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Abstract
OBJECTIVE—To determine the human endometrial transcriptome during embryonic implantation.

DESIGN—Case report

SETTING—Tertiary fertility center

PATIENT(S)—A 24-year-old woman who inadvertently became pregnant during an endometrial
biopsy procedure

INTERVENTION(S)—Endometrial biopsy was performed with a Pipelle device during the mid-
luteal phase (days 19–21) of the cycle; blood samples for hormonal assessments were collected and
a transvaginal ultrasound was performed.

MAIN OUTCOME MEASURE(S)—Gene expression analysis of the endometrium during the
window of implantation (during the implantation of an embryo) in a natural cycle. Localization of
selected genes in endometrial tissue with immunohistochemistry.

RESULT(S)—394 probe sets were differentially expressed in the pregnant sample when compared
to mid-secretory phase non-pregnant endometrial samples. Different gene networks were involved,
and selected genes from these signaling pathways were confirmed at the protein level.

CONCLUSION(S)—Endometrial gene expression of a pregnant patient in a natural cycle is
significantly different from non-pregnant patients during the mid-secretory phase.
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Introduction
In earlier studies by Armstrong et al. (1973) (1) and Gordon et al. (1975) (2), cyclic uterine
changes in the secretory phase have been described in detail. However, most observations on
endometrial morphology were, and still are, performed in non-conception cycles. Indeed,
reported series of endometrial biopsies in conception cycles are very limited. While no adverse
effect on implantation has been reported due to the endometrial biopsy procedure (3–5), an
endometrial biopsy holds no morphological predictive information suggestive of ultimate
pregnancy outcome (5,6). Therefore, the aim of the current study was to define the endometrial
transcriptome during the process of embryonic implantation.

Case report
Materials and Methods

This study was approved by the Ethics Committee of the University Hospital of the Vrije
Universiteit Brussel.

As part of the assessment of the natural cycle, prior to a stimulated cycle in a controlled trial
protocol, an endometrial biopsy (n=1) was performed. The 24-year old patient had a regular
menstrual cycle and previously conceived twice in a natural cycle (G2P0A2). She did not suffer
from endometriosis, PCOS or any other endometrial pathology. IVF was indicated due to male
infertility. The endometrial biopsy was performed with a Pipelle device 6 days (± 1 day) from
the LH surge observed by urinary LH kits provided to the patient at the screening visit (first
visit). At the day of the biopsy procedure, a blood sample was collected for hormonal
assessments (progesterone, mid-luteal phase) and a transvaginal ultrasound examination of the
ovaries and uterus was performed. The endometrial biopsy was divided into two parts: one part
for histological analysis, with haematoxylin and eosin staining, and the other part for RNA
isolation and further gene expression analysis. The endometrial biopsy was evaluated with
conventional histological Noyes criteria (7) of secretory transformation by a specialized
pathologist, unaware of treatment conditions.

Gene expression was analyzed with the Affymetrix HGU133 Plus 2.0 microarray. The sample
was used in duplicate as a ‘technical replicate’, to reduce interassay variability and enhance
the robustness of the microarray data, and hybridized using identical methods by two different
laboratories (Gene Expression Unit, KU Leuven, Belgium and UCSF, Gladstone Genomics
Core, San Francisco) (8). The RNA sample was reverse-transcribed with the SuperScript
Choice System (Invitrogen, Carlsbad, CA, USA) with oligo-dT primers containing a T7 RNA
polymerase promotor site. The resulting cDNA was in vitro transcribed and labeled with biotin
using the IVT labeling kit (Affymetrix, Santa Clara, CA, USA), followed by fragmentation of
the biotinylated cRNA. Next, the quality of this cRNA was assessed with the Agilent 2100
Bioanalyzer. The fragmented cRNA was hybridized overnight to the Affymetrix Human
Genome (HG) U133 Plus 2.0 Array (Affymetrix, Santa Clara, CA, USA), containing more
than 54000 probe sets. Subsequently, the arrays were washed and stained according to the
protocol (Affymetrix Expression Analyses Technical Manual) and scanned on a 2-μm
Affymetrix 3000 GeneScanner. Data were analyzed with GeneSpring GX 7.3 (Agilent
Technologies, Palo Alto, CA, USA). The ‘pregnant’ sample (in duplicate) was compared with
non-pregnant mid-luteal endometria (n=8) from natural cycles. The probe level intensities data
were preprocessed using the RMA algorithm (robust multiarray average, GeneSpring) for
background adjustment, normalization, and log-transformation of the perfect match values
(9). Additionally, the data were normalized per gene to the median. Data were then further
analyzed with Ingenuity Pathways Analysis (Ingenuity Systems, www.ingenuity.com,
Redwood City, CA, USA) for network and pathway analysis, as previously described (10).
Selected genes were confirmed with immunohistochemistry on the pregnant patient sample
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(n=1) and on control mid-luteal non-pregnant patient samples (n=7). Commercially available
antibodies were used (Abcam plc, Cambridge, UK), together with appropriate positive and
negative controls (11–16). Antigen retrieval was performed by heating in citrate buffer (pH
6.0; ScyTek, Logan, Utah, USA) for 10 min. in a water bath. Slides were incubated overnight
with the appropriate primary antibodies at 4°C in a humidified chamber, treated with a horse
radish peroxidase-conjugated secondary antibody (EnVision+ Dual Link System-HRP, Dako,
Glostrup, Denmark), treated with diaminobenzidine (DAB, 10min, Dako), and counterstained
with haematoxylin. Staining intensity was scored semiquantitatively from 0 (negative) to 3
(intense) on the whole tissue by a single observer.

