral arterial disease (PAD), 46 males, 19 females, age 63.4 ( 1.37 years) and 15 being admitted to coronary care unit for acute myocardial infarction (CAD, 9 males, 6 females, age 61.7 ( 3.11 years). In paralel, we studied an age- and sex-matched control group consisting of 41 healthy persons (25 men and 16 women, 60.4 ( 2.23 years) who visited their general physician through the health screening programme organized by the Ministry of Health. Fasting blood samples were taken in the first morning after hospital admittance and in the morning of the visit, in the case of healthy controls.

Diagnosis of PAD was based on the presence of intermittent claudication, pulse examination and assessment of the arterial blood pressure (ABPI). Patients were classified according to the Fontaine stage as follows: IIA – intermittent claudication, >250 m, stage IIB – intermittent claudication, <250 m, stage III – continuous, rest pain, and stage IV – the presence of rest pain, nonhealing wounds or tissue necrosis (gangrene). Stages III and IV were considered as critical limb ischemia, characterized also by an ankle systolic pressure <50 mmHg or a value <0.4 of the ABPI. All patients received long-term treatment with haemorheological drugs, hypertension has been treated with ACE-inhibitors, Ca-antagonists, (- and (-adrenergic blocking agents. 41 cases out of 65 received a chronic statin treatment (most frequently simvastatin).

Apolipoprotein (a) have been measured by an immunoturbidimetric method using Konelab T Series Lipoprotein (a) reagent on Konelab 300 automated clinical chemistry analyzer. Total-cholesterol, triglycerids and HDL-cholesterol have been assessed by routine enzymatic biochemical methods on Abbott Aeroset 2000 automated analyzer. High-sensitivity C-reactive protein was determined on COBAS MIRA using DIALAB immunoturbidimetric reagents. Plasma fibrinogen measurements have been achieved by the Clauss method on Amelung KC4 coagulometer. Von Willebrand factor antigenemia and collagen-binding activity (VWF-CBA) have been performed by a sandwich ELISA method applying the rabbit anti-human VWF (code No. A0082, DakoCytomation) and the HRP-marked polyclonal rabbit anti-human VWF (code No. P0226, DakoCytomation) as antibody pairs.
Carotis ultrasound examination has been performed with a 7 MHz linear array transducer on 32 PAD patients on the common, internal and external carotid artery in order to assess intima-media thickness and the presence of atheromatous plaques. Arterial Doppler analysis was performed also on PAD patients on the upper and lower extremities (bilaterally) to explore their hemo-dynamic relations. 

Statistical analysis has been performed using the STATISTICA 5.0 software, applying parametric and non-parametric tests (one-way breakdown ANOVA, Mann-Whitney U test, Spearman correlation). 

Results and discussion
Concerning staging in the PAD patient group, 5 cases were classified as stage IIa and 27 cases as stage IIb. 16 patients could be assigned to the stage III subgroup (with rest pain) and 17 belonged to the subgroup with stage IV (with gangrena). 83% of cases have had variable grade of hypertension and 72 % were reported as having coronary artery disease. 

Lp (a) was not age dependent neither in the whole study group nor in atherosclerosis patients. Regarding sexes, in the control group we found significantly (p=0.039) greater values in women than in men. No difference appeared between men and women in the PAD patient group. 

Results

Lipoprotein (a)

Taking into consideration the widely accepted cut-off value of 300 mg/l [10], we found high circulating Lp (a) in 84% (37/42) of PAD patients and 73.3% of CAD patients. 44% of the control group also possessed an elevated serum Lp (a) value. Comparison of these frequencies showed a difference with strong statistical significance between the PAD/control groups, and a tendency toward significance between the CAD/control groups (due to the reduced case number in the first cohort). Generally, Lp (a) had an abnormal distribution in each group with a few extreme values being probably genetically determined. 8 cases in the PAD group (12.3%), 1 case in the CAD group (6.66%) and 5 cases among the healthy controls (12.2%) showed serum Lp (a) concentrations over 1000 mg/l (all of which were females). In our group, the Lp (a) values were higher than those stated by other authors on diabetic PAD patients [11].

