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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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FREQUENCY OF VKORC1 AND CYP2C9 GENES POLYMORPHISM IN ABKHAZIAN 
POPULATION

Lezhava T1*, Kakauridze N2, Jokhadze T1, Buadze T1, Gaiozishvili M1, Gargulia Kh2,3, Sigua T1.
1Ivane Javakhishvili Tbilisi State University, Department of Genetics, Tbilisi, Georgia

2Tbilisi State Medical University, Tbilisi, Georgia
3Hospital of Saberio, Abkhazia.

Abstract.
The aim of the research was to study the frequency of VKROC1 

and CYP2C9 genes different alleles for healthy donors and 
for patients with thrombosis, in Abkhazian population and to 
reveal the interdependence of the studied genes products in the 
treatment of thrombosis with warfarin.

Warfarin is an anticoagulant, causing the inactivation of the 
VKORC1 gene product, which is one of the clotting factors. The 
protein product of CYP2C9 gene is involved in the metabolism 
of warfarin. Genotyping of blood samples for studied genes 
alleles was carried out using a tube scanner (ESE Quant Tube 
Scaner), allowing to identify SNPs.

With the highest frequency in the studied group of healthy 
donors of Abkhazian population, by VKROC1 gene found 
Heterozygous (AG genotype) (74,5 %). The distribution 
of homozygous of "wild" (GG) and mutant genotype (AA) 
accounted for 13,5% and 11,8%, respectively. In the group of 
patients with Thrombosis, wild-type homozygotes accounted 
for 32.5%, which is significantly high compared to the control 
group. The percentage of heterozygotes was significantly lower 
than in the control group and accounted 56,25%. as for the 
homozygous mutant genotype, it was practically the same as in 
control group (11,2%).

Regarding the rate of polymorphic variants of the CYP2C9 
gene, quite large differences between diseased and healthy 
individuals were detected according to some of them. CYP2C9 
*1/*1 genotype (wild- type homozygote) was observed in 32.9% 
of healthy individuals, while the same genotype was detected 
in only 14.5% of patients with thrombosis. The percentage of 
CYP2C9 *1/*2 genotype was slightly different between healthy 
and thrombotic subjects and corresponded to 27.5% in healthy 
individuals and 30.4% in thrombotic patients. CYP2C9 *1/*3 
genotype accounted for 16.1% in healthy individuals. The 
mentioned indicator was significantly different from the similar 
indicator of patients with thrombosis, which corresponded to 
24.1%. The largest difference between the percentages was 
observed according to the CYP2C9 *2/*3 (mutant heterozygote) 
genotype. In healthy individuals, this rate corresponded to 
40.3%, and in thrombotic individuals - 11.4%. The CYP2C9 
*2/*2 genotype was not observed in any of the study groups, 
while the percentage of CYP2C9 *3/*3 (mutant homozygous) 
individuals did not differ and amounted to 1.6% (in healthy 
individuals) and 1.2% (in thrombotic patients).

VKORC1 and / or CYP2C9 genes polymorphisms are 
presented in a number of clinical dosing algorithms and in 
prospective clinical trials.

In conclusion, it should be noted that the present work revealed 
a significant variability of genotypes between the groups of 
patients with thrombosis and healthy individuals, in Abkhazian 

population. The results obtained in determining the polymorphic 
variants of the VKORC1 and CYP2C9 genes, studied by us, 
should be taken into account when using algorithms to determine 
the optimal dosage for warfarin treatment in thrombotic 
individuals of the Abkhazian population, both during treatment 
and for the prevention of thrombosis.

Key words. VKROC1 gene, CYP2C9 gene, genotype testing, 
thrombosis, warfarin.
Introduction.

The study of the genetic structure of populations is a significant 
component of epidemiological studies. Knowledge of the 
genetic structure of the population by the alleles of individual 
genes directly or indirectly involved in certain pathological 
processes largely determines both the general health care 
strategy in a given region and the effectiveness of drug therapy. 
Of particular interest in this aspect is the determination of the 
frequencies of carriers of different combinations of alleles, the 
products of which have great importance in the effectiveness of 
anticoagulant therapy in cardiovascular diseases.

