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Sprawozdanie z wykorzystania termocyklera Rotor Gene 3000.
Od początku 2006 roku do chwili obecnej, korzystając z termocyklera Rrotor Gene
3000, zakupionego w ramach programu 162/E-392/CD/DFS-4/2004, w Pracowni Hodowli
Tkanek zrealizowano prace badawcze, wykonane w ramach wymienionych niżej programów
badawczych:
1. Ocena poziomu transkryptów genów HAS2, GREM1 oraz PTGS2 w komórkach
ziarnistych

jako

potencjalnych

markerów

jakości

oocytu

i

możliwości

zapłodnienia w procedurze wspomaganego rozrodu
2. Ocena zmian molekularnych w endometrium podczas okna implantacyjnego cyklu
niekoncepcyjnego

człowieka

–

program

badawczy

KBN

2P05E02028–

zakończony w 2008 roku. W ramach tego programu badano ekspresję genów
kodujących czynniki związane z remodelingiem macierzy zewnątrzkomórkowej
(ECM)
3. Ocena roli genów z rodziny HOXA w niepłodności kobiet z endometriozą I i II
stopnia – program badawczy KBN

N407 1626 33 - ocena ekspresji genów

ekspresji HOXA10 i HOXA11
4. Ocena poziomu wolnego, płodowego DNA we krwi obwodowej matek jako
czynnika preeklampsji w nadciśnieniu indukowanym ciążą
5. Ocena wybranych parametrów receptywności macicy u kobiet z niewyjaśnioną
przyczyną niepłodności przy użyciu real time PCR - projekt promotorski KBN
N406 08931/3396 – zakończony w 2008 roku
6. Ocena ekspresji heparanazy - HPSE1 i jej rola w oknie implantacyjnym. W
ramach tego programu zrealizowano badania pilotażowe:

•

Analiza ekspresji mRNA czynników wzrostu i angiogenezy HB-EGF i
VEGFA związanych z ECM oraz ich receptorów w eutopowym
endometrium kobiet z zaburzonym rozrodem

•

Ocena poziomu transkrypcji elementów kontroli aktywacji układu
dopełniacza w eutopowym endometrium kobiet z nawracającymi
poronieniami

7. Oznaczenie ekspresji czynnika EG-VEGF i jego receptora – PKR1 w łożysku.
Badania prowadzone w ramach grantu KBN nr 3235/B/P01/2007/33
8. Trombofilia jako przyczyna niepowodzeń położniczych – grant N N407 056637 ocena ekspresji transkryptu DAF, MCP i CR1
9. Molekularne markery endometriozy – Badanie ekspresji ghreliny GHRL i leptyny
LEP w ludzkim endometrium.
Uzyskane wyniki zostały wykorzystane w wymienionych poniżej publikacjach:
1. Mikołajczyk M, Wirstlein P, SkrzypczakJ. The expression of claudin 4 and
proprotein convertase 6 in endometria from infertile women with endometriosis and
idiopathic infertility patients. Arch. Perinat. Med. 2006 Vol. 12 nr 4 s. 39-42, bez
adnotacji o źródle pozyskania termocyklera.
2. Skrzypczak J, Wirstlein P, Mikołajczyk M.. TGFβ superfamily expression in the
endometrium of women with impaired reproduction.Endocrinology of Reproduction.
Mikołajki, Poland, 5-7 September 2007. [B.m., 2007] s. 40, bez adnotacji o źródle
pozyskania termocyklera.
3. Szczepańska M, Wirstlein P, Skrzypczak J. Evaluation of HOXA group gene
expression in endometrium of women with endometriosis.Prz. Menopauz. 2007 R. 6
nr 5 (33) s. 266-271, bez adnotacji o źródle pozyskania termocyklera.
4. Skrzypczak J, Koźlik J, Mikołajczyk M, Wirstlein P. The influence of TGFβ2 gene
expression on lipid peroxidation in the endometrium of women with fertility failure.
Arch. Perinat. Med. 2007 Vol. 13 nr 4 s. 50-56, bez adnotacji o źródle pozyskania
termocyklera.
5. Skrzypczak J, Wirstlein P, Mikołajczyk M, Ludwikowski G, Żak T. TGF superfamily
and MMP2, MMP9, TIMP1 genes expression in the endometrium of women with
impaired reproduction. Folia Histochem. Cytobiol. 2007 Vol. 45 suppl. 1 s. 143-148,
bez adnotacji o źródle pozyskania termocyklera.
6. Goździewicz T, Gruca-Stryjak K, Wirstlein P, Kornacki J, Skrzypczak J. Free fetal
DNA maternal plasma concentration as predictive factor of hypertensive disorders in
pregnancy. Arch. Perinat. Med. 2009 Vol. 15 nr 1 s. 17-20, bez adnotacji o źródle
pozyskania termocyklera.

7. Mikołajczyk M, Wirstlein P, Skrzypczak J. Lack of varied endometrial expression of
proprotein convertase 6 in infertile women with minimal grade endometrios and
idiopathic infertility. Ginek. Pol. 2009 T. 80 nr 6 s. 414-418, bez adnotacji o źródle
pozyskania termocyklera.
8. Szczepańska M, Wirstlein P, Skrzypczak J. HOXA11 gene expression in women with
and without impaired infertility. Ginek. Pol. 2010 T. 81 nr 6 s. 414-421
9. Szczepanska M, Wirstlein P, Luczak M, Jagodzinski P, Skrzypczak J.Reduced
expression of HOXA10 in the mid-luteal endometrium from infertile women with
minimal endometriosis. Biomedicine & Pharmacotherapy. Przyjęta do druku
10. Wirstlein P, Mikolajczyk M, Skrzypczak J. Assessment of the transcription levels for
the complement activation control system in eutopic endometrium in women with two
or more consecutive miscarriages of unknown etiology. Folia Histochem. Cytobiol.
2010;3
11. Szczepanska M, Wirstlein P, Luczak M, Jagodzinski P, Skrzypczak J. Expression of
HOXA-10 and HOXA11 in the endometrium of women with idiopatic infertility.
Publikacja zgłoszona do druku
12. Mikolajczyk M, Wirstlein P, Skrzypczak J. No correlation between pinopode
formation and LIF and MMP2 expression in endometrium during implantation
window. Publikacja zgłoszona do druku
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Poznań, dn. 29.09.2010 r.
Wykorzystanie aparatury diagnostycznej zakupionej ze środków Europejskiego
Funduszu Rozwoju Regionalnego – Program Konkurencyjności – Unia Dla
Przedsiębiorczych
Inkubator z atmosferą CO2 IGO 150 firmy THERMO/JOUAN,
dystrybutor „ALAB” Sp. z o.o
Nr inwentarzowy: AM-KLPG-802-011306
Mikroskop świetlny BX 41 firmy OLYMPUS Polska Sp. z o.o
1. Pracownia Cytogenetyczna otrzymała w/w inkubator w grudniu 2005 r., natomiast mikroskop
w styczniu 2006 roku. Rozpoczęcie eksploatacji obu sprzętów nastąpiło w styczniu 2006 roku
i od tego momentu do sierpnia 2010 przeprowadzono 1 689 badań cytogenetycznych
amniocytów płynu owodniowego , z czego: w roku 2006 – 321, w 2007- 350, w 2008- 401, a
do sierpnia 2009 r.- 243 badania kariotypów. Inkubator CO2 w pełni spełnia niezbędne
warunki dla tego typu hodowli, umożliwia utrzymywanie temperatury 37oC i wilgotności na
poziomie 80-90%. Podobnie mikroskop BX 41 zawiera niezbędne akcesoria (obiektywy,
filtry), których wysoka jakość pozwala na dokładną ocenę chromosomów metafazowych i w
konsekwencji pozwala na wiarygodna ocenę kariotypu. Aparatura ta jest nieoceniona w
utrzymaniu ciągłości diagnostyki prenatalnej.

2. Oprócz rutynowej pracy, inkubator IGO 150 oraz mikroskop BX 41 są również
wykorzystywane dla potrzeb badań naukowych Kliniki Rozrodczości Uniwersytetu
Medycznego w Poznaniu, pod kierownictwem Pani prof. dr hab. med. Jany Skrzypczak:
¾ z przeprowadzonych hodowli amniocytów i ocenie kariotypów opublikowano pracę:
J.
Skrzypczak, K. Ziółkowska, J. Kornacki „How did the indications for amniocentesis
change during the period of 7 years?” Archives of Perinatal Medicine 13(4), 45-49, 2007.
Niniejsze doświadczenia zaprezentowano podczas wystąpienia na Polskim Kongresie
Ginekologicznym, który odbył się 16 – 19 września 2009r. w Lublinie: Jakub Kornacki,
Katarzyna Ziółkowska, Jana Skrzypczak pt: „Jak zmieniły się wskazania do amniopunkcji
genetycznej na przestrzeni 10 lat ?

¾ w latach 2006-2009 w/w aparaturę wykorzystano do hodowli limfocytów krwi obwodowej i
oceny kariotypów par z poronieniami, a wyniki tych badań przedstawiono w pracy doktorskiej
dr n. med. Barbary Kwineckiej-Dymitriew, pt. „Częstość występowania aberracji
chromosomowych wśród par z poronieniami i w materiale z poronień”.
¾ Od 2008 i nadal prowadzone są badania cytogenetyczne amniocytów płynu owodniowego,
których wyniki zostaną wykorzystane w pracy doktorskiej mgr Katarzyny Ziółkowskiej, a
dotyczą porównania metod cytogenetyki klasycznej z technikami biologii molekularnej.
„Ocena skuteczności i przydatności technik molekularnych (QF-PCR i real time PCR) w
wykrywaniu wybranych aneuploidii u płodów matek z podwyższonym ryzykiem
występowania nieprawidłowości chromosomowych”.
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Abstract: During the putative "implantation window", a period of maximal endometrial receptivity that spans 7-9 days after
ovulation, a series of changes on the structural and molecular level occur that render the endometrium susceptible to implantation for the human embryo. Many members of the TGFβs are expressed by human endometrium at different stages of menstrual cycle. Also studies regarding the MMP2 gene expression and activity of MMP2 in the implantation window have
shown a higher expression and activity of MMP2 in women with impaired fertility. We have examined by RT-PCR the
expression of TGFβ2 and MMP2, MMP9 and TIMP1 in 28 patients with idiopathic infertility, 16 patients with unexplained
recurrent miscarriage and 16 control women were enrolled in this study. Seven to nine days after ovulation endometrial biopsy by Pipelle or hysteroscopy was performed to assess the expression of TGFβ2 , MMP2, MMP9 and TIMP1.We found that
in endometria from women with idiopathic infertility TGFβ2 expression was 2.8 fold higher than in endometria from control group and 2.1 fold higher in endometrial samples from women with unexplained recurrent miscarriage compared to the
control group. The MMP2, MMP9 and TIMP1 expression in endometrial samples revealed no significant differences between
the study groups and control group. There was a statistically significant negative correlation between TGFβ2 and MMP9
expression in endometria from women in control group. The present investigations suggest that dysregulated TGFβ2, MMP2,
MMP9 and TIMP1 expression are associated with infertility and early pregnancy loss. However the exact mechanism of how
overexpression of endometrial TGFβs and MMPs interferes with implantation may be more complex.
Key words: Imaired reproduction - Endometrium - TGFβ2 - MMP2 - MMP9 - TIMP1

Introduction
During the putative "implantation window", a period
of maximal endometrial receptivity that spans 7-9 days
after ovulation, a series of changes on the structural
and molecular level occur that render the endometrium
susceptible to implantation for the human embryo [1].
There are number of cytokines, adhesion molecules
and receptors that possibly might play a role in
Correspondence: J. Skrzypczak, Dept. of Gynecology and
Obstetrics, Division of Reproduction, University of Medical
Sciences in Poznañ, Polna Str. 33, 60-535 Poznañ, Poland;
tel.: (+4861) 8419302, fax.: (+4861)8419625,
e-mail: jskrzypczak@gpsk.am.poznan.pl

increasing the receptivity of the endometrium, however the exact "composition" needed for implantation to
occur is not known [1-3].
The TGFβ superfamily comprises at least 42 distinct mammalian dimeric proteins, that share a similar
structure [4].
These are divided into two subfamilies, the TGFβ
(activin) nodal subfamily and second subfamily
including bone morphogenetic protein, müllerian
inhibitory substance, and growth and differentiation
factor [2].
The TGFβ [1-3] are each synthesized as a large
precursor molecule from which a propeptid must be
cleaved. After secretion, most TGFβ is stored bound to
extracellular matrix components as a complex of
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TGFβ, propeptide and a peptide called latent TGFβ binding protein. Release of active TGFβ from the
complex is a critical regulatory step [5]. Many members of the TGFβs are expressed by human endometrium at different stages of menstrual cycle. The three
TGFβ isoforms have been localized to both epithelial
and stromal cells [6] with TGFβ2 staining being more
intense in the stroma while TGFβ - 1 and - 3 is of equal
staining intensity in stromal and epithelial cells [7].
Cyclical changes in expression level are not evident
for TGFβ1 and TGFβ2, only TGFβ3 varies across the
cycle, with higher expression level during the late
secretory phase [2].
The production and secretion of TGFβ by epithelial
cells in the secretory phase suggests a role in the
preparation of the endometrium for implantation.
TGFβs may play role in human implantation via their
stimulation of fibronectin or vascular endothelial
growth factor production [8] or by promotion of adhesion of trophoblast cells to the [9].
More recently it has been shown, that both TGFβ1
and activin A enhance the production of the proimplantatory cytokine, leukemia inhibitory factor in
endometrial cells [10] and have profound effects on
ECM production and degradation of enzymes [11]. In
addition retroviral overexpression of TGFβ antagonist
in the mouse uterus in the preimplantation phase
reduces the number of implantation sites [12]. Also its
abnormally elevated expression was observed in
human endometrium during the receptive phase in
women suffering from infertility [12].
In the recent years much attention was given to
extracellular matrix. It is known, that improper
turnover of endometrial extracellular matrix is associated with disturbances of implantation and functional
bleeding. Studies regarding the MMP2 gene expression
and activity of MMP2 in the implantation window have
shown a higher expression and activity of MMP2 in
women with impaired fertility [13,14].
Our current study is based on working model
hypothesis that disturbances in endometrial extracellular matrix and dysregulated expression of TGFβs genes
during the implantation window might be a cause of
impaired reproduction. To further test this hypothesis,
we examined the expression of TGFβ2 and MMP2,
MMP9 and TIMP1 in normal human endometria and in
the endometria of women with idiopathic infertility
and unexplained recurrent fetal loss.

Materials and methods
Patients. Endometria have been harvested from 60 women in
reproductive age. Twenty-eight patients with idiopathic infertility,
sixteen patients with unexplained recurrent miscarriage and sixteen
control women were enrolled in this study. Infertile women had
undergone a standard panel of tests that included hysterosalpingography, hormonal profiles and semen analysis. Women with
recurrent miscarriage were evaluated for the presence of antiphos-
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Table 1. Sequences of the primers that have been used in the evaluation of expression.

pholipid antibodies, karyotype anomalies and uterine malformation. The control group comprised of fertile women (at least one
live birth, no miscarriages, with regular menses) who were admitted for non-endometrial associated diseases (e.g. benign ovarian
cysts or myoma). Exclusion criteria included patients receiving
hormonal replacement therapy, patients using intrauterine contraceptive devices or oral contraception within last six months and
patients with any major diseases (requiring use of any drugs).
The mean age of infertile women was 29,9 years (±2.6), 31.6
(±4.6) years of age for women with recurrent miscarriages and
41.8 (±5.9) years in control group. 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).
Tissue samples. All women underwent serial ultrasound assessments to track follicular growth and the formation of corpus
luteum. During the same cycle, 7-9 days after ovulation (the putative implantation window) endometrial biopsy by Pipelle or hysteroscopy was performed to assess the expression of TGFβ2,
MMP2, MMP9 and TIMP1. Part of the material was assigned to histological assessment according to Noyes and Hertig criteria. The
rest of the material was transferred to RNAlater solution (Qiagen,
Australia) and frozen in -80°C till the isolation of total RNA.
Isolation of the RNA from biopsies was conducted according
to manufacturers instructions, with the Rnaesy Protect Mini Kti
(Qiagen, Australia).
The evaluation of expression of studied genes was done with
the RT-qPCR in two phases:
1. Reverse transcription with QuantiTect Reverse Transcription
Kit (Qiagen, Australia). From each sample, a solution containing no more than 1 μg of isolated RNA had undergone the
reverse transcription reaction according to manufacturers
instructions. The procedure included the elimination of potential DNA presence. The end result of this phase was complementary DNA resulting from conversion of mRNA.
2. The real-time PCR: 2 μl of matrix, containing no more than
200 ng of cDNA from the first phase was used to conduct
quantitative analysis of the expression of studied genes with
the use of DyNAmo HS SYBR Green qPCR Kit (Finnzymes,
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Fig. 1. The relative TGFβ2 expression in idiopathic infertility group.
Boxes represents the interquartile
range, or the middle 50% of observations. The dotted line represents
the median gene expression.
Whiskers represent the minimum
and maximum observations.

Fig. 2. The relative TGFβ2 expression in unexplained miscarriage
group. Boxes represents the
interquartile range, or the middle
50% of observations. The dotted
line represents the median gene
expression. Whiskers represent the
minimum and maximum observations.

Finland). The reaction profile and the mix content was done
according to manufacturers instructions. Primers for the qPCR
reaction were designed with Primer3 software.
The specificity of oligonucleotides was confirmed using NCBI
BLAST. To assess the efficacy of the qPCR reaction 6 subsequent
10 times dilutions of DNA was used, that was a specific reaction
from the PCR of each studied transcript.
The qPCR was done on Rotor-Gene3000 thermocycler (CorbettResearch, Australia). During the qPCR, after each cycle the
increase in amount of generated product was assessed, and at the
end of a reaction the thermocycler program assigned the fluorescence level (Ct) at which the pace of increase of generated product
was logarithmic.
To assess the expression levels and statistical analysis following programs were used:
• REST2005 (http://www.gene-quantification.de/download.html
- rest-2005)
• MedCalc (http://www.medcalc.be/) [15].

Results
TGFβ2 expression in human endometrium
during the implantation window
The RT-PCR used to analyse TGFβ2 expression in
endometrial RNA samples revealed that in endometria
from women with idiopathic infertility TGFβ2 expression was 2.8 fold higher than in endometria from control group (Fig. 1).
Similarly TGFβ2 expression was 2.1 fold higher in
endometrial samples from women with unexplained
recurrent miscarriage compared to the control group
(Fig. 2). Overexpression of TGFβ2 was found in 59%
of endometria from women with infertility and in 64%
of endometria from women with recurrent pregnancy
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loss compared to the results achieved in control group.
Unfortunately there was no statistically significant differences.

MMP2, MMP9, TIMP1 expression in human
endometrium during the implantation window
The RT-PCR studies of MMP2, MMP9 and TIMP1
expression in endometrial samples revealed no significant differences in their expression between the study
groups and control group (Fig. 1 and 2).
However MMP2, MMP9 and TIMP1 expression in
endometria harvested from women suffering from
idiopathic infertility compared to endometria from
women without reproductive disorders was 1.3, 5.2
and 3.9 fold higher, respectively. Higher MMP2,
MMP9, and TIMP1 expression than in control group
was observed in endometria harvested from women
with infertility (58%, 75% and 92% higher, respectively). Also the expression of MMP9 and TIMP1 in
endometrial samples collected from women with
unexplained recurrent miscarriage compared to
endometrial samples in control group was 2.4 and 3.8
higher, respectively. We found overexpression of
MMP9 and TIMP1 in 63% and 88%, respectively, in
endometrial samples from women with recurrent pregnancy loss compared to control group.
Although MMP2 expression in endometrial samples didn't differ between unexplained miscarriage and
control group, there was a higher MMP2 expression in
43% of endometrial samples from unexplained miscarriage group.

The correlation between TGFβ2, MMP2,
MMP9 and TIMP1 expression
There was a statistically significant negative correlation between TGFβ2 and MMP9 expression in
endometria from women in control group (Fig. 3),
which means, that a higher TGFβ2 expression was
accompanied by lower MMP9 expression. In both
studied groups we have not been able to show any correlation between expression of TGFβ2 and MMP2, nor
between MMP9 and TIMP1.

