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Introduction

Estrogens play important role in the regulation of lipids metabolism
[1]. It has been established that estradiol promotes the increase in
quantity of low density lipoprotein receptors on hepatocytes [2-4].
Besides, estradiol is capable to decrease the activity of 3-methylglutaryl-
coenzyme A reductase [5] and increase reverse cholesterol transport
[6]. Physiological effects of estradiol are realized via genomic and non-
genomic pathways. Genomic effects are mediated via specific receptors:
estrogen receptors alpha (ESR a) and estrogen receptors beta (ESR B)
[7]. ESR genetic polymorphism has been established to be associated
with several diseases: breast cancer, Alzheimer’s disease, arterial
hypertension [8-10]. Equivocal data regarding the relation between
polymorphism of estradiol receptors and atherosclerosis onset risk and
course are available in literature [11-13]. Carrying of some locii may
modify the coronary artery disease risk related to high endogenous
estrogens levels in older postmenopausal women. Hypercoagulability
may act as a mediator [14]. Several studies have demonstrated the
relation between carriage of certain ESR a polymorphisms and lipid
metabolism disorders [12,15,16]. The above facts turn alpha type
estradiol receptors into an interesting target for the study of statins
hypolipidemic effect.

The goal of the present study was investigation of the relation
between carriage of polymorphic loci of genes encoding estradiol
receptor synthesis and atorvastatin hypolipidemic effect in middle age
women with coronary heart disease.

Methods

Study patient cohort:147 female patients with coronary heart
disease with median age 54.2 (49.0 + 59.0) years old participated in
this study.

Lipid analysis: Plasmalipidslevels were determined in venous blood
samples obtained after 9 hours fast. Total cholesterol, triglycerides and
cholesterol of high density lipoproteins were determined by enzyme
methods (Cormay, Poland). Cholesterol of low density lipoproteins
was calculated using Friedewald formula [17].

DNA amplification and genotyping analysis: Leukocytes of
peripheral blood from female patients were used as the material for
molecular and genetic research. Peripheral blood was obtained by
blood sampling from cubital vein in the fasting condition into a
vacuum EDTO tube. DNA genome extraction from whole blood was
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performed using commercial set called DNA-sorb-B (Amplisens, RF)
according to manufacturer’s instructions.

Polymorphous segment Xbal (rs9340799; A/G; xx/XX) alleles in
ESRI gene were determined by PCR method using Tercyc amplifier
(DNA technology) with subsequent analysis of restriction fragment
length polymorphism by electrophoresis method. Variable DNA
sections were amplified on PCR-ready mixture, GenePak PCR Core
(IsoGene Laboratory). ESR1 gene DNA fragmentamplification products
were subject to hydrolytic disintegration using Xbal endonuclease
restriction (manufactured by Thermo Scientific). Amplification and
restriction products were detected by electrophoresis in 2.5% agarose
gel (Helikon) for 1 hour at electric field strength of 5 V/cm of gel.
DNA fragments were visualized using: ultraviolet irradiator (ECX-
15.M) with the wavelength of 312 nm, GEL IMAGER 2 videosystem
(Bioclone SPF) and GEL EXPLORER software. As DNA molecular
mass marker, GeneRuler 100bp Plus DNA Ladder was used (Thermo
Scientific, Lithuania).

ESR1 gene polymorphism genotypes were identified by the length
of fragments (n.p.) obtained in the result of restriction:

- AA (971 n.p. +381n.p.), AG (1352 n.p. + 971 n.p. + 381 n.p.), GG
(1352 n.p.) (Figure 1 and 2).

Therapy: Women were treated with 40 mg of atorvastatin.
Nebivolol was used in all groups to control blood pressure and heart
rate. Aspirin, 75 mg, was prescribed to all.

Statistical analysis: Statistical analysis was performed with SPSS
software, version.

Results

Prevalence of genotypes and alleles of the test loci in patients
included to the study is shown in Table 1.
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Table 2 represents comparison of patient groups with certain
variants of polymorphic loci Xbal and Pvull. The groups had no
significant differences in terms of age, BMI, and number of patients
with essential hypertension and diabetes mellitus.

