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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.
	 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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Immune system of the female reproductive tract is pre-
sented by both congenital and adaptive mechanisms [1,2] 
having two main functions with different directions. On the 
one hand, making the first line of protection and being in-
cluded into the immune system, connected with the mucous 
membranes - mucosa-associated-lymfoid tissue - MALT, it 
realizes the protective function against microbes, which is 
rather substantiated biologically considering the boundary 
of location and a high degree of contacts with microorgan-
isms of the lower parts of the female reproductive organs 
[9,21,26-28]. At the same time, in the upper portions of 
the female reproductive system immunity plays the role of 
a main factor promoting tolerance to the semen antigens 
and fetal alloantigens promoting implantation, support 
and development of pregnancy [5,18,25,26,28]. Pattern 
recognition receptors (PRRs) play an important role in 
realization of congenital immunity of the reproductive 
tract, they identify pathogen-associated molecular pat-
terns (PAMPs) and are mediators of cytokine production 
essential for the development of effective immunity. 
Toll-like receptors (TLRs) occupy a special place among 
PRPs. TLRs are presented on many cells – macrophages, 
natural killer cells, neutrophils and they are so to say 
“sensors” identifying structural conservative molecular 
components peculiar for pathogens and initiate immune 
response with further activation of adaptive immunity 
mechanisms [4]. PRRs role is especially topical for the 
systems, which are potential “entry gates” for infec-
tion including the female reproductive tract as well. 
mRNA 9 TLR was identified in the human endometrium 
[4,20,23,24,29]. Learning the role of TLRs in the forma-
tion of reproductive function disorders, especially in the 
context of continuous increase of infertility in the whole 
world is rather interesting. 

One of the main causes of infertility is endometriosis. 
Endometriosis is a disease characterized by growth of the 
tissue morphologically similar to the endometrium outside 
the uterine cavity. In spite of a long history of examining 
this disease and a big number of theories concerning its 
origin, etiology and pathogenesis of endometriosis are not 
known exactly [2, 11, 15, 16]. In this respect we consider 
the examination of TLRs in case of endometriosis and in-
fertility cause by it an important problem, which stipulated 
the aim of our research. 

Objective: to detect mRNA TLR2 and TLR4 expression 
in the endometrium of women with endometriosis and 
infertility.

Material and methods. The material for the examination 
was taken from the tissue of eutopic endometrium obtained 
from 10 infertile women with endometriosis (examined 
group) and 10 women with infertility of a tubular genesis 
due to inflammatory process experienced earlier (control 
group). All the patients underwent careful instrumental and 
laboratory examination including microbiological on the 
basis if which the diagnosis was made. All the examina-
tions were conducted with the informed consent keeping to 
confidential conditions. Endometrium tissue was obtained 
during operation while performing hysteroscopy.

mRNA TLR2 and TLR4 were detected in the endometrium 
tissue by means of polymerase chain reaction (PCR). First, 
the samples to be studied were grinded and homogenized 
by means of a mortar and pestle, then they were deparaf-
finated in xylene, and dehydration was made in descending 
concentrations of ethanol (100%, 96%, 70%). 

Total RNA was excreted by means of the kit “Trizol RNA 
Prep 100” (Isogen Lab., LTD, Russia) containing Trizol 
reagent (lytic reagent containing denaturant guanidin-
thiocyonate anf phenol with pH=4.0) and ExtraGene E 
(suspension of ion exchangers mixture). RNA was excreted 
according to the protocol.

Reverse transcription and obtaining kDNA was conducted 
by means of OT-1 kit of the company “Syntol” (Russia). 
The reaction mixture with general volume of 25 mcL con-
tained 1 mcL of Random-6 primer, 2 mcL total RNA, 8,5 
mcL deionized Н2О, purified of nucleases, 12,5 mcL 2,5х 
reaction mixture and 1 mcL revertase MMLV-RT. Reverse 
transcription was conducted at the temperature of 45°С 
during 45 minutes with the following heating to inactivate 
MMLV-RT during 5 minutes at the temperature of 92°С. 
kDNA obtained was immediately used in polymerase chain 
reaction (PCR) in the amount of 1-10 mcL or kept at the 
temperature -20оС, an at -70оС for a longer period.