Discussion
While many techniques have been developed that are
used to diagnose different causes of impaired fertility
still in the etiology of about 50% of recurrent miscarriages and 10% of infertility remains unexplained.
Many authors tried to explain the etiologies of idiopathic infertility and recurrent miscarriage by endometrial disturbances both at the tissue and also molecular
level [16-18].
It is becoming increasingly clear, that transforming
growth factor beta (TGFβ is involved in cellular pro-

Fig. 3. Correlation between MMP9 and TGFβ2 expression in control group.

liferation and differentiation, extracellular matrix
modification, tissue remodeling, angiogenesis and
decidualization of uterine endometrium during the
implantation [19].
All three isoforms of TGFβ have been localized in
rodent and human endometrial epithelium and stroma.
It has been shown, that TGFβs modulate maternal
immunotolerance during implantation and regulate in
vitro several molecules related to implantation as
VEGF, IGFBP1, LIF and MMP9 [2,20]. A role for
TGFβ in the modulation of endometrial receptivity in
monkey has also been reported [21].
Our RT-PCR investigation showed trend for higher
expression of TGFβ2 in endometrial samples from
women with idiopathic infertility and unexplained
recurrent miscarriages compared to endometria from
control group, but we didn't found any statistically significant differences. Kothapalli et al. [22] identified
ebaf/lefty - a novel human gene of the TGFβ superfamily during a search for genes highly expressed during the non-receptive phase in human endometrium.
Lefty proteins were present in low amounts during the
receptive phase in the endometria and sera of normal
fertile women, but were abundant in the endometria of
a number of infertile patients subjects during the
receptive phase of the cycle [23]. The authors speculated, that successful implantation occurs in the presence of a low level of ebaf protein in human
endometrium, and that a high level of ebaf would be
associated with infertility. In their study in over 50%
of endometria from infertile patients, a mRNA that
hybridized with full-length ebaf cDNA was up-regulated during the endometrial receptivity period. The
infertility in these women was associated with
endometriosis, polycystic ovary syndrome, bilateral
tube occlusion, anovulatory cycle, luteal phase defect,
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premature ovarian failure and habitual abortion. In
some women, the underlying reason of infertility
remained unknown.
In our study only patients with unexplained infertility were included. In 59% of their endometria we
have observed higher TGFβ2 expression than in control group. Also in 64% of endometria from women
with unexplained recurrent miscarriages we have
noticed a higher TGFβ2 expression than in endometria
from women in control group.
It has been known, that nearly 50% of early pregnancy losses occur when implantation occurs after
postovulatory day 10, when the ebaf protein is relatively abundant in endometrium [24]. These data and
our observation can suggest, that dysregulated TGFβs
gene expression might be a contributing factor leading
to the impairment of implantation.
Lately much attention was paid to the role of
MMPs for endometrial receptivity and the implantation process. Expression of genes taking part in the
production and degradation of endometrial extracellular matrix in women with unexplained infertility and
recurrent miscarriages was the subject of studies from
Jokimaa et al. [14]. These author have observed higher mRNA level for collagen type 1, MMP2 and
catepsin H in studied patients compared to control
group. Compared to normal endometria, from control
group, in our own RT-PCR study we have observed
higher MMP2 expression in 58% endometria from
women with idiopathic infertility and only in 43%
endometria from women with unexplained recurrent
miscarriages. These data can lead to the conclusion,
that the extracellular matrix participate in the endometrial receptivity and that the imbalances in the extracellular matrix might offer explanation for same case
of unexplained infertility and recurrent miscarriages.
Our results regarding MMP9 and TIMP1 mRNA
expression in endometrium during the mid-luteal
phase in patients with idiopathic infertility differ from
results in Wu and Zhon study [25]. While these authors
have notice significantly lower expression of MMP9
and TIMP1 mRNA in endometrium from women with
idiopathic infertility, we have observed a trend for
higher expression of these molecules, however without
statistical significance. We have also found in endometria from women with unexplained recurrent miscarriage a higher expression of endometrial MMP9 and
TIMP1 (63% and 88%, respectively) compared to control group. Bany et al. [26] have shown significantly
higher content of MMP9 mRNA in stimulated decidualization compared with non-stimulated one in the
horn of mouse uterus. In our previous study [27] we
have observed a lower MMP9 and TIMP1 concentration in uterine fluid collected from women with idiopathic infertility and women with unexplained cause
for recurrent miscarriage than in controls. These dis-

cordance can be explained by hypothetic disturbances
between modules expression and their secretion and
transport.
Fact, that decasualization also occurs in the presence of inhibitors, points to a conclusion, that MMPs
are not indispensable able for endometrial transformation. It has already been mentioned above, that TGFβ1
has profound effect on ECM production and degradation of enzymes [11]. To support this hypothesis we
have found statistically negative correlation between
the TGFβ2 and MMP9 expression but only in endometria from control group.
Also Tabibzadeh et al. [23] have found, that ebaf
up-regulates the expression of matrix metalloproteinase -3 and -7, therefore they my be involved in tissue shedding.
The present investigations suggest that dysregulated TGFβ2, MMP2, MMP9 and TIMP1 expression are
associated with infertility and early pregnancy loss.
However the exact mechanism of how overexpression
of endometrial TGFβs and MMPs interferes with
implantation may be more complex.
Acknoledgements: The study was supported from grant of Ministry of Science and Higher Education no. 2P05E02028.
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The influence of TGF$ gene expression on lipid peroxidation
in the endometrium of women with fertility failure
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Abstract

Objective: Recently oxidative stress has been reported to have an important role not only in the normal functioning of the female reproductive
system, but also in the pathogenesis of fertility failure. It has been hypothesized that free radicals are stimulated by various cytokines secreted
from endometrial cells. The aim of this study was to investigate, whether changes in expression of TGFβ correlate with formation of lipid
peroxidation products in endometria of women with fertility failure. Material and methods: Endometria were collected from patients with
idiopathic infertility (n = 7) women with unexplained recurrent miscarriage (n = 9) and fertile women (n = 9) during the implantation window.
The evaluation of TGFβ gene expression was done with RT-qPCR. Measurement malonylodialdehyde (MDA) and h-hydroxyalkenals (HAE)
as an indicator of lipid peroxidation was processed with Bioxytech®LPO586 kit (Oxis, US). Results: Lipid peroxidation concentration was
significantly higher (p < 0.023) in endometria from women with impaired fertility than in endometria from fertile women. Also TGFβ gene
expression was higher, but not statistically significant in endometria of women with idiopathic infertility and unexplained recurrent miscarriage than in control group. We found weakly positive correlation between TGFβ expression and lipid peroxidation products in 16 patients
with fertility failure. In women from control group the correlation was negative. None of this correlation was statistically significant.
Conclusion: the present study confirms, that high level of lipid peroxidation and high TGFβ expression can be responsible for idiopathic
infertility and unexplained recurrent miscarriage. The weakly positive correlation between TGFβ expression and level of lipid peroxidation
products can suggest the interplay between cytokines and oxidative stress in the etiology of female fertility failure.
idiopathic infertility, recurrent miscarriage, lipid peroxidation, TGFβ gene expression
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Introduction
Successful implantation requires development of a receptive endometrium able to respond to the signals from the
blastocyst. A complex dialogue between the endometrium and
the conceptus is mediated by soluble growth factors, hormones, adhesion molecules, the extracellular matrix and the
superoxide radical and its scavenging system.
The current hypothesis is that the receptive endometrium is characterized by the expression of particular set of
genes that allow it to respond to the embryo and permit
attachment. A number of molecular and morphological markers whose expression coincides with the receptive period
have been identified. The expression of some of these markers is altered in patients with reduced fertility such as women with endometriosis and idiopathic infertility [1].
Recently oxidative stress has been reported to have an
important role not only in the normal functioning of the
female reproductive system but also in the pathogenesis of
female infertility [2]. Elevated reactive oxygen species levels
correlate with the poor fertility outcomes; free radicals can influence the oocytes, sperm and embryos in their microenvironments for example follicular fluid or peritoneal fluid.
Oxidative stress affects both implantation and early embryo
development by modifying the key transcription factors and
hence modifying gene expression [3]. Damage from free
radicals and lipid peroxidation has been linked etiologically
with infertility and pregnancy complications.
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In females undergoing induced or spontaneous abortions,
Sane et al. [4] found a maximum rise of serum lipid peroxide
levels before the onset of abortion and significantly lower
values after abortion. The presence of ROS and antioxidants
in the female reproductive tract has been demonstrated by various methodologies in animal and human studies [5]. A number of OS biomarkers have been investigated including superoxide dismutases, glutathione peroxidase, lipid peroxides and
oxidative DNA adducts [6-10].
We hypothesize that free radicals are stimulated by various cytokines secreted from endometrial cells, immune cells
or macrophages [11, 12]. These abnormal immune responses
might eventually stimulate endometrial cells to persistently
produce a large amount of reactive oxygen species and inhibit
implantation [13].
It is becoming increasingly clear, that transforming growth
factor (TGF)-β is involved in cellular proliferation and differentiation, extracellular matrix modification, tissue remodeling, angiogenesis and decidualization of uterine endometrium during the implantation [14]. Kothapalli et al. [15] identified ebaf/lefty – a novel human gene of the TGFβ superfamily
during a search for genes highly expressed during the nonreceptive phase in human endometrium. Lefty proteins were
present in low amounts during the receptive phase in the endometria and sera of normal fertile women, but were abundant
in the endometria of a number of infertile patients during the
receptive phase of the cycle [16].
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The authors speculated, that successful implantation occurs
in the presence of a low level of ebaf protein in human endometrium, and that a high level of ebaf would be associated
with infertility.
Although a link between TGFβ expression and reactive
oxygen species in endometrium has not been made to date,
the aim of this study was to investigate, whether changes in
expression of TGF$ correlate with formation of lipid peroxidation products in endometria of women with fertility failure.
2

2

Materials and methods

Endometria were collected from 25 women in reproductive age. Seven patients with idiopathic infertility, 9 patients with unexplained recurrent miscarriage and 9 control
women were enrolled in this study.
Infertile women had undergone a standard panel of tests
that included hysterosalpingography, hormonal profiles and
semen analysis. Women with recurrent miscarriage were
evaluated for the presence of antiphospholipid antibodies,
karyotype anomalies and uterine malformation. The control
group comprised of fertile women (at least one live birth, no
miscarriages, with regular menses) who were admitted for
non-endometrial associated diseases (e.g. benign ovarian cysts
or myoma). Exclusion criteria included patients receiving
hormonal replacement therapy, patients using intrauterine
contraceptive devices or oral contraception within last six
months and patients with any major diseases (requiring use of
any drugs).
The mean age of infertile women was 30.29 years (± 2.2),
31.2 (± 3.5) years of age for women with recurrent miscarriages and 41.0 (± 6.09) years in control group. Mean
number of miscarriages in the recurrent miscarriage group
was 2.3 (range:2-3) and the mean duration of infertility was 4.0
years (range: 2-15 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 ovulation (the putative
implantation window) endometrial biopsy by Pipelle or hysteroscopy was performed.
Part of the material was assigned to histological assessment according to Noyes and Hertig criteria. Another part of
the material transferred to RNAlater® buffer and frozen in
!80EC till the isolation of total RNA. Main part of the materials, not less than 100 μg was directly frozen in !80EC till assessment of MDA and 4-hydroxyalkenals with Bioxytsch®
LPO586 kit (Oxis, US).
Isolation of the RNA from biopsies was conducted according to manufacturer’s instructions, with the Rnaesy Protect Mini Kit (Qiagen, Australia).
The evaluation of expression of studied genes was done
with the RT-qPCR in two phases:
1) Reverse transcription with QuantiTect Reverse Transcription Kit (Qiagen, Australia). From each sample, a solution
containing no more than 1 μg of isolated RNA had undergone the reverse transcription reaction according to ma-

nufacturers instructions. The procedure included the elimination of potential DNA presence. The end result of
this phase was complementary DNA (cDNA) resulting
from conversion of mRNA.
2) The real-time PCR: 2 μl of matrix, containing no more
than 200 ng of cDNA from the first phase was used to
conduct quantitative analysis of the expression of studied
genes with the use of DyNAmo HS SYBR Green qPCR Kit
(Finnzymes, Finland). The reaction profile and the mix
content was done according to manufacturers instructions. Primers for the qPCR reaction were designed with
Primer3 (http://frodo.wi.mit.edu/cgi-bin/primer3/ primer3
_ www.cgi).
The specificity of oligonucleotides was confirmed in
BLAST database (http://www.ncbi.nlm.nih.gov/blast/ Blast.
cgi?PAGE=Nucleotides&PROGRAM=blastn&
MEGABLAST=on&BLAST_PROGRAMS=megaBlast&PAG
E_TYPE=BlastSearch&SHOW_DEFAULTS=on).
Tab. 1. Sequence of the primers that were used
in analysis TGFβ expression
2

Tm

Length
(nn)

Sequence

FF
REV

60.02
59.97

20
20

ACAGTCAGCCGCATCTTCTT
ACGACCAAATCCGTTGACTC

FF
REV

60.1
59.98

20
20

CGCCAAGGAGGTTTACAAAA
CTCCATTGCTGAGACGTCAA

Gene

GAPDH
TGF$2

To assess the efficacy of the qPCR reaction 6 subsequent
10 times dilutions of DNA was used, that was a specific reaction from the PCR of each studied transcript.
The qPCR was done on Rotor-Gene3000 thermocycler
(CorbettResearch, Australia). During the qPCR, after each
cycle the increase in amount of generated product was assessed, and at the end of a reaction the thermocycler program assigned the fluorescence level (Ct) at which the pace of increase of generated product was logarithmic.
Measurement of malonylodialdehyde (MDA) and 4-hydroxyalkenals (HAE) has been used as an indicator of lipid peroxidation. Evaluation of the MDA and HAE was processed with
Bioxytech®LPO586 kit (Oxis, US), according with manufacturers instructions. Briefly: endometrial biopsies were homogenized and resulted homogenates were undergone determination of lipid peroxidation products in color reaction with Nmethyl-2-phenylindole. Resulted stable chromophore concentration was measured in spectrophotometer with maximal absorbance at 586 nm.
Finally, measured values of the lipid peroxidation products MDA and HAE were referenced to MDA standard curve
and expressed as MDA nmol/g of wet tissue.
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Statistical Analysis
To asses the expression levels and analysis of lipid peroxidation markers following program were used:
– REST2005 (http://rest.gene-quantification.info)
– MedCalc ( http://www.medcalc.be )
– Spearman test was used to analysis correlatoin between
MDA concentration and TGF$2 expression.
Results
1) Lipid peroxidation concentration in human endometrium
during the implantation window
Total products of lipid peroxidation concentration in the

endometria from women with impaired fertility including women with idiopathic both infertility and recurrent miscarriage
was significantly higher (p < 0.023) than in endometria from
fertile women.
In endometria harvested from women with idiopathic
infertile the concentration of lipid peroxidation products was
2.1 fold higher than in endometria from control group (fig. 1).
There was no statistically significant differences. The lesser
differences in lipid peroxidation concentration were found in
endometria from women with unexplained recurrent early
pregnancy loss. In this group concentration of lipid peroxidation products was only 1.3 fold higher than in control group
(fig. 1).

Fig. 1. Lipid peroxidation products concentration in biopses in study groups n = 16 and control group n = 9; values given as MDA
concentration in nmol/g wet tissue). The central box represents the values from the lower to upper quartile (25 to 75 percentile).
The middle line represents the median. A line extends from the minimum to the maximum value, excluding "outside" and "far out"
values which are displayed as separate points. Fertility failure group n = 16 was combined from recurrent miscarriage n = 9
and idiopathic infertility groups n = 7.

Fig. 2. TGFβ2 relative expression in study groups n = 16 and control group n = 9. The box area in a whisker-box plot encompasses 50% of
all observations, the dotted line represents the sample median and the whiskers represent the outer 50% of observations. Fertility failure
n = 16 group was combined from recurrent miscarriage n = 9 and idiopathic infertility groups n = 7.

Oxidative stress and fertility failure

Fig. 3. Correlation between TGFβ2 expression and lipid peroxidation products (given as MDA concentration in nmol/g wet tissue)
in endometrium of women with fertility failure group. Correlation coefficient r = 0,17; P = 0,5287

Fig. 4. Correlation between TGFβ2 expression and lipid peroxidation products (given as MDA concentration in nmol/g wet tissue)
in endometrium of fertile women. Correlation coefficient r = !0,54; P = 0,1312

Fig. 5. Correlation between TGFβ2 expression and lipid peroxidation products (given as MDA concentration in nmol/g wet tissue)
in endometrium of women with idiopathic infertility group. Correlation coefficient r = 0,19; P = 0,7123
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Fig. 6. Correlation between TGF$2 expression and lipid peroxidation products (given as MDA concentration in nmol/g
wet tissue) in endometrium of women with recurrent miscarriage group. Correlation cefficient r = 0,13; P = 0,3204
β gene expression in human endometrium during
the implantation window
The RT-PCR used to analyze TGFβ2 expression in endometrial RNA samples revealed that in endometria from women
with impaired fertility including idiopathic infertility and unexplained recurrent miscarriage TGFβ expression was 6.5
fold higher than in endometria from fertile women. There were no statistically significant differences.
We next examined TGF$ gene expression separately in
endometria from women with impaired reproduction and we
found 4.8 higher TGF$ gene expression in group with idiopathic infertility than in control group. Similarly TGF$ expression was 9.8 fold higher in endometrial samples from women
with unexplained recurrent miscarriage compared to control
group (fig. 2).
3) The correlation between TGF$ gene expression and lipid peroxidation products concentration in human endometrium during the implantation window
The correlation between TGFβ expression and lipid peroxidation products in 16 patients with fertility failure was found
to be weakly positive (r = 0.17) but not statistically significant
(fig. 3). Contrary to patients with impaired reproduction in
women from the control group negative correlation (r = !0.54)
although statistically insignificant, was observed (fig. 4). Weakly positive correlation between TGFβ gene expression and
lipid peroxidation products was detected in women from both
subgroups including idiopathic infertility patients and unexplained recurrent miscarriage patients (r = 0.19 and r = 0.13
respectively) (fig. 5, 6).
2)

TGF
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Discussion

Numerous studied have shown, that oxidative stress plays
a role in the pathophysiology of infertility and assisted reproduction.