Reliable decrease in total cholesterol and LDL cholesterol levels has
been established to occur in patient groups with AG & GG genotypes
of polymorphic locus Xbal, and TC & CC genotypes of polymorphic
locus Pvull. Patients with AA genotype of polymorphic locus Xbal
and CC genotype of polymorphic locus Pvull showed no statistically
significant decrease in these parameters (Table 3).

The highest number of women achieving the target LDL cholesterol
(< 1.8 mmol/l) [18] level belonged to the group with GG genotype.

In view of the fact that response to statin therapy may differ in case of
various genotype combinations of polymorphic genes Xbal and Pvull,
we carried out a search of genotype combination for which the response
to atorvastatin therapy in terms of LDL would be the most and the
least pronounced. We have established that, in the case of combination
of AA genotype of polymorphic gene Xbal with any genotype variant
of polymorphic gene Pvull, the decrease of LDL cholesterol level has
no statistical significance. Paired Student t-test shows the absence of

Table 1. Genotype and alleles distribution.

ESRI Xball
AA AG GG P
63 (42,0 %) 66 (44,0 %) 21 (14,0 %) p,,=0.68
p,, =051
p,, =071
ESRI Pvull
TT TC cC
36 (24,0 %) 92 (62,0 %) 22 (14,0 %) p,=0.72
p,, =020
p,, =0.07

Table 2. Genotype distribution of estrogen receptors and characteristic of the patient’s
groups.

reliable difference between LDL parameters before and after therapy
in the event AA genotype is combined with any of the variants of Pvull
genotypes. Thus, median LDL at the baseline comprised 3.38 (2.91 +
4.00), and the same following therapy was equal to 3.10 (2.32 + 4.40),
p = 0.11 (Figure 2).

Reliable decrease in LDL cholesterol levels has been identified in
the event of combination of GG genotype with any of the variants
of polymorphic locus Pvull (CC, TT, TC). Thus, median LDL at the
baseline was 4.06 (3.59 + 3.34) mmol/l, and the same after therapy was
2.05 (1.80 + 2.45) mmol/l, p = 0.0008 (Figure 3).

Study of the effects of gene Xbal heterozygous variant has shown

Figure 1. Electrophoregram of restriction products in ESR1 gene polymorphism analysis.
Note: Samples 1-3, 7 are genotype AG carriers; M is the DNA molecular mass marker;
samples 4-5 are AA genotype carriers; sample 6 is GG genotype carrier.
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‘ Genotypes P
ESRI1 Xball
AA (n=63) AG (n = 66) GG (n=21) ;
Age, years 55,0 (49,0 + 61,0)| 56,0 (49,0:61,0) 56,0 (51,0:58,0) p,,=0.95 2 Newora
p,,=0.50 . e e
p,,=041 nnHW_ 1 nnHuy 2 L
Body rznass index, |28.8(27.0+31.9) 29.0 (255~ 34.1) 29.2(27.0 = 33.5) p,,=0.83 Figure 2. Change of LDL cholesterol levels during atorvastatin therapy in the event of
kg /m p,,=0.64 combined carriage of AA genotype and any of genotypes of polymorphic gene Pvull (TC,
p,,=0.70 TT or CC).
Hypertension, 48 (76.2 %) 50 (75.8 %) 15 (71.4%) p,,=0.95
n (%) p,, = 0.66 55
p,,=0.69 . T
Diabetes mellitus, 9 (14.2 %) 9 (13.6 %) 2(9.5 %) P, =092 :
n (%) p,,=0.58 a5 - e
p,; =0.62
40 a
ESRI1 Pvull .
TT (n = 36) TC (n=92) CC (n=122) 35}
Age, years 55,0 (49.0 + 60,0) 52.0 (47.0 + 58.0) 55,0 (52.0 + 61.0) p,,=1.00
p,,=0.36 2
P, 0.13 25
Body mass index, 28.9 (26.4 +31,8) 29.0 (26.6 ~ 32.0) 29.1 (26.3 + 33.5) p,, =0.89
ke/m? p,. =086 20 o .
p,, =0.97
- - - - 15 b e e
Hypertension, 26 (72.2%) 71 (77.2 %) 11 (66.6 %) p,,=0.56 7 25%-75%
n (%) p,,=0.08 1,0 T MM ake
P, =0.01 AMHWY_1 nnHw_2
Diz;betes mellitus, |6 (16,6 %) 10 (10,8 %) 1(4,54 %) p.,=037 Figure 3. Change of LDL cholesterol levels during atorvastatin therapy in the event of
n (%) P, =017 combined carriage of GG genotype and any of genotypes of polymorphic gene Pvull (TC,
p,; =037 TT or CC).
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that combined carriage of AG genotype with any of the variants of
polymorphic gene Pvull (TC, TT or CC) is manifested by essential,
statistically reliable decrease in LDL cholesterol (Figure 4).

