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Abstract 

Leukemia inhibitor factor (LIF) is a glycoprotein secreted by the endometrium, proved to be 

an important factor for implantation of an embryo in the uterus. LIF exerts its functions by 

binding the LIF receptors LIFR and gp-130. The concentration of the LIF receptors has been 

shown to be higher in the endometrium in fertile women, than in women with unexplained 

infertility. Thus, the signaling pathway for LIF might be disturbed, which can be a reason for 

the suspected implantation failure among infertile women. 

This study was undertaken to investigate genetic variations in the genes of LIFR and gp-

130 in women with unexplained infertility compared to fertile controls. With 107 respectively 

199 DNA-samples from each group of participants, single nucleotide polymorphism (SNP) 

genotyping assays were performed for three polymorphisms in each of the LIFR and gp-130 

genes. Statistically significant difference (p<0.05) in allele frequency between women 

diagnosed with unexplained infertility and controls was detected in one polymorphism in the 

gp-130 gene.  

The result suggests that there may be mutations in the Leukemia inhibitor factor receptors 

which give rise to the decreased availability or biological activity of LIFR and gp-130 in the 

uterus and cause implantation failure.  
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Introduction 

Unexplained infertility 

Reproduction is a fundamental necessity for every species continuous survival. Nevertheless 

infertility is a common disorder among human beings, with 10-15% of all healthy couples 

worldwide suffering from it (Evers, 2002). The inability of having children causes major 

suffering among couples, with social, economic and psychological consequences. Thirty 

percent of all infertile women in the world are diagnosed with unexplained infertility (Smith 

et al., 2003), and for those women there are no trustworthy treatment since In vitro 

fertilization only achieve a successful implantation for 11-17% of the cases (Van der Elst et 

al., 1996). Thus, one major reason for the infertility seems to be a failure in the implantation 

of the blastocyst to the endometrium in the uterus.  

Over the past decade there have been extensive investigations of how the intimate physical 

association between the embryo and uterine tissues is regulated, with primary focus on 

identifying the coordinating factors between them. During each reproductive cycle the 

endometrium undergoes a coordinated and complex series of changes in the cellular 

differentiation and proliferation, until it will be in a receptive state so implantation of an 

embryo can be made. The ovarian steroid hormones estrogen and progesterone are the 

primary factors that control the uterine differentiation and proliferation, but they also affect 

the locally production of cytokines and growth factors (Cheng et al., 2002). 

Leukemia inhibitor factor 

The human endometrium produces numerous of cytokines and growth factors which have 

been shown to interact between the embryo and endometrium and stimulate the implantation 

of the embryo (Giudice, 1999). Leukemia inhibitor factor (LIF) is one of them. LIF is a 

glycoprotein and a member of the interleukin-6 (Il-6) family of cytokines.  

LIF was first identified in 1987, as a factor that induced the differentiation of myeloid 

leukemia cells into macrophages-like cells in mice (Gearing et al., 1987). It has since then 

been discovered that LIF is produced and secreted by a variety of cell types; embryonic stem 

cells, neuronal cells, liver cells and the stromal and epithelial cells in the endometrium, are 

some of them. 
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Leukemia inhibitor factor and implantation 

Leukemia inhibitor factor has been suggested to have an important function in reproduction, 

where genetic reasons may be suspected. The LIF protein is transcribed from a single gene 

copy and between species there is a high degree of sequence similarity. Studies where the 

homozygous LIF gene was inactivated in female transgenic mice, showed that implantation of 

the blastocyst in the uterine failed (Stewart et al., 1992). When the blastocyst was transferred 

from the LIF deficient mice to normal mice the implantation succeeded. Infusion of LIF into 

the uterine lumen of the transgenic mice also resulted in implantation. Furthermore, high 

levels of LIF mRNA have been found in the glandular epithelium of mouse uterus during 

implantation (Bhatt et al., 1991) and LIF treatment of mice leading to increased LIF mRNA 

values in the uterus promotes embryo implantation (Takabatake et al., 1997). 

Several other studies have showed that LIF is a regulating factor in embryo implantation 

also in human, and that the expression of the LIF protein varies during the menstrual cycle.  

