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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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Human immunodeficiency virus (HIV) and hepatitis C virus 
(HCV) cause common viral infections that cause significant 
morbidity and mortality, which have an impact on the demo-
graphic situation in Ukraine [4,5]. Chronic hepatitis C (CHC) is 
diagnosed in 60-90% of HIV-infected patients, due to the com-
mon virus transmission routes. Co-infection with HIV/HCV is 
an important public health problem, since viruses, acting syner-
getic, accelerate the progression of liver disease [7].

Recent research suggests that adipose tissue is not merely a place 
to store triglycerides (TG) and lipids, but also an endocrine organ 
that synthesizes about 30 types of proteins that are regulators of 
various body functions, including the immune response. As part of 
the cell membranes of adipose tissue were identified receptors of 
innate immunity - Toll-like receptors (of TLRs) and was installed 
their significant role, particularly TLR4 in the development of im-
mune reactions, type 2 diabetes, atherosclerosis [9]. Polymorphism 
Asp299Gly of TLR4 gene contributes to disruption of the insulin 
action in hepatocytes, leads to the immune reactions, obesity, in-
creased secretion of cytokines and, consequently, to disruption of 
lipid and carbohydrate metabolism [1,6]. The presence of geno-
type Asp/Gly TLR4 is a factor of the progression of HIV infection 
[8]. The relationship was established between the polymorphism 
Asp299Gly of TLR4 gene and high HIV viral load, susceptibility 
to HIV-associated infections. However, data about the importance of 
TLR4 gene polymorphism Asp299Gly in the development of metabol-
ic disorders in patients co-infected HIV/HCV need to be clarified [2,3].

Thus, so far the concepts of development of metabolic disor-
ders in patients co-infected HIV/HCV have a contradictory char-
acter, their clinical and laboratory diagnostic criteria aren’t finally 
formed, which substantiates the relevance of this scientific work.

Material and methods. Studies have been conducted on a 
clinical basis of the Department of Infectious Diseases of Kh-
NMU - Kharkiv Regional Clinical Infectious Hospital and the 
regional center for prevention and control of AIDS in Kharkiv 
for 2010-2017. During the study were guaranteed the rights and 
freedoms of patients that are prescribed by the Helsinki Decla-
ration, International Conference on Harmonisation (ICH), and 
complied with the standards of Good Clinical Practice (GCP).

Original researches (values of cytokine profile, mineral, lipid, 
carbohydrate, purine metabolism and acute phase proteins) were 
conducted twice - before treatment and after 6 months from its 
beginning, and common researches - every 1-3 weeks.

The diagnosis of chronic hepatitis C has been set according 
to the classification of chronic hepatitis, which was proposed 
at the International Congress of Gastroenterology (Los Angeles, 
1994). Verification of the diagnosis was based on clinical and 
biochemical data, detecting anti-HCV: anti-HCV IgG, anti-HCV 
core IgG, anti-HCV NS-3, -4, -5 IgG, IgM anti-HCV by enzyme-
linked immunosorbent assay (ELISA) (CJSC «Vector-Best»), the 
HCV RNA in the blood serum with the genotyping using qualita-
tive and quantitative methods of polymerase chain reaction (PCR) 
(«SPE DNA Technology»). Diagnosis of HIV infection in all pa-
tients was made according to the clinical classification of HIV in-
fection in adults and adolescents (WHO, 2010) after examinations 
on the presence of specific antibodies to HIV by ELISA and the 
subsequent confirmation of their specificity by immunoblotting. 
HIV-1 RNA level were determined by quantitative PCR.

The program of a general clinical examination of patients in-
cluded: evaluation of complaints and medical history information 
with a detailed analysis of medical records; physical examina-
tion; peripheral blood test with using hematology analyzer ABX 
PENTRA 60C Plus (HORIBA ABX Diagnostics Inc., France); 
the number of CD4+, CD3+ and CD45+ was determined by flow 
cytometry with using the immunophenotyping method on the 
cytofluorometer EPICS™ XL™ (Beckman Coulter, USA) in the 
clinical diagnostic laboratory of the regional center for preven-
tion and control of AIDS in Kharkiv. Serological and molecular 
genetic studies for the presence of markers of viral hepatitis C 
(HCV RNA, anti-HCV), B (HBsAg, anti-HBcAg IgG, IgM) and 
A (anti-HAV Ig M) also were carried out to the patients.