It is known that one of the most used anticoagulants in the 
treatment of thrombosis is warfarin, a drug of the coumarin 
group. Treatment with warfarin for thrombosis (in the United 
States, on average, more than 1 million patients per year take 
warfarin) is significantly associated with the risk of bleeding, 
which is the leading cause of hospitalizations and death [1]. 
Based on this, great important is the calculation of the optimal 
dose of warfarin, which can vary widely for different individuals 
(more than 20 times). Warfarin reduces blood clotting by 
inhibiting the VKORC1-encoded gene - one of the subunits of 
the vitamin K epoxide reductase multiprotein complex [2].

Warfarin is known to be a mixture of (S)- and (R)-warfarin. 
The main protein involved in the metabolism of warfarin is 
cytochrome P-450, the enzyme responsible for the assimilation 
of the active S- enantiomer encoded by the CYP2C9 gene: the 
concentration of warfarin in the blood plasma mainly depends 
on its catalytic activity [3,4].

Both genes, CYP2C9 and VKORC1, are polymorphic and 
are represented by several allelic variants. In particular, six 
mutations were identified in the coding part of the CYP2C9 
gene. Clinically significant variants include CYP2C9*1 
(called as "wild type") and its 2 allelic forms (CYP2C9*2 and 
CYP2C9*3). The last two alleles are associated with a decrease 
in the metabolic efficiency of the CYP2C9 enzyme and an 
increased risk of bleeding [5,12]. As for the polymorphic variants 
of the VKORC1 gene, they are united in three haplogroups: AA, 
AB, and BB. The main cause of bleeding is, on the one hand, a 
high level of warfarin in the blood, which, in turn, depends on 
CYP2C9 allelic form, the individual is a carrier of.

On the other hand, the carriage of the VKORC1 gene variant, 
which determines the activity of vitamin K epoxide reductase, 
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is also very important. Both genes show different frequencies of 
allele polymorphism in different populations [1].

The method currently used to adjust the dose of warfarin in 
population studies in Georgia is time- consuming and associated 
with certain difficulties. The methodological innovation 
proposed by us in this work is the detection of mutations 
represented by single nucleotide substitutions in the studied 
genes, i.e., genotyping - determination of single nucleotide 
polymorphism.

The aim of the research was to study the frequency of VKROC1 
and CYP2C9 genes different alleles for patients with thrombosis 
and for healthy individuals, in Abkhazian population and to 
reveal the interdependence of the studied genes products in the 
treatment of thrombosis with warfarin.
Materials and methods.

The studies were carried out using the venous blood of 
Individuals from Abkhazia. Were studied: clinically healthy 
donors (150 individual) and patients with thrombosis (100 
patient).

To identify allelic variants of the studied genes that differ in 
single nucleotide substitutions, the method of DNA amplification 
(SmartAmp) was used. Were used primers, labeled with different 
luminescent dyes.

The amplification reaction, the determination of single 
nucleotide substitutions, and genotyping were carried out using 
an ESE-Quant Tube Scanner, a special device successfully used 
for this purpose and especially convenient for epidemiological 
studies [6]. ESE Quant Tube Scanner delivers sensitive, 
accurate, effective and fast results. Fluorescence detector is 
based on modern Microsystems technology.

The SmartAmp method was developed based on the principal 
concept that DNA amplification itself can provide the signal for 
detection of genetic polymorphisms and/or mutations. In the 
SmartAmp method, clinical samples are processed using DNA 
polymerase with strong strand displacement activity [7,8]. This 
enzyme is highly resistant to cellular contaminants and so can 
work directly on blood samples, after a simple heat treatment 
(98°C, 3 min) has been carried out to degrade RNA and denature 
proteins. This is the great advantage of the SmartAmp method 
over commonly employed PCR-based techniques using Taq 
DNA polymerase which is easily inhibited by impurities [9]. 
Afore-mentioned method has following advantages compared 
to currently established technologies:

1. SmartAmp reaction is isothermal, unlike PCR method, 
it not requires temperature cycling regime and works at one 
temperature. Therefore, SmartAmp is applicable to rather 
simple and inexpensive instruments.

2. Unpurified samples like a few micro litters of whole 
blood can be applied directly to the reaction. Therefore, DNA 
purification step can be eliminated.

3. Developed technology enables to monitor the reaction in 
real time.

4. Whole process, from sample preparation to results, mutation 
detection and SNP genotypes can be obtained in as little as 50-
60 minutes and can be visualized by real time graphs.