Oxidative stress and cytokines are proposed to be interlinked and act as inter- and intracellular messengers in the
endometrium [17]. There is a cyclical variation in the expression of superoxide dismutates (SOD) in the endometrium. It
has been shown that SOD activity decreases in the late
secretory phase while reactive oxygen species levels increase
[18]. The current study suggests that nitric oxide play a role
in decidualisation of the endometrium and preparation of the
endometrium for implantation [19].
According to epidemiologic data approximately 80 million
people world wide are diagnosed with infertility [20]. The
causes of infertility have always been viewed as mulitfactorial.
It is estimated that some 15% of the diagnosed couples have
so called idiopathic infertility [21].
We have decided to include in this study only women with
idiopathic infertility. In our study women with idiopathic infertility exhibited higher concentration of lipid peroxidation
products than fertile women but there was no statistically significant differences.
We have found statistically significant differences (p <
0.023) if the whole studied groups were combined and consisted of patients with idiopathic infertility and patients with
unexplained recurrent miscarriage. The concentration of lipid
peroxidation products in above mentioned group was statistically higher than in control group.
In patients with recurrent miscarriage the concentration
of lipid peroxidation products was slightly higher than in fertile patients.
In the endometrium of early pregnancy significantly lower
levels of lipid peroxides than in the late secretory endometrium have been observed by Sugino et al. [18]. This might be
due to the high progesterone levels and high endometrial
blood flow and appears to be compatible with the maintenance
of pregnancy [18]. The results of our study confirm that higher
concentration of lipid peroxidation products can be a cause of
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pregnancy failure. Łagód et al. [22] demonstrated results that
indicate that spontaneous abortion is accompanied by a profound disruption of prooxidant – antioxidant homeostasis
towards oxidative stress. Accumulation of lipid peroxides may
cause not only tissue damage but also some biological events
that accelerate termination of pregnancy [23]. It has been
reported that reactive oxygen species or their product, lipid
peroxides, stimulate synthesis of PGF2" that causes uterine
contraction [24]. The Sugino’s et al. [23] study showed increased PGF2α concentrations in the decidua of spontaneous
abortion with vaginal bleeding. Thus, oxidative stress in the
decidua may induce the abortion by increasing PGF2α synthesis. There may be an alternative possibility, that the concentration of HCG and progesterone in the spontaneous abortion with vaginal bleeding was too low to maintain Cu, Zn-SOD
expression.
We expected to show statistically significant differences
in concentration of lipid peroxidation products in women with
recurrent miscarriage compared to fertile women. The etiology of recurrent pregnancy loss remains unclear and is
a scientific challenge. Oxidative stress may have role in the
etiology of recurrent pregnancy of unknown etiology. Vural et
al. [25] reported that although impaired antioxidant deference
may be responsible for recurrent abortions, the recurrent
abortions may also results in oxidative stress and depletion
and weakness of antioxidant defense.
Elevated risk of recurrent pregnancy loss was found to be
associated with the glutathione S-transferase class mu genotype null polymorphism [26].
Complex interplay between cytokines growth factors and
oxidative stress in the etiology of female reproductive disorders is discussed [5].
Recently, much attention has been focused on reports
showing that oxygen free radicals and SOD regulate cellular
function by controlling production or activation of biologically
active substances [27]. Buhimschi et al. [28] have examined a
link between matrix metalloproteinase activity and reactive
oxygen species in amniotic membranes. Their findings suggest that the overall reduction-oxidation status of the environment may be an important modulator of matrix metalloproteinase levels and that the increase in the oxidative state
could enhance extracellular matrix degradation. Authors
concluded that antioxidants such as N-acetyl-cysteine may be
beneficial in preventing preterm premature rupture of the
membranes.
Our RT-PCR investigation showed trend for higher expression of TGFβ2 in endometrial samples in women with
idiopathic infertility and unexplained recurrent miscarriages
compared to endometria from control group, but we didn’t
found any statistically significant differences. The Tabibzadech
et al. [16] data and our observation can suggest that disregulated TGFβ2 gene expression might be a contributing factor
leading to the impairment of implantation.
We also examined the influence of TGFβ on lipid peroxidation in women with fertility failure.
2
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This study, to our knowledge, represents the first attempt
in literature to assess the correlation of the TGFβ gene
expression in endometria with lipid peroxide concentration.
We observed negative correlation between TGFβ gene
expression in endometria during the implantation window and
the concentration of lipid peroxidation products in fertile
women from control group. Weakly positive correlation was
seen in women with impaired fertility. None of this correlation
was statistically significant.
This study has some obvious limitations. First, the number of studied patients is rather low. In addition the antioxidant should be examined, because the antioxidant status is
known to be a physiological barrier against free radical attack
in certain body compartments. We suspect that although toxic
actions of lipid peroxidase are opposed by this system in
women with fertility failure, the protective mechanisms may
be overwhelmed resulting in oxidative stress in tissues.
2

2

Conclusions

In conclusion, the present study confirms, that both lipid
peroxidation and TGF$ gene expression play a role in the
implantation. High level of lipid peroxidation and high TGFβ
expression can be responsible for idiopathic infertility and
unexplained recurrent miscarriage.
The weakly positive correlation between TGF$ expression and level of lipid peroxidation products can suggest the
interplay between cytokines and oxidative stress in the etiology of female fertility failure.
Source of Support: The study was supported by the State
Committee for Scientific Research, Warsaw, Poland, grant No
KBN 2P05E 02028
2

2

2

References
[1] Sharkey A.M. (2003) The endometrium as a cause of implantation failure. Best. Pract. Resch. Clin. Obstetric. Gynecol. 17(2):
289-307.
[2] Agarwal A., Allamenaneni S. S. (2004) Role of free radicals in female reproductive diseases and assisted reproduction. Reprod.
Biomed. Online 9: 338-347.
[3] Dennery P.A. (2004) Role of redox in fetal development and
neonatal disease. Antioxid. Redox Signal. 6: 147-53
[4] Sane A.S., Chokshi S.A., Misra V.V. et al. (1991) Serum lipoperoxides in induced and spontaneous abortions. Gynecol. Obstet.
Invest. 31: 172-5.
[5] Agarwal A., Gupta S., Sharma R.K. (2005) Role of oxidative
stress female reproduction. Reprod. Biol. and Gynecol. 3-28.
[6] Sabatini L., Wilson C., Lower A. et al. (1999) Superoxide dismutase activity in human follicular fluid after controlled ovarian
hyperstimulation in women undergoing in vitro fertilization.
Fertil. Steril. 72: 1027-1034.
[7] Tamate K., Sengoku K., Ishikawa M. (1995) The role of superoxide dismutase in the human ovary and fallopian tube. J. Obstet. Gynecol. 21: 401-409.
[8] Paszkowski T., Traub A.L., Robinson S.Y., McMaster D. (1995)
Selenium dependent glutathione peroxidase activity in human
follicular fluid. Clin. Chim. Acta 236: 173-180.

56

J. Skrzypczak, J. Koźlik, M. Mikołajczyk, P. Wirstlein

[9] Seino T., Saito H., Kaneko T. et al. (2002) Eight-hydroxy-2-deoxyguanosine in granulosa cells in correlated with the quality of
oocytes and embryos in an iv vitro fertilization-embryo transfer
program. Fertil. Steril. 77: 1184-1190.
[10] Sugino N., Takiguchi S., Kashida S. et al. (2000) Superoxide
dismutase expression in the human corpus luteum during the
menstrual cycle and in early pregnancy. Mol. Hum. Reprod. 6:
19-25.
[11] Ota H., Igarashi S., Hatazawa J., Tanaka T. (1998) Endothelial
nitric oxide synthase in the endometrium during the menstrual
cycle in patients with endometriosis and adenomyosis. Fertil.
Steril. 69: 303-308.
[12] Ota H., Igarashi S., Hatazawa J., Tanaka T. (1999) Endometriosis and free radicals. Gynecol. Obstet. Invest, 48 (Suppl.1) 2935.
[13] Kim K.H., Oh D.S. Jeong J.H. et al. (2004) Follicular blood flow
is a better predictor of the outcome of in vitro fertilizationembryo transfer than follicular fluid vascular endothelial growth
factor and nitric oxide concentrations. Fertil. Steril. 82, 586592.
[14] Jones R., Stoikos Ch., Findlay J., Salamonsen A. (2006). TGF-β
superfamily expression and actions in the endometria and placenta. Reproduction 132: 217-232.
[15] Kothapalli R., Buyuksal I., Wu S.Q. et al. (1999) Detection of
ebaf, a novel human gene of the TGFβ superfamily: association
of gene expression with endometrial bleeding. J. Clin. Invest.
99: 2342-2350.
[16] Tabibzadeh S., Manson J.M., Shea W. et al. (2000) Disregulated
expression of ebaf, a novel molecular defect in the endometria
patients with infertility. J. Clin. Endocrinol. Metab. 85: 25262536.
[17] Agarwal A., Gupta S., Sikka S. (2006) The role of free radicals
and antioxidants in reproduction. Curr. Opin. Obstet. Gynecol.,
18: 325-332.
[18] Sugino N., Shimamura K., Takiguchi S. et al. (1996) Changes in
activity of superoxide dismutase in the human endometrium
through-out the menstrual cycle and in early pregnancy. Hum.
Reprod. 11: 1073-1078.

[19] Telfer J.F., Lyall F., Norman J.E., Cameron I.T. (1995) Identification of nitric oxide synthase in human uterus. Hum. Reprod.
10: 19-23.
[20] Vayena E., Rowe P.J., Griffin P.D. (2002) Current practices and
controversies in assisted reproduction: report of a meeting on
medical, ethical and social aspects of assisted reproduction.
WHO Headquarters in Geneva.
[21] Adamson G.D., Baker V.L. (2003) Subfertility: causes, treatment and outcome. Best Pract. Res. Clin. Obstet. Gynecol. 17:
169-185.
[22] Łagód L., Paszkowski T., Sikorski R., Rola R. (2001) The antioxidant-prooxidant balance in pregnancy complicated by spontaneous abortion. 72(12): 1073-8.
[23] Sugino N., Nakata M., Kashida A. et al. (2000) Decreased
superoxide dismutase expression and increased concentration
of lipid peroxide and prostaglandin F " in the deciduas of failed
pregnancy. Molecul. Hum. Reprod. 6(7): 642-647
[24] Cherouny P.H., Ghodgaonkar R.B., Niebyl J.R. et al. (1988)
Effect of hydrogen peroxide on prostaglandin production and
contractions of the pregnant rat uterus. Am. J. Obstet. Gynecol.
159: 1390-1394.
[25] Vural P., Akgül C., Yildirim A., Canbaz M. (2000) Antioxidant
defence in recurrent abortion. Clin. Chim. Acta 295: 169-177.
[26] Miller H., Wilson R., Jenkins C. et al. (2000) Glutathione levels
and miscarriage. Fertil. Steril. 74: 1257-1258.
[27] Marschall H.E, Merchant K., Stamler J.S. (2000) Nitrosation
and oxidation in the regulation of gene expression. FASEB J.,
14: 1889-900.
[28] Buhimschi I.A., Kramer W.B., Buhimschi C.S. et al. (2000) Reduction-oxidation (redox) state regulation of matrix metalloproteinase activity in human fetal membranes. Am. J. Obstet. Gynecol. 182(2): 458-464.
2

J

Jana Skrzypczak
Division of Reproduction
Medical University in Poznań
ul. Polna 33, 60-535 Poznań

Archives of Perinatal Medicine 15(1), 17-20, 2009

ORIGINAL PAPER

Free fetal DNA maternal plasma concentration as predictive factor
of hypertensive disorders in pregnancy
TOMASZ GOŹDZIEWICZ, KAROLINA GRUCA-STRYJAK, PRZEMYSŁAW WIRSTLEIN,
JAKUB KORNACKI, JANA SKRZYPCZAK

Abstract

Introduction: The aim of study was to assess a maternal plasma free fetal DNA as a possible predictive factor
of hypertensive disorders in pregnancy. Material and methods: A case control study was carried out in the

Division of Reproduction, Poznań University of Medical Sciences between October 2006 and October 2007.
Plasma samples were obtained from 45 patients in the median 18. weeks of gestation (min. 15, max. 22). We
have received information from 19 patients during follow-up. Pregnancies complicated by hypertensive disorders (n = 5) were compared to controls (n = 14). DNA has been extracted and real-time quantitative PCR
has been applied for the SRY (Sex-determining Region Y) gene. Free fetal DNA plasma concentration has been
counted as genome equivalent. Results: Free fetal DNA maternal plasma concentration was significantly higher in the study group then in the control one. Median genome equivalents was 3.185 in the study group and
0.595 in the control one (p = 0.001). There were no statistically significant differences in occurrence of
oedemas or proteinuria, gestational age at delivery, the way of delivery, birth weight and Apgar score between
study and control group. Conclusions: Our results confirm ffDNA elevated concentrations in maternal plasma
before any symptoms of hypertension disorders in early pregnancy.
Key words: free fetal DNA, hypertensive disorders, preeclampsia

Introduction
Hypertensive disorders of pregnancy are responsible for significant maternal and perinatal morbidity as
well as mortality. They complicate from 12% to 22% of all
pregnancies. The clinical course of gestational hypertension is progressive and may be ultimately stopped
only by delivery [1]. Early detection and appropriate
management of the pregnancy complicated by hypertensive disorders may improve the perinatal outcome.
There are several systems of classification of hypertensive disorders of pregnancy. We used in our study
classification prepared by the National High Blood Pressure Education Program Working Group [2]. Hypertension is defined as diastolic blood pressure of at least
90 mm Hg or systolic blood pressure of at least 140 mm
Hg. These blood pressures must be recorded on at least
two occasions 6 hours or more apart. Chronic hypertension has an onset before pregnancy or before 20. weeks
of gestation. Gestational hypertension occurs after 20.
weeks of gestation and blood pressure returns to normal
by 12 weeks post partum. Preeclampsia is defined as
gestational hypertension accompanied by proteinuria
(urinary excretion of $ 0.3 g protein in a 24-hour specimen) and finally superimposed preeclampsia is diag-

nosed when proteinuria occurs in women with chronic
hypertension.
Lo et al. [3] were the first who described PCR detection of cell-free circulating fetal DNA in maternal plasma and serum. The advent of real-time PCR made it possible to measure free fetal DNA (ffDNA) concentrations
in maternal plasma as an important method for noninvasive prenatal diagnosis [4]. There have been observed
already elevated levels of ffDNA before onset of preeclampsia [6], however, there were no information if ffDNA
could be presented in maternal circulation in pregnancy
before any symptoms of gestational hypertension.
The placenta, fetal blood cells and the direct transfer
through the amniotic membranes are considered as
a sources of ffDNA in maternal plasma. The trophoblast
is suggested as the main source of ffDNA probably secondary to trophoblastic apoptosis. The levels of ffDNA
in maternal plasma might be higher when placental diseases occur such as hypertensive disorders in pregnancy, especially gestational hypertension and preeclampsia, because apoptosis and the areas of infarction might
be increased in the trophoblast [4].
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The aim of our study was to assess a maternal plasma free fetal DNA as a possible predictive factor of
hypertensive disorders in pregnancy.
Material and methods
A case control study was carried out in the Division
of Reproduction, Poznań University of Medical Sciences
between October 2006 and October 2007. All patients
signed an informed consent and the study was approved
by local ethics committee. We collected blood samples
from pregnant women (N = 45), in the median 18. weeks
of gestation (min. 15, max. 22), undergoing amniocentesis or routine ultrasound examination. All women were
in single pregnancy and 75% of them (N = 32) had at
least one risk factor of gestational hypertension: 1) first
pregnancy, 2) preeclampsia in previous pregnancy or 3)
age > 35. Other patients (N = 13) had no risk factors of
pregnancy disorders. Fetal gender was assessed during
ultrasound examination and only male fetuses were
included into study, because we used SRY gene (located
only on Y chromosome) to measure DNA concentration
and distinguish it between fetal and maternal one.
Tubes containing EDTA (Starsted) were used for
collecting 5.0 ml blood samples. The blood within 15
min from collecting was centrifuged at 1500 g for 10
min, the plasma was transferred to new sterile type Eppendorf tube, gently centrifuged at 13 500 g for 10 min,
stored at –80oC and kept until further research.
Follow up of pregnancies was performed and finally
we have received information from 19 patients. Five
patients developed hypertensive disorders of pregnancy
according to National High Blood Pressure Education
Program Working Group classification [2]: 1) gestational
hypertension (N = 3), 2) chronic hypertension (N = 1),
3) preeclampsia (N = 1) and were included into study
group (N = 5). Pregnancies without any significant complications were included into control one (N = 14).
A&A Biotechnology (Gdynia, Poland) kit was used
to DNA extraction from 250 ml of maternal plasma. We
used male genomic DNA extracted from male blood
sample to create calibration curve. Spectrophotometry
(NanoDrop ND-1000) was used to genomic DNA calculation and counted as genome equivalent (GE) by use
conversion factor of 6.6 pg of DNA per cell [5, 22]. Realtime PCR was performed using RotorGene 3000 (Corbett Research, Australia). Hot start type polymerase and
optimized buffer (Finnzymes, Finland) were used. Thermocycler software was used to count CT points and calibration curve basing on following 10-fold dilution from
4000 GE to 0.4 GE. Four reactions were performed for

each standard. Primer sequences were as follows – SRY
forward: 5' – TCC TCA AAA GAA ACC GTG CAT – 3';
SRY reverse: 5' – AGA TTA ATG GTT GCT AAG GAC
TGG AT – 3'. Calibration curve was constructed by plotting the CT as function of the log of the template copy
number:
CT = –3,340 × log (conc) + 30,067.
Assay amplified with close to optimal efficiency of 99%.
Nullipara woman plasma was used as negative control. The analysis of assessed probes was performed
simultaneously for negative control, blind probes and
400GE standard (calibration curve correction and efficiency control). All reactions were repeated 3 times. Calculated CT points were compared to calibration curve.
Statistical analysis was performed using STATISTICA
6.0 software (StatSoft Inc.). Shapiro's – Wilk, Mann-Whitney and Fisher exact two-tailed tests were used. P < 0.05
was considered statistically significant.
Results
Free fetal DNA maternal plasma concentration was
significantly higher in the study group than in the control one. Median genome equivalents was 3.185 in the
study group and 0.595 in the control one (p = 0.001)
(Table 1).
The median age of women in the control group was
35 years (min. 20, max. 46) and 35.5 (min. 32, max. 45)
in the study one. The median parity was 2.5 (1-5) in the
study group, and 2 (2-7) in the control one. The median
gestational age at sampling in the study group was 17.
weeks of gestation (min. 16, max. 17) and in the control
one was 16.5 (min. 15, max.18). The differences did not
reach statistical significance.
The study group characteristic is shown in the table
2. Patients developed hypertension at median 25 (min.
17, max. 32) weeks of gestation. Mean systolic blood
pressure was 170 mm Hg and mean diastolic one was
104.5 mm Hg. Four of the five patients had been administrated Methyldopa, one developed proteinuria; oedemas occurred in all cases (n = 5).
In the control group oedemas occurred at 57% (n = 8)
of cases and none of patients developed proteinuria.
There were two preterm births at study group at 31.
and 35. weeks of gestation and none at control one. However, median gestational age at delivery did not differ
significantly between study and control group as well as
mean birth weight, the way of delivery and Apgar score.
The gestational age at sampling, proteinuria, oedemas, gestational age at delivery, birth weight, the way of
delivery and Apgar score are compared in table 3.

Free fetal DNA maternal plasma concentration as predictive factor of hypertensive disorders in pregnancy

Discussion
Higher concentration of ffDNA before 20. weeks of
gestation may be considered as predictive factor of
hypertensive disorders of pregnancy. Gestational hypertension and preeclampsia have been shown to involve
alternations in placentation. The maternal arteries are
not modified from a high pressure system to one of low
pressure what leads to placental hypoxia, necrosis and
finally apoptosis – a probable source of increased releasing of ffDNA to maternal circulation [4, 13].
In our study, we used SRY gene as a unique molecular marker to the fetus or the placenta. The same gene
was used in other studies concerning ffDNA concentrations in maternal plasma [6, 15, 17, 18, 20, 21]. Other
scientists used DYS 1 or DYS 14 genes located also on
Y chromosome [9, 10, 16].
Sekizawa at al. [14] and Farina at al. [19] used β-globin gene which overcomes the gender limitations of fetal
DNA screening and confirmed that high level of ffDNA
in maternal plasma could potentially be used in screening for early detection of the preeclampsia.
Increased concentrations of ffDNA have been reported in certain pregnancy-associated disorders, such as
preeclampsia [6-9], preterm labor [10] and fetal trisomy
21 [11, 12]. Moreover, it has been shown that free fetal
DNA levels are also elevated before onset of clinical symptoms of preeclampsia [9, 18]. In our study, we collected
blood from pregnant women without any symptoms of
hypertension. Later five of them developed hypertensive
disorders. However, we have observed increased concen-
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trations of ffDNA before any clinical symptoms of future
high blood pressure.
Crowley et al. [17] assessed ffDNA maternal plasma
concentration in 16 pregnancies complicated by preeclampsia and compared to 76 controls one. The median
gestational age at sampling was 13.5. They did not find
any statistical significant differences in ffDNA concentrations before the onset of preeclampsia. However, no other
study confirm their results. In our group median gestational age at sampling was 18. weeks of gestation and in
the study group there were higher ffDNA maternal plasma concentration before any symptoms of hypertensive
disorders.
It has been observed [20, 21] that the level of ffDNA
concentrations correlates with preeclampsia severity,
which implies that the clinical severe forms of this disorder are associated with increased damage to the placenta cells. In our study only one patient developed preeclampsia so it was impossible to assess how the level of
ffDNA correlates with it's severity. However, maximum
systolic blood pressure in that case was 200 mm Hg and
diastolic one was 100 mm Hg. The gestational age at the
delivery was 35. weeks and there was cesarean section
performed due to very high blood pressure. The child
birth weight was 2120 g.
Our results confirm ffDNA elevated concentrations
in maternal plasma before any symptoms of hypertension disorders in early pregnancy, however, our study
group was small (n = 5) and the potential predictive value of ffDNA in maternal plasma need to be evaluated in
large multicenter studies.

Table 1. Free fetal DNA maternal plasma concentrations counted
as genome equivalent (GE)
Group

Median

Min - Max

25-75%

Study (n = 5)

3.185

1.987-4.659

2.453-4.375

Control (n = 14)

0.595

0.247-1.822

0.372-0.753

P
P = 0.001

Table 2. The characteristics of the study group
No.

Age

Onset of hypertension
(gestational age)

Max
SBP

Max DBP

Drugs

Proteinuria

Oedemas

1.

35

26

150

94

Methyldopa

–

+

2.

34

28

140

90

-

–

+

3.

32

32

200

100

Methyldopa

+

+

4.

