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ABSTRACT:

Background/Aim: uterine receptivity and implantationare complex processesrequiring coordina ted
expression of molecules by the embryo and uterws during implantation. This article focuses on the

endometrial expressionof LIF and its gpl30 receptor molecules and ther secretion in uterine flishing
during the wind ow of implantationin cases of primary unexplained infertility.

Patients &Methods: The study was cond ucted on25 irfertile women with unexplained infertility for
at least 2 years and 10 normal fertile women as a control group Endometrial tissue and uterine
flushing were obtained, each tissue specimen was divided into two pleces; one piece was used for
histological dating of the end ometrium and used also for immunostaining of progesterone receptor,
and the second piece was used for RNA extradion and PCR assay of LIF and gpl30 mRNA
expression. Venows blood samples were collected from all women participating in the study for
measurement of serumestrogenand progester one.

Results: LIF mRNA was expressed in the endometrium of all normal fertile women but si gni ficantl y
decreased in infertile women. LIF was ot detectable in88% of infertile women and fairly detectablein
12% of them. gpl30 mRNA was hardly detectable in both fertile and infertile women with no
difference between the two groups. Infertile women secreted significantly less LIF and gpl30
molecules in the uterine flishing compared to rormal fertile w omen.

Conclwion: Expression of LIF mRNA in endometrium could be used as a molecuar marker of
unexplained infertility. Assessment of secreted LIF and gpl130 molecules in uterine flushing could be
another useful and safe method for predicting successful implantationas well as for diagnosing and
eventwall ytreating womenwi thimpaired fertility usingrecombinant humanLIE

Key words: Leukemia Inhibitory Factor, Glycoprotein 130 Expression, Endometrium, Uterine
Flwshing, Impair ed Fertility.

INTRODUCTION

Of the 1/10 coupes having problems
corceiving 25 % have unexplained infertility ®.

process by which the blastocyst becomes
intimately connected with the matermal

Embryo implantation is a critical step in
establishment of pregnancy. Implantation is the

endometrium (dedd wa). In humans, the process
of implantation can be divided into three
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phases: apposition, ad hesion, and invasion The
apposition comprises the blastocyst orientation
inthe uterine cavity towards the endometrium
Duwring the adhesive and invasive phases, the
blastocyst approaches the epithelium, attaches
itsdf to it and the embryo trophoblast invad es
thededduas. All thesesteps are controlled by a

variety of interacting molecules of both
matermal and embryonic origin®. Marny
cytokines, growth factors and adhesive

molecues are krown to trigger the initial
process of implantation during the adhesive
phase, and accomplish the embryo-maternal
contacts dwring theinvasive phase.

It is wdl known that the end ometrium becomes
receptive for a limited period of time after
exposwe to 17-B-estradiol (E) followed by
progesterone. Embryo transfer studies have
identified a phase of uterine receptivity, 'the
wind ow of implanfation', between days5 and 10
following the luteinizing hormone (LH) surge ©.
Many factors produced by the endometrium
duwring the 'the window of implantation' have
been proposed to be molecular markers of a
receptive endometrium. While progesterore
receptor is theonly fador as yet identified to be
absolutel y required for successful implantation
leukemia inhi bitory factor (LIF) and mucinl are

regarded as two of the most important signaling
vectors @),

Leukemia inhibitory factor is a pleiotropic
cytokine of the IL-6 family, meaning that it has
effects on many different cell types and that its
activities are not restricted to one lineage®. It is
a polyfunctioral highly glycsylated protein
(Mw 38-67 KDa) that mediates a wide range of
effects in different ways, from promotion of cdl
proliferation and lifespan, to the control of their
differentiation in regard to the ftissue
environment in which the target cells perform
ther functions. LIF mature protein of maternal
origin and its erncoding mRNA have been
identified in endometrium, fallopian tubes and
cervicl mucws. In the emdometrium, LIF
expression level remairs low during the
proliferative phase, rises after ovulation and
remains high until the end of each menstrual
cyde with its maximal expression duwring the
mid-late secretory phase. Its high endometrial
produdion in the mid and late phase of