To determine the polymorphism Asp299Gly of TLR4 gene in pa-
tients co-infected HIV/HCV was performed the taking of the buccal 
epithelium. Studies were conducted in two stages: on the first stage 
was separated DNA from the samples using a set of «Separating of 
DNA from epithelial swabs and scrapings on magnetic particles» 
(Silex-M, Moscow, Russia), on the second - genotyping was per-
formed. Analysis of TLR4 gene Asp299Gly polymorphism was 
performed by determining restriction fragment length polymor-
phism. DNA amplification was performed using a set of the «DNA 
amplification» (Silex-M, Moscow, Russia) on a thermocycler BIS.

We observed 47 patients co-infected with HIV/HCV. Among 
the examinees were 21 women (44,7 %), men – 26 (55,3 %). The 
median age was 36,2±2,4 years with a range of 21 to 52 years. 
The group of the population control for genetic studies included 
32 healthy individuals (men – 17, women – 15) between the ages 
of 19 to 60 years (mean age – 31,6±1,3), which are indigenous to 
Kharkiv and are Ukrainians by nationality.

General requirements for the including of patients in the study: 
the free informed consent for participating, the time of observation 
at least 3 months, a moderate degree of HCV activity; antiretroviral 
therapy with zidovudine, lamivudine and efavirenz. General criteria 
for the excluding of patients from the study: cancer and autoimmune 
pathology, tuberculosis, pregnancy, using the injection drugs at the 
time of the study, HCV antiviral therapy. According to age, gender, 
the presence of co-morbidities, the HCV genotype, clinical stage of 
HIV-infection groups were comparable.

The research results are processed by the method of variation 
and correlation statistics with the using of computer programs. 
The authenticity of differences was determined using Student’s 
t test (t). To predict the development of metabolic disorders was 
used the ratio odds (OR) with the evaluation of 95 % of the con-
fidence interval (CI). Correlation analysis was performed by the 
method of Spearman (Kendall). In statistical data processing was 
used a personal computer with a application package «Microsoft 
Excel 2010» (Microsoft Corporation) and an additional set of 
statistical analysis software (Statistica 10.0 for Windows). Differ-
ences were considered statistically significant at p<0,05 [10].

Results and their discussions. Overall 47 patients co-infected 
with HIV/HCV were examined. Among the examinees were 21 
women (44,7 %), men – 26 (55,3 %). The median age was 36,2±2,4 
years with a range of 21 to 52 years. The group of the population control 
for genetic studies included 32 healthy individuals (men – 17, women 
– 15) between the ages of 19 to 60 years (mean age – 31,6±1,3), which 
are indigenous to Kharkiv and are Ukrainians by nationality.
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Detected disorders of cellular and cytokine components of 
immunity, mineral, lipid and carbohydrate metabolism in pa-
tients with co-infection HIV/HCV necessitates the definition of 
pathogenetic mechanisms of their development. HCV and HIV 
can activate the innate immune receptors in the liver.

To determine the influence of innate immunity in the develop-
ment of metabolic disorders was investigated polymorphism Asp-
299Gly of TLR4 gene in patients co-infected with HIV/HCV. It 
was found that in patients co-infected HIV/HCV polymorphism 
Asp299Gly of TLR4 gene is more common than in healthy donors 
(p<0,05). Numerous correlations of the polymorphism Asp299Gly 
of TLR4 gene with indicators of different types of metabolism con-
firms its leading role in the development of metabolic disorders in 
patients co-infected with HIV/HCV. In particular was determined 
a strong direct relationship between the polymorphism Asp299Gly 
of TLR4 gene in patients co-infected HIV/HCV and content of in-
sulin (r=0,66; p<0,001), immune reactions (r=0,66; p<0,001), the 
absolute number of SD45+ of T-lymphocytes (r = 0,45; p<0,001), 
moderate direct relationship with the content of TNF-α (r=0,32; 
p<0,05), CRP (r = 0,34; p <0, 05), the absolute number of CD3+ of 
T-lymphocytes (r=0,34; p<0,05), triglyceride levels (r=0,39; p<0,02). 
In addition, there is an inverse relationship between the polymorphism 
Asp299Gly of the gene TLR-4 and the content of Zn (r=-0,34; p<0,05), 
the relative number of CD4+,% (r=-0,32; p<0,05).