To detect the level of the examined genes expression the 
amplificator CFX96™Real-Time PCR Detection Systems 
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(«Bio-Rad Laboratories, Inc.», the USA) and the kit of 
reagents Maxima SYBR Green/ROX qPCR Master Mix 
(2X) (Thermo Scientific, the USA) were used. Final reac-
tion mixture for amplification included the dye SYBR 
Green, DNA-polymerase Maxima Hot Start Taq DNA 
Polymerase, per 0,2 mcL of direct and reverse specific 
primers, 1 mcL of matrix (kDNA). The reaction mixture 
was brought to a general volume 25 mcL by means of add-
ing deionized Н2О. 

Specific pairs of primers (5’-3’) for analysis of the ex-
amined and reference genes were chosen by means of 
the software Primer Blast (www.ncbi.nlm.nih.gov/tools/
primer-blast) and produced by the company Metabion 
(Germany) (Table 1).

Before amplification was initiated the initial denaturation 
during 10 minutes at the temperature 95°C was conducted. 
Amplification consisted of 45-50 cycles and was performed 
under the following conditions: denaturation - 95°С, 15 
sec., annealing – 59-61°С, 30-60 sec., elongation - 72°С, 
30 sec. As a reference gene to detect a relative value of 
changes of the examined genes expression level the gene 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was 
taken. A relative normalized amount of kDNA of target 

genes was detected by means of ΔΔCt method. Statistical 
analysis of PCR results was conducted by means of the 
software CFX Manager ™ (Bio-Rad, USA).

Results and their discussion. The analysis of mRNA 
TLR2 expression demonstrated that the examined endo-
metrium of women with infertility and endometriosis has 
an increased expression of the given index as compared 
to the analogical one in the endometrium of the control 
group of women. The data are demonstrated on the Fig. 1. 
mRNA TLR2 expression in the examined endometrium of 
women with endometriosis is 16,1 times higher than that 
of the control group. 

The analysis of mRNA TLR4 expression in the endome-
trium of women with infertility and endometriosis revealed 
the data indicative of an increased expression of this recep-
tor as compared to the analogical one in the endometrium 
of women without endometriosis (with infertility of tubular 
genesis). The data are demonstrated on Figure 2. The results 
obrained are indicative of the fact that mRNA TLR4 level 
in the endometrium of women with endometriosis is 4,17 
times higher that of the control. The comparison of expres-
sion levels of mRNA TLR2 and mRNA TLR4 shows that 
TLR2 level is in 3,88 times higher than TLR4 level. 

Table 1. The design of primers

Gene Primer Temperature 
melting (˚C)

Product length 
(bp) Exon junction

TLR2
F: 5´-TTCTCTCAGGTGACTGCTCG-3´ 59.12

46 72/73
R: 5´-TGCAACACCAAACACTGGGA-3´ 60.32

TLR4

F: 5´-TGCGTGAGACCAGAAAGCTG -3´ 60.6

46 391/392R: 5´-TAGGAACCACCTCCACGCAG-3´ 61.54

R: 5´-CACACTCCCTGCCTTCTGTG-3´ 60.6

Fig. 1. Relative normalized amount of kDNA of TLR2 gene. Normalization 
by ΔΔCt method with reference-gene GAPDH
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Thus, the data obtained are indicative of an increased 
mRNA expression in the examined samples of the endome-
trium of women with endometriosis and infertility in both 
receptors - TLR2 and TLR4, with rather higher expression 
of mRNA TLR2. 

The results obtained are explained by the findings of 
microbiological examination of the vaginal discharge of 
the women examined, which found various pathogenic 
or opportunistic microorganisms (Enterococcus, E. Coli, 
Klebsiella, Chlamydia). Cytomorphological examination 
of the epithelium by Pap test detected in the majority of 
women (87%) ІІ type, indicating inflammatory process in 
the uterine cervix or vagina. 

