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Summary

Background. A high level of red blood cell (RBC) aggregation has
been consistently found in patients with coronary artery disease (CAD)
in case-control studies. Plasma fibrinogen has been shown to promote
RBC aggregability. The purpose of this study was to investigate the
influence of the genetic variability of the B-fibrinogen gene on RBC
aggregation in patients with CAD. Methods and Results. The genotype
of the B-fibrinogen gene locus was determined by polymerase chain
reaction using the restriction enzyme Haelll for a G to A substitution at
position -455 upstream from the transcriptional start site in 135 French
Canadians with premature CAD (age: 51 + 7 years). Indices measuring
the RBC aggregation kinetics (S,,) and shear resistance of the aggre-
gates (yS) were obtained by laser reflectometry. Patients were separated
into groups by using the medians of S,, and vS. Using x* analyses, the
distribution of the -455GG, -455GA, and -455AA genotypes in the

groups with high levels of S, (0.43, 0.49, and 0.08) and S (0.45, 0.49,

and 0.06) were found to be significantly distinct from those in the
groups with low levels of S;, (0.67, 0.27, and 0.06; p <0.05) and yS
(0.70, 0.23, and 0.07; p <0.01). High levels of RBC aggregation were
closely associated with the rare -455A -allele. Multivariate linear regres-
sion analyses showed that S, was positively correlated with the linear
combination of the fibrinogen concentration, age, and the -455G/A
genotype (adjusted r = 0.63, p <0.0001). Fibrinogen and age were
positive determinants, and HDL-cholesterol was a negative predictor of
vS (adjusted r = 0.51, p <0.0001). Conclusion. These findings support
the hypothesis that RBC hyperaggregation in premature CAD may be
associated with the B-fibrinogen -455G/A polymorphism. This

association may be explained by a change in the concentration and/or

the functional properties of the fibrinogen protein.

Introduction

Indices of increased red blood cell (RBC) aggregation have received
increasing interest in recent years because of the implication of micro-
vascular rheological disorders and thrombosis in the development of
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coronary artery disease (CAD). A growing body of clinical evidence

has supported a relationship between RBC hyperaggregation and CAD
(1-5). Pathological RBC aggregation characterized by large aggregates
with strong intercellular links is involved in microcirculatory sludging
and stagnation, which may alter peripheral vascular resistance, reduces

. capillary perfusion and oxygen transfer to tissues, and causes ischemia,

local metabolic acidosis, degeneration of the vascular wall, and tissue
infarction (6-13). Although increased RBC aggregation at low shear
conditions is believed to have a direct effect on thrombotic venous
disorders (14), an indirect influence on the formation of arterial
thrombi was also suggested through its interaction with platelets
(14, 15). A mechanism by which RBC aggregation can affect
thrombosis is by its impact on the displacement of blood cells toward
the arterial wall (16). Very recently (17), leukocyte margination was
shown to be greatly influenced by RBC aggregation at shear rates
below 350 !

The key role of fibrinogen on RBC aggregatlon is well recogmzed
and it is largely accepted as one of the most important determinant of
RBC aggregation (18-20). To date however, the exact mechanisms of
interaction between fibrinogen and RBCs are not fully understood.
Evidence from in vitro experiments and clinical studies showed that
the aggregative effect of fibrinogen is amplified at increasing concen-
trations (20-23). As a macromolecular protein, fibrinogen may form a
bridging structure between adjacent erythrocytes that leads to RBC
aggregation (19). The depletion of fibrinogen from the intracellular
space may be another mechanism.

Plasma fibrinogen isolated from Hiabetic patients and normal
controls was recently shown to provide different effects on RBC aggre- -
gation when mixed, at the same concentration, with a saline suspension
of normal RBCs from a single donor (24). It was concluded that these
differences may be associated with changes in the functional capability
of fibrinogen to bind RBCs between normal subjects and diabetic
patients. Structural abnormalities in the fibrinogen molecule was also
shown to have a major impact on RBC aggregation in a case report
study (25). The a-helical content of the fibrinogen protein was in-
creased and the B-sheet content was decreased. In that study, the
presence of digital ischemia and gangrene due to RBC aggregation was
not related to a family history of dysfibtinogenemia. It can thus be

_postulated that besides the coneentration and mass, the functional capa-

bility and structure of fibrinogen can also influence RBC aggregation.
Human plasma fibrinogen is a dimer, with each half of the molecule

- consisting of three nonidentical polypeptide chains Ac, BB and vy (26).