Results
Hormonal assessment nine days after the endometrial biopsy procedure showed a β-hCG
(human chorionic gonadotrophin) value of 2151 IU/L. Seven days later the β-hCG value had
risen to 20525 IU/L. The patient had an ongoing pregnancy and delivered a healthy baby. It
was calculated afterwards from hCG values that implantation had occurred on the day of the
endometrial biopsy procedure. The endometrial morphology was dated as day 6 of the luteal
phase.

Out of 54.675 probe sets, 394 were significantly differentially expressed between pregnant
(n=2, technical replicate) and non-pregnant (n=8) mid-luteal endometrium in natural cycles
(Volcano plot with Bonferroni correction; fold change ≥ 2.0, p < 0.05). Three hundred and ten
probe sets were upregulated in the pregnant patient and 84 probe sets were downregulated.

In total, 30 networks were derived from the list of 394 differentially expressed probe sets. The
top networks (according to their relevance to the list of genes) (10) were involved in cancer,
reproductive system disease, post-translational modification, cell-to-cell signaling, cellular
movement, and hematological system development and function. Oxidative phosphorylation,
ephrin receptor signaling, neurotrophin/TRK signaling, purine metabolism and PPAR
signaling were the most significant canonical pathways involved in the endometrium of the
pregnant patient.

Four different genes, which are involved in these pathways, were selected to confirm tissue
localization at the protein level. Immunohistochemistry showed cytoplasmic positive staining,
predominantly in the glandular compartment, in the endometrial biopsy from the pregnant
patient and in mid-luteal biopsies from control non-pregnant patients (Figure 1) for JAK2
(Janus Activating Kinase 2), PDGFA (platelet-derived growth factor-A), CREB3 (cAMP
response element-binding protein 3) and MEK1 (mitogen activated protein kinase kinase 1).
The staining pattern in glands and stroma was comparable between the pregnant sample and
non-pregnant samples, with stronger intensity in non-pregnant tissues for PDGFA (glands
scored as 3 in non-pregnant sample, scored as 2 in pregnant sample) and MEK1 (glands scored
as 3 in non-pregnant and 2 in pregnant).

Discussion
This is the first report to compare the gene expression of conceptional mid-luteal endometrium
to non-conceptional mid-luteal endometrium. Gene expression showed a differential
expression of 394 probe sets, in which 30 networks were involved. Four upregulated genes,
belonging to the ephrin signaling pathway (Figure 1), were selected to confirm protein
expression and tissue localization. These were differentially regulated in conception mid-luteal
endometrium compared to non-conception mid-luteal endometrium on the RNA level (Figure
1). Immunohistochemistry also showed the presence of the selected genes on protein level in
the pregnant patient, as well as in non-pregnant patients. However, this technique is neither
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quantitative nor sensitive enough to differentiate between the two groups (17). Confirmation
with a more quantitative technique, like Western blot, would be useful. But, there was not
enough sample material available to perform these experiments.

In the mouse, the Eph-ephrin A system is involved in regulating embryo-endometrial cross-
talk during the implantation period and thus functions in cell-to-cell communication. Ephrins
are membrane-bound ligands for the Eph tyrosine kinase receptor family. Together, they can
induce repulsive forces to control cell position and cell movement (18,19). JAK2, a tyrosine
kinase of the non-receptor type (20), is also involved in the ephrin receptor signaling pathway,
as well as PDGFA, MEK1 (or MAP2K1) and CREB3 (Figure 1). CREB3 is a member of the
leucine zipper family of DNA binding proteins (10) and MEK1 is a member of the MAPK
pathway involved in growth and survival of cancer cells (12,13). PDGFA is well known as a
growth factor playing an important role in renal disease, as well as in wound healing and
different pathophysiologic events, like cell proliferation (15,16). These four selected genes
were also part of other significantly regulated pathways in the pregnant patient. MEK1 and
PDGFA belong to the PPAR signaling pathway as well. Peroxisome proliferator-activated
receptors (PPARs) are known regulators for implantation and decidualization as part of the
COX2-PG-PPARδ signaling axis in the uterus (21). In the neurotrophin/TRK signaling
pathway, MEK1 and CREB3 were upregulated. Neurotrophins and their Trk tyrosine kinase
receptors, originally discovered as factors required for the development of the nervous system,
are also involved in early ovarian development (22) and are expressed in non-conception
endometrium (Tatsumi and Giudice, unpublished observations; 23).

These discovered networks and canonical pathways are part of the molecular mechanism
already known to be involved in embryo-endometrial cross-talk and implantation of the embryo
in mouse models and less so in humans. In the current study, while the physical distance of the
endometrial sample from the implantation process is unknown, the observed differences are
intriguing and raise the question whether they are due to paracrine and/or endocrine effects of
an implanting conceptus. This question remains unresolved, but is important to the
understanding of embryo-endometrial interactions and uterine receptivity, and successful
implantation. While the findings of this study are limited by the fact that only one pregnant
sample was available for analysis, the clinical relevance of these (and other) molecules warrants
further investigation with other (non-invasive) methods, including blood measurements and
intra-uterine flushings, of key markers of the decidual reaction to an implanting conceptus.
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Figure 1.
Top: Ephrin receptor signaling pathway with downregulated (in green) and upregulated (in
red) genes in the endometrium from the pregnant patient. Node (gene) and line (gene
relationships) symbols are described in the right part of the figure.
Bottom: Immunohistochemistry of the endometrial biopsy from the pregnant patient for JAK2
(a), PDGFA (b), CREB3 (c) and MEK1 (d) and from control non-pregnant patients for JAK2
(e), PDGFA (f), CREB3 (g) and MEK1 (h) showed cytoplasmic staining, predominantly in the
glandular epithelium.
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