Discussion

It is worth mentioning that, in gene pair Xbal and Pvull, the first
gene most probably has higher value for prediction of atorvastatin
effect on LDL cholesterol level. This conclusion can be drawn from the
fact that an attempt to isolate any variant of Pvull genotype of critical
importance for cholesterol lowering did not reveal any significant
differences between the groups.

Therefore, the data obtained allow concluding the presence of
relation between LDL cholesterol dynamics during atorvastatin
therapy and carriage of certain variants of polymorphic genes Xbal n
Pvull. Thus, the patients - GG and AG genotype carriers show more
pronounced LDL cholesterol decrease during atorvastatin therapy.
The most unfavorable results of atorvastatin therapy are noticed in AA
genotype carriers. Thus, the combination of AA genotype with any of
genotypes of Pvull polymorphic gene is characterized by unreliable
LDL cholesterol decrease as affected by atorvastatin.

Estradiol capability to affect cholesterol metabolism is beyond any
doubt. Relatively high portion of these effects is mediated through
estradiol receptors currently found in hepatocytes, myocardium, and
vascular wall. Thus, estrariol receptors represent an essential regulatory
link in realization of “lipid” effect of the hormone itself. Two types
of estradiol receptors are classified: estradiol a-receptors (ESRa)
and B-receptors (ESRP). ESRa receptors are believed to play a more
important role in realization of estradiol cardiovascular biological
effects. ESRa is located on chromosome 6-q (locus 6q24-q27) and

Table 3. Changes of lipids in the group with different genotypes.
ESR1 Xball

includes 8 exons and 6 introns. Presence of two polymorphisms in
the first intron: Pvull, also known as rs2234693, and Xbal known as
1rs9340799, is of special importance. Pvull and Xbal polymorphism
may affect transcription of ESR1 gene and alter its splicing.

Many authors have shown the relation between the presence of
these polymorphisms, lipid metabolism disorders, LDL and HDL
changes during hormone replacement therapy, CHD development risk
and the disease course. Thus, the relation between Pvull polymorphism
and CHD development has been shown in Chinese population. At the
same time, no relation between myocardial infarction development risk
and this polymorphism has been identified in European population.
Based on meta-analysis of 21 studies including in total 9926 CHD
patients and 16710 healthy individuals, Ding J has shown that Pvull
polymorphism is essential for CHD development in Eastern regions,
but its role is not that essential for Western nationalities. Prevalence
of stenoses in a stent following stenting has been shown to be higher
in female patients homozygous by T allele. Carriers of G allele of
polymorphic gene Xbal either in homozygous or heterozygous variant
have higher levels of diastolic blood pressure, LDL cholesterol, and
HOMA index. At the same time, no coronary artery damage confirmed
by angiography and Xbal polymorphism has been detected in Iranian
population. Alevizaki M et al., and Lu H et al. [8,13] relate CHD severity
and early CHD development risk with Xbal polymorphism as well.
Nevertheless, Boroumand M et al. [16] have not identified any relation
between either Pvull or Xbal polymorphism and lipid profile, as well
as inflammation markers in women. Inconsistency of the results can be
explained by the use of different CHD verification methods, as well as
relatively heterogeneous patient groups, by the authors. Besides, CHD
itself is characterized by polyetiology and complicated pathogenesis
mechanisms; the role of estradiol receptors is not limited only to their