The three chains are encoded by different genes, named o (FGA), B
(FGB) and vy (FGG), that are clustered on the distal third of the long arm

" of chromosome 4 within a 45 kb segment of DNA (27). At least ten

polymorphic sites in the B-fibrinogen gene were identified (28). Using. |



the restriction enzyme Haelll, a common polymorphism (-455G/A) in

the promoter region of the B-fibrinogen gene was shown to be associated

with plasma fibrinogen levels in patients with CAD (29), patients with
myocardial infarction and healthy controls (28, 30), healthy individuals
following physical exercise (31), healthy smokers and non-smokers
(32), and the general Danish population (33). In these studies, the rare
-455A allele was associated with elevated plasma fibrinogen levels, The
contribution of genetic variability within the fibrinogen locus to plasma,
fibrinogen levels varied from 1 to 15% (29, 30, 32, 34). Contradictory
results indicating no significant association between plasma fibrinogen
levels and the -455G/A polymorphism of the B-fibrinogen gene were
also reported in patients with peripheral arterial occlusive disease and
healthy controls (35), patients with CAD (36, 37), and patients with
non-insulin-dependent diabetes mellitus and CAD (38). Other major
determinants of the plasma fibrinogen concentration are cigarette
smoking, age, gender, body mass index, serum total cholesterol, plasma
lipoproteins, ethnicity, diabetes, and inflammation (20, 39-41). Fibrino-
gen is an acute-phase reactant and an independent predictor of CAD
(42, 43).

The purpose of this study was to address the association between the
genetic variability of the B-fibrinogen gene locus and erythrocyte
aggregation levels. It was hypothesized that the -455G/A poly-
morphism of the B-fibrinogen gene may be associated with RBC
aggregation by altering the plasma fibrinogen concentration and/or its
functional capability. In addition, the influence of the blood lipid
profile including total cholesterol (TC), triglycerides (TG), low (LDL-
C) and high (HDL-C) density lipoprotein cholesterols, and clotting
factors were also tested to provide an insight into the correlation of
these parameters with RBC aggregation.

Methods
Study Population

The study population consisted of 135 white French Canadian of Quebec
(25 women) with premature documented CAD. These subjects were identified
and recruited from the Cardiology Clinic of the Clinical Research Institute of
Montreal. All patients were diagnosed as having CAD by angiography (at least

one epicardial coronary artery with a 250% stenosis) or an acute myocardial "

infarction before the age of 60 years. The mean age of patients at the time of the
study was 51 +7 years (mean + SD, range of 22 to 64 years)i thirty-two percent
werg active smokers. For each patient, information on age, gender, smoking
habits, body mass index (BMI: weight/height? in kg/m?), medical history,
plasma lipids, and lipoprotein cholesterol was available, as described in (44).
The ethic committee of our Institution has reviewed and approved the
protocol for blood and plasma analyses, as well as DNA isolation and analysis
of genes involved in the pathogenesis of CAD. All patients signed separate
consent forms for blood sampling and DNA isolation. .