During the statistical analysis by Pearson’s criterion χ2, it 
was found that in patients co-infected HIV/HCV with the poly-
morphism Asp299Gly of TLR4 gene: content of TNF-α≥9,7 
pg/ml (χ2=6,81; p<0,001), Zn ≤12,6 mcmol/l (χ2=5,9; p<0,01), 
triglycerides ≥ 2.92 mmol/l (χ2=4,78; p<0,01), insulin ≥14,5 
mU/ml (χ2=8; p<0,001), the absolute number of CD3+ and 
CD45+ of T-lymphocytes ≥2460 (χ2=12,03; p<0,01) and the 
index of immune reactions ≥4,5 (χ2=16,25; p<0,001), which 
allows to recommend them as additional diagnostic criteria for 
metabolic disorders.

The prediction of metabolic disorders in patients co-infected 
HIV/HCV is important because it helps to carry out an in-depth 
comprehensive diagnosis in individuals with increased risk of met-
abolic disturbances and timely start correction of disorders in these 
patients. In the light of conducted intra- and intersystem analysis 
of correlations, it was developed a system of metabolic disorders 
monitoring in patients co-infected with HIV/HCV. If the homozy-
gous Asp/Asp genotype of TLR4 is found in patient, the risk of met-
abolic disorders is defined as the minimum. If the polymorphism 
Asp299Gly of TLR4 gene is detected, the high risk of developing 
of the metabolic disorders is determined (OR=23,3; p<0,05), which 
requires an in-depth examination for the diagnosis of metabolic dis-
orders and their correction in patients co-infected with HIV/HCV. 
The following indicators are particularly informative: index of im-
mune reactions, the contents of insulin, C-reactive protein (CRP), 
TNF-α, Zn and triglyceride by which the diagnosis and follow-up 
control of metabolic disorders in patients co-infected HIV/HCV 
were made with an interval of 6 months.

The results of the researches allowed to propose a scheme of 
development of metabolic disorders in patients co-infected HIV/
HCV with polymorphism Asp299Gly of the gene TLR4.

According to the diagram, in patients co-infected HIV/HCV 
with polymorphism Asp299Gly of TLR4 gene under the action 
of HIV and HCV the activation of nuclear transcription factor 
(NF-kB) happens, which enhances production of proinflamma-
tory cytokines, namely, TNF-α, IL-1β and IL-6. The deficiency of 
antioxidants, in particular, Zn, Mg, ceruloplasmin also promotes 
activation of NF-kB. As a result, against the background of the 
deficiency of Mg (insulin receptor molecule is a Mg-dependent 
protein) in conditions of immunodeficiency occurs interrupting 

of the intracellular signaling pathway of insulin (signal transfer 
from receptor to insulin), resulting in the development of insulin 
resistance, which are characterized by disorders in carbohydrate 
and lipid metabolism, gain of the lipolysis of adipose tissue, in-
creased synthesis and release triglyceride from cells, free fatty 
acids (FFA) and  their increased delivery to the liver, leading to 
the appearance and progression of hepatic steatosis in patients 
co-infected with HIV / HCV.

Fig. Diagram of metabolic disorders in patients co-infected 
HIV/CHC with polymorphism Asp299Gly of TLR4 gene

Thus, the results of research found that despite the diversity of 
the pathogenesis of metabolic disorders in patients co-infected 
HIV/HCV, the central place occupy disorders of the cytokine 
immunity (overproduction of proinflammatory cytokines (TNF-
alpha, IL-1.beta, IL-6) ), mineral (deficit Zn i Mg), carbohydrate 
(insulin resistance) and lipid (hypertriglyceridemia) metabo-
lism, and the main pathogenetic mechanism of their develop-
ment is a polymorphism Asp299Gly of the gene TLR4.

Conclusions. 1. In patients co-infected HIV/HCV appears 
significantly more frequent the polymorphism Asp299Gly of the 
gene TLR4 (χ2 = 4,5; p<0,05) when compared with healthy do-
nors, which plays a significant role in the development of metabolic 
disorders, such correlation is confirmed by those relationships: a 
strong direct relationship between the polymorphism Asp299Gly 
of TLR4 gene and the content of insulin (r = 0,66; p<0,001), insulin 
resistance (r=0,66; p<0,001), the absolute number of CD45+ of T-
lymphocytes (r=0 45; p<0,001); a moderate direct relationship with 
the content of TNF-α (r=0,32; p<0,05), CRP (r=0,34; p<0,05), the 
absolute number of CD3+ of T-lymphocytes (r=0,34; p<0,05), the 
content of triglyceride (r=0,39; p<0,02), moderate inverse relation-
ship with the zinc content (r = -0,34; p<0,05 ), the relative number 
of CD4 +,% (r = -0,32; p<0,05).