When the endometrium is in the proliferative stadium in normal fertile women, LIF protein 

and LIF mRNA are undetectable or expressed in very low levels, while under the early 

secretory phase higher levels can be detected in the glandular and luminal epithelium 

(Cullinan et al., 1996). However, maximum LIF protein and mRNA concentrations are 

expressed under the mid- and late secretory phases, which is at the same time as implantation, 

whereas decreased concentrations occur under the same phase in women with unexplained 

infertility (Laird et al., 1997). These circumstances indicate the importance of this cytokine in 

embryo implantation.  

Leukemia inhibitor factor receptor complex 

Disturbances in the LIF pathway can be a reason for failed implantation. In infertile women, 

three heterozygous LIF gene point mutations has been identified (Giess et al., 1999),  

corresponding to regions of the LIF protein which interact with receptor binding. It is likely 

that the function of the LIF signaling pathway is affected in these women, which could 

possibly be an explanation for their infertility. 

LIF receptors are heterodimeric transmembrane complexes consisting of LIF receptor 

(LIFR) and glycoprotein-130 (gp-130). The binding of LIF to its low affinity receptor (LIFR) 

results in an association of this complex with gp-130, to form a high affinity heterodimeric 

receptor. Subsequently this results in signal transduction; the complex activates Jak/Tyk 

kinases which recruit and phosphorylate the latent cytoplasmic Stat transcription factors, in 

particular Stat3. The phosphorylated Stat3 dimerizes and translocates to the nucleus where 
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gene expression activates/represses (Cheng et al., 2002). Among the genes that are induced by 

LIF are SOCS-1 (supressor of cytokine signaling protein-1), which inhibits phosphorylation 

and activation of gp-130 and Stats, providing a negative feedback that reduces signaling. LIF 

can also stimulate the mitogen activated protein kinase (MAPK) pathway (Cheng et al., 

2002). 

LIFR and gp-130 are expressed in the luminal epithelium of normal human endometrium 

in both the proliferative and secretory phases (Cullinan et al., 1996). It has been proven that 

high levels of LIFR and gp-130 immunostaining correlates with low SOCS-1 immunostaining 

in the endometrium during these phases in normal menstrual cycles among fertile women. 

However, in women with unexplained infertility, this regulation was disturbed (Aghajanova et 

al., 2009). In one study, it was demonstrated that the concentration of LIFR mRNA increases 

in the luminal epithelium in fertile women, as the time of implantation approaches, on day 3 

and 4 of pregnancy, and that both LIFR and gp-130 can be detected in the epithelium between 

day 3 and 5 of pregnancy (Cheng et al., 2002). In mice, it was shown that LIF also may act 

via an alternative pathway. In contrast to LIF-deficient mice, homozygote LIFR mutant mice 

is able to implant, but the placentation is abnormal and disrupted which leads to fetal death 

within 24 hours after birth (Dani et al., 1998). Homozygous gp-130 mutant mice will, on the 

other hand, die before birth, which may show the importance of this receptor for other 

cytokines physiological functions. 

Pinopodes and implantation 

In another study of importance for the human implantation process, it was found that during 

the secretory phase, the expression of LIF and LIFR was related to the appearance of bulbous 

protrusions in the surface endometrium called pinopodes (Aghajanova et al., 2003). 

Pinopodes are characteristic smooth projections from the luminal epithelium of the 

endometrium, which are thought to be a marker for endometrial receptivity as they appear 

strictly within the implantation window (Nikas, 1999). Pinopodes have shown to be more 

abundant in endometria from fertile women than in endometria from infertile women 

(Aghajanova et al., 2009). Pinopodes formation and regression also follows the presence of 

progesterone (Stavreus-Evers et al., 2001), which shows that the development of pinopodes 

are dependent of this hormone.  
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Both structural and molecular cell changes seem to be important factors for the human 

implantation process, and examination of endometrial biopsies for pinopodes could be a 

potential screening test in infertility evaluation. 

Leukemia inhibitor factor gene variation 

The purpose of this study was to investigate whether the suggested implantation failure 

among infertile women depends on genetic variations in the leukemia inhibitor factor 

receptors, which can interfere with the signaling pathway of LIF. Therefore, polymorphisms 

in the LIFR and gp-130 genes were investigated in a group of women diagnosed with 

unexplained infertility, and compared with a control group consisting of fertile women. 

