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SUMMARY 

The aim of the dissertation thesis "The role of LIF gene 

mutations and the relative distribution of NK cells, NKT, and 

T lymphocytes in follicular fluid and blood of women with 

different history of infertility" was to determine whether a 

diagnosed cause of infertility is directly related to some of LIF 

gene mutations, which could be reflected in changes in relative 

distribution of immunocompetent cell subpopulations and in the 

expression of certain surface markers. Detection of LIF 

mutations was performed by temperature gradient gel 

electrophoresis. The relative distribution of subsets of NK cells, 

NKT and T lymphocytes in follicular fluid and peripheral blood 

were determined by flow cytometry. In the group of infertile 

women repeatedly undergoing IVF the changes in the relative 

distribution of immunocompetent cell markers CD3, CD16, and 

CD56 in the endometrium have been determined  

Fifteen infertile women with LIF mutations enrolled in this 

study represent the largest group that was monitored until now. 

We confirmed that LIF mutation at position 3400 is not the 

cause of their infertility. Results suggest that women with LIF 

mutation show the lowest success rate of IVF in diagnosis 

endometriosis and idiopathic infertility. This suggests that in 

these women the success of IVF is also affected by other factors, 

such as changes in the distribution of certain immunocompetent 

cell populations or changes of their functional expression 

induced after interaction with the products of alleles of the LIF 

or another, yet unknown mechanisms (higher age in these 

groups could be also taken into consideration). 

The results of this study suggest that determined changes in 

the distribution of NK cells, NKT and T lymphocytes in follicular 
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fluid could be more important for infertility diagnosis and 

prediction of IVF success than the peripheral blood testing. We 

also determined that in proliferative endometrium of all infertile 

women were lower numbers of immunocompetent cells bearing 

the markers CD3, CD16, and CD56. This finding could be used for 

diagnostic purposes, as well. 
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1. INTRODUCTION 

Opinions on the immune system are constantly evolving. 

Among defense against pathogens and immune surveillance, the 

immune system plays an important regulatory (e.g. it regulates 

menstrual cycle and pregnancy in cooperation with nervous and 

endocrine system). 

Egg maturation and its fate after fertilization is determined 

by humoral and cellular composition of FF (including immune 

cells and surrounding supporting cells of cumulus), hormones 

and neurotransmitters, but also the products of gene mutations 

encoding LIF cytokine. Genetic determination and any imbalance 

between humoral and cellular components are reflected in 

fertility disorders. 
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2. HYPOTHESES AND AIMS 

The aim of the dissertation thesis was to determine whether 

a diagnosed cause of infertility is directly related to some of the 

LIF gene mutations, which could be reflected in changes in 

relative distribution of the main immunocompetent cell 

subpopulations. For this purpose, an analysis of mutations in the 

LIF using temperature gradient gel electrophoresis (TGGE), and 

relative distribution of subsets of NK cells, NKT and 

T lymphocytes by flow cytometry in FF and PB was performed. In 

the endometrium of infertile women undergoing repeatedly IVF 

the changes in the expression of immunocompetent cell markers 

CD3, CD16 and CD56 were determined. 
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3. MATERIAL AND METHODS 

Material: 

96-well microtiter plates with round bottom (Dynex Inc. USA.) 

Tube (Alpha Inc., UK), sterile 15 ml centrifuge tubes (Roth Inc. 

USA.) Polybond film (Whatman), tube for blood (K3EDTA) 

(Vacuette ®) DNeasy Tissue Kit (Qiagen, Hilden, Germany), Big 

Dye Terminator Sequencing Kit (PE / Applied Biosystems, Foster 

City, CA) 

Chemicals for preparation of solutions: 
Acryl-Glide (Amresco), chemicals (Lachema s.r.o., ČR) HCl, KCL, 

Na2HPO4 . 12 H2O, NaCl, NaH2PO4 . 2 H2O, NaHCO3, NaOH, NaN3, 

gelatine, NH4Cl, KHCO3, Na2EDTA, MOPS, bromphenol blue, 

glycerole, acrylamide, TEMED, APS, ethanol, formaldehyde, 

AgNO3, HNO3, acetic acid 

Solutions: 

phosphate buffer (10xPBS), for flow cytometry, for flow 

cytometry lyzis buffer (10xACK), for TGGE (50x MOPS buffer), 

TGGE (10x loading buffer), for TGGE (40 % acrylamide (37,5 AA: 

1 bisAA), for acrylamide gel TGGE (8 % AA, 6 M urea), 

polymerase chain reaction (PCR) 

Instruments: 

analytical scales (Precise Instrument AG, Switzerland), FACS LSR 

II (Becton Dikinson, SJ, USA) UV laminar box (Jouan Inc.., France), 

light microscope (Carl-Zeiss, Germany), Universal refrigerated 

centrifuge (Hermle AG , France), PCR cycler, TGGE (biometry, 

Goettingen, Germany) ABI Prism 310 Avant (PE / Applied 

Biosystems) 
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Methods: 

Controlled ovarian hyperstimulation was carried out by 

gonadotrophic hormone administration in combination with 

agonists or antagonists of gonadotropin-releasing hormone 

(GnRH) (Lukassen et al. 2003). This procedure was modified in 

response to hyperstimulation of each woman. 