Using this method, mutation can be detected after a 30-minute 
incubation of the research material, in the isothermal conditions. 

The reaction is running in the 25 μl reaction area, in which will 
be added the sets of four different primers with 10 μl volume, 
which will initiate the allele-specific amplification. In the tube 
is added a set of free nucleotides to the synthesis of new chains. 
Apart from this, the necessary and essential components in 
the area are: DMSO (Dimethyl Sulfoxide), Tris-HCl (Ph = 8), 
KCl, (NH4)2SO4, MgSO4, Tween 20, SYBR-Green and DNA-
polymerase. The listed components will be mixed with prepared 
study samples containing capillary blood and working solution 
of NaOH (1:2). Processing of samples is running at 980C 
temperature for 3 minutes. At the last stage, the sample will be 
placed on ice and 2 μl volume will be transferred to PCR tubes 
in reaction area and placed in the device for SmartAmp reaction 
during 60 minutes.

Homo-(dominant and recessive) and heterozygous carriers 
were counted for "wild" and mutant alleles of the VKORC1 and 
CYP2C9 genes (*1, *2 and *3).

Statistical processing of data for the percentage indicator of 
the carriers of a particular variant of the genotype was carried 
out according to the formula:

m = m 
=

 
±

 
N 

n(100 − n) 

N
Where: n - is the percentage of a given genotype variant 

(homo- or heterozygous), 
N - is the number of studied individuals.
Comparison of two values for indicators of any parameters 

was carried out using Student's criterion (t):

t =t = 
M1 − M 2 

m 2 + m 2 
1 2 

Results and Discussion.
The results of the frequencies of different genotypes of the 

VKROC1 gene in Abkhazian population is presented in Figure 1.
With the highest frequency in the Abkhazian population of 

healthy donors, found Heterozygous (AG genotype) (74,5 %). 
The distribution of homozygous of "wild" (GG) and mutant 
genotype (AA) accounted for 13,5% and 11,8%, respectively. In 
the group of patients with Thrombosis, wild-type homozygotes 
accounted for 32.5%, which is significantly higher compared 
to the control group. The percentage of heterozygotes was 
significantly lower than in the control group and accounted 
for 56,25%. as for the homozygous mutant genotype, it was 
practically the same as in control group (11,2%) (Figure 1).

According to the VKORC1 gene polymorphism, the total 
population index gave us the following picture: with highest 
percentage (65.5 %) was heterozygous individuals, and the 
percentage of homozygous wild-type and homozygous mutant 
individuals was 23 % and 11.5 %, respectively (Figure 2).

Regarding the rate of polymorphic variants of the CYP2C9 
gene, quite large differences between diseased and healthy 
individuals were detected according to some of them. CYP2C9 
*1/*1 genotype (wild- type homozygote) was observed in 32.9% 
of healthy individuals, while the same genotype was detected 
in only 14.5% of patients with thrombosis. The percentage of 
CYP2C9 *1/*2 genotype was slightly different between healthy 
and thrombotic subjects and corresponded to 27.5% in healthy 
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individuals and 30.4% in thrombotic patients. CYP2C9 *1/*3 
genotype accounted for 16.1% in healthy individuals. The 
mentioned indicator was significantly different from the similar 
indicator of patients with thrombosis, which corresponded to 
24.1%. The largest difference between the percentages was 
observed according to the CYP2C9 *2/*3 (mutant heterozygote) 
genotype. In healthy individuals, this rate corresponded to 
40.3%, and in thrombotic individuals - 11.4%. The CYP2C9 
*2/*2 genotype was not observed in any of the study groups, 
while the percentage of CYP2C9 *3/*3 (mutant homozygous) 
individuals did not differ and amounted to 1.6% (in healthy 
individuals) and 1.2% (in thrombotic patients) ( Figure 3).

Figure 1. The frequency of genotypes for the VKORC1 gene in the 
Abkhazian population (% of the total number).
* - the difference between the indicators is significant, p<0.001.

Figure 2. Frequency of VKORC1 gene genotypes in individuals of the 
Abkhazian population (% of the total number).