45

17

170

115

Methyldopa

–

+

5.

39

24

190

115

Methyldopa

–

+
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Table 3. The comparison of the study group and the control group
Study group n = 5

Control group n = 14

P

1; 20%

0; 0%

NS

Oedemas (number, %)

5;. 100%

8; 57%

NS

Gestational age at delivery (median, min-max)

Proteinuria (number, %)

37; 31-40

40; 37-42

NS

Cesarean section (number, %)

4;; 80%

8;. 57%

NS

Spontaneous delivery (number, %)

1;. 20%

6;. 43%

NS

2895 ± 1284

3682 ± 528

NS

10; 8-10

10; 8-10

NS

Birth weight (mean g ± SD)
Apgar score (median, min-max)
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Recent human and animal studies have suggested that reduced HOXA10 expression in the implantation
window of eutopic endometrium may contribute to infertility in women with endometriosis. Therefore,
we examined the HOXA10 transcript, protein and HOXA10 promoter methylation levels in midluteal
eutopic endometrium from 17 infertile women with minimal endometriosis and 15 healthy fertile
women from a Polish cohort. Real-time quantitative PCR (RQ-PCR) and western blotting analysis
revealed signiﬁcantly lower levels of HOXA10 transcript (P = 0.019) and protein (P = 0.048) levels in
eutopic endometrium from infertile women with endometriosis as compared to healthy fertile women.
Moreover, sodium bisulﬁte sequencing of three HOXA10 CpG islands showed signiﬁcantly higher
methylation levels of genomic DNA from midluteal eutopic endometrium from infertile women with
endometriosis as compared to healthy fertile women (P = 0.006). We conﬁrmed that DNA
hypermethylation can be one of the potential molecular mechanisms silencing HOXA10 expression
in the midluteal endometrium associated with infertility in women with endometriosis.
ß 2010 Published by Elsevier Masson SAS.
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Endometriosis is a common gynecological disease that is
deﬁned by the presence of endometrial glands and stroma outside
the uterus [1]. Genetic background, environmental factors, and
changes in immune and endocrine functions are believed to be
signiﬁcant components in the establishment and maintenance of
endometriosis [2,3]. This disorder can often cause pelvic pain,
inﬂammation and infertility in women [3]. It affects approximately
10% of women of reproductive age and 30 to 50% of patients with
endometriosis are infertile [4,5]. Several mechanisms that account
for subfertility in women with endometriosis have been suggested
[2,6,7]. They encompass changed folliculogenesis, reduced fertilization, defective implantation, and low oocyte quality with
impaired ability to blastocyst implantation [2,6,7]. However, the
exact mechanism responsible for infertility in women with
endometriosis is still unclear.
The expression of hundreds of genes is regulated by estrogen
and progesterone in endometrium during the various phases of
the menstrual cycle [8]. Therefore, impairment or defective

* Corresponding author. Tel.: +48 61 854 65 13; fax: +48 61 854 65 10.
E-mail address: pjagodzi@am.poznan.pl (P.P. Jagodziński).

response to progesterone has been suggested as a reason for
developing endometriosis [9–11]. Comparison of the expression of
endometrial genes in women with endometriosis and healthy
women revealed abnormal progesterone regulation of several
genes’ transcription during the window of implantation, causing
hostile conditions for blastocyst implantation [11–13].
HOXA10 and HOXA11 belong to the group of genes that are
induced by progesterone, and their defective expression has been
frequently observed in patients with endometriosis [14–17]. In
healthy fertile women, the transcription of HOXA10 and HOXA11 is
greatly increased in the luteal phase, with a peak during the
implantation window and continued up-regulation during the rest
of the secretory phase [18,19]. However, this great elevation in the
expression of HOXA10 and HOXA11 does not occur in women with
endometriosis [14–17]. The role of the deﬁcient expression of
Hox10 and Hox11 in endometrium has also been conﬁrmed in mice
and baboon endometriosis models [20,21]. Furthermore, human
and animal studies have shown promoter hypermethylation of
HOXA10 as a probable mechanism accounting for a reduction of
HOXA10 expression in endometrium from subjects with endometriosis [16,20,21].
The reduced expression of HOXA10 has previously been
documented in several studies on the incidence of endometriosis
[15–17]. However, the effect of promoter methylation on HOXA10
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gene expression in humans has only been investigated in six
women with advanced endometriosis [16]. Therefore, we examined the effect of HOXA10 promoter methylation levels on HOXA10
transcript and protein levels in a larger number of patients and
controls, including 17 infertile women with minimal endometriosis and 15 fertile women from Polish cohort.
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2. Patients and methods
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2.1. Patients and controls
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Infertile women with endometriosis and control women were
enrolled from the Gynecologic and Obstetrical University
Hospital, Division of Reproduction in Poznan, Poland. Laparoscopy was performed to investigate either cause of infertility,
suspected pelvic endometriosis, or chronic pelvic pain. Individuals were divided into two groups: 17 women were included in
the infertile with minimal endometriosis group, and 15 women
were used as fertile control. Minimal endometriosis in infertile
women was diagnosed based on visualization of endometriotic
lesions and histopathologic criteria (Table 1). The stage of the
endometriosis was assessed according to the revised classiﬁcation of the American Society for Reproductive Medicine [22].
Infertile women with endometriosis exhibited regular menses,
no anatomical changes in the reproductive tract, and a minimum
1 year of infertility with a current desire for conception, without
contribution of male factor infertility. Fertile control women
were individuals that had chronic pelvic pain without any pelvic
abnormalities determined by laparoscopy. The controls were
diagnosed as having varicose veins in the pelvic ﬂoor but no signs
of past or present inﬂammation. These fertile women had at least
one child born no later than 2 years before laparoscopy, regular
menses, and no anatomical changes in the reproductive tract
(Table 1). Moreover, hysteroscopic and pipelle biopsy from
patients and controls were respectively applied for histopathologic examination to exclude women with pathological endometrium. Infertile women with minimal endometriosis and fertile
women did not use oral contraception, hormonal therapy, or an
intrauterine device for half a year prior to the endometrial
biopsy.
Controls were matched by age to the patients and all women
were Caucasian from the same region of Poland (Table 1). Written
informed consent was obtained from all participating individuals.
The procedures of the study were approved by the Local Ethical
Committee of Poznań University of Medical Sciences. All biopsy
specimens were collected from the middle secretory phase based
on the endometrial dating criteria of Noyes et al. [23]. The sample
of eutopic endometrium tissue from patients and controls was
respectively obtained by pipelle or hysteroscopic biopsy during the
implantation window, i.e. 7–9 days after ultrasound-conﬁrmed
ovulation. The eutopic midluteal endometrium samples were then
used for total RNA, protein, and DNA isolation.
Table 1
Clinical characteristics of infertile women with minimal endometriosis and fertile
women.
Characteristics

Patients

Controls

Number of patients
Age (years)
Parity
Duration of infertility (years)
rASRM stageb

17
30 (25–39)a
NA
3 (1–4)
Stage I (n = 9) Stage II (n = 8)

15
31 (26–38)a
2 (1–3)a
NA
NA

NA: not applicable.
a
Median (Range).
b
Revised American Society for Reproductive Medicine classiﬁcation (rASRM)
[22].

2.2. Antibodies

102

Rabbit polyclonal (Rp) anti-HOXA10 antibodies (Ab) (ab48021)
and goat anti-rabbit horseradish peroxidase (HRP)-conjugated Ab
were provided by Abcam Inc. (Cambridge, MA). Anti-actin HRPconjugated Ab (clone I-19) were provided by Santa Cruz
Biotechnology (Santa Cruz, CA).
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2.3. Real-time quantitative PCR (RQ-PCR) analysis of HOXA10
transcript levels

108
109

Total RNA was isolated by RNeasy Protect Mini Kit Qiagen
(Hilden, Germany). RNA samples were treated with DNase I from
DNase Set Qiagen (Hilden, Germany), quantiﬁed, and reversetranscribed into cDNA using QuantiTect Reverse Transcription
Kit and oligo-dT primers from Qiagen (Hilden, Germany). RQPCR was conducted by Corbett Research Rotor-Gene 3000
thermocycler (Mortlake, Australia). Target cDNA was quantiﬁed
using relative quantiﬁcation method employing a calibrator. The
calibrator was prepared as a cDNA mix from all patients and
control samples and consecutive dilutions were used to create a
standard curve as provided in Relative Quantiﬁcation Manual
Roche Diagnostics GmbH (Mannheim, Germany). The quantity
of HOXA10 transcript in each sample was standardized by
human glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
and b-actin (ACTB) transcript levels. For ampliﬁcation, 2 ml of
total (20 ml) cDNA solution was added to 18 ml of DyNAmo HS
SYBR1 Green qPCR Kit from Finnzymes (Espoo, Finland) and
primers (Table 2). One RNA sample of each preparation was
processed without the reverse transcription (RT)-reaction to
provide a negative control in subsequent PCR. The quantity
of HOXA10 transcripts in each sample was standardized by
GAPDH and ACTB cDNA. The HOXA10 mRNA levels were
expressed as the multiplicity of these cDNA concentrations in
the calibrator.
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2.4. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE) and western blot analysis

134
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Tissue samples were treated with RIPA lysis buffer. Next, 5 ml of
protein were resuspended in sample buffer and separated on Trisglycine 12% gel using SDS-PAGE system. Gel proteins were
transferred to PVDF membrane, which was blocked with 5% milk
in Tris buffered saline/Tween. Immunodetection was performed
with Rp anti-HOXA10 Ab (ab48021) followed by incubation with
goat anti-rabbit HRP-conjugated Ab. The membranes were then
stripped and incubated with anti-actin HRP-conjugated Ab (clone
I-19) to ensure equal protein loading of the lanes. Bands were
revealed using ECL kit and Hyperﬁlm ECL Amersham (Piscataway,
NJ). The quantities of western blot-detected HOXA10 and b-actin
proteins were determined based on the band optical density. The
band densitometry readings were normalized to b  actin loading
control to calculate the HOXA10  to  b-actin optical density
ratio.
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2.5. Sodium bisulﬁte DNA sequencing of HOXA10 A, B, and C regions

151

Genomic DNA was isolated by salt method, and DNA cytosine
bases were converted to uracil according to EZ DNA Methylation
KitTM procedure from Zymo Research Corporation (Orange, CA).
The location of CpG islands in the A, B, and C regions of the
HOXA10 gene (Fig. 1) was determined based on Wu et al. [16].
The regions A, B, and C of HOXA10 were ampliﬁed from the
bisulﬁte-modiﬁed DNA by the three pairs of primers complementary to the bisulﬁte-DNA modiﬁed sequence (Fig. 1, Table 2).
PCR ampliﬁcation was conducted by FastStart Taq DNA

152
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154
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157
158
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160
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Table 2
Primer sequences used for RQ-PCR analysis and bisulﬁte sequencing of HOXA10 A, B, and C regions.
Gene

Sequence (50 -30 direction)

Position

ENST number (www.ensembl.org/)

Product size (bp)

HOXA10

CTGACTGGGCTGGGTTTG
ACCTCAGGCCAGACACCTC
GCACCACACCTTCTACAATGAGC
GGATAGCACAGCCTGGATAGCAAC
TGCCAAATATGATGACATCAAGAA
GGAGTGGGTGTCGCTGTTG
GTGAGTATTTAAGGTAGATTGG
TAACCCTTTCTAACTAACATTTC
GTAGATATAAGGAGGAGAAGG
TCTCTAACTCTCAACTCAAAAC
TAGGGTTTTGGGGTGAGATAG
AAAAACTCCTTCTCCAACTCC

+1540; +1558
+1667; +1686
+450; +473
+592; +616
+1422; +1446
+1524; +1543
–365; –343
+28; +50
+1031; +1052
+1544; +1566
+1728; +1707
+2251; +2272

00000283921

146

00000331789

166

00000229239

121

00000283921

415

00000283921

535

00000283921

545

ACTB
GAPDH
HOXA10A
HOXA10B
HOXA10C

The position of the primers was counted from the ﬁrst nucleotide encoding HOXA10, ACTB, and GAPDH transcript. HOXA10A-C corresponds to primers complementary to the
bisulﬁte-DNA modiﬁed in HOXA10 A, B, and C regions (Fig. 1).

Fig. 1. Position of CpG-rich A, B, and C regions in the human HOXA10 gene. In
humans, three CpG-rich regions in the HOXA10 gene were localized: one (A, 33CpG)
50 bp upstream of exon 1, and two (B, 36CpG and C, 17CpG) in the intron separating
exons 1 and 2 [16]. The arrows represent the position of primers used for bisulﬁte
sequencing of HOXA10 A-B-C regions (Table 2).

161
162
163
164
165
166
167
168

Polymerase from Roche Diagnostic GmbH (Mannheim, Germany). The PCR products were puriﬁed using Agarose Gel DNA
Extraction Kit Roche (Mannheim, Germany) with subsequent
cloning into pGEM-T Easy Vector System I Promega (Madison,
WI) and transformation into TOPO10 Escherichia coli strain
cells. Plasmid DNA isolated from 10 positive bacterial clones
were used for commercial sequencing of the cloned fragment of
DNA.

169

2.6. Statistical analysis

170
171
172
173
174

Statistical analysis was conducted by Systat Software Inc
(2006). SIGMASTAT (data analysis software system) version 3.5
www.systat.com. Data groups were analyzed by Mann-Whitney
Rank Test to evaluate if there was signiﬁcance (P < 0.05) between
the groups.

3. Results

175

3.1. HOXA10 transcript and protein levels in eutopic midluteal
endometrium from infertile women with endometriosis and fertile
women

176
177
178

To compare HOXA10 transcript and protein levels in eutopic
midsecretory endometrium from patients with endometriosis and
controls, we used RQ-PCR and western blotting analysis, respectively. We found signiﬁcantly lower levels of HOXA10 transcripts
in patients with endometriosis than in controls (P = 0.019) (Table 3,
Fig. 2A). We also observed signiﬁcantly reduced HOXA10 protein
levels in eutopic endometrium from infertile women with
endometriosis compared to fertile women (P = 0.048) (Table 3,
Figs. 2B and C). However, we did not ﬁnd correlations between
HOXA10 transcript and protein levels to age, disease duration, and
clinical characteristics of patients with endometriosis (results not
shown).
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3.2. Sodium bisulﬁte sequencing of HOXA10 A, B and C regions in DNA
from eutopic midluteal endometrium from inferile women with
endometriosis and fertile women

191
192
193

We performed sodium bisulﬁte DNA sequencing of HOXA10 A,
B, and C regions (Fig. 1). We found higher methylation levels of
these regions of HOXA10 in the endometrium obtained from
infertile women with endometriosis compared with fertile women
(Tables 4–6). The percentage of methylation of HOXA10 A-B-C
regions showed signiﬁcant differences between infertile women
with endometriosis and fertile subjects (P = 0.006) (Table 7). In the
group of 17 infertile women with endometriosis, we identiﬁed 14
(82%) individuals with methylation in the HOXA10 A, B, or C region
(Table 7). By contrast, in fertile women we found four (27%)
subjects with DNA methylation in the HOXA10 A, B, or C region
(Table 7).
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Table 3
HOXA10 transcript and protein levels in eutopic midluteal endometrium from infertile women with endometriosis and fertile women.
Endometriosis

Controls

Median (Range)

Mean ( SD)
a

0.334 (0.116–1.921)
0.937 (0.478–3.471)b
a
b
c

a

0.467  0.47
1.078  0.716b

Median (Range)

Pc

Mean ( SD)
a

0.478 (0.189–3.759)
1.025 (0.612–2.517)b

a

0.879  0.955
1.289  0.553b

0.019
0.048

The target mRNA levels were corrected to the amount of ACTB and GAPDH cDNA and expressed as multiplicity of these cDNA copies in the calibrator.
The amount of Western blot-detected proteins was presented as the HOXA10-to-b-actin protein band optical density ratio.
Mann-Whitney Rank Sum Test.
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Fig. 2. HOXA10 transcript (A) and protein (B) levels and representative picture of western blot analysis of HOXA10 protein levels (C) in eutopic midluteal endometrium from
infertile women with minimal endometriosis and fertile women. The eutopic endometrium tissue from patients and controls was respectively obtained by pipelle or
hysteroscopic biopsy during the implantation window along, with subsequent total RNA and protein isolation. RNA was reverse-transcribed and HOXA10 cDNAs were
investigated by RQ-PCR relative quantiﬁcation analysis. To normalize the quantity of transcripts in each sample, HOXA10 mRNA levels were corrected to the amount of
GAPDH and ACTB cDNA. The amounts of HOXA10 mRNA were expressed as the multiplicity of these cDNA copies in the calibrator. For western blot analysis, proteins were
separated by SDS-PAGE and transferred to a PVDF membrane. This membrane was then incubated with Rp anti-HOXA10 Ab, followed by incubation with anti-rabbit HRPconjugated Ab. To ensure equal protein loading of the lanes, the membranes were also incubated with anti-actin HRP-conjugated Ab. The amount of western blot-detected
HOXA10 proteins was presented as the HOXA10–to–b-actin band optical density ratio. The boxes and the middle lines represent the values from the lower to upper quartiles
and medians, respectively.
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4. Discussion
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Hox genes were originally characterized to be expressed during
the embryogenesis [24]. However, permanent expression of hox
genes has been observed in the reproductive tract, suggesting their
essential role in blastocyst implantation and female fertility
[25,26].
HOXA10 transcription was signiﬁcantly upregulated in primary
endometrial stromal cells treated with the progestin medroxyprogesterone acetate [18]. The proﬁle of HOXA10 expression
under the inﬂuence of this hormone indicates the crucial role of
this gene product in blastocyst implantation in humans. The
HOXA10 protein is a transcription factor that controls other
downstream target genes encoding proteins, which regulate the
proper growth of the endometrium and its receptivity to
implantation [27–30]. This transcription factor induces the
expression of genes encoding pinopodes, b3 integrin, and
prostaglandin receptor subtypes [28–30]. These molecules
belong to mediators of endometrial receptivity, and their
production has been found to be reduced in endometrium from
women with endometriosis [27,31]. Moreover, the HOXA10
protein inhibits transcription of the Empty spiracles homolog 2
gene which, when expressed at increased levels, contributes to a
defective implantation phenotype in subjects with endometriosis [32–34]. The HOXA10 transcription factor also negatively
regulates insulin like growth factor-binding protein-1 expression in
human and baboon endometrial stromal cells [20]. Recently,
Penna et al. demonstrated that the HOXA10 protein in human
endometrium induces production of Calpain5, which promotes
apoptosis. Decreased HOXA10 protein levels in the endometrium
may inhibit apoptosis and support the growth of endometriosis
through a pathway involving HOXA10, Calpain5 and caspase
[35].
In our study, we demonstrated that both HOXA10 mRNA and
protein production in eutopic midluteal endometrium were
signiﬁcantly decreased in infertile women with minimal endometriosis as compared to fertile women. The aberrant expression of

HOXA10 in the endometrium was demonstrated by Taylor et al.
who suggested that this may contribute to the etiology of infertility
in patients with endometriosis [15]. Gui et al. showed a signiﬁcant
decrease in HOXA10 expression in endometrial stromal cells from
women with endometriosis [36]. Reduced expression of HOXA10 in
eutopic endometrium was also evidenced by Wei et al. who
suggested that this can be responsible for impaired endometrial
receptivity and subfertility in women with endometriosis [37].
Recently, Matsuzaki et al. reported that women with different
types of endometriosis, including deep inﬁltrating, ovarian and
superﬁcial peritoneal endometriosis, displayed signiﬁcantly lower
HOXA10 mRNA and protein levels in endometrial stromal cells as
compared to healthy fertile women [17].
Our analysis of bisulﬁte DNA sequencing of HOXA10 A, B, C
regions (Fig. 1) revealed signiﬁcantly increased levels of DNA
methylation in eutopic midluteal endometrium from infertile
women with minimal endometriosis as compared to fertile
women. The effect of methylation of DNA regulatory sequences
on HOXA10 gene expression was documented in humans, as well
as in murine and baboon models [16,20,21]. Wu et al., analyzing
a few women with advanced endometriosis, showed that
aberrant methylation of the DNA regulatory sequence was
associated with reduced HOXA10 gene expression in the
endometrium [16]. The study conducted by Kim et al. in baboons
with endometriosis also demonstrated signiﬁcant methylation of
the promoter region accompanied by reduced Hoxa10 expression
[20]. Recently, Lee et al. reported downregulation of Hoxa10
transcription associated with increased DNA methylation in
eutopic endometrium in an experimental murine model of
endometriosis [21].
In humans, three CpG islands in the HOXA10 gene were
localized: the ﬁrst is 50 bp upstream of exon 1, and two more in the
intron separated by exons 1 and 2 (Fig. 1) [16]. The methylation of
mammalian genomic DNA is conducted by DNA methyltransferases (DNMTs), which can be divided into maintenance and de
novo DNMTs [38]. Maintenance DNMT1 binds methyl groups to the
hemimethylated DNA during replication, whereas de novo
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Eutopic midluteal endometrium samples were used for genomic DNA isolation followed by bisulﬁte conversion of cytosine bases to uracil. The HOXA10 A region was then ampliﬁed by a pair of primers complementary to the
bisulﬁte-DNA modiﬁed sequence (Fig. 1, Table 2). The position of the primers was counted from ﬁrst nucleotide encoding the HOXA10 transcript; +: methylated; : unmethylated.
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Table 4
Methylation patterns of 33 CpG islands in the HOXA10 A region in infertile women with endometriosis (E1–17) and fertile women (C1–15).
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Eutopic midluteal endometrium samples were used for genomic DNA isolation followed by bisulﬁte conversion of cytosine bases to uracil. The HOXA10 B region was then ampliﬁed by a pair of primers complementary to the
bisulﬁte-DNA modiﬁed sequence (Fig. 1, Table 2). The position of the primers was counted from ﬁrst nucleotide encoding the HOXA10 transcript; +: methylated; : unmethylated.
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Table 5
Methylation patterns of 33 CpG islands in the HOXA10 B region in infertile women with endometriosis (E1–17) and fertile women (C1–15).
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Table 6
Methylation patterns of 33 CpG islands in the HOXA10 C region in infertile women with endometriosis (E1–17) and fertile women (C1–15).
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Eutopic midluteal endometrium samples were used for genomic DNA isolation followed by bisulﬁte conversion of cytosine bases to uracil. The HOXA10 C region was then
ampliﬁed by a pair of primers complementary to the bisulﬁte-DNA modiﬁed sequence (Fig. 1, Table 2). The position of the primers was counted from ﬁrst nucleotide encoding
the HOXA10 transcript.; +: methylated; : unmethylated.
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silencing HOXA10 gene expression in endometrium from women
with endometriosis. Since HOXA10 gene expression mediates
several functions of progesterone, reduced HOXA10 transcription
resulting from hypermethylation may be responsible for resistance
to progesterone action in endometrium. This also suggests that
demethylation agents can be useful in restoring normal methylation of the HOXA10 gene in future treatments of endometriosis. Our
results are further evidence in considering the evaluation of
endometriosis as an epigenetic disease. The present ﬁndings also
conﬁrmed that changed expression of HOXA10 in the eutopic
endometrium during the implantation window can be one of the
potential molecular mechanisms of infertility in women with
endometriosis.