2. The system of monitoring of metabolic disorders in pa-
tients co-infected HIV / HCV has been developed based on the 
determination of polymorphism Asp299Gly of TLR4 gene ,the 
presence of which indicates a high risk of developing metabolic 
disorders (OR = 23,3; p<0,05) and requires further examination 
as follows: the follow-up control of immune reactions index, the 
content of insulin, TNF-α, CRP, zinc and triglyceride with an 
interval of 6 months, which will allow for the timely diagnosis 
and monitoring of metabolic disorders.

3. The concept of development of metabolic disorders in pa-
tients co-infected HIV/HCV with polymorphism Asp299Gly of 
TLR4 gene has been developed, which is based on long-term 
persistence of the virus with inhibition of cell-mediated immu-
nity (decreased levels of CD4+ and CD45+ lymphocytes in the 
blood), depletion of antioxidant protection (reduction of zinc, 
magnesium, ceruloplasmin), against the background of the 
activation of NF-kB, which promotes overproduction of pro-
inflammatory cytokines (TNF-α, IL-1β, IL-6), CRP, under the 
conditions of magnesium deficiency leads to the development 
of metabolic disorders, immune reactions and progression of 
hepatic steatosis.
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SUMMARY

THE ROLE OF POLYMORPHISM ASP299GLY OF 
THE GENE TLR 4 IN PATIENTS CO-INFECTED WITH 
HIV/HCV

Yurko K., Kozko V., Solomennik A., Bondar O., Sokhan A., 
Gavrylov A.

Kharkiv National Medical University, Department of Infectious 
Diseases, Ukraine

For the first time it was conducted complex research of metabolic 
disorders in patients co-infected with HIV/HCV and was shown 
that they are characterized by disturbances of mineral, lipid and car-
bohydrate metabolism types. It was established significantly higher 
values of indicators of mineral, lipid and carbohydrate metabolism 
types in patients co-infected with HIV/HCV compared with pa-
tients with chronic hepatitis C and HIV-infected persons.

In patients co-infected HIV/HCV appears significantly more 
frequent the polymorphism Asp299Gly of the gene TLR4 (χ2 = 
4,5; p<0,05) when compared with healthy donors, which plays a 
significant role in the development of metabolic disorders, such 
correlation is confirmed by those relationships: a strong direct re-
lationship between the polymorphism Asp299Gly of TLR4 gene 
and the content of insulin (r = 0,66; p<0,001), insulin resistance 
(r=0,66; p<0,001), the absolute number of CD45+ of T-lympho-
cytes (r=0 45; p<0,001); a moderate direct relationship with the 
content of TNF-α (r=0,32; p<0,05), CRP (r=0,34; p<0,05), the 
absolute number of CD3+ of T-lymphocytes (r=0,34; p<0,05), 
the content of triglyceride (r=0,39; p<0,02), moderate inverse 
relationship with the zinc content (r = -0,34; p<0,05 ), the rela-
tive number of CD4 +,% (r = -0,32; p<0,05).

The system of monitoring of metabolic disorders in patients co-
infected with HIV/HCV based on the definition of polymorphism 
Asp299Gly gene TLR4, the presence of which indicates a high risk 
of metabolic disturbances (OR=23,3; p<0,05) and requires further 

investigation, namely the definition of an index of insulin resis-
tance, insulin levels, TNF-α, C-reactive protein, zinc and triglycer-
ide levels in dynamics at intervals of 6 months that allow for timely 
diagnosis and correction of metabolic disorders.

Keywords: chronic hepatitis C, HIV infection, HIV/HCV 
coinfection, cytokines, trace elements, lipid and carbohydrate 
metabolism.

РЕЗЮМЕ 

РОЛЬ ПОЛИМОРФИЗМА ASP299GLY ГЕНА TLR 4 У 
ПАЦИЕНТОВ С КО-ИНФЕКЦИЕЙ ВИЧ/HCV

Юрко Е.В., Козько В.Н., Соломенник А.О., Бондарь А.Е., 
Сохань А.В., Гаврилов А.В. 

Харьковский национальный медицинский университет, ка-
федра инфекционных болезней, Украина

Проведено комплексное исследование метаболиче-
ских нарушений у пациентов, ко-инфицированных ВИЧ/ 
HCV. Установлено значительно более высокое значение 
показателей минерального, липидного и углеводного об-
менов у пациентов, ко-инфицированных ВИЧ/ HCV в 
сравнении с пациентами с хроническим гепатитом С и 
ВИЧ-инфицированными.