According to the total indicator of the investigated individuals 
from the Abkhazian population, heterozygotes (CYP2C9 *1/*2) 
represented the highest percentage and made up 29% of the total 
number. The rate of mutant heterozygotes (CYP2C9 *2/*3) was 
also high, amounting to 25.8%. CYP2C9 *1/*1 genotype was 
observed in 23.7% of individuals, and CYP2C9 *1/*3 in 20.1% 
of individuals. The percentage of CYP2C9 *3/*3 (mutant 
homozygous) individuals was 1.4% (Figure 4).

Figure 3. The rate of polymorphic variants of the CYP2C9 gene 
in clinically healthy and thrombotic individuals of the Abkhazian 
population (% of the total number).
* - the difference between the indicators is statistically significant, 
p<0.001.

Figure 4. The rate of polymorphic variants of the CYP2C9 gene in the 
Abkhazian population (% of the total number).

We studied the polymorphism of VKORC1 and CYP2C9 
genes in the regions of Georgia (Samegerlo, Tbilisi, Kakheti) 
[10]. As well as the results obtained in different regions of 
Georgia, the data of the population of Abkhazia, according to 
the polymorphism of these genes, are significantly different, 
which once again indicates the population diversity of the 
polymorphism of these genes.

The scientific literature devoted to the study of the frequencies 
of occurrence of allelic variants of the CYP2C9 gene indicates 
a wide polymorphism in different populations [11-13]. Against 
the background of the general predominance of the wild allele, 
the frequencies of homo- and heterozygous variants in different 
populations are different. As noted above, the protein product 
of the CYP2C9 gene plays a leading role in the metabolism of 
warfarin and the concentration of the drug in the blood plasma 
depends on its activity. On the other hand, it is known that 
warfarin, as an anticoagulant agent, inactivates the product 
encoded by the VKORC1 gene, one of the blood coagulation 
factors. Therefore, dosing of warfarin has critical importance 
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in the treatment of thrombosis. Too high dose carries a high 
risk of bleeding, and too low dose will be ineffective. Based on 
the above, when determining the individual dose of warfarin, 
knowledge of the combination of allelic variants of CYP2C9 
and VKORC1 genes has a decisive importance.

Algorithms based on pharmacogenetics data are proposed to 
determine the dose of the anticoagulant warfarin. Most models 
take into account age, gender, body surface area, concomitant 
medications, and clinical indications [14]. One of the most 
frequently cited algorithms to estimate warfarin dose (mg/day) 
was based on a dosing algorithm regression model [15].

Several published warfarin dosing algorithms have been 
compared with retrospective dose calculations in a population 
of patients undergoing long-term stable warfarin therapy to 
determine their accuracy [16,17]. VKORC1 and/or CYP2C9 
polymorphisms are present in a number of clinical dosing 
algorithms in prospective clinical trials [18-20]. To support 
pharmacological and clinical algorithms, a non-commercial 
website was created - www.WarfarinDosing.org [12].
Conclusion.

In conclusion, it should be noted that the present work revealed 
a significant variability of genotypes between the groups of 
patients with thrombosis and healthy individuals, in Abkhazian 
population. The results obtained in determining the polymorphic 
variants of the VKORC1 and CYP2C9 genes, studied by us, 
should be taken into account when using algorithms to determine 
the optimal dosage for warfarin treatment in thrombotic 
individuals of the Abkhazian population, both during treatment 
and for the prevention of thrombosis.
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რეზიუმე

VKORC1 და CYP2C9 გენების პოლიმორფიზმი აფხაზურ 
პოპულაციაში ლეჟავა თ1, კაკაურიძე ნ2, ჯოხაძე თ1, 
ბუაძე თ1, გაიოზიშვილი მ1, გარგულია ხ2,3, სიგუა თ1
1ივანე ჯავახიშვილის სახელობის თბილისის 
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სახელმწიფო უნივერსიტეტი, თბილისი, საქართველო
2თბილისის სახელმწიფო სამედიცინო უნივერსიტეტი, 
თბილისი, საქართველო
3საბერიოს საავადმყოფო, აფხაზეთი

