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Abstract
The aim of our study was to evaluate the distribution of the APOC3 SstI polymorphism and its impact on the character of 

dyslipidemia and features of coronary lesions in Uzbek patients with unstable angina.
Material and Methods: The study included 141 patients with unstable angina (UA) class IIB (Braunwald E. et al., 1989) 

having LDL-C>100mg/dL. The comparison group included 50 healthy, age-matched, randomly selected persons without clinical 
and instrumental signs of CHD according to the exercise test. Coronary angiography was performed using Allura CV-20 (Philips, 
Netherlands). Genotyping of the APOC3 SstI  gene polymorphism was performed by PCR-RFLP method. The alleles lacking the 
restriction site were designated as S1, while those containing the SstI site were designated as S2.

Results: Performed analysis of APOC3 SstI polymorphism revealed a significant prevalence of S2 allele carriers among UA 
patients compared to healthy ethnic Uzbeks. Being a carrier of S2 allele was associated with hypertriglyceridemia (> 230 mg / dL) 
(OR= 2.30, 95% CI: 1.14-4.67; χ²=5.485; Р=0.02) and higher risk of having three- and multi-vessel lesions (OR=2.171, 95% CI: 
1.0792-4.3680; Р=0.03).

Conclusion: Our results suggest that the definition of APOC3 SstI polymorphism may be a useful additional marker in the 
evaluation of heart-vascular risk and indications for coronary angiography.
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Introduction
Among the candidate genes associated with the risk of 

coronary heart disease (CHD) and atherosclerosis progression, 
the apolipoprotein C3 gene encoding apolipoprotein C3 
(APOC3) – one of the main components of triglyceride–rich 
lipoproteins (chylomicrons and very low density lipoproteins) 
– takes an important place. Accordingly, numerous 
polymorphisms in the APOC3 gene have been identified [1,2]. 
The first one reported involves the substitution of a cytosine to 
a guanine in the 3 untranslated region of the gene, which alters 
a SstI restriction site [3]. The prevalence of the rare S2 allele 
in the white population has been estimated to vary between 
0.08 and 0.30 [4-6]. The SstI apoC-III gene polymorphism 

has been associated with altered plasma triglyceride (TG) 
concentrations [2,3,5-11], as well as with an increased risk of 
CHD, recurrent instability, and progression of atherosclerosis 
[10-12]. However, the physiological mechanisms by which 
this genetic variation leads to an impairment of triglyceride 
(TG) metabolism remain unexplained.

The aim of our study was to evaluate the distribution of 
the APOC3 SstI polymorphism and its impact on the character 
of dyslipidemia and features of coronary lesions in Uzbek 
patients with unstable angina.

Material and methods
We examined 141 patients with unstable angina (UA) 

class IIB (Braunwald E. et al., 1989) having LDL-C > 100mg/
dL. The comparison group included 50 healthy, age-matched, 
randomly selected persons without clinical and instrumental 
signs of CHD according to the exercise test. 
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Exclusion criteria were myocardial infarction (MI) 
within previous 3 months, diabetes mellitus requiring 
insulin treatment, arterial hypertension (BP>159/99 mmHg), 
hypotension (blood pressure <100/60 mmHg), atrial fibrillation 
and life-threatening ventricular arrhythmias, valvular heart 
disease, long time treatment with lipid-lowering drugs and 
ACE inhibitors, chronic heart failure  (NYHA FC>II), chronic 
renal and hepatic failure. Written informed consent was 
obtained from each patient.

All patients underwent the following examinations: 
assessment of traditional risk factors (high blood pressure, 
smoking, body mass index, diabetes), physical examination, 
clinical and biochemical laboratory methods, 12-lead ECG, 
echocardiography and assessment of the thickness of the 
intima-media of the carotid arteries (IMT); Holter ECG 
monitoring (HEM); treadmill test; coronary angiography.

Blood samples were obtained in the morning after a 
12 h overnight fast. Total cholesterol (TC), LDL cholesterol 
(LDL-C), high density lipoprotein cholesterol (HDL-C), 
triglycerides (TG), ALT, AST, CFK apolipoprotein A (ApoA), 
apolipoprotein B (ApoB), high-sensitivity C-reactive protein 
(hsCRP), fibrinogen, ESR, WBC were determined in plasma 
using  “Daytona» analyzer  (RANDOX, Ireland).