TLR2 is known to differentiate microbe lipopeptides and 
peptidoglycan (PGN), gram-positive bacteria, lipoarabi-
nomannan (LAM) and zymosan (component of the fungal 
wall), that are patterns of microbes frequently found in 
the female reproductive system [1, 7, 9]. In its turn, TLR4 
recognizes lipopolysaccharide (LPS), mostly contained in 
the wall of gram-negative microorganisms, and as a ligand 
is frequently present in case of bacterial dysbiosis, which 
was proved by the results of microbiological examina-
tions of the examined women [8, 19]. Higher expression 
of TLR2 than TLR4 can be explained by more frequent 
presence of microbes being ligands for TLR2 in the female 
reproductive tract.

Endometriosis is known to be associated with increased 
pro-inflammatory character of peritoneal fluid, and activa-
tion of TLR2 through MyD88-dependent signal way leads 
to activation of NF-kB transcription and synthesis of a big 
amount of anti-inflammatory cytokines [6]. In the same 
way, bacterial LPS, which is a ligand of TLR4, potentially 
stimulates macrophages to produce anti-inflammatory cy-
tokines and growth factors such as HGF, VEGF, IL-6 and 
TNF-a in the abdominal cavity. At the same time, there 
are studies indicating that blockage of TLR4 by antiTLR4 
antibodies substantially decreases the production of anti-

inflammatory mediators, and adding cultural medium from 
TLR4-blocked macrophages causes a considerable inhibi-
tion of increasing endometrium cells [17, 22]. Therefore, 
known examinations are indicative of the connection of in-
creased expression of Toll-like receptors and development 
of endometriosis. Other researchers indicate a considerable 
increase of TLR2 expression in the cervical canal of women 
with miscarriage of pregnancy of infectious genesis [12, 
13, 14]. On the other hand, pregnancy and its successful 
outcome are known to depend on a number of conditions 
and cytokine regulation among them which is connected 
with activation of Tall-like receptors. It underlines a pos-
sible role of Tall-like receptors in the development of 
infertility and in case of endometriosis it requires further 
investigations. To our opinion, women with infertility 
should undergo careful microbiological examination, and 
in case pathological or opportunistic agents are found, they 
should receive treatment to normalize microbiota of the 
reproductive tract, which will promote decrease of TLR-
dependent production of pro-inflammatory mediators and 
improve chances to cure infertility. 

Conclusions. The data obtained may be indicative of an 
important role of TLR2 and TLR4 in the development of 
endometriosis and infertility associated with it. 

The study has been conducted at Bukovinian State Medical 
University on the clinical base of the Center of Treatment 
of Infertility. Previous studies were performed at Danylo 
Halytskyi Lviv National University, PCR of the endome-
trium tissue was conducted at the molecular-genetic labora-
tory of Zaporizzhia State Medical University. 
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Fig. 2. Relative normalized amount of kDNA gene TLR4. Normalization by ΔΔCt method with reference-gene GAPDH
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SUMMARY

mRNA TLR2 and TLR4 EXPRESSION IN THE EN-
DOMETRIUM TISSUE IN WOMEN WITH ENDO-
METRIOSIS ASSOSIATED WITH INFERTILITY 

Koval H., Chopiak V., Kamyshnyi А.