Blood samples from women with unexplained infertility and fertile women were used, 

from which genomic DNA was purified and the DNA concentrations were measured. Single 

nucleotide polymorphism (SNP) genotyping assays were then run, with the DNA-samples 

from the two study groups, and the results were analyzed for statistical significant differences. 
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Materials and methods 

Patients and controls 

The presence of single nucleotide polymorphisms in the LIFR and gp-130 gene was studied in 

107 women with unexplained infertility and 199 fertile controls. Women with unexplained 

infertility is defined as patients who has experienced more than 18 months of infertility with 

regular menstrual cycles of 25-35 days, normal serum prolactin concentrations and thyroid 

hormone serum concentrations. All women had endocrinological evidence of ovulation, a 

normal hysterosalpingogram and a normal semen analysis of their partner (Aghajanova et al., 

2009). 

Genomic DNA purification from whole blood 

Genomic DNA was extracted from EDTA blood samples using a QIA Blood Maxi Kit. 500 µl 

QIAGEN Protease were pipetted into the bottom of a centrifuge tube, 3-5 ml of the blood 

samples equilibrated to room temperature were added and the volume was brought up to 5 ml 

with PBS. Six ml Buffer AL were added and the solution was mixed thoroughly followed by 

incubation at 70°C in water bath for 10 minutes. Five ml ethanol (99.5%) were added, the 

solution was mixed thoroughly and transferred to a QIAamp Maxi column placed in a 50 ml 

centrifuge tube. The tubes were then centrifuged at 3000 rpm for 3 minutes, after which the 

filtrate were discarded and the column were placed back into the same centrifuge tube. Five 

ml Buffer AW1 was added to the QIAamp Maxi column and the tubes were centrifuged at 

4000 rpm for 2 minutes. Five ml Buffer AW2 were then added to the column and centrifuged 

at 4000 rpm for 20 minutes. The columns were then placed in clean 50 ml centrifuge tubes 

and incubated for 10 minutes at 70°C in an incubator. After that, 600 µl Buffer AE were 

pipetted directly onto the membrane of the QIAamp Maxi column and the tubes were 

incubated at room temperature for 5 minutes and centrifuged at 4000 rpm for 3 minutes. 

Previous step was then repeated, but with 7 minutes long centrifugation. The DNA-solutions 

were collected and stored in -70°C. 

Determination of DNA concentration 

DNA concentrations were measured using a Qubit™ fluorometer and Quant-iT dsDNA BR 

Assay Kits. The kit provided concentrated assay reagent, dilution buffer, and pre-diluted DNA 

standards. A Quant-iT™ working solution was made by diluting the Quant-iT™ dsDNA BR 

reagent 1:200 in Quant-iT™ dsDNA BR buffer. Ten µl of each Quant-iT™ standard and 190 
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µl working solution were loaded into two tubes used for standards. One µl of each DNA 

sample and 199 µl working solution were loaded into individual assay tubes. The Qubit™ 

fluorometer was calibrated using the DNA standards, after which the concentration of each 

DNA sample could be measured by placing the assay tubes into the fluorometer one at a time.  

SNP analysis with Real-Time PCR 

TaqMan
®

 Single Nucleotide Polymorphism (SNP) Genotyping Assays were performed for 

three polymorphisms in the gp-130 gene (rs11744523, rs6870870 and rs715180), and three 

polymorphisms in the LIFR gene (rs2731957, rs11739017 and rs3099124). The assays are 

designed for the allelic discrimination of specific SNPs and can detect both alleles in each 

well.  

The reaction components in each well of a optical reaction 96-wells plate were 12.5 µL 

TaqMan
®

 Universal PCR Master Mix, 1.25 µL 10x TaqMan
®

 SNP Genotyping Assay Mix, 

10 µL DNase-free water and 1 µL Genomic DNA, a total volume of 25 µL, as described 

below in Table 1. 

Table 1. The amount of each reaction component per well in the allelic discrimination PCR reaction. 

Reaction Components Volume/Well (µL) 

TaqMan® Universal PCR Master Mix 12.5 

10x TaqMan® SNP Genotyping Assay Mix 1.25 

dH2O 10.25 

Genomic DNA 1 

Total 25 

 

A 10x working stock was made by diluting 40x TaqMan
®

 SNP Genotyping Assay Mix 

with 1x TE (10mM Tris-HCl, 1 mM EDTA, pH 8.0). A specific 40x TaqMan
®

 SNP 

Genotyping Assay mix were used for each polymorphism genotyping assay, since it contains 

sequence-specific forward and reverse primers to amplify the polymorphic sequence of 

interest. It also contains two TaqMan
® 

MGB probes; one labeled with VIC
®

 dye that detects 

the Allele 1 sequence and another labeled with FAM
™

 dye that detects the Allele 2 sequence.  