Coronary angiography was performed using Allura CV-
20 (Philips, Netherlands). To assess the degree of narrowing 
of vessels, a visual assessment was used with the following 
characteristics: normal coronary artery, changing contours of 
artery without determining the degree of stenosis, narrowing < 
50% of the luminal diameter, narrowing of 51–75%, 76–95%, 
95-99% (subtotal occlusion), and 100% (total occlusion). 
Narrowing of the luminal diameter >50% was considered 
significant, < 50% hemodynamically insignificant.

Isolation of DNA from whole blood performed using 
a set of «DiatomTM DNA Prep 200” by standard protocol of 
the manufacturer (Laboratory IsoGen, Russia). Genotyping 
of the APOC3 SstI gene polymorphism was performed by 
PCR-RFLP method. PCR amplification was carried using 
“SibEnzim” kits (Russia). The sequence primers were used 
according to Ahmad Reza Bandegi et al (2011).

ApoCIII F: 5 ‘- GGT GAC CGA TGG CTT CAG TTC CCT GA-3’ (26 N).
ApoCIII R: 5’-CAG AAG GTG GAT AGA GCG CTG GCC T-3 ‘(25 N).

PCR products were digested with 15 units of SstI 
enzyme for a minimum of 3 h at 37°C. The resulting fragments 
were separated according to their size by electrophoresis on 
8% nondenaturing polyacrylamide gel.  The alleles lacking the 
restriction site were designated as S1, while those containing 
the SstI site were designated as S2.

Basic therapy included anticoagulants (heparin or 
enoxaparine sodium) in the acute period (100%), antiplatelet 
agents (100%), beta-blockers (bisoprolol, 100%), if necessary, 
nitrates (95%) and ACE inhibitors (95%).

Statistical analysis was performed using a statistical 
software package, Statistica 6.0.  The mean (M) and standard 
deviation (SD) were calculated. Analysis of the distribution 
of values obtained was performed using the Kolmogorov-
Smirnov test. For data with normal distribution, inter-group 
comparisons were performed using Student’s t-test and 

F-test. The Mann-Whitney (U test) was used to compare 
the differences between the two independent groups (for 
nonparametric data). Chi square (χ2) or Fischer’s exact test 
(two sided) was used to compare the association between 
the genotypes and alleles in relation to the cases, and test 
for deviation of genotype distribution from Hardy–Weinberg 
equilibrium. The odds ratio (OR) and their 95 % confidence 
intervals (CI) were calculated to estimate the strength of the 
association. A probability value of P<0.05 was considered 
statistically significant.

Results
Genotype and allele frequencies of APOC3 SstI 

polymorphism in UA patients and the comparison group are 
shown in Table 1. The observed frequency of genotypes in 
all groups was in Hardy–Weinberg equilibrium. There were 
1.8 times more carriers of the S1/S2 genotype among UA 
patients than in comparison group: 0.326 versus 0.180; the S2/
S2 genotype was detected only in the patient group (0.035:0) 
(χ2=6.29, P=0.01, OR=2.21, 95% CI: 0.99-4.92 and OR=4.07, 
95% CI: 0.22-74.93 (Fig. 1 and Table 1). The frequencie of 
S2 allele was 0.199 in patient group and 0.09 in comparison 
group (χ²=6.16, Р<0.01, OR=2.51, 95% CI: 1.19-5.28.

Figure 1. Distribution of genotype frequencies 
of polymorphic markers of SstI polymorphism of 
APOC3 gene in the groups 

Table 1.
 Allele and genotype frequencies of APOC3 SstI polymorphism in 
UA patients and the comparison group

Alleles
Group of UA 

Patients 
Multiplicative 

model of inheritance
Comparison 

group
 

S1 226
 (0.801)

χ²=6.16; Р=0.01

OR= 0.40, 95% CI: 0.19-0.84

OR= 2.51, 95% CI 1.19-5.28

91
 (0.91)

S2 56
(0.199)

9
 (0.09)

