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SUMMARY 

The objective of this study was to assess the LIF (leukemia inhibitory fac-
tor) concentration in uterine fl ushing and serum (ELISA) of women with 
proven fertility, infertile women and women with recurrent miscarriage. In 
addition, progesterone level was determined in serum. A decreased produc-
tion of LIF in the uterine microenvironment was found in states of impaired 
fertility. With a cut-off point of 8.23 pg/ml for LIF level in uterine fl ushings 
we have achieved 86.7% sensitivity and 100% specifi city in detection of 
women with idiopathic infertility compared to fertile controls. No correla-
tion between LIF in serum and uterine fl ushing was demonstrated, render-
ing LIF measurements in serum useless for diagnosis of impaired fertility. 
We conclude that LIF measurement in uterine fl ushing could be a useful 
diagnostic tool to predict unsuccessful implantation. Reproductive Biology 
2003 3 (3): 259-270. 
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INTRODUCTION

The desire to have a child is shared by many couples around the world, at 
the same time being an essential factor infl uencing survival of humans as 
species. However, it is estimated that worldwide 10-15% of couples have 
problems conceiving a child and 0.5-1% experience recurrent miscarriage 
(defi ned as two or more consecutive miscarriages). These problems are as-
sociated with a great deal of stress, anxiety and fi nancial burdens for those 
families. 

While many techniques that are used to diagnose different causes of 
infertility and recurrent miscarriage has been developed (ultrasound, lapa-
roscopy, hysteroscopy) still about 50% of cases of recurrent miscarriages 
and 10% of infertility remain unexplained. It may be assumed that the cause 
of unexplained pregnancy loss might be attributed to fl awed implantation. 
The highest rate of miscarriages in natural cycles occurs before implantation. 
Similarly, the implantation rate is disappointingly low (rarely exceeding 
30%) in ART (artifi cial reproductive techniques) cycles. 

Since current diagnostics methods have failed to establish the early 
events during implantation, the search has begun for a reliable marker of 
the so-called uterine receptivity. Utilizing an animal model, Psychoyos 
[21] has found that there is a time period during which implantation is 
possible. Beyond this period, endometrium is refractory to implantation. 
Similar characteristics of human endometrium have also been described, 
however, the exact time of an “implantation window” remains uncertain. 
Bergh and Navot [3] after experiments with blastocysts and embryos have 
stated that after 24th day of the cycle, implantation becomes impossible. 
The beginning of the window of receptivity seems to start eight days after 
ovulation [27]. 

Evaluation of the endometrium development day of the menstrual cycle, 
according to the criteria of Noyes et al. [19] does not always allow the 
chances of implantation to be predicted successfully. The exact mechanism 
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of an initial attachment of the blastocyst to the luminal epithelial surface is 
not known since most studies are performed in non-conceptual cycles.

Studies on implantation are diffi cult for obvious moral and ethical 
concerns and involve experiments with embryos. Studies of conceptual 
cycles require damaging the endometrium through invasive techniques 
such as biopsy. There is a clear need for both reliable and safe method for 
demonstrating the presence of molecules important for the implantation 
in the uterine cavity. Many molecules have been described which could 
serve as a marker of uterine receptivity including integrins, glycodelins, 
MUC1 (mucin 1) and some features of the endometrial surface like pi-
nopodes [2, 14, 18, 22].

Leukemia inhibitory factor (LIF), a member of IL-6 family, is one of the 
potential candidates to be used as a predictor of implantation failure. In 1984, 
LIF was found to induce differentiation of the myeloid leukemic cell line 
M1 in macrophages [25]. Next, it was demonstrated that this pleiotrophic 
cytokine exerted an action on hematopoetic, embryonic, neural and bone 
cell lines [1, 5, 6, 23]. Bhatt et al. [4] who found its expression in mouse 
endometrium fi rst noticed the role of LIF in reproduction. In 1992, Stewart 
et al. [24] demonstrated that mice lacking functional LIF gene are totally 
infertile as a result of a failed implantation. At the same time, placing re-
combinant LIF in mice uteri resulted in the restoration of fertility.