Total cholesterol, mmol/l

Triglycerides, mmol/l

LDL cholesterol, mmol/l

HDL cholesterol, mmol/l

ESR1 Pvull

Total cholesterol, mmol/l

Triglycerides, mmol/l

LDL cholesterol, mmol/l

HDL cholesterol, mmol/l

Before therapy

six-month therapy
Before therapy
six-month therapy
Before therapy
Six-month therapy
Before therapy
six-month therapy

Before therapy
six-month therapy
Before therapy
six-month therapy
Before therapy
six-month therapy
Before therapy

six-month therapy

AA
5.20 (4.54 + 5.75)

5.30 (4.30 + 6.08)
1,20 (0,90 + 1,60)
1.17 (0.90 = 1.48)
3.18 (2.57 = 3.80)
3.14 (230 = 3,41)
1.34 (1.16 = 1.71)
1.50 (1.20 = 1.90)

TT
5.01 (4.48 = 5.58)
5.00 (4.23 + 5.92)
1.20 (0.86 = 1,67)
1.12 (0,90 + 1,37)
3.03 (2,43 = 3,71)
2.55(2.10 + 3.43)
1.34 (1.19 = 1,49)
1.50 (1.20 = 1.90)

Table 4. Number of patients achieving the target LDL cholesterol level.

Number of patients achieving the target LDL cholesterol level, n (%)

Number of patients achieving the target LDL cholesterol level, n (%)
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p AG p GG p
091 5,35 (4,56 + 6,26) 0.02 5.72 0.04
(5.26 +6.16)
4,96 (4.40 + 5.85) 4,90 (4.01 +5.21)
0.14  1.23(0.97 + 1,73) 0.12 1,10 (0.93+1.24) 0.65
1.17 (0.70 = 1.62) 1.08 (0.91+1.21)
0.12 324 (248+421) 0.02 3.80(3.28+4.13) 0.01
2.40 (1.80 +3,00) 2.02 (1.80+2.45)
0.06 1.42(1.15+1,62) 0.28 1.46 (1.30 +1.68) 0.03
1.47 (1.20 = 1.90) 1.61 (1.30 = 1.90)
TC CcC
0.89 5.36 (4.78 + 6.17) 0.002 5.68 (4.90  6.12) 0.05
5.07 (4.51 = 5.90) 4.90 (4.12 +5.32)
0.07 1.35(1.01 = 1.73) 0.14 1.05 (0.84 + 1.25) 0.53
1.15 (0.78 + 1.70) 1.08 (0.83 + 1.21)
0.10 3.33(2.48 ~4.08) 0.002 3.69 (2.93 - 4.17) 0.02
2.60 (1.90 = 3.20) 2.15 (1.80 = 2.70)
0.04 1.37(1.14+1.62) 0,13 1,47 (1.34 = 1,62) 0.46
1.40 (1.20 = 1,90) 1,60
(150 1.81)
AA (n=63) AG (n = 66) GG (n=21) Kpurepuii ITupcona 2
36 (57.1%) 51 (77,3%) 19 (90,5%) P=0.001
TT (n=36) TC (n=92) CC (n=22) P=0.679
23 (63.8 %) 57 (61.9%) 16 (72.7 %)
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relation with lipid metabolism, but also includes their participation in
thrombosis, endothelial function disorders, and other mechanisms.
The fact requiring explanations is the presence of relation between
carriage of Pvull/Xbal gene polymorphisms in Eastern populations
and their absence in the Western ones. In this case, we have identified
the association between atorvastatin hypolipidemic effect and carriage
of Xbal locus polymorphisms in Ukrainian population.

No studies of relation between different variants of polymorphic
genes Pvull/Xbal and the change of lipid metabolism parameters
during statin therapy were conducted previously. The work performed
allows suggesting that carriers of GG genotype of Xbal polymorphic
locus are more susceptible to atorvastatin therapy.

Study limitations. The study was conducted in a limited patient
cohort. The hypothesis was not tested in women of elderly age groups.
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