Reaction mix was prepared to a 96-wells plate by mixing 1500 µL TaqMan
®

 Universal 

PCR Master Mix, 150 µL 10x working stock of SNP Genotyping Assay and 1230 µL dH2O. 

(25% extra reaction mix was made to compensate for the volume loss that occurs during 

pipetting.) Into each of the 96 wells on the plate, 24 µL of the reaction mixure and 1 µL DNA 
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sample was pipetted. Three of the wells in each 96-wells plate functioned as negative controls 

and were loaded with 1 µL dH2O instead of 1 µL DNA. 

The Real-Time Polymerase Chain Reaction (RT-PCR) was performed in an Applied 

Biosystems StepOnePlus Real-Time PCR System and the amplification was carried out as 

follows: 10 min at 95°C initial steps; 15 sec at 92°C denaturation, 1 min at 60°C 

annealing/extension, entrained for 40 cycles, as described below in Table 2. 

 

Table 2. The thermal cycler conditions for the initial steps, denaturation and annealing/extension in 

the RT-PCR given in temperature, time and number of cycles. 

  Temperature Time Cycles 

Initial Steps 95°C 10 minutes Hold 

Denaturation 92°C 15 seconds 40 cycles 

Annealing/Extension 60°C 1 minute 40 cycles 

 

Statistical analysis 

The study group with unexplained infertile women and the fertile control group were 

compared for statistically significant differences using the Hardy-Weinberg Principle and the 

Pearson’s Chi-squared test (χ
2
-test).  

The Hardy-Weinberg Principle describes the frequencies of the genotypes and alleles in a 

population under certain circumstances. The population is in Hardy-Weinberg equilibrium if 

both genotypes and alleles remain constant from generation to generation, which occurs when 

there are no disturbing influences such as non-random mating and mutations. The frequency 

for the alleles A and G in a population is freq(A) = p and freq(G) = q, then p + q =1. To 

calculate if the population is in Hardy-Weinberg equilibrium, the frequencies of the genotypes 

in the population need to be freq(AA) = p
2
, freq(GG) = q

2
 and freq(AG) = 2pq. 

To analyze if the study groups significantly deviates from Hardy-Weinberg equilibrium, 

Pearson’s Chi-squared test was used:  

��  �  ��� � 	
�
	  

The observed frequencies of the genotypes (O) in the study groups were compared with the 

expected values (E). The expected frequencies was calculated as follows: Exp(AA) = p
2
n, 
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Exp(GG) = q
2
n, Exp(AG) = 2pqn. For the study groups to be in Hardy-Weinberg equilibrium 

the χ
2
–value should be lower than 3.84 (1 degree of freedom). 

To detect a statistically significant difference in polymorphisms, between the genotype 

frequencies of the study group and the control group a Pearson’s Chi-squared value was 

calculated using Statistical Package for Social Sciences statistical software (SPSS), version 

17.0. The P-value should be lower than 0.05 to be considered as a statistically significant 

result. 
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Results 

The genotype and allele frequencies of the LIFR and gp-130 gene polymorphisms are 

presented below in Table 3 respectively 4. All χ2-values are lower then 3.84, which indicates 

that both the control group and the group with infertile women were in Hardy-Weinberg 

equilibrium. One statistically significant difference in allele frequencies between study groups 

were detected in polymorphism gp-130 rs11744523 [T/A], with T allele frequencies of 87% 

and 93% (p-value = 0.04*).   

 

Table 3. Genotype and allele frequencies of single nucleotide polymorphisms in the LIFR gene in 

women with unexplained infertility and fertile controls. The numbers and percentage of participants 

are shown. The χ
2
- and p-value indicates if the groups are within Hardy-Weinberg equilibrium 

respectively if the allele or genotype frequencies are significantly different between study groups. 