У пациентов, инфицированных ВИЧ/HCV, более часто возни-
кает полиморфизм Asp299Gly гена TLR4 (χ2=4,5, p<0,05) в срав-
нении со здоровыми донорами, что играет значительную роль в 
развитии метаболических расстройств и подтверждается следу-
ющими корреляциями: сильная прямая связь между полимор-
физмом Asp299Gly гена TLR4 и содержанием инсулина (r=0,66, 
p<0,001), иммунными реакциями (r=0,66, p<0,001), абсолютным 
числом CD45+ Т-лимфоцитов (r=0,45, p<0,001); умеренная прямая 
связь с содержанием TNF-α (r=0,32,p<0,05), C-реактивного белка 
(r=0,34, p<0,05), абсолютным количеством CD3+ Т-лимфоцитов 
(r=0,34, p<0,05), содержанием триглицерида (r=0,39, p<0,02); уме-
ренная обратная связь с содержанием цинка (r=-0,34; p<0, 05), от-
носительным числом CD4 +,% (r=-0,32; p<0,05).

Система мониторинга метаболических нарушений у 
ВИЧ/HCV ко-инфицированных пациентов на основе опре-
деления полиморфизма Asp299Gly гена TLR4, наличие ко-
торого указывает на высокий риск метаболических нару-
шений (OR=23,3, p<0,05), требует дальнейшего изучения, в 
частности, определения индекса инсулинорезистентности, 
показателей уровня инсулина, TNF-α, C-реактивного белка, 
цинка и триглицеридов в динамике с интервалом в 6 меся-
цев, что позволит своевременно диагностировать и коррек-
тировать нарушения обмена веществ.

reziume

TLR 4 genis ASP299GLY polimorfizmis roli paci-
entebSi aiv/ HCV koinfeqciiT

k. iurko, v. kozko, a. solomeniki, o. bondari, 
a. soxani, a. gavrilovi

xarkovis erovnuli samedicino universiteti, in-
feqciur daavadebaTa kaTedra, ukraina

Catarebulia metaboluri darRvevebis kompleq-
suri kvleva aiv/HCV koinficirebul pacientebSi. 
dadgenilia mineraluri, lipiduri da naxSir-
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wylovani cvlis bevrad maRali maCveneblebi aiv/
HCV koinficirebul pacientebSi qronikuli C 
hepatitiT da aiv-inficirebul pacientebTan Se-
darebiT.
aiv/HCV inficirebul pacientebSi janmrTel 

donorebTan SedarebiT bevrad ufro xSirad 
viTardeba TLR 4 genis ASP299GLY polimorfizmi 
(χ2=4,5, p<0,05), rac mniSvnelovan rols asrulebs 
metaboluri darRvevebis ganviTarebaSi. amas 
adasturebs Semdegi korelaciebi: Zlieri pirda-
piri kavSiri TLR 4 genis ASP299GLY polimorfiz-
msa da insulinis Semcvelobas (r=0,66, p<0,001), 
imunur reaqciebs (r=0,66, p<0,001), CD45+ Т- limfo-
citebis absolutur raodenobas (r=0,45, p<0,001) 
Soris; zomieri pirdapiri kavSiri TNF-α-s Semcv-
elobas (r=0,32,p<0,05), C-reaqtiul cilas (r=0,34, 

p<0,05), CD3+Т-limfocitebis absolutur raode-
nobasa (r=0,34, p<0,05) da trigliceridebis Semc-
velobas Soris (r=0,39, p<0,02); zomieri ukukavSiri 
TuTiis Semcvelobasa (r=-0,34; p<0,05) da CD4+,% Se-
fardebiT raodenobas Soris (r=-0,32; p<0,05).
aiv/HCV koinficirebuli pacientebis metabo-

luri darRvevebis monitoringis sistema TLR 4 ge-
nis ASP299GLY polimorfizmis gansazRvris safuZ-
velze, risi arsebobac metaboluri darRvevebis 
maRal riskze (OR=23,3, p<0,05) miuTiTebs, moiTxovs 
kvlevis gagrZelebas am mimarTulebiT, kerZod, in-
sulinrezistentobis, insulinis, TNF-α-s, C- reaq-
tiuli cilis, TuTiisa da trigliceridebis do-
nis gansazRvras dinamikaSi 6-Tviani intervaliT, 
rac uzrunvelyofs nivTierebaTa cvlis darRve-
vis droul diagnostikasa da mis koreqcias.