The expression of LIF was detected in endometrium also in humans, 
and the peak LIF mRNA expression was pinpointed to secretory phase 
of endometrium development [5]. Kojima et al. [11] have confi rmed the 
localization of LIF in the endometrium. Delage found that endometrium 
from infertile women cultured in vitro produced less LIF than endometrium 
from fertile control [7]. Since many factors associated with pregnancy es-
tablishment are locally generated, it seems that the best method for studying 
the receptivity would be to examine the uterine cavity environment. This 
can be done by endometrial biopsies or “endometrial fl ushings”. The aim 
of this study was to determine whether the level of LIF in the serum and 
endometrial fl ushings differs between women with impaired fertility and 
those who are fertile.
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MATERIALS AND METHODS

Sera and uterine fl ushings have been collected from the women hospital-
ized between January 2001 and July 2003 in the Division of Reproduction, 
Department of Obstetrics and Gynecology, University of Medical Sci-
ences in Poznań. Forty-nine patients with infertility (patients with known 
cause of infertility, patients with unexplained infertility and patients with 
endometriosis), thirty patients with recurrent miscarriage (patients with 
idiopathic recurrent miscarriage and with known cause of miscarriages) 
and sixteen control women were enrolled in this study. Infertile women had 
performed a standard panel of tests that included hysterosalpingography, 
hormonal profi les and semen analysis. Women with recurrent miscarriage 
were additionally evaluated for the presence of anticardiolipin antibodies 
and karyotype anomalies. The control group comprised of fertile women 
(at least one live birth, no miscarriages, with regular menses) who were ad-
mitted for non-endometrial associated diseases (e.g. benign ovarian cysts). 
Exclusion criteria included patients submitted for hormonal replacement 
therapy, patients using intrauterine contraceptive devices or oral contracep-
tion within last six months and patients with serious disease (requiring use 
of any drugs).

The mean age of infertile women was 32 years (range: 26-43), 30 years 
of age for women with recurrent miscarriage (range: 23-37), and 38 years in 
control group (range: 30-49). Mean number of miscarriages in the recurrent 
miscarriage group was 2.7 (range 2-4), and the mean duration of infertility 
was 5.6 years (range: 1-17 years).

All women underwent serial ultrasound assessments to track follicular 
growth and the formation of corpus luteum. During the same cycle, 7-9 days 
after the ovulation (the putative implantation window) blood was drawn 
for evaluation of the progesterone and LIF levels. Blood was drawn into a 
10 ml syringe and centrifuged at 3 000×g. Serum was stored at -20°C until 
progesterone measurement was completed.

At the same time a uterine fl ushing was performed. The procedure 
involved placing a sterile catheter in os of the uterine cervix, which was 
connected to a 20 ml syringe fi lled with 3.5 ml of sterile isotonic solution 
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of sodium chloride (0.9% NaCl). The fl uid was slowly infused into uterine 
cavity and then gently aspirated in a repetitive fashion creating a turbulent 
fl ow (to achieve homogenous distribution of soluble factors). Next, the 
fl uid was drawn into the syringe, which was transported to the laboratory, 
centrifuged and frozen in –20oC for further examination. 

The progesterone level was assessed using electrochemiluminescence 
method (intra-assay variability 2.1%, inter-assay variability 7.4%; Elecsys 
1010). LIF was evaluated by ELISA (Bender MedSystems, USA). The refer-
ence range in this assay was from 0.45 to 500 pg/ml (intra-assay variability 
7%, inter-assay variability 5%). All patients signed an informed consent 
form approved by the local ethics committee.

Statistical analysis

Statistical analysis was performed by MedCalc for Windows v.7.2 (Med-
Calc Software, Belgium). Kolmogorov-Smirnov test was used to determine 
normality of distribution. Since values of LIF in almost all groups did not 
exhibit normal distribution, differences between values of parameters in 
different groups were calculated by Mann-Whitney test. The correlations 
between LIF values in blood and in serum in the same group were checked 
using Spearman rank correlation. The same test was used to analyze cor-
relations between progesterone and LIF in blood or serum.

To test whether LIF values can be used for diagnostic purposes we used 
Receiver Operating Characteristic (ROC) curves (MedCalc for Windows 
v.7.2). The ROC curve displays diagnostic accuracy expressed in terms of 
true-positive rate against false-positive rate for different cut-off points [15]. 
The ROC curves were plotted for LIF concentrations in serum and uterine 
fl ushings in all examined groups.

RESULTS

All data are presented as medians and range values. The concentrations of 
LIF in serum and uterine fl ushing exhibited normal distribution in control 
patients as well as in serum of women with recurrent miscarriage. In other 
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groups, concentrations of LIF and progesterone did not exhibit normal 
distribution.

The level of LIF in uterine fl ushing and serum in women with recurrent 
miscarriage (n=30) ranged from 0.5 to 496.2 pg/ml (median: 35.73 pg/ml) and 
from 0.45 to 22.64 pg/ml (median: 4.6 pg/ml), respectively (tab. 1). In twelve 
women (40 %), the concentration of LIF in uterine fl ushing was below 10 pg/
ml. In women with recurrent miscarriage, the progesterone level varied from 
0.4 to 21.5 ng/ml (median: 5.3 ng/ml). No correlations were found between 
progesterone and LIF as well as between LIF in serum and uterine fl ushing.