Bukovinian State Medical University, Chernivtsi; Danylo 
Halytskyi Lviv National Medical University; Zaporizhia 
State Medical University, Ukraine

Endometriosis is an important medical and social problem 
as it causes stable pelvic pains, afflicts women of the re-
productive age, provokes infertility characterized by poor 
outcome of treatment. In recent times much attention is 
paid to the mechanisms of congenital immunity as possible 
mediators of the development of endometriosis and targets 
of therapy. The work deals with the investigation of the 
levels of mRNA TLR2 and TLR4 expression in the tissue 
of eutopic endometrium in women with endometriosis and 
infertility in comparison with women afflicted with infertil-
ity of a tubular character with the aim to define the role of 
TLR2 and TLR4 in the development of infertility in case 
of endometriosis. The study was conducted by means of 
polymerase chain reaction (PCR) real-time method. The 
results of the study are indicative of an increased TLR2 
and TLR4 expression (especially TLR2) in the endome-
trium in women with endometriosis. The results obtained 
may be indicative of an important role of TLR2 and TLR4 
in the development of endometrioid ectopia and should 
be considered while treating infertility in women with 
endometriosis.

Keywords: mRNA, toll-like receptors, TLR2, TLR4, 
endometrium, endometriosis, infertility.

РЕЗЮМЕ

ЭКСПРЕССИЯ mRNA TLR2 и TLR4 В ТКАНИ ЭН-
ДОМЕТРИЯ У ЖЕНЩИН С ЭНДОМЕТРИОЗОМ, 
АССОЦИИРОВАННЫМ С БЕСПЛОДИЕМ

Коваль Г.Д., Чопяк В.В., Камышный А.М.

Буковинский государственный медицинский универси-
тет, Черновцы; Львовский национальный медицинский 
университет им. Д. Галицкого; Запорожский государ-
ственный медицинский университет, Украина

Эндометриоз является значимой медицинской и со-
циальной проблемой, так как поражает женщин репро-

дуктивного возраста и вызывает бесплодие, которое 
характеризуется низкой эффективностью лечения. В 
последнее время большое внимание уделяется меха-
низмам врожденного иммунитета, как возможным 
медиаторам развития эндометриоза и мишеням тера-
пии. В работе описаны исследования уровня экспресси 
мРНК TLR2 и TLR4 в ткани эутопического эндометрия 
у женщин с эндометриозом и бесплодием в сравнении с 
женщинами с бесплодием трубного характера с целью 
определения роли TLR2 и TLR4 в развитии бесплодия 
при эндометриозе. Исследования проводились с ис-
пользованием метода ПЦР реал-тайм. Результаты ис-
следования свидетельствуют о повышении экспрессии 
TLR2 и TLR4 (особенно TLR2) в ткани эндометрия 
женщин с эндометриозом. Полученные данные ука-
зывают на значимую роль TLR2 и TLR4 в развитии 
эндометриоидных эктопий и бесплодия у женщин с 
эндометриозом.

reziume

mRNA TLR2 da TLR4 eqspresia endometriumis 
qsovilSi qalebSi uSvilobasTan asocire-
buli endometrioziT

g. kovali, v. Copiaki, a. kamiSni

bukovinis saxelmwifo samedicino univer-
siteti, Cernovci; d. galickis sax. lvovis 
erovnuli samedicino universiteti; zapo-
roJies saxelmwifo samedicino universiteti, 
ukraina

bolo dros didi yuradReba eTmoba 
Tandayolili imunitetis meqanizmebs, rogorc 
endometriozis ganviTarebis ZiriTad me-
diatorebs da mkurnalobis samizneebs. endo-
metriozis dros uSvilobis ganviTarebaSi 
TLR2 da TLR4 rolis gansazRvris mizniT 
Seswavlilia TLR2 da TLR4 eqspresia euto-
piuri endometriumis qsovilSi qalebSi 
endometrioziT milis arasrulyofilobiT 
gamowveuli uSvilobasTan SedarebiT. gamokv-
leva Catarebulia polimerazuli jaWvuri 
reaqciis real-Taimis meTodiT. 

gamovlinda, rom TLR2 da TLR4 eqspresia ima-
tebs (gansakuTrebiT TLR2) endometriumis 
qsovilSi qalebSi endometrioziT. miRebuli 
Sedegebi miuTiTebs TLR2 da TLR4-is mniS-
vnelovan rolze endometriuli eqtopiebis 
da uSvilobis ganviTarebaSi endometrioziT 
daavadebul qalebSi.