menstrual cyde stresses its important role in
implantation. Simultaneously, the blastocyst
expresses LIF receptor (LIF-R); this documents
the significance of LIF in the embryo-maternal
crosstalk. LIER is also expressed on the
erdometrium and oocyst ©. Other cells
expressing ILF receptors include neurors,
megalkaryocytes, macrophages, adipocytes,
hepatocytes, osteoblests;, myeloblasts, and
kidney and breast epithelial cells. LIF receptor
complex includ es two subunits, the LIF-specific
subunit LIFRB and the gpl30 subunit (also
used by IL-6 and IL-11). Glycoprotein 130
suburit is a tramsmembrane protein Soluble
forms of gpl30 are generated by proteolytic
cleavage or by altermative spicing. Binding of
LIF to its receptor promotes formation of a
receptor complex with gpa30. Sigmal
transduction invol ves activation of members of
the Janws family and phosphorylation of
members of the STAT family of transcription
factors. The LIFR-B/gpl30 heterodimer can bind
and signal inresponse to oncostatin M, ciliary
neutrophic factor, and ardiotrophin in
addition to LIF. Binding of LIF to LIF receptor
and pgl30 activates signal transduction
pathways 6:7).

In human, LTF can be deected in end ometrial
biopsy as well as in uterine flushing The
majority of women with unexplained infertility
had dysregulated LIF production. Likewise,
endometrial explants derived from infertile
women showed reduced Ilevels of LIF
secretion®. Based on these finding the study
was designed to investigate the expression of
leukemia inhibitory factor and its receptor
subunit pgl30 in endometrium of infertile
women.

SUBJECTS AND METHODS
Patient selection

The stud y was cond ucted on 25 infertile women
with unexplained infertility for at least 2 years
and 10 normal fertile women as a control group.
The inclwsion criteria for the patients was 2
years of primary unexplained infertility which
was diagnosed by the following preserce of
regular menstrual cycle between21 and 35days,
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absence of tubal or ovarian pathology as proved
by laparoscopy and hysterosalpingography,
absence of endometriosis proved by
laparoscopy, absence of ovuatory disorders
proved by follicdometry and normal serum
progesterone leve, normal semen analysis
acording to WHO criteria @9, normal thyroid
function and normal plasma  prolactin
corcentration. The mean age of the infertile
womenwas 31.1 £4.2 years (range 24-39 years).
The mean age of the fertile women was 30.7 +
6.5 years (ange; 20-38 years). Each of the fertile
women had at least one live birth, without
history of infertility or miscarriage None of the
participants had steroid or other medicatiors for
atleast2 months prior to colledtionof samples.

Materials

Endometrial tissue and uterine flushing were
obtained from women who gave informed
corsent. End ometrial tissue was (obtained by)
collected by obtaining small strips of
endometrium using Novak's curette. Uterine
flushing was performed as an outpatient
procedureas described previously ©). A bivalve
speculum was inserted, through which a size 8
Foley atheter was introduced into the uterire
cavity and the balloon of the catheter was
inflated with 1 ml normal saline. 2 ml of salire
were gradually flished into the uterine cavity.
Afterwards, gentle suction was applied to
recover the fluid The tissue and flushing
samples were stored at-20°C for LIF and gpl30
assays.

All specimers were collected during the
implantation window. (LH surge LH#6 to
LH+11)?). Each tissue specimen was divided
into two pieces; one piece was used for
obtaining tissue sections for histological dating
of the menstrual cycle by a pathologist
acording to the method of Noyes et al. 10 and
used also for immunostaining of progesterone
receptor, and the second piece was used for
RNA extractionand PCR assay of LIF and gpl30
mRNA expression. Uterine flishing was used
for estimation of LIF and gp30 secretion by
ELISA assay. Venows Hood samples were
collected from all women participating in the
study for measurement of serum estrogen and
progesterone.