СРАВНИТЕЛЬНАЯ ОЦЕНКА HLA-АЛЛЕЛЕЙ ЖИТЕЛЕЙ РЕСПУБЛИКИ КАЗАХСТАН 
И МИРОВОЙ БАЗЫ ДАННЫХ "ALLELE FREQUENCIES IN WORLD POPULATIONS"

1Буркитбаев Ж.К., 1Абдрахманова С.А., 1Имашпаев Д.М., 2Утеулиев Е.С., 2Мырзагулова А.О., 2Сактапов А.К. 

1Научно-производственный центр трансфузиологии, Астана; 2Казахстанский медицинский университет, 
«Высшая школа общественного здравоохранения», Алматы, Казахстан

Для генов HLA-системы характерен высокий поли-
морфизм, который определяется существованием множе-
ственных аллелей. По состоянию на декабрь 2017 г. из-
вестно о 12631 аллелях HLA класса I и 4 700 HLA аллелях 
класса II [5]. 

В Казахстане 153 аллеля HLA класса I и 78 HLA аллелей 
класса II [2]. 

Количество выявляемых специфичностей аллелей про-
должает расти в разных вариантах и сочетаниях. Вместе с 
тем, у конкретного индивида может быть два аллеля каж-
дого из HLA-локусов или один в случае гомозиготности (по 
одному на каждый из парных хромосом) [3,6,7].

Полиморфизм генов иммунного ответа, движимый ми-
кро- и макроэволюционными факторами, в конкретных 
условиях приводит к формированию генофонда популя-
ции, хранящего память о войнах, миграциях и эпидемиях, 
пережитых народами. Комбинации аллелей, закрепивши-
еся в силу биологической целесообразности среди пред-
ставителей тех или иных этнических групп, определяют 
адаптационный потенциал человека и наилучшим образом 
обеспечивают его биобезопасность. Сохранение разнообра-
зия иммуногенома, необходимого для выживания человека, 
происходит на популяционном уровне. Установление меж- 
и внутрипопуляционного полиморфизма генов иммунного 
ответа важно для биомедицинской науки, особенно много-
национальных государств [5]. 

Согласно данным «Агентства Республики Казахстан по 
статистике» и итогам Национальной переписи населения 
2009 г., на территории Казахстана постоянно проживают 
представители 125 наций и народностей. Среди них наибо-
лее многочисленными являются 7 этносов: казахи, русские, 
узбеки, украинцы, уйгуры, татары и немцы [4]. 

Результаты HLA-исследования играют значимую роль 
в популяционной генетике, способствуя установлению 

ареалов распространения различных HLA-антигенов в ка-
захской популяции, а также в развитии трансплантации 
гемопоэтических стволовых клеток (ГСК) в Республике Ка-
захстан (РК) [2].

Целью исследования явилась сравнительная оценка HLA-
аллелей жителей Республики Казахстан и мировой базы 
данных Allele frequencies in world populations.

Материал и методы. Обследованы 2283 потенциальных 
доноров ГСК Казахстана, у которых выявлено наличие 4566 
антигенов по пяти локусам HLA- A, B,C, DRB1, DQB1. Ти-
пирование проводили молекулярно-генетическим методом 
секвенирования-Sequence Based Typing (далее - SBT) на 
высоком уровне разрешения. Исследования проводились на 
капиллярном генетическом анализаторе Applied Biosystems 
3500 XL. Данные о HLA-аллелях на планете получены из 
базы данных Allele frequencies in Worldwide populations 
(AFWP) [4]. 

Данные обработаны с использованием дескриптивных 
статистик (критерий χ2) при уровне значимости 0,05. Кри-
терий соответствия (χ2) для оценки достоверности различия 
сравниваемых групп рассчитывался по формуле:

χ2 = 

где ϕ - фактические (эмпирические) данные,
ϕ1 - «ожидаемые» (теоретические) данные, вычисленные 

на основании нулевой гипотезы.
Критерий χ2 применяется в случаях, когда требуется 

оценить достоверность различия не только двух, но и 
большего числа групп. Определяя с помощью χ2 соот-
ветствие эмпирического распределения теоретическому, 
оценивают достоверность различия между выборочными 
совокупностями. Оценка основана на расчете разницы 
между фактическими и «ожидаемыми» данными. Чем 