For isolation of DNA from cells for analysis of the LIF was 

used DNeasy Tissue Kit (Qiagen, Hilden, Germany) according to 

standard protocol. 

Altogether, five sections of the LIF gene (two intronic-exon of 

the exons 1 and 2, and exon 3, which was divided into three 

sections, including intron junction). PCR products were analyzed 

by temperature gradient gel electrophoresis (TGGE). Positive 

samples from TGGE were sequenced on ABI Prism 310 (PE / 

Applied Biosystem, Foster City, USA). 

To determine the relative distribution of populations of 

NK cells, NKT and T lymphocytes was used FC BD ™ LSR II. 

Phenotypic analysis of FF and PB cells was performed in one 

step, six color staining (CD3 PE A750, EXBIO, Vestec, Prague, CZ; 

PB CD16 ™, BD Pharmingen, San Diego, California, USA, MO 

CD45, Caltag Laboratories, Burlingame, California , USA, and 

CD56 APC EXBIO, Vestec, Prague, CZ and dead cells were labeled 

with PI, Sigma Aldrich, St.. Louis, Missouri, USA) on the day of 

sampling from women undergoing IVF. The data were analyzed 

by a computer commercial software relevant and statistically 

evaluated by FlowJo software. 

In women with impaired fertility was hysteroscopy and 

endometrial biopsy performed with using mAB markers CD3, 

CD16 and CD56 to identify major immunocompetent cell 

populations. The control group consisted of fertile women, who 

underwent displastic conization due to changes in the cervix. 



 

9 | P a g e  
 

Endometrial samples for the determination of 

immunocompetent cells have been provided by Šikl’s 

pathological-anatomical institute of the University Hospital in 

Pilsen. 
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4. RESULTS 

The presence of mutations in the LIF group of infertile 

women was significantly higher in comparison with fertile 

women (p <0.01). In women with LIF mutations with diagnosis II 

IVF success rate was 3% compared with other groups of 

infertility (IVF success rate of 17% endometriosis, EM; 17% of 

polycystic ovarial syndrome, PCOS; success rate of IVF in 

hyperprolactinemia and andrologic factor, AF 100%).  

These results show that in infertile women LIF gene 

mutations which are not exclusively connected to women with 

primary infertility and women with a diagnosis of II, are 

statistically significantly (p <0.05) more frequent than in healthy 

women,  

Comparing groups A and B (mutation LIF), and C and D 

(without mutation LIF) did not show a statistically significant 

difference. However, when comparing the success of pregnancy 

in groups A and B, we found a statistically significant difference 

(p = 0.01).  

Women diagnosed with fertility disorders (group C) had a 

statistically significant reduction of the immunoregulatory 

NK cells (p <0.05) and NKT lymphocytes (p <0.05) in FF when 

compared with the control group (AF). The relative distribution 

of CD122 and CD161 markers was not changed comparing 

groups C and D, as well as A and B. Relative distribution of cell 

populations bearing these markers were comparable in the FF 

and PB. 

The greatest success IVF was achieved in women with AF, 

where 19% of women became pregnant, the other groups were 

less successful (tubal factor, TF 9%; ovarial factor, OF 6%; EM 6% 

and idiopathic infertility, IN 0%).  
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Women who did not become pregnant after IVF (group A) 

showed a statistically significant increase in relative distribution 

of immunoregulatory NK cells and NKT lymphocytes and 

statistically insignificant increase in the relative distribution of 

T lymphocytes in FF compared with women who became 

pregnant after IVF (group B). Relative distribution of other cell 

populations was not changed. Women in group A showed a 

statistically significant increase in T lymphocytes in PB compared 

to group B. The relative distribution of other cell populations 

was not influenced.  

In women with a diagnosis of infertility the percentage of 

CD3+, CD16+ and CD56+ cells was generally higher than in control 

women. Insignificant increase of CD3+ cells (infertile 6.6%, 

control 10.1%) was observed. The differences in expression of 

CD16+ and CD56+ cell markers between control and infertile 

women were not found.  

Women with proliferative endometrium had the percentage 

of CD3+, CD16+, and CD56+ cells insignificantly higher than 

women with nonproliferative endometrium.  



 

12 | P a g e  
 

5. DISCUSSION 

Most ETs were unsuccessful in women with the II diagnosis. 

All women diagnosed with infertility (PCOS, AF, 

hyperprolactinaemia), except one, became pregnant after the 

first ET. It appears that in women with EM and especially women 

with II mutations, there are also other factors in addition to LIF 

mutation that prevent successful implantation. These results 

confirm the obtained data of success rate per cycle of IVF (a very 

low success rate of IVF in diagnosis II 3% and low IVF success 

rate of diagnosis of EM 17%). The success rate of IVF per cycle in 

women diagnosed with PCOS (17%) is comparable to women 

diagnosis with EM. In women diagnosed with 

hyperprolactinaemia and AF, the success rate of IVF was 100%. 