Assessment of mRNA expression of le uke mia
inhibitory fador and gp130 inendometrium by
PCR

RNA extractionand cDNA synthesis

Total cellular RNA was extracted from
endometrial tissue using Qiagen RNeasy mini
spin column (RNeasy Mini Kit, Qiagen, USA)
acording to the manufacturer protocadl.
Compementary DNA was prepared from the
RNA as follows: 2 pg of total RNA was revers-
transaiped with random hexamers by use of a
commercial kit (High-Gapacity cDNA ki,
Applied Biosystems, USA) under the following
conditions: hexanucleotides annealing for 10
min at 25°C, cDNA synthesis for 30 min at 48°C,
folowed by enzyme inactivation for 5 min at
95°C.

c¢DNAamp lification

cDNA was used as a template to amplify LIF
and the two splice variants of LIF receptor
suburnit gp 130 . The amification mix ture was
performed in a firal volume of 50 pl containing
5 ul ¢cDNA, 25 pl Taq PCR master mix (2.5 units
Taq DNA polymerase Ix PCR buffer, and 200
uM of each dNI'P) (Taq PCR master kit, Applied
Biosystem, USA), and 200 uM of each primer.
PCR oonditiors for used an initial denaturation
at95°C for 5 minutes followed by35 cycles of: 1
minute denaturation at H°C 1 minute
annealing at 63°C and 1 minute extension at
72°C, followed by a final extersionat72°C for5
minutes (for LIF), 30 minute denaturation at
94°C, 30 minute annealing at 57°C, and 1 minute
extension at72°C, followed by a final extension
at 72°C for 5 minutes (for gpl30 A and B).
Amplification of gpl30 using primers C and D
was performed in the same way except that the
primer annealing temperature was50°C @11). As
an internal control, GAPDH was amplified to
justify for difference in RNA input and reverse
transaiption efficiency. Amplifiation of
GAPDH was performed for each sample in a
separate tube using the following primers and
probe forward primer 5-GAAGGTGAAG
GICGGAGT(G3", reverse  primer: 5-
GAAGATGGTGATGGGAT TTC-3". PR
conditions for GAPDH were an initial
denaturation at 95°C for 5 minutes followed by
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35 cycles of 45 seconds demturation at94°C, 45
seconds annealing at 62°C, and 1 minute
extension at72°C, followed by a final extension
at72°C for 5 minutes. The amplified DNA was
fractiomated on 1% agarose gel and
photographed. The density of the DNA bands
was measwed. The density of LIF and gpl30
band s was divided by the density of GAPDH of
thesame sample to get the normalized value of
ther expression.

Measwement of IIF and glycoprotein 130 in
uterine flushing

Levels of LIF and gpl30 were measured in
uteine  flushing  using erzy me-linked
immunosorbent assays (ELISA). LIF was
measured using LIF ELISA kit, Bender
Medsystems, USA and gpl30 was estimated
using Quantikine ELISA kit, R&D Systems Inc.
The sensitivity of the LIF assay ranges from0.45-
500 pg/ml and that for gpl30ranges from 40-
6000 pg/ml. USA. The procedures were
performed aaording to the manufacturer
instrudiors and fresh saline was used as zero
standard s in both estimates.

RESULTS

Expression of LF and gp@30 mRNA in
endometrium

Leukemia inhibitory factor and the 2 gpl30
splice variants mRNA was measured in
endometrial tissue taken from fertile and fertile
women duwring the implantation window (LH
surge LH+ to LH+13) using RT-PCR. The
fertile and infertile w omen enrolled in the study
were matched as regards their age, hormonal
profile in pasma (FSH, LH estrogen
progesterone and prolactin), and endometrial
expression of progesterone receptor (table 2,

figurel).
LIF expression in endometrium showed a

signifiant difference between fertile and
infertile women (P<0.001). LIF expression was

significantly low in infertile compared to fertile
women. All fertile women showed marked LIF
mRNA expressionin endometrium Three (12%)
only of the 25 infertile women enrolled in the
study showed detectable endometrial LIF
expression and twenty two (88%) patients did
not showed any LIF mRNA inther end ometrial
samples.