კვლევის მიზანი იყო VKORC1 და CYP2C9 გენების 
პოლიმორფიზმის სიხშირის დადგენა აფხაზური 
პოპულაციის ჯანმრთელ და თრომბოზით დავადებულ 
ინდივიდებში და შესწავლილი გენების პროდუქტების 
ურთიერთდამოკიდებულების გამოვლენა ვარფარინთან 
თრომბოზის მკურნალობისას.
ვარფარინი ანტიკოაგულანტია, რომელიც შედედების 
ერთ-ერთი ფაქტორის მასინთეზირებელი VKORC1 
გენის ინაქტივაციას იწვევს. CYP2C9 გენის ცილოვანი 
პროდუქტი კი საკუთრივ ვარფარინის მეტაბოლოზმშია 
ჩართული. შესასწავლი გენების ალელების 
გამოსავლენად სისხლის ნიმუშების გენოტიპირება 
განხორციელდა ტუბ-სკანერის გამოყენებით (ESE Quant 
Tube Scaner), რომელიც იძლევა ერთნუკლეოტიდიანი 
პოლიმორფიზმის დადგენის საშუალებას.
VKORC1 გენის მიხედვით,აფხაზური პოპულაციის 
ჯანმრთელ ინდივიდებში ყველაზე მაღალი სიხშირით 
(74,6%) გამოვლინდა ჰეტეროზიგოტები (AG გენოტიპი) 
ჰომოზიგოტური "ველური" (GG) და მუტანტური 
გენოტიპის (AA) განაწილებამ შეადგინა 13,6% და 11,8%, 
შესაბამისად. თრომბოზის მქონე პაციენტთა ჯგუფში 
ველური ტიპის ჰომოზიგოტები შეადგენდნენ 32,5%-ს, 
რაც მნიშვნელოვნად მაღალია საკონტროლო ჯგუფთან 
შედარებით. ჰეტეროზიგოტების პროცენტული 
მაჩვენებელი მნიშვნელოვნად დაბალი იყო, ვიდრე 
საკონტროლო ჯგუფში და შეადგენდა 56,25%. რაც 
შეეხება ჰომოზიგოტური მუტანტის გენოტიპს, ის 
პრაქტიკულად შეესაბამებოდა საკონტროლო ჯგუფის 
ანალოგიურ მაჩვენებელს და შეადგინა 11,2%.
რაც შეეხება CYP2C9 გენის პოლიმორფული ვარიანტების 
მაჩვენებელს, დაავადებულ და ჯანმრთელ ინდივიდთა 
შორის საკმაოდ დიდი განსხვავებები იყო გამოვლენილი 
ზოგიერთი მათგანის მიხედვით. CYP2C9 *1/*1 გენოტიპი 
(ველური ტიპის ჰომოზიგოტი) ჯანმრთელ ინდივიდთა 
32,9%-ში დაფიქსირდა, მაშინ როდესაც იგივე გენოტიპი 
თრომბოზით დაავადებულების მხოლოდ 14,5 %-ს 
გამოუვლინდა. CYP2C9 *1/*2 გენოტიპის პროცენტული 
მაჩვენებელი ჯანმრთელებსა და თრომბოზით 
დაავადებულებს შორის მცირედით განსხვავდებოდა 
და შეესაბამებოდა 27,5%-ს ჯანმრთელებში ხოლო 
თრომბოზიან ინდივიდებში - 30,4%-ს. CYP2C9 *1/*3 
გენოტიპმა ჯანმრთელ ინდივიდებში შეადგინა 
16,1%. აღნიშნული მაჩვენებელიც სარწმუნოდ 
განსხვავდებოდა თრომბოზიანი პაციენტებიოს 
ანალოგიური მაჩვენებლისაგან, რომელიც 24,1%-
ს შეესაბამებოდა. მაქსიმალურად დიდი სხვაობა 
ჯანმრთელ ინდივიდთა და თრომბოზიანი პაციენტების 
პროცენტულ მაჩვენებლებს შორის დაფიქსირდა CYP2C9 
*2/*3 (მუტანტი ჰეტეროზიგოტი) გენოტიპის მიხედვით. 
ჯანმრთელებში ეს მაჩვენებელი შეესაბამებოდა 40,3%-
ს, ხოლო თრომბოზიან ინდივიდებში - 11,4%. CYP2C9 
*2/*2 გენოტიპი არ დაფიქსირებულა არც ერთ საკვლევ 