In infertile women (n=49), serum LIF level ranged from 0.5-10.73 pg/
ml (median: 4.24 pg/ml). The uterine fl ushing LIF level varied from 0.5 
to 379.13 pg/ml (median: 11.03 pg/ml). Progesterone level in this group 
ranged from 0.34 to 17.86 ng/ml (median: 55 ng/ml). A low level of LIF 
(<10 pg/ml) was detected in 52% patients with infertility. Similar to group 
with recurrent miscarriage, there was no correlation between LIF levels in 
serum and fl ushing as well as between LIF and progesterone.

In women with idiopathic infertility (n=15), concentrations of LIF in 
uterine fl ushing and serum ranged from 0.5 to 15.91 pg/ml (median: 1.57 
pg/ml) and from 0.5 to 10.15 pg/ml (median: 4.33 pg/ml), respectively. 
The progesterone level varied from 1.63 to16 ng/ml (median: 8.39 ng/ml). 
The positive correlation between LIF levels in serum and uterine fl ushings 
(r=0.59; p < 0.05) was found in this group.

In women with identifi able cause of infertility (n=34), the LIF levels in 
uterine fl ushing and serum ranged from 0.5 to 379.13 pg/ml (median: 18.89 
pg/ml) and from 0.5 to 10.73 pg/ml (median: 3.4 pg/ml), respectively. Pro-
gesterone levels varied from 0.34 to 17.86 ng/ml (median: 7.44 ng/ml). 

In women with endometriosis (subgroup of women with infertility), LIF 
concentrations in uterine fl ushing and serum ranged from 0.5 to 379.14 pg/
ml (median: 5.64 pg/ml) and from 0.5 to 6.29 pg/ml (median: 3.11 pg/ml), 
respectively. Progesterone level in this group varied from 0.34 to 15.58 
ng/ml (median: 8.15 ng/ml).

Serum LIF level in all women in control group (n=16) was higher than 10 
pg/ml (10.83-229.48 pg/ml). The LIF concentration in the uterine fl ushings 
ranged from 0.5 to 229.48 pg/ml (median: 26.46 pg/ml). The progesterone 
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Table 1. Median and range of leukemia inhibitory factor (LIF) levels in uterine fl ush-
ings and serum, and progesterone level in serum of infertile and fertile women

*p<0.05; **p<0,001

GROUPS
LIF (pg/ml) Progesterone

Uterine fl ushing Serum (ng/ml)

CONTROL 26.46
(0.5-229.48)

5.28
(10.83-229.48)

2.36
(0.35-21.53)

I N
 F

 E
 R

 T
 I 

L 
I T

 Y

Identifi ed cause 
of infertility

11.03**
(0.5-379.13) 

4.24
(0.5-10.73)

7.55*
(0.34-17.86)

Idiopathic
infertility

1.57*
(0.5-15.91)

4.33*
(0.5-10.15)

8.39
(1.63-16)

Endometriosis 5.64
(0.5-379.14)

3.11
(0.5-6.29)

8.15
(0.34-15.58)

R
EC

C
U

R
EN

T 
M

IS
C

A
R

R
IA

G
ES Identifi ed cause 

of recurrent 
miscarriages

35.73
(0.5-496.2)

4.64
(0.45-22.64)

5.25 
(0.37-21.53)

Idiopathic 
recurrent 

miscarriages

25.36
(0.5-496.2)

4.73
(0.5-6.5)

8.85
(0.51-11.54)

level varied from 0.35 to 21.53 ng/ml (median: 2.36 ng/ml). No correla-
tions were found in this group between LIF levels in serum and in uterine 
fl ushing as well as between LIF level and progesterone level.

 Serum progesterone was lower (p<0.05) and LIF in uterine fl ushing 
(p < 0.01) was higher in the control group compared to all infertile patients. 
In addition, LIF level in uterine fl uid was higher in control women in com-
parison to women with idiopathic infertility (p < 0.01).
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To test the diagnostic value of LIF measurements for detection of states 
of impaired fertility we utilized ROC curves. With a cut-off point of 8.23 
pg/ml for LIF level we have achieved 86.7% sensitivity and 100% speci-
fi city in detection of women with idiopathic infertility compared to fertile 
controls. All women with uterine fl ushing LIF level below 8.23 pg/ml will 
have idiopathic infertility. Moreover, this cut-off value will enable us to 
detect 86.7% women who are at high risk for infertility despite normal 
results of other tests.

DISCUSSION

Leukemia inhibitory factor has been found to affect various cell and tissue 
types including neurons, megakariocytes, osteoblasts, hepatocytes and cer-
tain tumors. Discovery of LIF in the mouse endometrium have turned the 
attention of researchers to its role in fecundity. The fact that LIF is the key 
molecule in the implantation process in mice inspired similar research in 
humans. It was demonstrated that LIF mRNA is present in human endome-
trium and that the rise in expression of LIF coincides with the implantation 
window [11].