DNMT3A and DNMT3B add methyl groups to the cytosine of CpG
dinucleotides of unmethylated DNA [38].
The possible role of some DNMTs overexpression in silencing
of HOXA10 gene transcription in eutopic endometrium in women
with endometriosis has been suggested. Wu et al. indicated
signiﬁcantly increased levels of DNMT1, DNMT3A and DNMT3B
in ectopic endometrium as compared with controls or the
eutopic endometrium of women with endometriosis [39].
However, only the level of DNMT3A was observed to be
increased in eutopic endometrium of women with endometriosis [39].
We conﬁrmed previous observations which demonstrated the
hypermethylation of DNA as a new mechanism responsible for

Table 7
Percentage of methylation of HOXA10 A, B, and C regions in infertile women with endometriosis (E1–17) and fertile women (C1–15).
Methylation level (%)
A

B

C

E1
E2
E3
E4
E5
E6
E7
E8
E9
E10
E11
E12
E13

A–B–C
a

Endometriosis
9.09
6.06
27.27
9.09
0.00
0.00
0.00
3.03
6.06
0.00
54.55
15.15
0.00

0.00
2.78
0.00
0.00
2.78
30.56
5.56
0.00
5.56
13.89
0.00
2.78
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
17.65
70.59
52.94
0.00

P = 0.006

3.49
3.49
10.47
3.49
1.16
12.79
2.33
1.16
4.65
9.30
34.88
17.44
0.00
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M. Szczepańska et al. / Biomedicine & Pharmacotherapy xxx (2010) xxx–xxx

8
Table 7 (Continued )

Methylation level (%)
A

B

C

E14
E15
E16
E17
Controls
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15

A–B–C
a

Endometriosis

P = 0.006

0.00
0.00
0.00
0.00

0.00
0.00
0.00
19.44

100.00
0.00
0.00
29.41

19.77
0.00
0.00
13.95

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
18.18
0.00
18.18
3.03
0.00

0.00
0.00
0.00
0.00
0.00
0.00
8.33
0.00
0.00
0.00
0.00
0.00
0.00
2.78
0.00

0.00
0.00
0.00
0.00
0.00
0.00
11.76
0.00
0.00
0.00
0.00
0.00
17.65
17.65
0.00

0.00
0.00
0.00
0.00
0.00
0.00
5.81
0.00
0.00
0.00
6.98
0.00
10.47
5.81
0.00

Eutopic midluteal endometrium samples were used for genomic DNA isolation followed by bisulﬁte conversion of cytosine bases to uracil. The HOXA10 A, B, and C regions
were then used for bisulphate sequencing (Fig. 1 and Table 2). The differences in methylation between the HOXA A–B–C regions in infertile women with endometriosis and
fertile women were determined by Mann Whitney Rank Sum.
a
Mann Whitney Rank Sum.
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1

Abstract

2

Human endometrium, deciuda and placenta have been shown to express factors that

3

inhibit the complement activation cascade – decay-accelerating factor (DAF), membrane cofactor

4

protein (MCP) and the C3 complement component. In the following study we have analyzed the

5

transcripts levels for DAF, MCP and heparin-binding epidermal growth factor-like growth factor

6

(HB-EGF), the C3 complement component and receptor for vascular endothelial growth factor

7

(VEGFR1) as markers of endometrial unbalance between factors activating the complement

8

system in women with consecutive miscarriages.

9
10

Study enrolled 30 women with at least two consecutive miscarriages, and 19 healthly
women, that comprised the control group. RNA was isolated from endometrial samples.

11

Transcripts levels of DAF and MCP was higher in women with consecutive miscarriages

12

compared to controls, 0.78 vs 5.08 (p<0.001) and 0.25 vs 0.17 (p=0.001) respectively. In

13

consecutive miscarriages group, DAF and MCP expression was correlated with the C3

14

expression, with r=0.60; p<0.001 and r= 0.40; p=0.03 respectively. Correlation between DAF and

15

C3 was also noted in controls, 0.70; p=0.001.

16

In women with two or more consecutive

miscarriages the analysis proved higher

17

expression of genes that encode proteins that inhibit the complement cascade. Further studies are

18

needed to confirm that this might be a reaction to increased presence of the complement factors,

19

which like C3 that are synthesized in the endometrium.

20
21

Key words: C3, DAF, endometrium, MCP, recurrent miscarriage, the complement system.

22
23

2

1

Apart from classical pathway of the complement activation associated with antibodies,

2

there is also so called alternative pathway for complement system activation. In the alternative

3

pathway the cascade of activation leading to formation of membrane attack complex - MAC and

4

increase in inflammatory reaction could occur spontaneously and is regulated by the action of

5

specific factors. These regulators might be synthesized by leucocytes in the response to C5a

6

complement component, and also when there is insufficient inhibition of complement cascade by

7

certain factors as: decay-accelerating factor (DAF), membrane cofactor protein (MCP),

8

complement receptor 1 - CR1. There are synthesized and attached to the surface of attacked cells

9

(in case of immunologic reaction) [1].

10

In vivo studies in the endometrium have shown increased expression of genes controlling

11

the complement activation during secretory phase of the cycle compared to proliferative phase

12

[2]. In an in vitro studies it was proven that heparin-binding epidermal growth factor-like growth

13

factor (HB-EGF) influences the expression of DAF, MCP in the cells of luminal and glandular

14

endometrium [3,4]. Endometrium also synthesizes the C3 component of the complement system,

15

which is one of the early and key components of the complement system cascade [5]. C3 is a

16

common element for the classic and alternative pathways of the complement activation. It was

17

shown that blocking C3 gene or protein inhibits the activation of the complement, which had an

18

evident positive effect on decreased resorbtion rates of fetuses in mice model [6].

19

Explanation of the negative effect of C3 complement component on embryos, might come

20

from studies on aPL mice showed that decidual cells, in response to the complement cascade

21

product C5a, release soluble receptor for vascular endothelial growth factor (VEGFR1, syn.

22

SFlt1). Decreasing the availability of vascular endothelial growth factor (VEGF1) for trophoblast

23

VEGF1 receptors leads to decrease in the development of vessels, inhibition or drastic decline in

24

trophoblast invasion and the maldevelopment of the placenta and the fetus [7]. Authors also point
3

1

to an importance of alternative pathway of the complement activation in enhancement - via a

2

positive feedback loop - of the inflammatory reaction.

3

The above observations suggest mechanism in which, among others, HB-EGF influences

4

the expression of DAF, MCP. On the other hand, these factors inhibits the complement cascade,

5

of which the C3 component is the key element. Finally, one of the results of complement cascade

6

activation is the sFlt1 synthesis. Problems with inadequate expression of above mentioned factors

7

controlling the complement cascade might be one of the reasons for unexplained, consecutive

8

miscarriages. In current study an attempt was made to compare the expression levels of DAF,

9

MCP, C3, HB-EGF, and VEGFR1 genes. The correlations between C3 and DAF, MCP

10

transcripts – as direct inhibitors – of complement cascade and correlations between C3 and

11

VEGFR1 – as cascade propagators – transcripts in eutopic endometrium during the implantation

12

window in non-conceptional cycles in women with unexplained, consecutive miscarriage and

13

healthy, fertile women were studied.

14

Material and method

15

The study which obtained acceptance from Karol Marcinkowski’s Medical University bioethical

16

committee, included 49 reproductive aged women. The study group consisted of 30 women with

17

two and more unexplained, consecutive miscarriages, and the control comprised of 19 women

18

with normal reproductive potential. The women in a miscarriage group have had at least two

19

consecutive unexplained miscarriages in the first trimester of pregnancy. This group included 8

20

women with diagnosed recurrent miscarriage(e.g. 3 consecutive miscarriages). The control

21

consisted of women that had at least one child, regular menses, without anatomical or functional

22

changes within the endometrium. The exclusion criteria were: current use of hormonal

23

contraception, any serious diseases. The age of women, number of miscarriages and parity are

4

1

showed in table 1. In each woman the pipelle or hysteroscopic biopsy was used to acquire the

2

endometrium during the implantation window, which is 7-9 days after ultrasound confirmed

3

ovulation.

4

RNA Isolation

5

Part of the biopsy was transferred to histology for evaluation according to Noyes and Hertig

6

criteria [8]; the rest was placed in RNAlater solution (Qiagen, Germany) and frozen to -800C till

7

RNA isolation. The RNA isolation was conducted with the use of RNAeasy Protect Mini Kit

8

(Qiagen, Germeny). To eliminate the risk of DNA contamination we have used an additional

9

recommended by the manufacturer RNaseFree DNase Set (Qiagen, Germany).

10

Reverse Transcription

11

For reverse transcription we taken 1g previously isolated RNA. Qantity at OD260nm

12

and purity at OD260/280nm samples was checked spectrophotometrically withNanoDrop

13

ND1000 (ThermoScientific, USA). With the use of QuantiTect Reverse Transcription Kit and

14

oligodT (Qiagen, Germany) we have obtained cDNA from previously isolated mRNA fraction.

15

The reverse transcription reaction was antedated by additional elimination of DNA with the use

16

of the QuantiTect Wipeout buffer, one of the components of QuantiTec Reverse Transcription

17

Kit. The matrix that was achieved was free of any contamination from genomic DNA,

18

amplification of which could falsify the real time PCR reaction.

19

Primers design

20

Primers for the real time PCR reaction: The glyceraldehyde 3-phosphate dehydrogenase

21

(GAPDH), VEGFR1, MCP primers were constructed based on the RTPrimerDB [9]. Primers for

22

DAF, HB-EGF, beta-actin (ACTB) and C3 were constructed with the use of Primer 3 software

23

[10] and their specificity for cDNA was verified in the BLAST database [11]. Additionally, the

5

1

thermodynamic results of designed primers were checked against OligoAnalizer software, to

2

confirm the specificity for achieved primers. Primer sequences, size of achieved reaction

3

products and melting temperature (Tm) are depicted in Table 2.

4

Real Time PCR

5

All reactions were conducted using DyNAmo HS SYBR Green qPCR Kit (Finnzymes,

6

Finland) and RotorGene 3000 thermocycler (CorbettResearch, Australia). Specificity of achieved

7

reaction products were checked on 2% agarose gel and second derivative of melting curve for the

8

PCR reaction.

9

To establish the levels of given transcripts in studied sample we have constructed standard

10

curves generated by the Ct (value where amplification curve crosses the threshold line ) with

11

seven subsequent 10 times dilutions of linear DNA, which is the product of given set of primers.

12

The quality of achieved curves, described with R2 was contained within 0.9986-0.9992, end the

13

efficiency E of the reaction was within 0.92-1.00. The thermal profile was based on

14

manufacturer’s instructions, regarding the specific annealing temperature of primers. The relative

15

expression of studied transcript in given sample was calculated as the ratio of the measured Ct

16

value to a Ct value for a reference genes with constitutive expression – GAPDH, ACTB (beta

17

actin). Because the use of different reference genes in different tissues is often a subject of

18

debates we have verified the adequacy of ACTB with GAPDH [12]. The levels of both genes was

19

highly correlated, the correlation coefficients for both genes were 0.915 for the consecutive

20

miscarriage group and 0.841 for the controls (P<0.0001). The calculation of Ct values for

21

standards and studied samples and construction of standard curves was performed with the

22

RotorGene 3000 software.

6

1

Statistical analysis:

2

For statistical analysis we have used the SigmaStat 3.5 software. For normality of the

3

variables Kolmogorov – Smirnov test was used and showed non-parametric distibution of the

4

variables. To compare the relative expression between studied groups we used the Mann-Whitney

5

test. Correlations between studied transcripts were assessed by Spearman analysis and p<0.05

6

was considered statistically significant.

7

Results

8

Achieved results show statistically significant higher relative expression of factors

9

inhibiting the complement activation in women with unexplained consecutive miscarriages.

10

Transcripts levels of MCP was 1.45 and DAF was 15.41 times higher in women with consecutive

11

miscarriages compared to controls. Transcripts levels

12

controls, failed to reach statistical significance. There was also no statistically significant

13

difference in relative expression of VEGFR1. Similarly, the C3 component of the complement

14

system exhibited no differences between groups. Table 3 shows the median, and 95%CI for

15

relative transcripts levels.

of HB-EGF, despite being higher in

16

The levels of relative expression for MCP and DAF, when studied with the Spearman test,

17

were positively correlated both in the control and the studied group. Additionally, the expression

18

of MCP and DAF was positively correlated with the C3 expression in women with two or more

19

unexplained, consecutive miscarriages, and the C3 component positively correlated with DAF in

20

control, and the observed correlation was stronger in the control. Statistically significant

21

correlations were not observed between C3 and VEGF1 transcripts levels.

22

coefficients are depicted in table 4.

The correlation

7

1

Discussion

2

It was the first study in literature which attempted the verification of a working

3

hypothesis, that in endometrium of women with two or more unexplained, consecutive

4

miscarriages there is an elevated synthesis of complement system components, compared to

5

fertile women.

6

Sugiura - Ogasawara et al. [13]. showed that in women with two miscarriages that

7

exhibited higher levels of C3 and C4 in peripheral blood, the next pregnancy also ended in

8

miscarriage. Based on above results and our experience we might speculate that the activation of

9

the complement system occurs in response to the fetal antigens. There are also suggestions that

10

the ability to develop increased complement reaction is a result of the maternal immunological

11

status.

12

However, as it was proven in mouse model by Xu et al. [14], the mortality of homozygous

13

fetuses is caused by inability to limit the complement cascade activation. In this process in mice

14

the key role is played by the Crry protein, which has analogous function to human DAF and MCP

15

proteins.

16

Immunohistologic localization of the human DAF and MCP proteins have shown that

17

they are present not only at the maternal-fetal interface, but also in deciduas, which might point

18

to a fact that also the maternal immune system takes an active part in limiting the complement

19

cascade from developing uncontrolled and damaging immunologic response to the fetus [15].

20

The results of current paper indicate that the DAF and MCP transcripts level are higher in

21

women with two or more unexplained, consecutive miscarriage compared to controls. This is at

22

clear odds with the assumed hypothesis of the increase the complement cascade in women with

23

unexplained, consecutive miscarriages. It is worth pointing out that in a group of women with

8

1

two or more unexplained, consecutive miscarriage the transcription level of factors inhibiting the

2

complement activation was correlated with the transcription level of C3. Concurrently the

3

synthesis of DAF, MCP and C3 proteins in the studied material might suggest that during the

4

implantation window of the non-conceptional cycle the synthesis of pro and anti - activator

5

factors remains in balance. This is further confirmed by the correlation observed between C3 and

6

DAF, which is responsible for inhibiting the C3 convertase [1].

7

The expression of DAF and MCP is stimulated by HB-EGF [3]. In our study the level of

8

transcription for this gene did not differ among groups. It is however impossible at this point, to

9

exclude the role of HB-EGF on the expression of factors controlling the complement activation.

10

The path from HB-EGF transcript to an active protein is in this situation dependant on other

11

factors like: protein synthesis, binding to co-receptor-heparin sulfate, the activity of heparanse

12

and steroid hormones [4,16]. Earlier works by Krussel et al. [17] proved that in endometrium

13

there is a synthesis of both the soluble and bound to the cell membrane VEGFR1, with its

14

maximal expression observed in midproliferative phase, and minimal at the beginning of the

15

luteal phase. Although the methods used in our paper did not differentiate between the specific

16

forms of the above mentioned receptor, we were able to demonstrate low – in relation to

17

reference – transcript levels of VEGFR1 in midluteal phase of the cycle. The 1.6 times lower

18

expression of VEGFR 1 transcript was accompanied in the group of women with miscarriage by

19

higher levels of DAF and MCP, which indirectly inhibit the secretion of sVEGFR1. However,

20

there was no statistically significant negative correlation between those factors in our material. It

21

should be remembered that comparing just the transcripts levels we acquire only part of the

22

information regarding the gene expression. Spliced mRNA transcripts are only matrix for

23

proteins

24

The confirmation of achieved results should expected with protein assays.

synthesis,

which

are

often

posttranslationally

processed

(ie.

sVEGFR1).

9

1

To summarise, in women with two or more unexplained, consecutive miscarriage the analysis

2

shows higher transcript levels of genes that encode proteins that inhibit the complement cascade .

3

Further studies are needed to confirm the results of the following study, to precise that this is a

4

reaction to increased presence of the complement factors, which like C3 are synthesized in the

5

endometrium.
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1

17. Krussel JS, Casan EM, Raga F, et al: Expression of mRNA for vascular endothelial

2

growth factor transmembraneous receptors Flt1 and KDR, and the soluble receptor sflt in

3

cycling human endometrium. Mol Hum Reprod. 1999;5:452-458.

12

Table 1. Clinical characterization of studied groups.

n

Miscarriage group:
1. Two consecutive,
unexplained miscarriage
2. Clinical diagnosed
recurrent miscarriage
Control group

Age

Number of miscarriages

Parity

before 20 week of gestation

Median

Range

Median

Range

Median

30

30

22- 39

2

2-5

0

22

29

22-32

2

2

8

33

28- 39

3

3-5

19

39

19-47

0

1

Range

1-3
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Table 2. Forward and reverse primer sequences, size of achieved reaction products and melting
temperature.