RT-PCR analysis of the two gpl30 splice
variants showed very faint expression in both
fertile and infertile women with no difference
between the two groups (P>0.05). In fertile
group, 3 30 %) women did not show any gpl30
splice variant expression and 7 (70 % women
showed very low expression of splice variandl.
Similarly, 6 (24%) of the 25 infertile women
showed complete abserce of gpl30 mRNA
expression and 19 (76% showed very faint
gpl30 variantl (figurel).

Secretion of LIF and gpl30 in ut erine flus hing

Uterire flushing was performed using 2 ml
saline The procedure was done very gently to
avoid pain. Absence of pain is an essential
feature of this exploration since pain may
erhance cytokine production and thereby
prodwce incorsistent resuts. Estimation of LIF
and gpl30 concentration in flushing was

peformed using the sensiive ELISA assay
(table2).

Saretion of LIF in uterine flushing was
significantly low er in infertil e w omen compared
to fertile women (P<0.001). In fertile women,
uterine flushing LIF levd ranged from 18-120
pg/ml (mean: 488+28.9). In infertile women,
uterine flushing LIF leved varied between 0.5
and 35 pg/ml (mean 3.947.5). Similarly,
sacretion of gpl30 in uterine flushing was
significanly lower in irfertie women group
(meanr 5154275 range; 25-140 pg/ml)
compared to fertile group (mean: 182477, range;
95-370 pg/ml) (P <0.001) (table2).
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Table 1: primer sequences used inthe study 711

Primer Location Sequence(5"to3")

LIF sense 31743195 CAGCAT CACTGAATCACAGAGC
LIF antisense 37123733 CCCTGI'GGGGATGTTTCATACT
Splice variant 1

gpl30 A 9R27-946 ATACT GGAGIGACTGGAGTG
gpl30B 10991118 CATCITGITGAGAGTCACITC
Splice variant 2

gpl30 C 17671790 GGI' ACGAATGGCAGCATACA
gpl30D 24802461 CTGGACTGGATTCATGCIGA

Table 2: comparison of plasma hormones, endometrial progesterone receptor and IIF and gpl30
expressioninendometriumand uterine flushing infertile andinfertile women

Fertile Infertile Sigrnificance,
P

Age (mean+SD) 30.7+65 31.1+42 >0.05
Prolactin (meantSD) 13.1+56 11.7+44 >0.05
FSH inSerum 56%£18 69+14 >0.06
LHinserum 93+4.0 81+51 >0.05
Estradiol inserum 91433 105+40 >0.05
Progester one inserum 71+£51 6.0+£48 >0.05
Progester one receptor in Expressed in100 % Expressed in100% >0.06
endometrium
LIF
- In uterine flushing 48.8+289 39475 <0.001*
- Inend ometrium Expressed in100 % Expressed in12% <0.001*
gpl30
- In uterine flushing 18277 51.5+275 <0.001*
- In end ometrium Expressed in70% Expressed in76% >0.05
* denotes statistical significance.
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Figure 1: Expression of LIFand gp130 splice variant2 in e ndome trium of fertile and infertile
women.
The up per figurerepresents LIF expression, middle figure represents expressionof gpl30 and thelower one is the
GAPDH expression. Lane 1 is the DNA ladder (100 bp), lanes from 25 are fertile women and lanes 6-16 are

infertilew omen.

DISCUSSION

The impantation process is currently
corsidered as the most relevant limiting factor
for suacessful pregnancy. Molecules that affect
uterine receptivity for subsequent implantation
of the blastocyst indude integrines, colony
stimulating factor-1 (CSF-1) and leukemia
inhibitory factor (LIF). The fact that LIF is the
key molecule in the impantation process in
monkey and mice inspired similar research in
humans. Human studies demonstrated that LIF
mRNA is present in endometrium and that the
rise in expression of LIF coincides with the
implantation window. LIF belongs to the IL6
like family of cytokines that signal through
specific receptors on the cell surface that all