ჯგუფში, ხოლო CYP2C9 *3/*3 (მუტანტი ჰომოზიგოტი) 
გენოტიპის მქონე ინდივიდების პროცენტული 
მაჩვენებელი ჯანმრთელ ინდივიდებსა და თრომბოზიან 
პაციენტებს შორის პრაქტიკულად არ განსხვავდებოდა 
და, შესაბამისად, შეადგინა 1,6% და 1,2%. დასასრულს, 
უნდა აღინიშნოს, რომ გამოვლინდა გენოტიპების 
მნიშვნელოვანი განსხვავებები აფხაზური პოპულაციის 
თრომბოზით დაავადებულ პაციენტებს და ჯანმრთელ 
ინდივიდთა შორის. ჩვენს მიერ შესწავლილი VKORC1 
და CYP2C9 გენების პოლიმორფული ვარიანტების 
დადგენისას მიღებული შედეგები გათვალისწინებული 
უნდა იყოს ალგორითმების გამოყენების
დროს აფხაზეთის პოპულაციის თრომბოზიან 
ინდივიდებში ვარფარინის სამკურნალოდ დოზის 
ოპტიმალური ვარიანტის განსასაზღვრად, როგორც 
მკურნალობის დროს, ასევე თრომბოზის პრევენციის 
მიზნით.
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Целью исследования было изучение полиморфизма 
VKORC1 и CYP2C9 генов у здоровых и больных 
тромбозом индивидов абхазской популяции и выявление 
взаимозависимости продуктов изученных генов и 
варфарина при лечении тромбоза.
Варфарин является антикоагулянтом, инактивирующим 
VKORC1 ген, ответственный за синтез одного из 
факторов свертывания крови. Белковый продукт CYP2C9 
гена,в свою очередь, вовлечен в метаболизм варфарина. 
Генотипирование образцов крови для выявления аллелей 
изучаемых генов проводилось с использованием туб-
сканера (ESE Quant Tube Scaner), дающего возможность 
обнаружения однонуклеотидного полиморфизма.
В здоровых индивидах абхазской популяции с наибольшей 
частотой (74,6%) по VKORC1 гену выявлялись 
гетерозиготы (генотип AG). Доли гомозиготного Эдикого 
Э (GG) и мутантного (AA) генотпов составили 13,6 и 11,8 
– соответственно.
В группе индивидов с тромбозами гомозиготы дикого 
типа составили 32,5%, что значительно превышает 
показатель контрольной группы. Процентный показатель 
гетерозигот был значимо ниже показателя контрольной 
группы и составил 56,25%. В отношение показателя 
гомозигот мутантного генотипа, следует отметить, что он 
практически соответствовал аналогичному показателю 
для контрольной группы и составил 11,2%.
Что касается показателей полиморфных вариантов 
CYP2C9 гена, по некоторым из них были выявлены 
значительные различия между больными и здоровыми 
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индивидами. CYP2C9 *1/*1 генотип (гомозоготы дикотого 
типа) был зафиксирован у 32,9% здоровых индивидов 
и только у 14, % у больных тромбозом. Процентный 
показатель CYP2C9 *1/*2 генотипа у здоровых и больных 
тромбозом индивидов незначительно различался и 
соответствовал: 27,5% у здоровых, и 30,4% - у больных 
тромбозом. Частота CYP2C9 *1/*3 генотипа у здоровых 
индивидов составила 16,1%. Данный показатель также 
достоверно отличался от аналогичного у индивидов с 
тромбозом и соответствовал 24,1%. Наибольшая разница 
между процентными показателями у здоровых и больных 
тромбозом индивидов зафиксирована по генотипу 
CYP2C9 *2/*3 (мутантные гетерозиготы).
Значение данного показателя у здоровых индивидов 
соответствовала 40,3%, у индивидов с тромбозом – 

11,4%. Генотип CYP2C9 *2/*2 не был зафиксирован ни 
в одной исследуемых групп, а процентный показатель 
индивимдов с CYP2C9 *3/*3 (мутантные гомозиготы) 
генотипом практически не отличался у здоровых и 
больных тромбозом и, соответственно, составил 1,6% и 
1,2%.
Таким образом, сдедует отметить, что выявлены 
значительные различия по генотипам между больных 
тромбозами и здоровых индивидов абхазской популяции. 
Полученные нами результаты изучения полиморфных 
вариантов VKORC1 и CYP2C9 генов следует учитывать 
при использовании алгоритмов для определения 
оптимальной дозы варфарина как в процессе лечения, так 
и с целью превенции тромбозов.
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