Gen

FF

REV

Product size
(bp)

Tm [0C]
FF

REV

93

64.2

141

64.3 64.0

AACTGCTTGGCTAAGGGACTC

99

64.3 63.8

GGCATGGGAATTGCTTTGG

GACCTGGAGTTACCCTGATGAAA

76

67.7

65.5

GAPDH

GGAGTGGGTGTCGCTGTTG

GACGGAAGTGGTTACCTGGA

109

64.2

64.5

ACTB

TGAAGGTAGTTTCGTGGATGC

TCCTCCCTGGAGAAGAGCTCAC

116

64.3

64.4

HB-EGF

TGAGGTGGGTGGGATTATACA

TTGGAGCTGACTGTTCTTGGT

DAF

TGGTGGTGCTGGACAATAAA

GGTGCAACCATCTCCTTCTC

MCP

TTGATTGTACCAAGGGATGGA

VEGFR1

64.2

Abbreviations.: FF - forward primer; REV – reverse primer; Tm - melting temperature

14

Table 3. Transctipts levevs of MCP, HB-EGF, DAF, C3 i VEGFR1 showed as median, and 95CI. The target mRNA levels were corrected to

the amount ACTB and GAPDH cDNA and expressed as multiplicity of these cDNA copies in calibrator.
Gene transcript level
Unexplained, consecutive
Control group n=19
miscarriage group n=30
Median
95CI
1.71E-01
9.77E-02 - 1.82E-01
MCP
3.66E-03 - 2.17E-02
HB - EGF 8.50E-03
5.08E-02
8.77E-03 - 3.11E-01
DAF
4.32E-03
9.80E-04 - 7.31E-02
C3
8.20E-06 - 5.00E-03
VEGFR1 3.82E-04
*Mann-Whitney Rank Sum Test

Median
2.49E-01
1.03E-02
7.83E-01
4.42E-03
2.37E-04

95CI
1.79E-01 - 3.64E-01
7.12E-03 - 1.78E-02
3.27E-01 - 1.35E+00
1.01E-03 - 1.16E-02
3.10E-07 - 3.03E-03

p*

0.001
NS
<0.001
NS
NS

15

Table 4. Spearman Rank Correlation between transcripts levels C3 and DAF, MCP, and VEGFR1 in study groups.

Spearman Rank Correlation
Unexplained, consecutive miscarriage

Control group n=19
DAF
C3 vs.

r

MCP
p

r

group n=30
DAF

VEGFR1
p

r

p

r

MCP
p

r

VEGFR1
p

r

0.708 0.001 0.392 NS 0.515 NS 0.597 <0.001 0.404 0.03 0.034

p
NS

Abbreviations: NS – statistically not significant
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Abstract:

2

In fertile women HOXA-10 and HOXA-11 expression rises during the luteal phase,

3

with peak occurring during the implantation window, and stays on the high level until the end

4

of the cycle. We evaluated the transcript and protein levels of HOXA-10 and HOXA-11 in

5

endometrium from idiopathic infertility (n=15) and control patients ( n=10). The amounts of

6

mRNA were determined by reverse transcription and real-time quantitative PCR. The protein

7

levels were evaluated by Western blotting analysis. Using the immunohistochemical

8

techniques we compared the localization of HOXA-10 and HOXA-11 proteins in the

9

implantation window in study and control groups. We observed statistically significantly

10

decreased HOXA-10 and HOXA-11 transcripts levels (p=0.003, p=0.012 respectively) in

11

infertile patients comparing to controls. There was no significant decrease in HOXA-10

12

protein levels between this groups (p=0.074). However, we observed significantly higher

13

level of HOXA-11 protein in endometrium from infertile patients as compared to controls (

14

p=0.015). HOXA-10 and HOXA-11 proteins were localized in the nuclei of the endometrial

15

stromal cells. Immunohistochemical analyses did not reveal differences between amounts of

16

HOXA-10 and HOXA-11 protein levels in infertility and control groups. Our results suggest

17

that HOXA-10 and HOXA-11 gene expression in the endometrium during the implantation

18

window may not be altered in patients with idiopathic infertility.

19
20
21
22
23
24

Key words: HOXA-10,HOXA-11,endometrium, idiopathic infertility

3
1

Introduction

2

Despite advanced and sophisticated diagnostic methods, 15% of the causes of

3

infertility remain unknown. Research indicates that the number of pregnancies in this group is

4

limited by the process of implantation [1]. An implantation of the blastocyst may occur only

5

over a very short interval, known as the implantation window, i.e. 7-9 days after the ovulation

6

[2]. During that defined period of time the endometrium reaches its maximum receptivity to

7

embryo implantation and, consequently, pregnancy. Optimal implantation conditions are

8

preceded by proliferation and differentiation of endometrium elements , including endometrial

9

glands, stroma, blood vessels, smooth muscle cells and fibroblasts. Impaired endometrial

10

growth and differentiation may be a significant factor contributing to infertility [1].

11

Unfortunately, relatively little is still known about the molecular mechanism which regulates

12

endometrial development and, consequently, leads to optimal implantation conditions [2].

13

Earlier findings of our research group regarding endometrial receptivity in patients with

14

infertility of different etiology and pregnancy loss suggest that altered expression of several

15

molecules has direct influence on the implantation [3, 4,5,6,7].

16

Transcription factors bind selectively to specific promoter DNA sequence and

17

coordinate the process of cell differentiation by regulating their expression. The most essential

18

part of the transformation process leading to pregnancy is optimal endometrial receptivity. It

19

is probable that transcription factors, whose expression in the endometrium is regulated by

20

progesterone and stimulated by the embryo, may be crucial for implantation [8]. Protein

21

products of the HOXA-10 and HOXA-11 homebox gene subclass are one of the best-known

22

transcription factors participating in the implantation [9]. The most vital implantation

23

condition in mice is maternal expression of hoxa-10 and hoxa-11 [10, 11]. Transgenic mice

24

without the genes in question are infertile due to implantation defects. Mice without the hoxa-

25

10 and hoxa-11 expression have a normal number of embryos which may be implanted into

4
1

the uterus of healthy subjects. Significance of hoxa-10 and its role in the implantation process

2

has been confirmed by using hoxa-10 antisense oligonucleotides. Transfer of hoxa-10

3

antisense oligonucleotides into the uteri of mice results in significant decrease of embryos

4

implantations.

5

The expression of HOXA-10 and HOXA-11 genes could be also epigenetically

6

regulated. The presence of CpG island in the promotor sequence of both genes was previously

7

reported [12].

8

No HOXA gene mutations were found in women with congenital absence of the uterus and

9

vagina [13]. HOXA-10 and HOXA-11 expression is present at the same level during the entire

10

menstrual cycle and is regulated by estrogen and progesterone concentrations [14, 15]. In

11

normal fertile women HOXA-10 and HOXA-11 expression rises significantly during the luteal

12

phase, with peak occurring during the implantation window, and stays on the high level until

13

the end of the cycle [9]. Findings regarding the importance of HOXA-10 and HOXA-11 genes

14

are contradictory. Some authors have reported a dramatic rise in the HOXA-10 and 11

15

expression level in the mid-luteal phase [16, 14, 6], whereas other authors do not confirm this

16

phenomenon [17].

17

The aim of the study was to determine whether endometrial expression of HOXA-10 and

18

HOXA-11 genes, which are the source of transcription factors crucial for implantation, is

19

normal in women with idiopathic infertility.

20

HOXA-10 and HOXA-11 genes expression and the level of their protein products in the

21

endometrium at the time of implantation window was evaluated in a group of women with

22

idiopathic infertility and in the control group.

23
24
25

5
1

Material and methods

2

The study included 25 women of reproductive age. The study group consisted of 15

3

women with idiopathic infertility. The control group comprised 10 normal fertile women.

4

Women from both groups underwent laparoscopy and infertile women underwent

5

hysteroscopy. The pipelle or hysteroscopic biopsy was used to acquire the endometrium from

6

each woman during the implantation window, i.e. 7-9 days after ultrasound confirmed

7

ovulation. Subsequent histopathologic study excluded women with pathological endometrium

8

from both groups.

9

The infertile group consisted of women with normal hysterosalpingography and hormonal

10

tests results and whose partners’ infertility has been excluded. The control group included

11

women who had at least one child, regular menses and no anatomical or functional changes in

12

the endometrium. None of the women had been using oral contraception, hormonal therapy or

13

intrauterine device for half a year prior to laparoscopy was performed. Patients characteristics

14

was shown in Table1.

15

RNA isolation

16

Part of the endometrium collected during the implantation window was transferred to

17

histology, the rest was divided in the following way: at least 30 mg piece was placed in

18

RNAlater solution (Qiagen, Germany) and frozen at -800C until RNA isolation whereas the

19

reminder part of the endometrium was frozen in liquid nitrogen for Western blot protein

20

analysis. The RNA isolation was conducted with the use of RNeasy Protect Mini Kit (Qiagen,

21

Germany). We used an additional RNase-Free DNase Set recommended by the manufacturer

22

(Qiagen, Germany) to eliminate the risk of DNA contamination.

6
1

Reverse transcription

2

For reverse transcription we have taken 1g previously isolated RNA. Qantity at OD

3

260nm and purity at OD 260/280nm samples was checked spectrophotometrically with

4

NanoDrop ND1000 (ThermoScientific, USA). With the use of QuantiTect Reverse

5

Transcription Kit and oligodT (Qiagen, Germany) we have obtained cDNA from previously

6

isolated mRNA fraction. The reverse transcription reaction was antedated by additional

7

elimination of DNA with the use of the QuantiTect Wipeout buffer, one of the components of

8

QuantiTec Reverse Transcription Kit. The matrix that was achieved was free of any

9

contamination from genomic DNA, amplification of which could falsify the real time PCR

10

reaction.

11

Real-time PCR

12

Primers design

13

Primers for HOXA-10 , HOXA-11 and GAPDH were constructed with the use of

14

Primer3 software [18]. Primers for ACTB were designed on the basis of RTPrimerDB [19].

15

Their specificity for cDNA was verified in the BLAST database [20]. Additionally, the

16

thermodynamic results of designed primers were checked using Oligo Analyzer software to

17

confirm the specificity of achieved primers. Primer sequences, size of achieved reaction

18

products and Tm (melting temperature) results are presented in Table 2.

19

Real – time PCR reaction

20

All reactions were conducted using DyNAmo HS SYBR Green qPCR Kit (Finnzymes,

21

Finland) and Rotor-Gene 3000 thermocycler (Corbett Research, Australia). Specificity of

22

achieved reaction products was assessed on 2% agarose gel and second derivative of melting

23

curve for the PCR reaction.

7
1

To establish the levels of given transcripts in the studied samples we have constructed

2

standard curves generated by the Ct (value where amplification curve crosses the threshold

3

line) with seven subsequent 10-fold dilutions of linear DNA, which is the product of given set

4

of primers. The quality of achieved curves, described with R2 was 0,999 and the efficiency E

5

of the reaction was within 1,0–0,97. The thermal profile was based on manufacturer’s

6

instructions regarding the specific annealing temperature of the primers. Because the use of

7

different reference genes in different tissues is often a subject of debate, we have verified the

8

adequacy of ACTB with GAPDH [21] The expression of both reference genes was highly

9

correlated, the correlation coefficients were 0,89 and 0,96 respectively for the study and

10

control groups (P<0.01). For each sample duplicated real – time PCR was processed in the

11

presence of negative and positive controls and no template control.

12

The calculation of Ct values for standards, studied samples and construction of standard

13

curves was performed with the Rotor-Gene 3000 software. Additionally, REST2005 software

14

was used to determine relative expression of HOXA-10 and HOXA-11 in infertile women vs.

15

control subjects. Source of description of REST 2005 method is placed in references [22].

16

Western Blot

17

The biopsied part of the endometrium, at least 100 mg, was homogenized in liquid

18

nitrogen and lysed in RIPA buffer (SIGMA, MO). Next, 30µg of total protein were

19

resuspended in sample buffer and separated on a 12% Tris-glycine gel using SDS-PAGE. Gel

20

proteins were transferred to nitrocellulose (Bio-Rad Laboratories, USA), which was blocked

21

with 5% milk in Tris buffered saline/Tween. Immunodetection was performed with Rabbit

22

polyclonal antibody to HOXA-10 (Abcam, USA) and Mouse monoclonal antibody to HOXA-

23

11 (Abcam, USA), followed by incubation with gout anti-rabbit HRP-conjugated antibody

24

(Abcam, USA) and rabbit anti-mouse HRP-conjugated antibody (Abcam, USA),

25

respectively. The membranes were reblotted and incubated with anti-actin HRP-conjugated

8
1

antibody (clone I-19) (Santa-Cruz, CA) to ensure equal protein loading of the lanes. Bands

2

were revealed using Lumi-Light Western Blotting Substrate (Roche, Mannheim, Germany)

3

and Hyperfilm ECL Amersham (Piscataway, NJ). Kodak GELLOGIC 200 IMAGING

4

SYSTEM (CARESTREAM HEALTH INC., NY, USA) was used to compare optical density

5

of bands.

6

Immunohistochemical technique

7

Specimens were preserved in buffered formalin (pH 7.4-7.6), immersed in paraffin

8

blocks and dissected into pieces up to 3-4μm thick. 8-10 serial sections were obtained from

9

each sample and mounted on adhesive glass slides. Part of the sections was stained with

10

hematoxylin and eosin (H+E) and neighbouring sections underwent immunohistochemical

11

staining to identify the presence of HOXA-10 and HOXA-11 antigen. Dako LSAB+, System

12

HRP, rabbit polyclonal IgG antibodies were used for the immunoreaction.

13

Staining procedure

14

Epitopes were retrieved from paraffin in hot water bath with Retrieval Solution buffer

15

at 95-990C for 40 minutes. Endogenous peroxidase was blocked by 3% H2O2 for 5 minutes,

16

then the sections were probed with HOXA-10 or HOXA-11 antibody, rinsed in tris-buffered

17

saline (TBS) twice, incubated with secondary antibody (BIOTINYLATED LINK ) for

18

another 30 minutes and rinsed again in TBS twice.

19

The sections were probed with the tertiary antibody (STREPTAVIDIN HRP) for 30 minutes

20

and rinsed in TBS twice. Next SUBSTRATE CHROMOGEN SOLUTION was added for 10

21

minutes and the sections were rinsed in TBS. The sections were stained with H+E, dehydrated

22

and embedded in Canadian Balm.

23

Santa Cruz Biotechnology antibodies against HOXA-10 and HOXA-11 diluted 1:200 were

24

used for staining. The staining was visualized and evaluated on an Axioskop 40 microscope,

25

pictures were captured with a Canon PowerShot G5.

9
1

The degree of HOXA-10, HOXA-11 gene expression was evaluated on the basis of the number

2

of cells with immunopositive reaction observed under magnification 40x. Controls for the

3

immunostaining procedure were prepared by omission of the first antibody.

4

H+E staining was used to assess cell cycle phase. According to the criteria of Noyes and

5

Hertig [23] all biopsy specimens were from the middle secretory phase (21-23 day of the

6

cycle). Four randomly chosen parts of tissue from every patients were analyzed due to

7

obtained almost 100% reaction in the cell nuclei of endometrial stromal cells for the presence

8

of HOXA-10, HOXA-11 protein.

9
10

Statistical analysis

11

Statistical analysis was conducted using Sigma Stat 3.5.The significance of differences

12

between groups was determined using nonparametric Mann-Whitney Rank Sum test.

13

REST2005 software was used to measure the transcription levels differences.Correlations

14

between HOXA transcripts and proteins levels were assessed by Spearman analysis. p<0.05

15

was considered statistically significant.

16

Results

17

HOXA-10 transcript levels in the endometrium of infertile patients and controls

18
19
20

To compare HOXA-10 transcript levels in endometrium from infertility patients and
controls , we used REST2005.
Randomized comparison of Ct showed statistically significantly decreased HOXA-10

21

transcript level (p=0.003) in infertility patients comparing to controls (Table 3).

22

HOXA-11 transcript levels in the endometrium of infertile patients and controls

23

Randomized comparison of Ct showed statistically significantly decreased HOXA-11

24

transcript level (p=0.012) in the idiopathic infertility group comparing to controls (Table 3).

10
1

We did not find a correlation between HOXA-10 and HOXA-11 transcripts levels in study

2

and control groups.

3

HOXA-10,HOXA-11 protein levels in the endometrium of infertile patients and controls

4

To compare HOXA -10 and 11 protein levels we used Western blotting analysis.

5

There was no significant decrease in HOXA-10 protein level between the infertility and

6

control groups (p=0.074) (Table4). However, we observed significantly higher level of

7

HOXA-11 protein in endometrium from infertile patients as compared to controls ( p=0.015)

8

(Table 4).

9

We did not find a correlation between HOXA-10 and HOXA-11 proteins levels in

10

infertility and control groups. In both groups we did not find a correlation between HOXA

11

genes transcripts and proteins levels.

12

Immunohistochemical evaluation of HOXA-10 and HOXA-11 protein localization

13

Our results showed that HOXA-10 and HOXA-11 proteins were localized in the

14

nuclei of the endometrial stromal cells whereas the cytoplasm of these cells did not stain

15

(Fig.1). Nuclei of epithelial glandular cells and luminal epithelial cells remained negative.

16

Comparing the immunoreactions in endometrium obtained from infertile women and controls,

17

there were certain differences in immunoreactions directly under luminal epithelial cells

18

(Fig.1). In 6 out of 15 women (40%) with idiopathic infertility either no immunoreaction in

19

the stromal cells of this part was detected or only in very few nuclei. The abovementioned

20

was true only about one patient (10%) from the control group.

21

Immunohistochemical analyses did not reveal differences between amounts of

22

HOXA-10 and HOXA-11 protein levels in infertility and control groups. The number of

23

positively stained nuclei of endometrial stromal cells in both studied groups were not differed.

24

The various fields were magnified 20 fold and from 212 to 630 positive nuclei were found for

25

mm2 of stromal cells. It indicates that the luteinization process does not take place evenly in

11
1

the whole endometrium in both studied groups. Fields with low number of immunopositive

2

cells with significant stromal edema as well as dense concentrations of immunopositive cells

3

were observed likewise.

4

5

Discussion

6

Only very few endometrial receptivity markers are indeed indispensable in the

7

implantation process. Research revealed that after elimination of several receptivity markers

8

implantation still occurs [24]. HOXA genes encode transcription factors that are indispensable

9

in the implantation process and, most probably, regulate endometrial development in response

10

to sex steroids hormones [25]. Altered HOXA genes expression has been observed in women

11

with decreased implantation rate. These genes are believed to be receptivity markers and their

12

altered expression may help to identify women with implantation failure [26,27].

13

In our study we have compared HOXA-10 and HOXA-11 transcripts and their protein

14

products levels in the endometrium. Using the immunohistochemical techniques

we

15

compared the localization of HOXA-10 and HOXA-11 protein in the implantation window

16

within women with idiopathic infertility and controls.

17

In the present study we found statistically significant lower HOXA-10 and HOXA-11

18

transcripts levels in infertile women comparing to control group. Our results were similar to

19

these reported by Matsuzaki et al.[15]. These authors showed statistically significantly lower

20

level of HOXA-10 mRNA in endometrial stromal cells in infertile patients comparing to

21

normal fertile women. They evaluated groups of patients with uterine myomas, endometriosis

22

and idiopathic infertility. Their findings suggest that infertility in those groups of patients may

23

have its source in the altered endometrium function, i.e. lack of its optimal receptivity.

12
1

In the present study we also demonstrated a tendency to lower HOXA-10 protein level

2

in the group of infertile women compare to control group. Lack of statistical significance

3

may be caused by the small size of studied groups. By contrast, the level of HOXA-11 protein

4

in the group of infertile women was significantly higher than in normal fertile women. We

5

may formulate a hypothesis, that regulation of HOXA-11 expression could process on

6

translation level .This phenomenon takes place in process of protamins synthesis during

7

spermatogenesis ;the transcript level do not correlate with the protein level [ 28 ].

8

Decreased HOXA-10 gene expression level in the endometrium during the implantation

9

window was found in infertile women with PCOS [29] and hydrosalpinx [30]. In the quoted

10

work gene expression

11

environmental factors could also influence genes expression regulation.

12

Rackow and Taylor [26], as well as Taylor et al.[27] also report altered HOXA-10 and HOXA-

13

11 expression in infertile women with endometriosis and with uterine myomas.

14

normalized four months after salpingectomy. This

We demonstrated using

suggest that

the immunohistochemical technique that HOXA-10 and

15

HOXA-11 protein were present in the nuclei of endometrial stromal cells.

Similar

16

immunolocalization of HOXA-10 protein was reported by Matsuzaki et al.[15]. According to

17

other authors cell nuclei and cytoplasm of the stroma, glands, epithelium and blood vessels

18

reveal the presence of HOXA-10 and HOXA-11 protein. These differences in the

19

immunohistochemical protein localization result from different investigation methods applied

20

by other authors.