Genotypes Group of UA 
Patients

Additive model
 of inheritance

Comparison 
group

S1/S1 
genotype

90
(0.638) χ²=6.29; Р=0.01

OR=0.39, 95% CI: 0.17-0.86

OR= 2.21, 95% CI: 0.99-4.92

OR=4.07, 95% CI:0.22-74.93

41
(0.820)

S1/S2 
genotype

(46
0.326)

9
(0.180)

S2/S2 
genotype

5
(0.035)

0
(0.000)
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Given a rare frequency of the S2/S2genotype among 
patients and its complete absence among the healthy 
individuals, we joined the S1/S2 and S2/S2 genotypes into 
one group of S2 allele carriers (n = 51) and compared it with 
a group of S1 allele carriers (n = 90). As shown in Table 2, 
S1 carriers and S2 carriers did not differ significantly by 
age, sex, and other clinical and biochemical parameters. S2 
allele carriers had significantly higher TG levels (261.2±113.7 
vs 225.8±87.3; P<0.05) and atherogenic index (6.0±2.1 vs 
5.1±1.4; P<0.01) than did S1 allele carriers.   Plasma levels of 
other lipid parameters, namely ApoA-1, ApoB, ApoB/ApoA-1 
ratio and LP(a), as well as markers of inflammation (fibrinogen 
and hsCRP) and blood glucose, did not differ significantly 
between two groups (Table 3). 

According to the severity of coronary lesions, 125 
(88.7%) patients were divided into subgroups with one-, two- 
and three or multivessel lesions; intact coronary arteries without 
atherosclerotic lesions were found in 16 (11.3%) (Table 4). In 
the most severe group of patients, with a three-vessel lesion 
and more, the S2 allele carriers significantly predominated 
compared to S1 carriers:  29(56.9%) vs 34(37.8%) (χ²= 4.797, 
P=0.03; OR=2.171, 95% CI: 1.0792-4.3680).

In the next stage of the analysis, we divided patients 
into 2 groups according to median TG levels: Group 1 (n=70) 
with TG>230 mg/dL and Group 2 (n=71) with TG<230mg/
dL. In Group 1 patients, the levels of TC and VLDL-C were 
significantly higher in comparison with Group 2 patients 
(Table 5). 

Table 2.
Comparative evaluation of the initial clinical and hemodynamic 
parameters in carriers of S1 and S2 alleles

Values
I group

S1 allele carriers
(n = 90)

II group 
S2 allele carriers

(n = 51)

Age 57.1±10.1 55.7±8.7

Sex (male/female) 71/19 (78.9/21.1%) 45/6 (88.2/11.8%)

BMI, kg/m2 29.7±3.7 29.1±3.7

Arterial Hypertension 82 (91.1%) 44 (86.3%)

AMI history 40 (44.4%) 27 (52.9%)

Diabetes mellitus 31 (34.4%) 10 (19.6%)

Stroke history 3 (3.3%) 2 (3.9%)

Heart rate, per minute 74.8±10.7 74.1±10.9

SBP, mmHg 137.0±24.6 135.9±18.3

DBP, mmHg 85.6±11.7 85.3±10.1

Table 3. 
Comparative evaluation of the initial blood biochemical parameters 
in carriers of S1 and S2 alleles 

Values
I group 

S1 allele carriers
(n = 90)

II group
S2 allele carriers

(n = 51)

TC, mg/dL 220.2±43.3 235.2 ±53.2

TG, mg/dL 225.8±87.3 261.2±113.7*

LDL-C, mg/dL 138.4±40.5 148.3±48.5

HDL-C, mg/dL 36.6±6.8 34.6±6.4

VLDL-C, mg/dL 45.2±17.5 51.4±23.5

AI, relative unit 5.1±1.4 6.0±2.1**

Glucose, mmol/L 5.9±2.0 5.6±1.0

ApoA-I, mg/dL 139.2±22.4 134.7±25.3

ApoB, mg/dL 107.2±27.1 111.3±23.9

ApoB/ApoA-I, units 0.79±0.24 0.86±0.29

LP (а), mg/dL 33.7±33.1 33.4±32.4

hsCRP, g/L 6.0±4.1 5.7±4.0

Fibrinogen, g/L 2.7±1.5 2.6±1.4
*-P <0.05 and ** - P <0.01 between groups.