Results show minimal impact of LIF mutation on success of IVF in 

women with the diagnosis of hyperprolactinemia and AF. The 

failure of IVF in women with II and EM diagnoses in comparison 

to the other groups may be also attributed to their higher age 

(the maximum age variance of 8 years). These results 

demonstrate that LIF mutations have an impact on the course of 

nidation, early embryogenesis and the success of IVF. Therefore, 

supplementation of media with wild type LIF and other growth 

factors is considered as a promising direction for IVF (Cheung et 

al. 2003; Sirisathien et al. 2003). 

There is an evidence that the mutated LIF influences 

development and blastocyst morphology (Cheung et al. 2003; 

Sirisathien et al. 2003). Therefore, the substitution of LIF was 

used in infertile women during IVF (Borin et al. 1997; Giesse et 

al. 1999). However, our results show that mutation in the LIF is 

not critical to the success of IVF. We found them also among 

women who were diagnosed with early abortion (Králíčková et 
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al. 2006). It can be assumed, that the mutated LIF affect the 

course of embryo-maternal communication during nidation and 

in the later stages of embryogenesis. A possible justification for 

the success IVF is the regulation of nidation by other factors, 

especially cytokines that are produced by lymphocytes in the 

endometrium of women with LIF mutations. During the 

menstrual cycle, the endometrial lymphocytes undergo 

morphological and biochemical changes that promote successful 

nidation and the maintenance of pregnancy (Moffet-King 2002).  

Our results show that the success of IVF in women with 

mutations in the LIF depends on the type of infertility diagnosis. 

The lowest success rate of IVF is achieved in women with 

diagnosis II and EM (Buchanan et al. 2009). It can be explained 

by the differences in relative distribution of NK cells and their 

functional changes after interaction with the products of alleles 

of the LIF or yet unknown mechanisms.  

Significant decrease was detected in relative distribution of 

immunoregulatory NK cells in women with failed IVF in FF. This 

finding is consistent with the results of studies that have 

attributed an important role in endometrial decidualization to 

this subpopulation of NK cells (King 2000). The diagnostic 

determination could be important for prediction the success of 

IVF (Coulam and Roussev 2003). The relative distribution of 

NKT lymphocytes increased in women with unsuccessful IVF in 

FF (Křížan et al. 2009). Contrary to published data, the increased 

relative amount of NKT lymphocytes in PB is an indication of 

recurrent miscarriage or implantation failure (Van den Heuvel et 

al. 2007). It has not been published papers concerned with 

NKT lymphocytes in FF. Therefore, it is not possible to compare 

our results with other findings. The numbers of T lymphocytes 

were reduced in women with failed IVF in PB (significantly) and 
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in FF (insignificantly). T lymphocytes may be considered as 

another factor indicating the success of IVF. Statistically 

significant reduction was found in the relative distribution of 

immunoregulatory NK cells and NKT lymphocytes in women with 

diagnoses of all types of infertility compared with women 

without any infertility diagnosis in FF. 

In the literature, the changes in the relative distribution of 

NK cells, NKT and T lymphocytes in FF are not associated with 

any disorder of infertility. Only reduction of the relative numbers 

of immunoregulatory NK cells in PB is connected with recurrent 

miscarriages (Michou et al. 2003). The increased relative amount 

of cytotoxic NK cells is associated with II and the failure of 

nidation (King 2000, Koopman et al. 2003; Lukassen et al. 2003). 

Therefore, it can be again concluded that the establishment of 

immunoregulatory NK and cytotoxic NK cells can predict the 

success of IVF. 
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6. CONCLUSION 

Until now, six different mutations of LIF were described, one 

of which (in non-coding region) in women without reproductive 

disorders. 

LIF mutation alone does not cause infertility; it is only one factor 

reducing the reproductive competence at the time of nidation as 

well as during pregnancy. We also found that LIF mutations are 

not solely tied to nulligravid women (primarily infertile) as was 

previously assumed, but may also occur with other infertility 

diagnoses. It turned out that most mutations are present in 

women with diagnoses of EM and II, which was associated with 

the lowest success rate of IVF. Since the LIF mutations in a 

population of infertile women are not so common, their 

determination is for prediction of IVF success less important, 

however; it can be very useful for studying the causes of 

infertility. LIF mutations may induce immunological changes, 

which could affect the balance of processes that regulate 

pregnancy in an unknown way. 

Higher relative distribution of immunoregulative NK cells in 

FF was found in women with AF and women who succeeded in 

IVF, which is in agreement with the findings of other authors 

(Michou et al. 2003). The lower relative distribution of 

NKT lymphocytes in FF and T lymphocytes in PB was found in 

women with successful IVF. 

In conclusion, the results of this dissertation thesis show that 

the reproductive disorders in IVF are associated with changes in 

cellularity in FF, PB, and endometrium, and their diagnosis can 

be recommended for prediction of IVF success. 
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