
According to the results obtained (Table 1), there were no significant
differences between fibrinogen concentrations in plasma of patients with
angina pectoris, and control subjects. However, patients suffering from
myocardial infarction have been shown to have increased fibrinogen values.
Our findings revealed that prothrombin levels were similar in plasma of all
groups of patients with CAD, and were significantly decreased compared to
control subjects. Our results showed that plasma SFMC concentrations
were increased 12-fold in both groups of patients with unstable angina as
well as patients with myocardial infarction, compared to healthy volunteers.
It should be note that concentration of SFMC in plasms of patients suffering
from stable angina was remarkably lower compared to other CAD groups
but still significantly higher than in control subjects (Table 1).

MONITORING OF SOLUBLE FIBRIN MONOMER COMPLEXES AND VITAMIN 

K-DEPENDENT PROTEINS IN PATIENTS WITH CORONARY ARTERY DISEASE 

INTRODUCTION
Coronary artery disease (CAD) is a major public health problem all over the
world. Therefore, the search for new biomarkers, which could detect early
stages of CAD and improve survival, is of highest priority. The high level of
soluble fibrin monomer complexes (SFMCs), produced by thrombin-mediated
cleavage of fibrinogen in a hypercoagulable state, was associated with the risk
of adverse cardiovascular events and could be considered as a very sensitive
biomarker for prediction of thrombotic events in heart failure patients. We
also hypothesized that abnormal forms of coagulation factors and/or their
complexes, which appear under hypercoagulable state, might have a role in
cardiovascular pathophysiology.

CONCLUSIONS
Overall, our results indicate that both SFMCs
and VKDPs have a potential role in CAD
development and progression. Clearly, more
studies are needed to evaluate the
relationship between circulating SFMCs as well
as VKDPs, and severity of cardiovascular
events in the CAD patients.

RESULTS

METHOD
• A total of 88 subjects with CAD, as well as 20 individuals free from

cardiovascular disease were studied. Patients were classified into 4 groups:
group I – patients with stable angina (SA, n=25), group II – patients with
unstable angina pectoris of new onset (NOUA, n=17), group III – patients
with progressive unstable angina (PUA, n=28), and group IV – patients with
myocardial infarction (MI, n=18).

• Concentrations of fibrinogen and SFMCs in blood plasma were measured by
using commercial kits (Renam, Rassia).

• ELISA technique was used to determine plasma prothrombin levels.
• Isolation of SFMCs and VKDPs from blood plasma was performed according

to the procedures described previously [1, 2]. Size-exclusion
chromatography on Superdex 200 pg column (HiLoad 16/60, Healthcare Life
Sciences) was used to identify and characterize separate fractions present in
total pool of SFMCs and VKDPs. The appearance of corresponding peaks
(protein fractions with particular molecular weight) was monitored by
means of UV detector of BioLogic LP chromatographer (BioRad, USA). The
peak areas were calculated using OriginLab (v 9.1). The chromatographic
procedure was repeated at least three times for each experimental group.

AIM
The aim of this study was to investigate some coagulation parameters,
including fibrinogen, prothrombin, SFMCs, and to examine the composition of
SFMC fractions as well as vitamin K-dependent protein (VKDP) complexes
collected from blood plasma of healthy volunteers, and patients with stable
angina, unstable angina, and myocardial infarction.
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Table 1 Some plasma coagulation parameters in patients with CAD, 
and control subjects

Table 2 Some characteristics of individual SFMC fractions derived 
from the plasma of patients with CAD, and control subjects

Since our findings indicated that SFMC levels have been significantly
elevated under cardiovascular events, we aimed to analyze and compare
the composition of SFMC factions isolated from plasma of patients with
CAD and healthy volunteers. The difference between the results of
fractionation of SFMC obtained from plasma of CAD patients, and healthy
donors was obvious. On the other hand, the trend of the SFMC content was
similar to all tested CAD groups (Table 2). As can be seen from the Table 2,
the SFMC pool of healthy subjects consists of five fractions. The most
abundant protein fraction in SFMC pool of healthy individuals was fraction
with molecular weight of 330-350 kDa, and represented about 40% of total
SFMCs. The development of CAD was accompanied by the changes in both
quantity and quality of SFMC composition, compared to that of healthy
subjects. Thus, SFMCs with higher molecular weight (approximately 670-
690 kDa) were identified in plasma of patients of all CAD groups, in contrast
to control group.

Groups
Fibrinogen,

g·L-1

Prothrombin,
units·mL-1

SFMC,
×10-2 g·L-1

Control (n=20) 2.4 ± 0.6 0.26 ± 0.04 2.0 ± 0.5

SA (n=25) 2.8± 0.7 0.15 ± 0.04* 12.7 ± 2.8*

NOUA (n=17) 3.3 ± 0.6 0.14 ± 0.03* 25.3 ± 2.8*

PUA (n=28) 3.2 ± 0.5 0.15 ± 0.03* 24.1 ± 4.1*

MI (n=17) 5.4 ± 0.5* 0.14 ± 0.02* 22.6 ± 4.5*

Molecular 
weight 

rang, kDa

Control
(n=20)

SA 
(n=25)

NOUA 
(n=17)

PUA 
(n=28)

MI
(n=17)

Area under the individual peaks, % from total
855-865 - - - 6 ± 2 -
670-690 - 4 ± 1 6 ± 2 20 ± 3* 7 ± 2
595-615 - - - - 11 ± 3*

520-530 - 10 ± 1* - - -

450-460 5 ± 1 28 ± 3* 30 ± 3* 26 ± 3* 22 ± 2*

380-390 5 ± 1 12 ± 1* 15 ± 2* 11 ±2* 3 ± 2*

330-350 41 ± 2 18 ± 2* 13 ± 2* 5 ± 2* 18 ± 2*

285-320 26 ± 3 - 8 ± 2* 17 ± 1 -
255-265 - - - - 26 ± 3*
210-215 - - 7 ± 2 - -
125-130 23 ± 2 28 ± 3 21 ± 3 15 ± 2* 13 ± 1*

Values are expressed as mean  SD; *p<0.05 significantly different from control subjects

As can be seen from the Table 3, the most abundant VKDP
fraction in plasma of healthy subjects was fraction with
molecular weight (MW) of 55-70 kDa, which represented
about 80% of total pool. This fraction may include the
zymogen procoagulant factors (VII, IX, X, prothrombin, etc.),
since they all have similar MWs ranging from 55 to 72 kDa. In
contrast, the contents of vitamin K-dependent coagulation
factors with MW about 55-70 kDa have been progressively
decreasing under the progression of CAD symptoms from
stable angina to unstable angina, and MI. Furthermore, the
elevated level of high molecular weight complexes of VKDPs
appears to corelate with more severe form of CAD.

Molecular 
weight 

rang, kDa

Control
(n=20)

SA 
(n=25)

NOUA 
(n=17)

PUA 
(n=28)

MI
(n=17)

Area under the peak, % from total
181-189 3 ± 1 2 ± 1 5 ± 2 4 ± 1 4 ± 1

145-150 13 ± 3 36 ± 3* 40 ± 2* 49 ± 2* 42 ± 3*

125-130 5 ± 2 4 ± 2 7 ± 1 6 ± 2 7 ± 2
77-80 - - 5 ± 2 5 ± 1 5 ± 2
55-70 79 ± 3 58 ± 3* 43 ± 1* 37 ± 2* 42 ± 1*

Table 3 Some characteristics of individual vitamin K-dependent 
protein fractions derived from the plasma of patients with CAD, 

and control subjects

Values are expressed as mean  SD; *p<0.05 significantly different from control subjects
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