share gpl30 subunit as a common accessory
signal trarsd uction molecue 12),

The role of end ometrial LIF inimplantation has
been documented in animals and human. LIF
has been also found in the fallopian tube during
preimplanta tion period indicating a role for LIF
in communication between the embryo and the
tube. This obser vation suggests that absence of
LIF in the mother, not in the embryo, is
responsible for failure of implantation ®3#). We
started our study by confirming the expression
of LIF mRNA in the end ometrium of bothfertile
and infertile women during the implantation
window. LIF mRNA expression in the

endometrium was significantly reduced in
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infertile than fertile w omen. Dimitriadis et al.,5)
reported that immunostaining of endometrial
tissue from fertile and infertile women for the
molecules affecting implantation, IL-11, IL-
11Ra, and LIF, demonstrated equal staining for
IL-11 and its receptor, but marked reduction of
LIF staining in infertile women than fertile
group. LIF gene mutations have been descaribed
in nulligraved infertile women, and have been
hypothesized that they might lead to
transcription abnormalities and decreased LIF
expression (1216),

The validity of measwring LIF secaretion in the
flud of uterine flushing as a non invasive
techni que enabling determining that a low LIF
corcerntration in such fluid during late luteal
phase coud be preictive of impantation
failure was documented @). The present study
showed that secretion of LIF in uterineflushing
of infertle women during window of
implantation was markedly low. Several
previous studies reported lower LIF in uterire
flushing in women with primary unexplained
infertility compared to fertile women, and lower
LIF searetion from endometrial expants of
infertile women than fertile ones especially
duing the implantation window ® 1517 These
results are not conflicting with the obser vation
by Ledee-Bataille et al.® who showed an
inverse correlation between uterine flushing LIF
corcentration and the likdihood of successfu
implantation. He might use different ELISA kit.
It has been reported before that commercially
available ELISA kits are far from equivalent The
kitt mainly differ in ther ability to detect
glycosylated protein. Human LIF is knownto be
highly glyosylated and sugar moiety represents
as much as 50% of the total weight of the
naturally produced proten. Several peptide
epitopes may therefore be masked and the

protein may not be detectableby the antibodies
incertain kits @2).

In fact, preserce of suffident amount of LIF
protein seems to be an essential condition for
implantation, but a variety of other regulatory
mehanisms, such as malfuncion of LIF
receptor, IL-6 sigral transducer (gpl30), which

is an affinity modulator for the 1IF protein
receptor complex @2, In a previow study,

soluble gpl30 was the most abundant member
of the IL-6 cytokine-receptor family secreted by
the endometrium at the time of implantation ).
Therefore, the present study focused on
exploration of gpl30 statss in  both
endometrium and uterine flishing. The study
showed minimal expression of gpl30 splice
variantl in the endometrium of both fertile and
infertle women equally. However, infertie
women secreted significantly reduced levels of
soluble gpl30 in uterine flushing during
implantaton peiod. Sherwin et al., ©
demonstrated very weak gpl30 immunestai ning
of endometrial tissue during the secretary phase
of menstrual cycle. Moreover, the cutured
endometrial biopsies taken from infertile
women secreted gpl30 significantly less than
fertile biopsies did. Depending on that the
biologjcal activity of LIF in the endometrium is
affected by the levels of their soluble gpl30
receptor they reported that the reduced
sacretion of gpl30 by irfertie women during
the widow of implantation points to a funcioral
difference in endometrium at that time The
issue that fertile women secreted higher soluble
gpl30 in uterine flushing in presence of gpl30
mRNA expression as low as in infertile women
is not conflicting because soluble gpl30 can be
prodwed also by proteolytic cleavage of the
membrane bound receptor

CONCLUSION

Endometrium of women complaining of
idiopathic irfertility has abnormualities in
expression and secretion of important cy tokines
as LIF and its gpl30 receptor molecules which
may contribute to altered uterine receptivity and
so infertility. The study also suggests that
uterine flushing may help to detect the
urreceptive uterws beforeassisted reproduction
treatments and in the future, help to verify the
normalization of cytokine concentrations to
improve uterine receptivity before ovarian
stimulation.
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