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Summary

Background. Numerous studies have demonstrated that elevated
concentrations of acute-phase proteins affect red blood cell (RBC)
aggregation. Plasma lipids and lipoproteins were also shown to be cor-
related with. RBC aggregation in hypercholesterolemia. However,
whether acute-phase proteins promote RBC hyperaggregation in hyper-
lipidemic patients is unknown. The main objective of the study was to
identify the impact of acute-phase proteins such as fibrinogen (Fib),
haptoglobin (Hp), ceruloplasmin (Cp), a;-acid glycoprotein (AGP),
o -antitrypsin (AT), immunoglobulin G (IgG), and albumin (Alb) on

RBC aggregation in 35 hyperlipidemic patients. The influence of these -

proteins in 32 normolipidemic subjects was also determined.

Methods and Results. RBC aggregation parameters reflecting the
kinetics of rouleau formation and the adhesive strength between RBCs
were measured by laser reflectometry. Multivariate forward stepwise
linear regression analyses were performed to study the relationship be-
tween RBC aggregation and these acute-phase proteins, total cholesterol
(TC), triglycerides (TG), high (HDL-C) and low (LDL-C) density lipo-
protein cholesterol, age, gender, body mass index (BMI), mean blood
pressure (M), and smoking habit. The kinetics of rouleau forma-
tion was positively correlated with the linear combination of IgG
and Hp (r = 0.76, p <0.0001) in hyperlipidemic patients, whereas IgG,
smoking, AGP and gender were significant independent predictors in
healthy subjects (r = 0.79, p <0.0001). The correlations obtained for the
models predicting the adhesive strength between RBCs were 0.69 in
patients (Alb, HDL-C, IgG, p <0.002) and 0.71 in healthy individuals
{(AGP, BMI, p <0.0001).

Conclusion. This study suggests that acute-phase proteins such as
IgG, Hp, AGP and Alb influence significantly and in an independent

way the level of RBC aggregation. The close association between RBC -

aggregation and cardiovascular risk factors further strengthens its clini-
“cal importance. ' :

Introduction

Numerous clinical studies have consistently reported that hyper-
lipidemia (1-4), coronary artery disease (5-9), cerebrovascular disease
(10-15), and arterial. and venous thromboembolic events (16-18) are
associated with an elevated level of red blood cell (RBC) aggregation.
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Pathological RBC aggregation characterized by strong intercellular
links and compact aggregates is believed to be linked with microcircu-

- latory disorders, which affect the peripheral vascular resistance, and

reduce capillary perfusion and oxygen transfer to tissues (12, 19-23).
The . presence of flow stasis triggered by high levels of RBC
aggregation seems also to play an important role in the mechanism
of thrombosis in veins, arteries and heart chambers (24-25). The

possibility that RBC hyperaggregation may be an independert risk

factor for cardiovascular disease has stimulated the interest in further
understanding its determinants. ‘

The influence of acute-phase proteins such as fibrinogen (Fib) and
immunoglobulins (IgG, IgA and IgM) on RBC aggregation was widely
studied in vitro and these proteins are since recognized as RBC aggre-
gation promoters (26-28). On the other hand, albumin (Alb) is known to
produce the opposite effect of inhibiting [gG-induced RBC aggregation
and accelerating Fib-induced aggregation (29). A recent in vitro study
by our group (30) showed that haptoglobin (Hp), ceruloplasmin (Cp),
and C-reactive protein can also affect RBC aggregation. However, it
remains unknown if these acute-phase proteins exert their function on
RBC aggregation under in vivo conditions, where exists a complex
interrelationship and numerous interactions between variables through-
out various stages of the cardiovascular disease.

The relationship between hemorheological parameters, lipids and
lipoproteins has also been studied although conflicting results were
obtained. According to Ruhenstroth-Bauer et al. (5), the serum concen-

" tration of high-density lipoprotein (HDL) cholesterol is negatively

correlated with RBC aggregation in both patients with coronary artery
disease and in the normal population. Razavian et al. (2) found a signif-
icant negative correlation between RBC aggregation and HDL,-cho- -
lesterol (HDL,-C) in hypercholesterolemic patients. However,
Neumann et al. (6) reported no significant relationship between HDL-C
and hemorheological - parameters including plasma viscosity, a
photometric RBC aggregation index, and RBC filtrability following.
multivariate analysis of data from patients with coronary artery disease.
In lovastatin-treated patients with familial hypercholesterolemia, a
decrease in RBC aggregation was noted following the reduction of
plasma lipids (low-density lipoprotein cholesterol [LDL-C], apoB/A-I

~ ratio, and total cholesterol [TC]) (4).

The main objective of the present study was to identify the impact of -
acute-phase proteins on RBC aggregation in hyperlipidemia. Another
objective of the study was to provide insight into the role and inter-
actions of known cardiovascular risk factors on RBC aggregation.
From the literature, it was shown that RBC aggregation is enhanced
in obesity and is affected by smoking, age, gender and blood pressure
(31-34).
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Table I' Comparison of studied variables between both populations

Variables Patients Controls P
(n=35) (n=32) value

Sio 27+4 24+3 *okok

¥S (s 14249 128 + 17 *

Fib (2/) 3.0+0.5 27403  **
IgG (gh) 11+2 1243 NS
Alb (g/1) 45+3 4612 NS
Hp (2/1) 1.9+£0.7 15+08 NS
Cp (gh) 0274005 029+013 NS
AGP (1) 0.85+020 0.75+£0.20 NS