One putative cause of the high values observed both in the patient and control group could be the C93T polymorphism which is a naturally occurring variant of the Lp (a) gene that may influence Lp (a) concentration. Subjects carrying at least one LPA 93T allele have lower Lp (a) levels [3]. There are no available data on the frequency of these alleles in Romanian population. 

Table I
The incidence of high Lp (a) values in the disease groups
	 
	Lp (a)  > 300 mg/l
	Lp (a)  < 300 mg/l
	Total
	High values, percent of total

	PAD*
	55
	10
	65
	84.62%

	CAD**
	11
	4
	15
	73.33%

	Controls
	18
	23
	41
	43.90%

	Total
	83
	36
	119
	69.75%

	* p<0.001, ** p=0.07, Fisher exact test
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Figure 1

Lp (a) means ( st.dev. between patient group
Table II
Lp (a) concentrations between patient groups
	PATIENT GROUPS
	Means ± SD(st.dev.) (mg/l)
	P value (Mann-Whitney U test)

	PAD (n=42)
	  568.84 ± 38.79 
	* p<0.001

	CAD (n=15)
	527.38 ± 78.30
	**p = 0.013

	Controls (n=40)
	391.99 ( 66.23
	

	Total
	503.38 ± 32.90
	


High lipoprotein (a) levels are considered as independent cardiovascular risk factors [1, 5, 10, 14]. In the Cardiovascular Health Study, comprising 3972 elderly subjects with atherosclerotic vascular disease with a median follow-up of 7.4 years, the highest Lp (a) quintile had a threefold relative risk for stroke and a 2.5-fold relative risk for cardiovascular death. Adjustment for age, sex, total cholesterol, triglycerid levels, smoking or carotid wall thickness did not change significantly these results [1]. 

Interestingly, in the current study we have observed a decreasing tendency of Lp (a) concentrations in more advanced disease stages as follows: 

Table III

LpA means ( SD between disease stage
	Fontaine classification
	Mean ± SD (mg/l)

	Stage IIa (n=5)
	773.6 ±  162.82

	Stage IIb (n=27)
	596.77 ±  61.28

	Stage III (n=16)
	533.25 ±  76.06

	Stage IV (n=17)
	497.76 ±  70.90

	Total (n=65)
	568.84 ±  38.79


Correlations of Lp (a) with other biological and functional parameters

Calculating the correlations with other biochemical parameters, strong positive correlations between total serum cholesterol, tryglicerids and lipoprotein (a) could be highlighted (R=0.52 with p<0.001 for cholesterol, R=0.42 with p=0.005 for tryglicerids). A weaker, but still significant correlation has been stated between Lp (a) and CRP (p=0.25, p=0.05). In our interpretation, this correlation shows the inducibility of CRP by Lp (a) in atherosclerosis; the correlation existed only in patients and could not be confirmed on the control group. 
Table IV

Correlations of LpA with other biological variables and functional parameters of disease
	Lp (a) correlations  (n=65)
	Spearman R
	p-level

	Lp (a) x total cholesterol
	0.383
	0.003

	Lp (a)  x  HDL-cholesterol
	0.147
	0.314

	Lp (a)  x tryglicerids
	0.291
	0.024

	Lp (a)  x fibrinogen
	-0.039
	0.768

	Lp (a)  x uric acid
	0.201
	0.138

	Lp (a)  x CRP
	0.245
	0.053

	Lp (a)  x ABPI M
	0.003
	0.985

	Lp (a)  x ABPI L
	0.015
	0.910

	Lp (a)  x VWF Ag
	0.011
	0.930

	Lp (a)  x VWF CBA
	-0.056
	0.670

	Lp (a)  x IMT M*
	0.145
	0.415

	Lp( a)  x IMT H*
	0.131
	0.459

	Total cases N=65, * n=34


In the PAD group lipoprotein (a) levels correlated significantly with total serum cholesterol and serum tryglicerids (R=0.38, p=0.003 and R=0.29, p=0.024, respectively). Furthermore, a borderline correlation has been observed between Lp (a) and C-reactive protein, a classical atherosclerosis risk factor. Dividing the PAD group in quartiles, we calculated significantly (p=0.048) increased CRP levels in the higher Lp (a) quartile in comparison with the lower quartile (8.31(3.15 mg/l vs. 3.76(1.04 mg/l). No significant association has been defined with other biological parameters, as plasma fibrinogen, HDL-cholesterol, uric acid, von Willebrand factor antigen or activity. Higher Lp (a) values could not be associated to high intima-media scores or low ABPI values. 