    

Controls          

n (%) 
χχχχ2-value 

Infertile                 

n (%) 
χχχχ2-value p-value 

LIFR CC 69 (34.67)   35 (32.71)     

rs2731957 CT 98 (49.25) 52 (48.60)   

[C/T] TT 32 (16.08) 0.08 20 (18.69) 0.01 0.83 

  p (C) 0.59 0.57   

  q (T) 0.41   0.43   0.58 

LIFR TT 86 (43.65)   45 (42.45)     

rs11739017 TC 87 (44.16) 42 (39.62)   

[T/C] CC 24 (12.18) 0.08 19 (17.92) 2.61 0.38 

  p (T) 0.66 0.62   

  q (C) 0.34   0.38   0.39 

LIFR CC 185 (93.00)   99 (92.52)     

rs3099124 CT 14 (7.00) 8 (7.48)   

[C/T] TT 0 (0.00) 0.26 0 (0.00) 0.16 0.89 

  p (C) 0.97 0.96   

  q (T) 0.04   0.04   0.89 
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Table 4. Genotype and allele frequencies of single nucleotide polymorphisms in the gp-130 gene in 

women with unexplained infertility and fertile controls. The numbers and percentage of participants 

are shown. The χ
2
- and p-value indicates if the groups are within Hardy-Weinberg equilibrium 

respectively if the allele or genotype frequencies are significantly different between study groups. 

*Statistically significant difference in allele frequencies (p<0.05)  

    

Controls          

n (%) 
χχχχ2-value 

Infertile             

n (%) 
χχχχ2-value p-value 

gp-130 TT 151 (76.66)   91 (85.00)     

rs11744523 TA 41 (20.81) 16 (15.00)   

[T/A] AA 5 (2.54) 1.15 0 (0.00) 0.70 0.13 

  p (T) 0.87 0.93   

  q (A) 0.13   0.07   0.04* 

gp-130 AA 60 (30.15)   34 (31.78)     

rs6870870 AC 95 (47.74) 54 (50.47)   

[A/C] CC 44 (22.11) 0.30 19 (17.76) 0.09 0.67 

  p (A) 0.53 0.57   

  q (C) 0.47 0.43   0.34 

gp-130 AA 172 (86.43)   86 (80.37)     

rs715180 AC 26 (13.07) 20 (18.69)   

[A/C] CC 1 (0.50) 0.00 1 (0.93) 0.02 0.37 

  p (A) 0.93 0.90   

  q (C) 0.07   0.10   0.16 
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Discussion 

This study documents that there are a statistically significant difference in the allele 

frequencies in polymorphism gp-130 rs11744523 [T/A] between women diagnosed with 

unexplained infertility and healthy fertile women. Thus, the suspicion that implantation failure 

among women with unexplained infertility can be caused by genetic defects of the LIFR or 

gp-130 genes are partially supported based on this finding.  

It has also been suggested that unexplained female infertility may be associated to a 

disrupter of the signaling pathway of the LIF protein. Recently studies have identified a lower 

concentration of LIFR and gp-130 in the endometrium in women diagnosed with unexplained 

infertility, compared with fertile women (Aghajanova et al., 2009). Decreased bioavailability 

or decreased specific biological activity of the receptor complex may be a cause of either 

failure or decreased efficacy of implantation. Based on this study, there maybe is a gp-130 

gene polymorphism being responsible for infertility in this group of women. 

Furthermore, there maybe is not just the presence of polymorphisms on the DNA-level, 

neither in LIF protein or its receptors, which contributes to the implantation failures. There 

are a variety of other regulatory mechanisms which could be the responsible factors; the 

transportation of the protein could be malfunctioning, as wells as alterations in enzymes, or 

other proteins in the signaling pathway of LIF. 

One possibility for the unsuccessful implantation among women with unexplained 

infertility could be gene variations in the gene that encodes for the suppressor of cytokine 

signaling protein-1 (SOCS-1). SOCS-1 usually acts as a negative feedback, reducing LIF-

mediated signaling by inhibiting Stat activation. If this regulation is disturbed, the 

consequences would be decreased activities in the LIF signaling pathway which could result 

in lower chance of implantation.    

Moreover, women diagnosed with unexplained infertility may not make up an enough 

homogenous group for this kind of investigation. Even if these women are considered as a 

quite homozygous group, it is a fact that there are plenty other reasons for the infertility and 

that they can have different diagnosis. Another major limitation of this study can be the 

relatively low number of participants in the study groups. 
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This study is a small part of a larger project, there are several single nucleotide 

polymorphisms to analyze in the LIF pathways that are important for endometrial receptivity. 

In conclusion, in this study, I found a significant difference in allele frequencies for one 

polymorphism in the gene for the LIF receptor gp-130 among women with unexplained 

infertility. Subsequently, decreased concentrations of gp-130 in the endometrium, which have 

been observed during the luteal phase in this group of infertile women, can have genetic basis 

due to the gp-130 alterations. 
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