In the current study, LIF concentrations in uterine fl ushings during the 
implantation window were lower in women with infertility compared to 
healthy controls. We have found that almost half of infertile women (re-
gardless of primary cause of infertility) secreted lower amounts of LIF into 
uterine cavity in comparison to control patients. Women with idiopathic 
infertility have shown LIF defi ciency even more pronounced than other 
infertile patients. Delage et al. [7] found that endometrium of women with 
infertility produces less LIF than fertile control patients. In addition, Laird 
et al. [12] found lower amounts of LIF in uterine fl ushings around the time 
of implantation in women with unexplained infertility than in normal fertile 
women. However, their method of uterine fl ushing was questioned as a 
non-consistent and not very useful in clinical practice [10].

Utilizing the ROC curves, we aimed at approximating the threshold 
value of LIF in the uterine cavity necessary for successful implantation. The 
calculated LIF value of 8.23 pg/ml allowed us to pinpoint almost 87% of 
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women with idiopathic infertility with 100% specifi city. Thus, we postulate 
that the abnormal LIF production might be a causative factor of infertility. 
Preliminary reports on supplementing the low LIF levels in women with in-
fertility with recombinant human LIF are promising1. Therefore, we suggest 
that LIF assessment in uterine fl ushing should be a standard test especially 
in women with idiopathic infertility.

Contrary to Laird et al. [12], we have found that women with recurrent 
miscarriage have had a similar percentage (40%) of low LIF values com-
pared to infertile women. This appears to be in agreement with results of 
Eckert and Niemann [9] who have localized LIF receptors on blastocysts. 
Moreover, Ware et al. [26] found that LIF receptor defi cient mice have 
exhibited damaged placenta, skeleton, neuronal and metabolic pathways 
in mammals. LIF defi ciency could lead to death of an already implanted 
embryo and, in consequence, contribute to recurrent miscarriage. In addi-
tion, Nachtigall et al. [17] have found that LIF may be directly implicated 
in the modulation of implanted trophoblast differentiation. Therefore, it 
is possible that LIF is responsible not only for initial implantation, but 
also for early development of the human embryo. If this statement is true, 
there may be a common reason for early miscarriage and infertility at the 
endometrium level.

Since endometriosis is sometimes associated with infertility, we have 
examined LIF secretion in women with this disease. We have found that 
women with endometriosis have a comparable distribution of LIF levels to 
women with other causes of infertility. 

The lack of correlation between progesterone and LIF levels is somehow 
surprising since progesterone level during the luteal phase is high and LIF 
is a progesterone dependent molecule. However, it is known that progester-
one exhibits a pulsatile pattern of secretion. We have analyzed only single 
measurement of serum progesterone level. Therefore, the lack of correlation 
could be attributed to a faulty progesterone determination. It also cannot 
be excluded that the individual level of progesterone required for normal 

1Brinsden PR, Ndukwe G, Engrand P, Pinkstone S, Lancaster S, Macnname NC, DeMoustier B 2003 
Does recombinant inhibitory factor improve implantation in women with recurrent failure of assisted 
reproduction treatment? Human Reproduction 18 suppl pp XVIII 18 abstract.
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LIF secretion varies among different individuals. In certain patients, even 
low progesterone level (below 10 ng/ml) may be suffi cient to induce LIF 
production and normal development of the endometrium.

In the current study, we found a positive correlation between LIF levels 
in fl ushing and serum only in the idiopathic infertility group. It suggests that 
many cytokines potentially involved in implantation process might act in 
a microenvironment of uterine cavity, which justifi es the need to develop 
relatively noninvasive tools and techniques for evaluation this environment. 
In women with idiopathic infertility, there might be a general LIF defi ciency, 
either at the DNA or protein level. The used method of uterine fl ushing does 
not damage endometrium in comparison to the uterine biopsy. Moreover, 
Ledee-Bateille et al. [13] have demonstrated its value in assessment of 
soluble molecules within the uterine environment. 

Studies on human embryos during IVF cycles have proven that the mea-
surement of LIF in the uterine cavity does not adversely affect pregnancy 
rates and it may be used as a predictor of implantation [20]. Moreover, the 
addition of LIF to culture media signifi cantly improved pregnancy rate and 
embryo development without exhibiting negative effects on morphological 
development of mouse offspring’s [8, 16]. In conclusion, the assessment 
of LIF in uterine fl ushings could be another useful and safe method for 
predicting successful implantation as well as for diagnosing and eventually 
treating women with impaired fertility.
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