Table 4. 
Comparative evaluation of the coronary angiography data in the 
studied patient groups with unstable angina

Values
I group 

S1 carriers
(n = 90)

II group 
S2 carriers

(n = 51)
χ² 

Р, OR (95%CI)

SCA 77 (85.6%) 48 (94.1%) NS

One-vessel lesion 22 (24.4%) 9 (17.6%) NS

Two-vessel lesion 21 (23.3%) 10 (19.6%) NS

Three- and multi-
vessel lesion

34 (37.8%) 29 (56.9%) χ²= 4.797, df=1, 
Р=0.03, OR=2.171

95% CI:1.0792-4.3680

HIS 13 (14.4%) 3 (5.9%) NS

  SCA - Stenosing coronary atherosclerosis;
  HIS - Hemodynamically insignificant stenosis.

Table 5. 
Comparative evaluation of the initial blood biochemical parameters 
in the studied groups according to  median TG

Values
I group 
TG>230
(n=70)

II group 
TG<230
(n=71)

TC, mg/dL 235.5±52.5* 215.8±40.0

TG, mg/dL 320.5±110.1*** 171.4±42.6

LDL-C, mg/dL 135,3±49,7 145,8±38,9

HDL-C, mg/dL 36.1±7.2 35.8±6.3

VLDL-C, mg/dL 64.1±22.0*** 34.3±8.5

AI, relative unit 5.7±1.7 5.2±1.7

Glucose, mmol/L 6.0±1.2 5.6±1.6

ApoA-I, mg/dL 136.5±29.2 136.3±25.0

ApoB, mg/dL 112.5±31.1 103.3±24.7

ApoB/ApoA-I 0.84±0.24 0.79±0.28

LP (а), mg/dL 31.3±26.7 35.7±37.5

hsCRP, g/L 6.3±4.1 6.1±4.7

Fibrinogen, g/L 3.3±0.8 3.2±1.0
* - P<0.05, **- P<0.01, and *** - P<0.001 between groups 
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Analysis of  frequency distribution of  S2 allele in UA 
patients, according to  median TG (Table 6), revealed the 
significant predomination of S2 allele in Group 1 patients with 
TG > 230 mg/dL compared to Group 2 patients with TG< 230 
mg/dL (OR=2.30, 95% CI: 1.14-4.67; χ²=5.485 Р=0.02).

 In Group 1 patients with TG>230mg/dL, there were 
significantly more patients with three-multivessel lesions 
than in Group 1 patients with TG<230 mg/dL, but there were 
significantly fewer single-vessel lesions (χ²=10.852; P=0.001; 
OR=3.1489, 95%CI: 1.576-6.292) (Table 7).

Discussion
Our results revealed the relationship between carriage 

of S2 allele of APOC3SstI polymorphism and the elevated 
plasma TG level, as well as the degree of coronary artery 
lesions. Several studies have also shown that APOC3 is a 
strong and independent predictor of CHD and progression of 
coronary atherosclerosis confirmed by angiography [10,11], 
thus increasing its concentration in the blood is often associated 

with hypertriglyceridemia, decreased HDL cholesterol, and 
insulin resistance [13,14]. 

It is known that the human APOC3 gene is included 
in the cluster of genes APOA5–APOA4–APOC3–APOA1, 
located on the 11th chromosome [15]. Experimental studies 
with transgenic mice confirmed that over-expression of 
the APOC3 gene leads to severe hypertriglyceridemia, an 
increase in APOC3, LDL and HDL levels and reduction of 
the HDL level [16], whereas in the APOC3-deficient mice, 
hypotriglyceridemia and accelerated clearance of postprandial 
TG are found.

In conclusion, our results suggest that the definition 
of APOC3 SstI polymorphism may be a useful additional 
marker in the evaluation of heart-vascular risk and indications 
for coronary angiography. Performed analysis of APOC3 
SstI polymorphism revealed a significant prevalence of 
S2 allele carriers among UA patients compared to healthy 
ethnic Uzbeks. Being a carrier of S2 allele was associated 
with hypertriglyceridemia(>230 mg/dL) (OR=2.30, 95% 
CI: 1.14-4.67; χ²=5.485, Р=0.02)  and higher risk of having 
three multivessel lesions (OR=2.171, 95% CI: 1.0792-4.3680; 
Р=0.03).
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