21

Lack of immunoreaction in stromal cells located directly under luminal epithelial cells

22

in 40% of women with idiopathic infertility and 10% of controls was a particularly interesting

23

observation. This phenomenon may be associated with endometrial inability to get optimal

24

receptivity. Different concentrations of immunopositive cell nuclei in infertility and control

25

groups indicate that the process of endometrial luteinization is not alike.

13
1

Matsuzaki et al.[15] showed statistically significant differences of the altered HOXA-10

2

protein expression between idiopathic infertility and control group. In accordance with our

3

observations, the authors concluded that in some patients with idiopathic infertility the

4

HOXA-10 protein expression is not altered. In that group of women infertility may be caused

5

by a different molecular defect of the endometrium associated with implantation but these

6

findings need further research.

7

In both studied groups no correlation was found between HOXA-10 and HOXA-11

8

transcript and protein levels. The result came as a great surprise to us. Analysis of the

9

expression of both HOXA genes during the entire menstrual cycle reveals that they increase at

10

the same level, starting with early luteal phase and with the maximum peak during the

11

implantation window. Godbole et al.[8] investigated monkeys and did not confirm the

12

correlation between HOXA-10 and HOXA-11 gene expression in conceptual cycles. High

13

HOXA-10 expression was accompanied by low, comparable to the control group, HOXA-11

14

expression what might support the theory that both genes are regulated by different

15

mechanisms during implantation.

16

The mechanism of decreased HOXA-10 and HOXA-11 gene expression in the

17

endometrium remains a popular topic of discussion. The methylation of promotor sequences

18

could be responsible for decreased transcripts levels. Wu et al.[31] have shown altered

19

methylation of HOXA-10 gene in women with advanced endometriosis. On the basis of

20

research carried out on animal models by Kim et al.[2] and Lee et al.[32] it is possible to

21

conclude that altered methylation may induce endometriosis. Computational analysis of

22

promoter sequence of HOXA genes shown the presence of many transcription factors binding

23

sites e.g. Sp1, NF-1, E2F, LSF [33]. Methylation of these sites inhibits the binding of

24

transcription factors to their binding sites within promoter sequence.

14
1

Our results suggest that HOXA-10 and HOXA-11 gene expression in the endometrium

2

during the implantation window may not be altered in patients with idiopathic infertility.

3

Further research are needed to investigate what molecular mechanism impairs optimal

4

implantation conditions in this group of women.

5
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Table 1. Clinical characteristics of infertile and fertile women
Characteristics

Patients

Controls

Numbers

15
29 (22-41)a
NA
3 (1-5)

10
31 (26-38)a
2 (1-3) a
NA

Age (Years)
Parity
Duration of infertility (Years)
Median (Range)a, NA-not apply.

19
Table2. Primer sequences, size of achieved reaction products and Tm (melting temperature)
results.
Tm [0C]

Product size
(bp)

Sequence

FF

65.3

94

TGCCAAATATGATGACATCAAGAA

REV

67.3

Gene
GAPDH

GGAGTGGGTGTCGCTGTTG

ACTB
FF

64.2

REV

64.1

139

TGAAGGTAGTTTCGTGGATGC
TCCTCCCTGGAGAAGAGCTAC

HOXA10
FF

64.9

REV

64.9

146

CTGACTGGGCTGGGTTTG
ACCTCAGGCCAGACACCTC

HOXA11
FF

64.4

REV

64.0

136

CTCAGTGTCTGGCTGCAGAG
GCTTCCAAGCTCAGTTCAAGA

20
Table 3 HOXA-10, HOXA-11 transcripts in endometrium of infertile group in comparison to
control group.

Reaction
Gene

Efficiency

Expression

Std. Error

95% C.I.

P(H1) Result

HOXA-10

0.94

0.054

0.006 – 0.411

0.001 – 1.123 0.003 DOWN

HOXA-11

0.9

0.066

0.008 – 0.487

0.000 – 5.014 0.012 DOWN

HOXA-10 and HOXA-11 are down regulated in infertile group compared to control group by a
mean factor of 0.054 (SE range is 0.006-0.0411), p=0.003 and 0.066 (SE range is 0.0080.487) , p=0.013, respectively.

21
Table 4 HOXA-10, HOXA-11 protein levels in endometrium of infertility patients and
control. The amount of Western blot –detected proteins was presented as the HOXA-10,
HOXA-11 to beta- actin band optical density ratio.
Infertile group
Gene
HOXA-10
HOXA-11

Median (range)
0.603(0.429-1.23)
1.460(0.945-4.069)

*Mann-Whitney test

Controls

P*

Mean (±SD)

Median (range)

Mean (±SD)

0.246±0.0819

0.809 (0.502-1.104)

0.213±0.0674

0.074

1.183±0.394

0.62 (0.316-2.127)

0.591±0.187

0.015

22

Figure 1. Localization of HOXA- 10 and HOXA- 11 protein was determined using
histochemical staining. The endometrium obtained in the 21-22 day of the cycle.
(A) Endometrium from a woman from the idiopathic infertility group, magnification x150.
Immunoreaction to the presence of HOXA-11 protein. Distinct lack of positive
immunoreaction in the nuclei of endometrial stromal cells in the area under luminal epithelial
cells. Nuclei of endometrial stromal cells stained blue with hematoxylin are visible in that
area. (B) Endometrium from a woman from the idiopathic infertility group, magnification
x150. Immunoreaction to the presence of HOXA-10 protein. Localization of immunoreaction
similar as HOXA-11.
(C) Endometrium from a woman from the control group, magnification x150. Positive
immunoreaction to the presence of HOXA-10 protein in the nuclei of endometrial stromal

23
cells. The reaction is visible in the entire region of the stroma. Negative immunoreaction in
epithelial glandular cells and luminal epithelial cells. (D) Endometrium from a woman from
the control group, magnification x250. Immunoreaction to the presence of HOXA-11 protein
Localization of immunoreaction similar as HOXA-10.
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1

ABSTRACT

2

BACKGROUND: Implantation depends on two factors-embryo and endometrium. The period

3

of maximal endometrial receptivity is a poorly understood phenomenon. We have decide to

4

take a look at three possible markers of implantation, that is pinopodes, leukemia inhibitory

5

factor and matrix metaloproteinase 2 and their correlations.

6

METHODS: We have included in the study 23 idiopathic infertility patients and 21 patients

7

with recurrent spontaneous abortions of unknown aetiology. Fertile, 21 patients were also

8

recruited. The biopsy was used for endometrial dating according to Noyes and Hertig criteria,

9

and assessed for presence of pinopodes in scanning electron microscope. Endometria were

10

examined in Real Time-Polymerase Chain Reaction cycles for the mRNA expression of

11

leukemia inhibitory factor (LIF) and matrix metaloproteinase 2 (MMP2)

12

RESULTS: No difference was found in the stage of pinopodes development, nor in the

13

coverage of endometrial surface between studied groups. The expression level for LIF mRNA

14

was lower in control patients compared to idiopathic infertility and recurrent miscarriage

15

patients. No difference was detected in expression of MMP2 between all studied groups. No

16

correlation was found between pinopodes development stage and LIF and MMP2 expressions

17

in endometrium.

18

CONCLUSIONS: Of the studied factors, LIF and pinopodes show most promise as potential

19

markers of endometrial receptivity. However results achieved suggest that these markers are

20

independent of each other.

21
22

KEY WORDS: infertility, recurrent miscarriage, pinopodes, endometrium, LIF, MMP,

23

idiopathic infertility

24
25
26
27

1

INTRODUCTION

2

Successful implantation requires proper development of both the embryo and the

3

endometrium. While we have methods to describe the development of an embryo either by

4

morphologic indices or genetic screening, proper description of the endometrial receptiveness

5

still eludes us [1, 2]. There are many potential markers of the so called “implantation

6

window” but most of them have proven to be redundant in the implantation processes [3]. The

7

search for markers has been chaotic at best until the introduction of gene chip matrices that

8

allow simultaneous analysis of many thousands of genes. This in turn enabled Kao et al. to

9

build a road map of genes that are up- and down regulated during the implantation window

10

[4]. However some of these genes could be redundant, or replaced by other genes, while

11

others might be indispensable in the reproductive process of humans. Therefore it is up to

12

scientists to study single genes and their expression in the period of maximal receptivity in

13

patients to find out which are true markers of uterine receptivity.

14

We have decided to look at three potential markers of receptive phase in patients with

15

infertility, recurrent spontaneous abortions and fertile control.

16

One of these markers are pinopodes. They are apical, bulbous projections of the endometrium

17

that are said to have some pinocytic function in other species-hence the name [5]. However

18

their true role in the implantation process in humans remains unknown, nor the mechanisms

19

behind their appearance[6, 7]. Some researchers say that pinopodes are present on the surface

20

of the endometrium for maximally 48 hours during the implantation window, sharply

21

delineating the period of maximal receptivity, while others claim that pinopodes could be

22

found for up to 7 days in the second phase of the menstrual cycle [8, 9]. Also research has

23

pointed to possible relationship between impaired fertility and decreased or dissynchronous

24

appearance of pinopodes, however this view was not shared by all scientists [10, 11].

25

Second marker of uterine receptivity appears to be Leukemia Inhibitory Factor (LIF). It was

26

first discovered in 1987, while in 1992 its crucial role in implantation in mice become evident

27

[12]. Soon afterwards there have been numerous attempts to correlate the decreased

1

expression of this protein with states of impaired fertility in humans [13]. Some researchers

2

have found decreased expression of this protein in both patients with recurrent spontaneous

3

abortions and infertility, while others have failed to detect such a difference [14, 15].

4

Aghajanova has correlated the spatial and temporal expression of pinopodes and LIF in

5

human endometrium during the implantation window [16]. It would be interesting to find

6

whether disturbances in this correlation might be evident in patients with infertility and RSA

7

as opposed to fertile control.

8

Another factor important in the tissue remodeling during implantation and possibly

9

responsible for appearance of pinopodes is matrix metalloproteinase 2 (MMP2). This MMP2,

10

together with TGF superfamily, MMP9 and tissue inhibitors of metalloproteinases (TIMP),

11

regulates together with the embryo the depth of invasion into the endometrial tissue [17, 18].

12

We have decided to look at above mentioned markers in patients with infertility, recurrent

13

spontaneous abortions and fertile control, as they seem to be interconnected and their true

14

function in implantation is not certain.

15

MATERIAL AND METHODS

16

Patients

17

The study was conducted in Division of Reproduction, Department of Obstetric and

18

Gynecology of K. Marcinkowski Medical University in Poznan, Poland between January

19

2008 and February 2009. We have included in the study only those infertile patients in whom

20

either all diagnostic test were negative or those patients who presented only with minimal

21

endometriosis. There were following test performed on each couple: semen analysis,

22

ovulation tracking, hysterosalpingography, hormone studies (including FSH, prolactin and

23

progesterone) and laparoscopy with hysteroscopy. We have gathered 23 idiopathic infertility

24

patients and 21 patients with recurrent spontaneous abortions. The mean duration of infertility

25

in each group was 3,4 years (1-5 years) and 3,2 years (1,2-6 years), respectively. Patients with

26

recurrent spontaneous abortion (defined as three consecutive miscarriages) after negative

27

HSG, trombophilia panel (protein C, S, hyperhomocyteinemia, V Leiden mutation,

1

prothrombin mutation and antiphospholipid antibodies), normal ultrasound and no

2

disturbances in LH, prolactin, progesterone and estradiol levels were also included in the

3

study.

4

Also 21 healthy patients, matched for age, with at least one child, no miscarriages

5

were enrolled in the study and had negative history of infertility and endometriosis. Those

6

patients were admitted to the hospital for non endometrial-linked disease, and were

7

approached to donate the endometrium. The study protocol was approved by local ethical

8

committee, and the patients signed an informed consent form. All patients in the study and

9

control group have not taken any hormonal preparations for at least three months prior to the

10
11

study.
All patients from current study (both studied and control groups) had a biopsy sample

12

taken 7-9 days after ovulation, confirmed by ultrasound follicular tracking.

13

Reverse transcription and real time PCR

14

The endometrial sample for qPCR was placed in RNAlater solution from Qiagen GmbH,

15

(Hilden, Germany) and frozen till extraction. RNA specific primers for RealTime PCR were

16

created with the Primer3 software [19] based on mRNA sequence from NCBI Gene database

17

[20]. The specificity of constructed primer was checked against BLAST database [21].

18

Specificity and length of these products was also confirmed on agarose gel.

19

Following primers were used: for GAPDH – forward: ACAGTCAGCCGCATCTTCTT and

20

reverse: ACGACCAAATCCGTTGACTC, for LIF - forward:CAGTGGCCAAGTTAATTCC

21

and reverse: CATTGTCGACTTCCAGAC and for MMP2–forward:

22

AAGTATGGCTTCTGCCCTGA and reverse ATTTGTTGCCCAGGAAAGTG.

23

The isolation of total RNA was done with the use of RNAeasy Mini Kit (Qiagen GmbH,

24

Hilden, Germany). For homogenization QiaShredder columns were used (Qiagen, Germany)

25

according to manufacturers instructions. To acquire cDNA, the 1g RNA was treated with

26

QantiTect Reverse Transcription (Qiagen, Germany ). Qantity at OD 260nm and purity at

27

OD 260/280nm samples was checked spectrophotometrically with NanoDrop ND1000

1

(ThermoScientific, USA). The reverse transcription reaction was antedated by additional

2

elimination of DNA with the use of the QuantiTect Wipeout buffer, one of the components of

3

QuantiTec Reverse Transcription Kit. The matrix that was achieved was free of any

4

contamination from genomic DNA, amplification of which could falsify the real time PCR

5

reaction.

6

The resulting 1g cDNA was used as matrix for RealTime PCR which was conducted

7

on RotorGene 3000 RealTime thermocycler (Corbett Research). The optimized protocol was

8

used with the mastermix including HotStart polymerase (DyNAmo HS SYBRGreen qPCR

9

Kit from Finnzymes, (Espoo, Finland).

10

The thermocycler was set to 40 runs. The qPCR reactions were run in duplicate for each

11

sample. To assess the efficacy of the qPCR reaction 6 subsequent 10 times dilutions of DNA

12

was used, that was a specific reaction from the PCR of each studied transcript. The expression

13

of studied LIF and MMP2 was established according to a reference gene, namely

14

glyceraldehyde-3-phosphate dehydrogenase (GAPDH), whose expression in cells is constant

15

across the menstrual cycle.

16

Scanning microscopy assesment

17

Second part of endometrial sample was fixed in 2% glutaraldehyde in 0.1 M PBS

18

buffer (pH 7,2), dehydrated in a graded ethanol series (50%, 70%, 96%, absolute ethanol),

19

critical point dried, and sputter coated with gold. The samples were then examined using a

20

Zeiss Evo 40 scanning electron microscope in 3500 x magnification. Samples preparation and

21

scanning microscopy assessment were made in Laboratory of Electron and Confocal

22

Microscopy in Department of Biology Adam Mickiewicz University in Poznan. Depending

23

on size and epithelium presentation probes 5 to 15 scans were done for each sample.

24

Pinopode scoring and evaluation of developmental stage of endometrial biopsy

25

samples was based on SEM images. Endometrial tissue was examined under the SEM and

26

assigned a score as previously described in one of previous paper [22]. Briefly Scores ranged

27

from 0 to 4 depending on the percentage of the endometrial surface that was covered in

1

pinopodes: score 0 (0% of the apical surface covered in pinopodes), score 1 (1% to <5%),

2

score 2 (5% to <10%), score 3 (10% to 20%), score 4 (>20%). Evaluation of developmental

3

stage of endometrial biopsy ranged from 1 to 6 according to Figure1.

4

The average score from all 100 fields was rounded to the closest whole number to

5

assign a final score to each biopsy. The same observer scored all biopsies and was blinded to

6

the day of the cycle.

7

Statistical analysis

8

For statistical analysis Kruskal-Wallis One Way ANOVA rang test was used and

9

Spearman correlation test where appropriate (Sigma Stat3.5), p<0.05 was considered

10
11

statistically significant.
REST2005 software was used to measure the transcription levels differences.

12

RESULTS

13

LIF and MMP2 transcript levels

14

LIF expression was lower in patients from control group while there was no difference

15

in MMP2 transcript level when compared to idiopathic infertility patients(Table1).

16

LIF transcript level was lower in patients from control group while there was no difference in

17

MMP2 transcript level when compared to recurrent spontaneous abortions (Table 2).

18

No difference in transcript levels of LIF and MMP2 was noticed in patients with recurrent

19

spontaneous abortions and infertile patients (Table 3).

20

Developmental stage of pinopodes and percentage of endometrial surface covered.

21

In our biopses we identified all six stages of of pinopodes development (Figure1). No

22

diferrences anong stage of pinopodes develpment (Table 4) nor endometrial surface covered

23

(Table 5) was noticed between studys and control groups.

24

No correlation between pinopodes development and endometrial covering was noticed

25

in infertile patients (correlation coefficient -0,31; p<0.29) while such correlation was

26

observed in fertile control and recurrent miscarriage group (correlation coefficient 0,77;

27

p<0.01 and 0,59; p<0.05, respectively).

1

There was no correlation observed between pinopodes development stage and LIF or

2

MMP2 expression in any of the groups examined.

3

DISSCUSION

4

The implantation period spanning from 7 to 9 days after ovulation is a critical moment

5

not only the beginning of the pregnancy but also for its uninterrupted progression. The

6

mechanism that govern maximal receptivity are poorly understood in humans. The IVF

7

registers clearly show that implantation is the rate limiting step [23]. While some of the

8

implantation failures might be attributable to faulty embryo, even with the use of

9

Preimplantation Genetic Diagnostic techniques, the implantation rate remains quite poor [24].

10

Numerous factors have been hailed as markers of the implantation window, with most of

11

them turning out to be redundant for the receptivity period in humans [3]. However by careful

12

elimination of such factors we are getting closer to pinpointing true determinants of

13

receptivity with possible future treatments aimed at improving this stage in human

14

reproduction.

15

That is why we have chosen to study three potential markers of implantation window,

16

namely: pinopodes, Leukaemia Inhibitory Factor and Matrix Metalloproteinase 2.

17

With recent disillusions about the role of routine histology of the endometrium in infertile and

18

recurrent miscarriage patients, the attention of scientists has turned to more subtle markers of

19

endometrial dysfunction, like pinopodes [25]. The exact role of these apical projections is not

20

known, as is their lifespan [6, 7]. We have decided to observe the development of pinopodes

21

in precisely timed biopsies in order to establish whether there are any differences between

22

their stage of development and percentage of covered luminal surface of the endometrium in

23

infertile patients and women with recurrent miscarriages compared to fertile control. There

24

was a correlation between the developmental stage of pinopodes development and the

25

percentage of covered endometrial surface in fertile control and women with recurrent

26

miscarriage. No such correlation was observed in women with idiopathic infertility. All

27

patients in our study had proper, in-phase endometrial development according to Noyes and

1

Hertig criteria. Since both the fertile patients and patients with RSA present with normal

2

implantation, this might suggest that either proper development of pinopodes, abundant

3

expression of pinopodes on luminal endometrial surface or both are required for successful

4

implantation to occur. To find that out we have compared the pinopodes developmental stages

5

in all three studied groups and found no differences. Also there was no difference in the

6

covering of luminal endometrial surface between the groups, which suggests that its the effect

7

of pinopodes depends on synchronous development of pinopodes and their coverage of

8

endometrial surface. In such setting some patients with infertility despite normal histologic

9

development of endometrium can still suffer from some sort of endometrial dysfunction that

10

renders them infertile. The exact role and function of pinopodes in human endometrium is not

11

known. There are conflicting reports regarding their usefulness as predictors of successful

12

implantation.

13

Second potential marker of implantation is the Leukemia Inhibitory Factor. It has been

14

stated that LIF deficient mice are totally infertile [12]. The human studies have in majority

15

pointed to a lower LIF expression where infertility and RSA [13, 14] patients were to be

16

expected. In our study however the mRNA expression was lower in control group compared

17

to idiopathic infertility and RSA patients. Also no difference was observed in LIF expression

18

between women with infertility and miscarriages. These LIF results are in agreement with a

19

paper published by Ledde-Bataille. She described lower LIF concentrations in patients who

20

did get pregnant after IVF cycles [27]. This results are contrary to those achieved by other

21

authors and experimental studies where lower LIF concentrations were associated with

22

pregnancy loss or infertility. However our recently published prospective analysis of

23

pregnancy outcomes in patients with low LIF levels have led to conclusion that only very low

24

LIF values are needed for pregnancy to occur and continue to term [28]. It might be argued

25

that higher LIF levels represent actually a defect in receptiveness of endometrium, leading to

26

“overcompensation” in secretion of certain cytokines by the endometrium. Also another

27

possible explanation is offered by Aghajanova who suggested that there is an inverse

1

relationship between LIF and LIF receptor levels [16]. Thus, low LIF expression might

2

correspond to higher level of LIF receptor leading to a successful implantation and other

3

changes exerted by LIF glycoprotein on the endometrial cells.