AT (gh) 19403 2.1+03 *
TC (mmol/) 7.0+0.8 51+£08  **
TG (mmoiN) 27423 1.1+£06  **
HDL-C (mmol) 11103 14+04  ***
LDL-C (mmoll) 4806 32406  *¥*
BMI (kg/m’) 26+5 2343 e
Mpresure (mmHg) 76 + 13 89+9 NS

**¥ p <0.001; **p <0.01; *p <0.05

Methods
Study Population

For all individuals participating to the study,.the body mass index (BMI)
was assessed as the weight/height? (kg/m?) and the mean blood pressure
Mjressure Was calculated using: My = (Systolic blood pressure + 2 X dia-
stolic blood pressure)/3. All participants completed a questionnaire inquiring
about age, gender, medical history, current medication, smoking habits, and
conditions known to influence RBC aggregation. These included cardiovascu-.

lar disease, hypertension, diabetes mellitus, arterial and venous thromboem-

Model in patients: S, = 1.00 IgG + 1.67 Hp + 12.81
r=0.76; p <0.0001; SEE =2.2
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Fig. 1 The left panels show the relationship between the RBC aggregation
kinetics (S,,), measured with the erythroaggregometer (y axis), and that pre-
dicted by the multivariate linear regression models (x axis) for both patients
with hyperlipidemia (a) and controls (b). The right panels present the Bland-
Altman plot of the differences of S, as a function of their averaged values for
patients with hyperlipidemia (c) and controls (d). The parameter “r”

the correlation coefficient and SEE is the standard error of the estimate
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_ bolic disease, plasmocytic dyscrasias, neoplasia, and anemia. There were no

pregnant women among the candidates. ;
Thirty-five patients with primary hyperlipidemia (22 males) were selected
from the Lipid Clinic of the Clinical Research Institute of Montreal. The mean
age of patients was 48 + 13 years (range of 18 to 70 years). The patient selec-
tion criteria were a total cholesterol concentration above 6,0 mmol/l and a

- LDL-C concentration greater than 4.1 mmol/l. Eighty-eight percent of all
- patients . presented the Ila and IIb phenotypes according to the WHO/

Fredrickson classification of hyperlipidemias. Patients with familial hypercho-
lesterolemia were excluded from this study. Among patients, 3 were taking
medication for lowering lipids and 3 were active smoker. Therapeutic agents
were also given to two patients for conditions such as menopause and benign
prostate hypertrophy.

A total of 32 healthy normolipidemic individuals (20 males) were also

_studied and recruited from our institutional staff. Their mean age was 40

+ 13 years (range of 22 to 69 years). These controls had no history of
dyslipidemia, hypertension, cardiovascular. disease, diabetes mellitus or
carcinoma. No abnormalities were found on the electrocardiogram and blood
chemistry results. Four of them. smoked on a regular basis. Normal subjects
and -patients included in the study gave informed consent. The protocol was
approved by the human ethical committee of our Institution.

Erythrocyte Aggregation

After a 12 h overnight fast, blood was drawn by venipuncture in standard
Vacutainer tubes containing EDTA as the anticoagulant (1.5 g/1). All measure-
ments. were performed within 4 h after blood collection. The blood samples
were centrifuged at 1,300 g for 10 min and the hematocrit was adjusted at
0.40by addition or subtraction of autologous plasma. The hematocrit was mea-
sured using a microcentrifuge (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 validated
erythroaggregameter based on a Couette flow arrangement (Regulest, Florange,
France) (35). Each blood sample of 1.5 ml was placed into the instrument and
sheared for 10 s at 550 s to provide rouleau distuption. After abrupt cessation
of the rotation of the co-axial outer cylinder, the variation of the scattered light
intensity was recorded during the rouleau formation process. An aggregation
kinetics index (S, no unit) was calculated as the ratio of the area above the
light intensity curve during the first 10 s after flow stoppage to the total area
within the same period of time. Immediately following the measurement of the
kinetics of rouleau formation, the blood sample was sheared at 96 different
levels from 6 to 720 5! to measure the shear rate necessary to break the adhe-
sion between RBCs. A curve describing the scattered light intensity as a func-
tion of the shear rate was obtained for each blood sample. The total dissocia- .
tion threshold of rouleaux (yS) was evaluated as the shear rate corresponding to
the maximum scattered light intensity. A total of 5 min was needed to measure
both S,, and ¥S, approximately. Reported intra-essay reproducibility values .
ranged from 2 t0 2.3% for Sy, and 8 to 12.9% for vS (36).

Serum Acute-phase Protein Concentrations

The clotting aséay method (Clauss method) was used for the measurement

- of the concentration of fibrinogen (Fib) in citrated plasma and the bromocresol

green dye binding method was used to assess the concentration of serum albu-
min (Alb). The concentration of the other serum acute-phase proteins [immu-
noglobulin G (IgG), haptoglobin (Hp), ceruloplasmin (Cp), a,-acid glyco-
protein (AGP), and al-antitrypsin (AT)] was determined using the immuno-
-nephelometric method. All measurements were performed by the Biochemistry
Service of the Hotel-Dieu Pavilion of the University of Montreal Hospital.

Lipid and Lipoprotein Cholesterol Concentrations

Enzymatic methods were used to measure the total cholesterol (TC) and
triglyceride (TG) concentrations. The high-density lipoprotein cholesterol
(HDL-C) concentration was determined after precipitation of apo B - con-