Fibrinogen Genotype Analysis

Venous blood samples were drawn by venipuncture at least 3 months after
angiography, acute myocardial infarction, or coronary artery bypass surgery.
The -455G/A polymorphism of the PB-fibrinogen promoter region was
identified using a method similar to that of Thomas et al. (32). Briefly, DNA
was isolated from white blood cells by Qiagen-100 columns (Quiagen Inc.). A
portion of 1301 bp (-1178 to +122) in the 5’-flanking region of the B-fibrinogen
gene was amplified by the polymerase chain reaction (PCR) technique using
oligonucleotide primers; AAGAATTTGGGAATGCAATCTCTGCTACCT
(forward primer) and CTCCTCATTGTCGTTGACACCTTGGGAC (reverse
primer). Each PCR reaction of 50 wl contained 2 I (100-400 ng) of genomic
DNA, 150 ng of each primer, 200 uM dNTPs, 1.5 mM MgCl,, 50 mM KCI,
10 mM Tris/HC1 (pH 9.0), 0.1% Triton X-100, and 2.5 units of Tag DNA poly-
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merase (Sangon Ltd.). The reaction was performed over 30 repeated cycles
with a deanealing temperature of 95° C for 1 min and an annealing and prolon-
gation temperature of 72° C for 2 min. At the beginning and the end of these
cycles, temperatures of 95° C and 72° C for 5 min were used, respectively. Ten
wl of PCR product was then digested with 10 units of the restriction enzyme
Haelll (Pharmacia Biotech) for 2 h at 37° C. The digested products were
separated by electrophoresis on 1.5% agarose gel in 40 mM Tris-acetate, | mM
EDTA, 0.5 pg/ml ethidium bromide (pH 8.0), and visualized with ultra violet
light. The genotype was determined for a G — A mutation at position -455 bp
upstream from the start of transcription of the B-fibrinogen gene (32, 37).
The -455G/A genotype was classified as GG, GA, and AA. ‘

Determination of Erythrocyte Aggregation’

A sample of blood containing EDTA as the anticoagulant (1.5 g/1) was used
to determine the erythrocyte aggregation levels. All measurements were per-
formed within 4 h after blood collection. The blood samples were centrifuged
at 1,300 g for 10 min and the hematocrit was adjusted at 0.40 by the addition or
subtraction of autologous plasma. The hematocrit was measured using a micro-
centrifuge (Haemofuge, Heraeus Instruments) operating at 14,980 g for 10 min.
The blood samples were incubated in a warm bath (37° C) for 5 min before '
measuring the.erythrocyte aggregability.

RBC aggregation measurements were performed at 37° C with a previously
validated erythroaggregameter based on a Couette flow arrangement (Regulest,
Florange, France) (45, 46). The blood sample of 1.5 ml was placed into a
chamber between two co-axial cylinders and the outside cylinder was rotated to
provide different shear rate conditions (range of 6 to 720 s''). Two RBC aggre-
gation indices, the aggregation index (S,q, no unit) and the total dissociation
threshold (S in s1), were determined by analyzing the variations in light inten-
sity scattered by blood as a function of time and shear rate, respectively.
S, gives information on the kinetics of RBC rouleau formation, whereas yS
corresponds to the minimum shear rate at which red blood cells are completely
dissociated. This last parameter provides information on the adhesive strength
between RBCs. Reported intra-assay var1ab111t1e§ ranged from 2% to 2.3% for
S1o, and 8% to 12.9% for v8 (47).

Biochemical Analyses

The concentration of fibrinogen (Fib) in citrated plasma was measured with
a photo-optical instrument (ACL 3000, Coulter Corporation, Florida). The
coefficient of variability of this method is 2.2% within run and 3.1% overall,
approximately. The prothrombin time that reflects the activity of coagulation
factors 11, VII, and X was determined by using the same instrument and the
reagent Innovin® (Dade International Inc.). This reagent was prepared from
purified recombinant human tissue factor produced in E. coli and combined -
with synthetic phospholipids (thromboplastin), calcium, buffers, and stabiliz-
ers. Innovin® initiates clotting via the extrinsic and common pathways in a
global screening test, the prothrombin time (PT). The International Normalized
Ratio (INR) was determined according to the following equation: -

Patient’s PT :
Mean Normal PT =~ ,e

ISI is the International Sens1t1v1ty Index of the reagent/mstrument
combination.

Enzymatic methods were used to measure the total serum cholesterol (TC)
and triglyceride (TG) concentrations. The high-density lipoprotein cholesterol
(HDL-C) concentration was determined after precipitation of apo B — contain-
ing lipoproteins by dextran sulphate/MgCl,. The low-density lipoprotein
cholesterol (LDL-C) concentration was calculated using the Friedewald formu-
la for patients with a triglyceride concentration below 4.5 mmol/l.

INR = RSl where R =

Statistical Analyses

Patients were separated into different groups by using the medians of S,
and +yS, respectively. Two other groups separated by the median of Fib were
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