4

Final marker of implantation window in humans studied in our current paper was

5

MMP2. MMP2 together with the TGF superfamily are responsible for endometrial tissue

6

remodelling at the time of implantation and menstruation [17, 18]. Some studies have linked

7

increased expression and activity of MMP2 in endometrium to impairments of implantation

8

resulting in either infertility or recurrent pregnancy loss [17]. Similarly as in our previous

9

paper we have found no difference in expression of MMP2 between none of the groups. We

10

believe that the changes exerted by MMP's and TGF are far more complicated and the

11

possible role of this system might still deserve some further investigations.

12

Another important aspect of our study was assessing the possible correlation between stage of

13

formation of pinopodes and LIF mRNA expression. In our current study we have found no

14

such correlation. In a paper by Aghajanova they found that the expression of fully developed

15

pinopodes was closely correlated with the LIF expression on the endometrial surface [16].

16

The lack of correlation between the expression of specific stages of pinopode formations and

17

LIF in our paper might suggest that these two markers a independent of each other. On the

18

other hand, similarly to Aghajanova, we also have found no correlation between the number

19

of pinopodes and LIF expression. Taken together we believe that the appearance of pinopodes

20

and LIF are independent to each other and that there is no causative relationship between

21

them. These two markers of implantation simply coexist in the implantation window. Support

22

to our hypothesis is given by a recent paper by Quinn et al., who found that the formation of

23

pinopodes was unobstructed by the complete lack of LIF in LIF-deficient mice [22] .

24

Similar situation was encountered as far as the MMP2 is concerned. Again no

25

correlation was observed between MMP2 and pinopode stage of development, nor the

26

pinopode number. Thus the exact reasons and mechanism behind pinopode development are

27

still undiscovered.

1

Further research in the endometrial receptivity is warranted. gaining knowledge of

2

events occurring at the blastocyst-endometrial interface could bring us closer to improvement

3

in implantation rates in IVF cycles. Since many factors might be implicated in the creation of

4

ideal environment for the implanting embryo, possible correlations between those factors

5

should be examined. Also, some of the factors, despite their appearance in the implantation

6

window might turn out to be redundant.

7
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Table 1. Relative expression of LIF and MMP2 in patients with idiopathic infertility vs. Control
Reaction
Expression Std. Error
Efficiency
1,00
1,00
0,11-15,03

Gene

Type

95% C.I.

p*

GAPDH

REF

MMP2

TRG

0,89

1,87

0,26 - 13,37 0,002 - 2 465,03 0,636

LIF

TRG

0,89

0,06

0,01 - 0,32

0,0 - 20 147,47 1,000

0,002 - 3,91

0,005

*REST analysis
Table 2. Relative expression of LIF and MMP2 in patients with recurrent spontaneous abortions vs control
Reaction
Expression Std. Error
95% C.I.
p*
Efficiency
1,00
1,00
0,07 - 20,61 0,0 - 52 558,78 1,000

Gene

Type

GAPDH

REF

MMP2

TRG

0,89

2,32

0,26- 25,1

LIF

TRG

0,89

0,06

0,01- 0,26

0,002 - 4 452,26 0,476
0,002 - 20,53

0,004

*REST analysis
Table 3. Relative expression of LIF and MMP2 in patients with idiopathic infertility and recurrent spontaneous abortions vs control.
Reaction
Expression Std. Error
95% C.I.
p*
Efficiency
1,00
1,00
0,07 - 18,36 0,0 - 33 690,17 1,000

Gene

Type

GAPDH

REF

MMP2

TRG

0,89

2,08

0,29 - 18,49 0,002 - 3 868,62 0,453

LIF

TRG

0,89

0,06

0,01 - 0,29

*REST analysis

0,002 - 14,59

<0,001

Table 4. Percentage of endometrial surface pinopodes covered
Group

n

Mean

SD

Median

95%CI

Idiopatic Infertility

22

2,3864

1,6398

2,7500

1,1072 - 4,0000

RSA

21

2,0000

1,6733

1,0000

0,8285 - 4,0000

Control

21

3,0000

1,2367

3,500

1,6912 - 4,0000

p*

0,175

*Kruskal-Wallis One Way Analysis of Variance on Ranks
Table 5. Developmental stage of pinopodes
Group

n

Mean

SD

Median

95%CI

Idiopatic Infertility

22

3,6591

1,2188

4,0000

2,6072 - 4,3928

RSA

21

3,3095

1,1009

3,5000

2,0000 - 4,0000

Control

21

3,9722

0,6295

4,0000

3,6912 - 4,5000

*Kruskal-Wallis One Way Analysis of Variance on Ranks

p*

0,116

Figure 1. Evaluation of developmental stage of endometrial biopsy samples. Description of phases: 1. Before pinopodes develop, the surface starts to
bulge and the microvilli becomes long, thick, and upright. 2. Developing pinopodes have protruding smooth surface with or without short microvilli. 3.
Developing and fully developed pinopodes. 4. In fully developed pinopodes, microvilli are absent and the membranes protrude and fold maximally. The
shape resembles mushrooms or flowers. 5. Regressing pinopodes have wrinkled surfaces, and microvilli reappear on the cell membranes. The cell size
starts to increase. 6. After pinopodes, the pinopodes and cell bulging regress, and the cell size increases
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Lack of varied endometrial expression
of proprotein convertase 6 in infertile women
with minimal grade endometriosis
and idiopathic infertility
Brak ró˝nic w ekspresji konwertazy proproteinowej 6
u kobiet niep∏odnych z endometriozà minimalnego stopnia
i u kobiet z niep∏odnoÊcià idiopatycznà
Miko∏ajczyk Mateusz, Wirstlein Przemys∏aw, Skrzypczak Jana
Department of Obstetrics, Gynecology and Gynecological Oncology ,
Division of Reproduction, K. Marcinkowski Medical University, Poznan, Poland

Abstract
Objective: Proprotein convertase 6(PC6) is known to be the key enzyme involved in the transformation of many
hormones, cytokines and their receptors into their active forms. Experimental in vitro studies have also proven that
lack of PC6 in the endometrium prevents decidualisation. Therefore in our study we have aimed at determining
whether infertility in some patients might be attributable to decreased expression of PC6.
Material and methods: With the use of RealTime PCR we have studied the expression level of PC6 in receptive
phase endometria from 36 idiopathic infertile patients, 26 infertile patients with minimal grade endometriosis and
compared those results with fertile, age-matched controls. The endometria were collected 7-9 days after ovulation.
Results: There were no statistically significant differences regarding the expression of PC6 in endometria from
patients with idiopathic infertility, infertile patients with endometriosis and controls.
Conclusions: Since there is no detectable difference in PC6 expression, the decreased expression of PC6 is unlikely to cause infertility.

Key words: infertility / endometriosis / proprotein convertase / endometrium /

Streszczenie
Cel pracy: Konwertaza proproteinowa 6 (PC6) jest kluczowym enzymem bioràcym udzia∏ w przekszta∏ceniu wielu
prohormonów, cytokin i ich receptorów w aktywne formy. Badania eksperymentalne in vitro dowiod∏y, i˝ brak PC6
uniemo˝liwia przemian´ doczesnowà w endometrium. Naszym celem by∏a ocena czy u pacjentek niep∏odnych czynnikiem wywo∏ujàcym niep∏odnoÊç mo˝e byç zaburzona ekspresja PC6.
Materia∏ i metoda: Stosujàc RT-PCR zbadaliÊmy poziom ekspresji PC6 w fazie receptywnej endometrium u 36 kobiet z niep∏odnoÊcià idiopatycznà, 26 pacjentek z endometriozà minimalnà oraz porównaliÊmy te wyniki z p∏odnymi pacjentkami dobranymi pod wzgl´dem wieku. Endometrium zosta∏o pobrane 7-9 dni po owulacji.
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Wyniki: Nie stwierdziliÊmy statystycznie znamiennych ró˝nic w ekspresji PC6 w endometrium z grupy z niep∏odnoÊcià idiopatycznà, niep∏odnymi pacjentkami z endometriozà a grupà kontrolnà.
Wnioski: Wydaje si´, ˝e zaburzona ekspresja PC6 nie jest przyczynà niep∏odnoÊci.

S∏owa kluczowe: niep∏odnoÊç / endometrioza / konwertaza proproteinowa /

/ endometrium /

Introduction
Idiopathic infertility and infertility associated with minimal grade endometriosis present physicians with a diagnostic,
as well as therapeutic dilemma [1]. Idiopathic infertility occurs
in about 15% of patients suffering from infertility, while different stages of endometriosis affect about 30% of them [2, 3].
Since the cause of idiopathic infertility remains unknown,
the treatment tends to be empirical at best, including ovarian
stimulation, intrauterine inseminations, and finally assisted
reproductive techniques [4]. In case of patients with minimal
endometriosis there have been numerous possible causes of
the accompanying infertility, including immunologic imbalances, hormonal changes and anomalies within the eutopic
endometrium [5, 6]. Therefore, the treatment choices are similar to those of idiopathic infertility and include in-vitro fertilization-embryo transfer (IVF-ET) cycles, though in patients
with minimal endometriosis the results of IVF cycles are
invariably poorer than those with e.g. male factor infertility
[7]. The success of IVF cycles depends on a whole range of
factors, mainly the ovum and embryo quality atraumatic
transfer of an embryo and finally, the receptivity of the
endometrium [7, 8, 9]. While there are ways to assess the quality of the oocytes and the embryo, including pre-implantation
genetic diagnostics, the implantation rate remains quite low
[10].
Thus, there exists an obvious need to study the endometrial receptiveness. Routine histological assessment is no longer
recommended as part of diagnostic tests for infertility [11].
Attention has been drawn to molecular and genetic aspects of
endometrial receptivity [12]. One study, aimed at finding new
endometrial targets for contraception, concluded that among
many enzymes present in the human endometrium there is one
that seems to be indispensable for a proper decidualisation of
stromal cells [13], namely proprotein convertase 6 (PC6). It is
a serine protease that is structurally related to bacterial subtilisins [14]. Their function is the conversion of various inactive
peptide hormones, enzymes and growth factors into their
active forms [15]. Since PC6 acts directly within the
endometrium, it regulates the timely and orderly conversion of
many substances, a process which is critical for organized
events that occur during the creation of window of implantation [16]. There are two forms of PC6 in mice: membranebound and soluble, while in humans the presence of only the
soluble form has been confirmed [17, 18]. Researchers found
that in mice PC6 is up-regulated at the time of the embryo
implantation primarily in cells surrounding the embryo [19].

© 2009 Polskie Towarzystwo Ginekologiczne

Blocking of PC6 production by antisense oligonucleotides
resulted in total inhibition of the implantation [16]. In human
endometrium PC6 is present throughout the cycle, with
increased expression during the midsecretory phase [13]. Similarly, in humans the blocking of PC6 activity stops the decidualisation process, thus preventing the preparation of the
endometrium for the embryo attachment [20, 21]. These studies are also supported by work from Kao et al. who have
shown an increase in the expression of PC6 around the time of
implantation, revealing its vital role in human reproduction
[12]. That is why we have decided to check whether patients
with both idiopathic infertility and minimal endometriosis
associated infertility exhibit local, i.e. endometrial, decreased
PC6 expression which might explain the cause of infertility in
those patients and, if so, how much decreased expression of
PC6 might be attributed to infertility.

Materials and methods
The study was conducted in the Division of Reproduction,
Department of Obstetrics, Gynecology and Gynecological
Oncology of K. Marcinkowski Medical University in Poznan,
Poland, between January 2006 and February 2007. Only infertile patients with all diagnostic tests negative or those patients
who had minimal endometriosis were included in the study.
Each couple underwent the following tests: semen analysis,
ovulation tracking, hysterosalpingography, hormonal studies
and laparoscopy with hysteroscopy. We had 36 patients with
idiopathic infertility and 26 infertile patients with minimal
grade endometriosis diagnosed by means of laparoscopy and
histology, following the American Fertility Society recommendations [22]. The mean duration of infertility in both
groups was 3.4 years (1-5 years) and 3.2 years (1.2-6 years),
respectively. Furthermore, 24 patients from the same age
group, with at least one child, without miscarriages and with
negative history of infertility and endometriosis were enrolled
in the study. Those patients were admitted to the hospital due
to non-endometrial diseases, and were asked to donate
endometrium for the purpose of the research. The study protocol was approved by the local ethical committee and the
patients signed informed consent forms. None of the patients
in all groups, including the controls, had taken any hormonal
preparations for at least three months prior to the study.
Collection of samples and RNA isolation
All patients had a biopsy sample obtained 7-9 days after
ovulation, confirmed by ultrasound follicular tracking. The
endometrial sample was placed in RNAlaterTM buffer from
Qiagen (Hilden, Germany) and frozen until extraction.
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The isolation of total RNA was done with the use of
RNAeasy Mini Kit (Qiagen, Germany). QiaShredder
columns were used for homogenization (Qiagen) following the
manufacturers instructions. The total mRNA was treated with
QantiTect Reverse Transcription (Qiagen) to acquire cDNA.
Primers design and qPCR reaction
RNA specific primers for RealTime PCR were created
with the Primer3 software (http://frodo.wi.mit.edu/primer3)
based on mRNA (NM_006200) sequence from NCBI Gene
database (http://www.ncbi.nlm.nih.gov/). The thermodynamic
features of the designed primers were analyzed with the use of
OligoAnalyzer1.2 software first, followed by the specificity of
constructed primer check against BLAST database
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). The obtained results
confirmed the specificity of the designed primers for the
human PC6 gene transcript: GAPDH - forward:
ACAGTCAGCCGCATCTTCTT
and
reverse:
ACGACCAAATCCGTTGACTC and for PC6 - forward:
TGCAGTGACAATACACATCC
and
reverse:
TCTCTCAATTCCGTCATCC.
The resulting DNA was checked on agarose gel for the
confirmation of the set primers specificity and additionally,
secondly derivative analysis melting curve product of these
primers set Real Time PCR reaction was used to confirm the
specificity.
The resulting cDNA samples were used as matrix for
RealTime PCR which was conducted in duplicate, on
RotorGene 3000 RealTime thermocycler (Corbett Research).
The optimized protocol was used with the mastermix including HotStart polymerase (DyNAmo HS SYBRGreen qPCR
Kit from Finnzymes, Espoo, Finland). Thermal profile was
95°C for 15min; 94°C for 10 sec; 55°C for 25 sec; 72°C for 30
sec and at 79°C first data acquisition. The thermocycler was
set for 40 runs. After all runs completed, 72°C for 10min cycle
was accomplished and next the melting curve was established
by changing the temperature from 72°C to 95°C, increasing by
0,5°C with each step, which in turn allowed for calculation of
the second derivative to confirm uniformity of the resultant
products of amplification. The expression of PC 6 was compared to a reference gene that is glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), whose expression in cells is universally considered to be constant throughout the whole menstrual cycle.
In order to determine the efficiency of the qPCR reaction
for both investigated transcripts, 10 subsequent dilutions of
the linear DNA molecule were used. Triplicate qPCR reaction
was performed for each dilution. On the basis of the results
the thermocycler PCR analysis software automatically determined the efficiency of both reactions and constructed the
standard curve which, in turn, was used to determine the transcript level in the tests. They were analyzed in duplicate to correct the standard curve.
The transcription level of PC6 was shown in relation to the
GAPDH and calculated using REST®2005 analyzing software v.1.9.9 from Corbett Research, which also automatically
calculates the differences between studied groups. The mean
GAPDH expression levels did not differ significantly among
the groups.
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Results
There was no difference in the expression of PC6 between
all infertile patients (idiopathic infertility and endometriosis)
and controls. The results are presented in Table I.
There was also no statistically significant difference in PC6
expression in endometria from patients with idiopathic infertility and controls, minimal endometriosis and controls. The
results are presented in Tables II and III.
Furthermore, there was no difference between the expression of PC6 in patients with idiopathic infertility vs. minimal
endometriosis. (Table IV).

Discussion
To the best of our knowledge this is the first study in the
literature comparing the in vivo expression of PC 6 in fertile
and infertile patients. Infertile patients require advanced diagnostic and therapeutic methods to improve their chances for
pregnancy.
In natural cycles the monthly fecundability remains at the
level of 30% [23]. We know that a large number of these early
loses might be attributed to embryo defects [10]. However, one
needs to bear in mind that even with the use of Preimplantation Genetic Screening which effectively rejects abnormal
embryos, the implantation rate still remains low [10].
Part of the blame for such poor results might be attributed
to the faulty implantation caused by poor endometrial receptivity at the time of embryo transfer [9]. Any disturbances in
the window of implantation might lead to the rejection of the
normal embryo and result in infertility. In our paper we have
chosen to assess the role of PC6 as the potential cause of infertility. The choice was based on two major facts. Firstly, that
PC6 is involved in the transformation of many substances into
their active form. Many enzymes, cytokines, growth factors
and hormones are dependant on the proper expression and
function of PC6 [15]. Potentially, many of the factors taking
part in the creation and maintenance of receptivity period of
the endometrium might be influenced by aberrant expression
of PC 6. Secondly, that it has been proven in a mouse that
inhibiting the expression of PC6 leads invariably to a complete
block of implantation [16]. Patients with idiopathic infertility
and those with minimal grade endometriosis may have, as yet
undiscovered, defects within the eutopic endometrium that
lead to implantation failures. Therefore, in our present study
we decided to assess the expression profiles of PC6 in those
two subgroups of patients to determine whether it might be
due to infertility.
In our current study we were unable to demonstrate any
differences between the expression level for PC6 between
patients with idiopathic infertility, minimal grade endometriosis and fertile population. Based on our research we came to
the conclusion that infertility caused by decreased expression
of PC6 is quite an uncommon phenomenon for several reasons. Conclusively, PC6 is a very important enzyme in
humans. It regulates many biological pathways, including
those in the gastrointestinal tract, aorta, kidneys, lungs and
many others; therefore, lack of PC6 might be incompatible
with life [16], though a local (endometrial) decrease in the
expression might be expected.

Nr 6/2009

Ginekol Pol. 2009, 80, 414-418

P R A C E

O R Y G I N A L N E

ginekologia

Miko∏ajczyk M, et al.

Table I. The reaction efficiencies, expression results in endometria and statistical evaluation of proprotein convertase 6 (PC6)
differences between the entire infertile group and controls.

Table II. The reaction efficiencies, expression results in endometria and statistical evaluation of proprotein convertase 6 (PC6)
differences between idiopathic infertility and controls groups.

Table III. The reaction efficiencies, expression results in endometria and statistical evaluation of proprotein convertase 6 (PC6)
differences between infertile patients with minimal endometriosis and controls.

Table IV. The reaction efficiencies, expression results in endometria and statistical evaluation of proprotein convertase 6 (PC6)
differences between patients with idiopathic infertility and minimal endometriosis group..
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Lack of varied endometrial expression of proprotein convertase 6 in infertile women...

Until now there is no gene deletion model for PC6 in a
mouse, which seems to confirm our earlier hypothesis. Since
mouse and human PC6 proteins have 95% homology, it indicates that this gene is highly conserved across species [16]. This
might explain the lack of difference in the expression between
control and study groups in our research. Also, since the only
form that has been identified in humans is soluble, it is possible to speculate that total effects exerted by this enzyme might
be correlated with posttranslational processes.

Conclusion
Since PC6 is involved in the activation of many molecules
associated with either initial embryo attachment (like integrins) or the preparation of the endometrium for the embryo
invasion (like epidermal growth factor and vascular endothelial growth factor), it would be worthwhile to look for possible
substrates that could affect the local expression of PC6 within
the endometrial cavity [15, 23, 24]. However, studies have
demonstrated that PC6 expression, despite being more prominent in the second half of the cycle, so called ‘progesterone
dependant’, does not increase with neither estrogens nor progesterone stimulation [19].
The endometrium has a natural state of receptiveness [12].
In vivo studies will help determine which of the genes that are
up- or down-regulated in the implantation window are truly
the cause of infertility and which are redundant in this
process. Therefore, a functional study of PC6 action in the
endometrial fluid might explain whether infertility could be
caused by altered PC6 function.
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