Low Lp (a) levels - associated with critical ischaemia ?

Critical ischaemia is the hallmark of disease stability in PAD. In our PAD patient group, 41.5% (27 out of 65) could be assigned to this condition. Their blood parameters, ABPI and intima-media thickness are shown in comparison to the negative subgroup in the table following below:
Table V

Biological and functional parameters in the presence/absence of critical ischaemia
	 
	Critical ischaemia
	 

	Blood parameters
	YES (n=27)
	NO (n=38)
	p value (Mann-Whitney U test)

	Lipoprotein A
	473.88 ± 54.01
	636.31 ± 51.95
	0.044

	Total serum cholesterol
	178.65 ± 9.10
	188.64 ± 7.80
	0.54

	HDL-cholesterol
	46.67 ± 2.44
	49.05 ± 2.19
	0.58

	Tryglicerids
	108.15 ± 52.55
	129.33 ± 7.75
	0.075

	Plasma fibrinogen
	449.44 ± 35.41
	434.97 ± 32.47
	0.58

	Uric acid
	5.18 ± 0.39
	5.43 ± 0.20
	0.31

	C-reactive protein
	8.57 ±  1.87
	5.94 ± 1.48
	0.24

	VWF Ag
	142.37 ± 14.42
	120.27 ± 6.49
	0.34

	VWF CBA
	145.91 ± 14.46
	117.32 ± 6.87
	0.13

	ABPI M
	0.47 ± 0.06
	0.64 ± 0.03
	0.01

	ABPI L
	0.35 ± 0.06
	0.52 ± 0.03
	0.003

	GIM M
	1.15 ± 0.17
	1.25 ± 0.12
	0.39

	GIM H
	1.35 ± 0.26
	1.40 ± 0.13
	0.37

	Significant differences are bolded


The relative risk of critical ischaemia in the lower vs. higher Lp (a) quartile was 2.16 (95% CI 1.08-4.34, p=0.036, Fisher exact test).
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Figure 2

Relative risk of critical ischaemia in the highest vs. the lowest Lp (a) quartile
To our surprise, low serum Lp (a) values could be significantly associated to critical ischaemia. Previously, we have shown that C-reactive protein is a good marker for critical ischaemia [9], but in this cohort we were unable to strengthen this result. The level of lipid parameters did not show significant differences between the two subgroups. Statin and anti-hypertensive treatment has been applied to both the negative and positive group in a comparable manner (70.3% and 62.5% respectively) and as such it could not influence these findings.  

Previously, it was shown that Lp (a) is a substrate both for tissue transglutaminases and coagulation factor XIII, enzymes that catalyze the covalent cross-linking of endo-(-glutaminyl and endo-(-lysyl residues of proteins [8].

Moreover, coagulation factor XIII, involved in the covalent cross-linking of fibrin in the final phase of coagulation and in this way the stabilization of fibrin clots also crosslinks Lp (a) to fibrinogen (C domains in a time- and concentration-dependent manner [12]. Considering this, in the presence of high factor XIII activity increased quantities of lipoprotein (a) could be incorporated to fibrin clots narrowing the arterial lumen in obliterative atherosclerosis. In this study we did not measure factor XIII protein concentration or enzymatic activity. High factor XIII activities in the critical ischaemia subgroup could contribute to the significantly lower Lp (a) values, lipoprotein (a) molecules being prominently captivated by fibrin fibers. 

Conclusions
We could show that significantly increased Lp (a) values are characteristic for PAD; we also defined a subgroup of controls with high levels of Lp (a) probably genetically determined. Interestingly, in opposite to our expectations we observed lower levels of Lp (a) in more advanced Fontaine stages and in critical ischaemia. One possible explanation for these results could be a higher factor XIII activity in critical ischaemia patients capturing circulating Lp (a) and incorporating it in slowly developing mural thrombi. We failed to show any correlation between lipoprotein (a) and plasma fibrinogen and as such could not confirm the cumulative nature of these risk factors. Finally, we highlighted a weak, but still significant correlation between Lp (a) and CRP which is probably due to the trigger role of oxidized variants of Lp (a) for the inflammatory pathway.
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