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1. Introduction
The implantation of an embryo in the uterus wall, which 
involves a complex series of interactions and events, 
is the first requirement for the embryo to develop 
beyond the blastocyst stage and progress to term (1). 
The successful establishment of endometrial receptivity 
and the subsequent differentiation of the endometrium 
into decidua are the key events in embryo implantation 

(2,3). Age is considered an important factor in 
endometrial receptivity during embryo implantation (4). 
Abnormalities occurring at the physiological, structural, 
biochemical, and/or molecular levels during this period 
could be associated with implantation failures and 
recurrent miscarriages (5,6). Understanding these changes 
would help in deciphering the still unknown biological 
mechanism of not only implantation but also of infertility 
related to implantation failure, which remains a major 
problem in assisted reproductive techniques (ARTs).

Hallmarks of the endometrium in the implantation 
window are: (a) the engorgement of the endometrial 
lumen’s surface epithelium with secretory vacuoles, (b) the 

subsequent formation of pinopodes, and (c) the existence 
of small tips of microvilli structures, all occurring under 
the influence of ovarian hormones at the luteal phase (7). 
Therefore, a detailed scanning electron microscopy (SEM) 
assessment of an endometrial biopsy could be reliable 
and useful for the evaluation of uterine receptivity on 
an individual basis with the aim of obtaining a clinical 
pregnancy in an ART cycle (8,9). However, as SEM does 
not give details on cellular morphology, the structural 
distribution of organelles, and the condensation of 
chromatin, transmission electron microscopy (TEM) 
appears to be more appropriate and is a very good option 
to consider (10).

Morphological changes on the apical surface of the 
endometrium and structures such as pinopodes should 
be well defined and functionally characterized by TEM 
since a controversy still exists regarding their role in the 
receptivity of the endometrium and thus implantation 

(11,12). This study was designed to use TEM to compare 
the endometrial tissues biopsied in the implantation 
window from infertile patients with at least 3 previous 

Background/aim: The aim of this study was to compare the cellular properties of endometrial tissues from fertile patients and 
patients having at least 3 previous in vitro fertilization failures, during the implantation window. The ultrastructural evaluation of the 
endometrium in the implantation window may shed light on the complexity of the implantation failure paradigm. 

Materials and methods: The study involved 23 women, 14 infertile with a clinical diagnosis of repeated implantation failure (RIF) and 
9 fertile, defined as the control group. Endometrial samples were examined by transmission electron microscopy (TEM). 

Results: In the control group, secretory vacuoles and cytoplasmic projections filled with secretory material, called pinopodes, were 
noted; microvilli were observed on some apical surfaces; and ciliated cells were absent. In the RIF group, the number of pinopodes was 
remarkably lower, with some of them being immature. Moreover, decidualization of stromal cells was not frequent and fewer epithelial 
cells with poor secretory vacuoles were discerned. 

Conclusion: TEM analyses of endometrial samples from the RIF group revealed dramatic differences at the ultrastructural level 
compared to the controls, which may well be an underlying cause of their infertility. 

Key words: Endometrial receptivity, recurrent implantation failure, transmission electron microscopy

Received: 24.02.2014              Accepted/Published Online: 06.09.2014              Printed: 30.06.2015

Research Article



707

BAHAR et al. / Turk J Med Sci

ART failures and the endometrial tissues of fertile women, 
in order to evaluate the differences at the cellular level and 
to assess their potential role in implantation. 

2. Materials and methods
2.1. Study groups and endometrial biopsy
All women participating in this study gave their informed 
consent and the use of their endometrial tissue for 
research purposes was approved by the Ethics Committee 
of Memorial Hospital (İstanbul, Turkey). The study group 
consisted of 14 infertile patients (mean age: 32 ± 4.3 years) 
who had 3 or more ART failures despite good-quality 
embryo and/or blastocyst transfer. They were categorized as 
having repeated implantation failure (RIF), which is defined 
as consecutive negative pregnancy tests following transfer 
of morphologically good embryos and/or blastocysts. All 
patients in the study group had clarified fallopian tubes 
opened with hysterosalpingography or laparoscopy. Patients 
diagnosed with endometriosis were excluded.

The control group consisted of 9 fertile volunteers 
(mean age: 31 ± 3.2 years) who were normo-ovulatory 
with regular cycles and had not been on steroid hormone 
medications within 3 months of the endometrial sampling. 
The fertile women presented with the following various 
diseases: uterine prolapse (n = 3), uterine leiomyoma (n = 
1), ovarian cyst (n = 3), and pelvic pain (n = 2).

Each subject’s luteinizing hormone (LH) surge was 
estimated by the patient herself based on the first day 
of her menstruation, and each had her uterus evaluated 
by transvaginal ultrasonography. Human endometrial 
samples were obtained in the receptive (LH  +  5) and 
(LH + 7) phases during the same cycle of all 23 women 
(13). Serum progesterone levels were measured on 
the day of the midluteal phase (days 19–21, estimated 
to be representative of the receptive endometrium). 
Endometrial samples were examined according to the 
endometrial biopsy dating method by Van Vaerenbergh 
et al. (14). Endometrial biopsies were taken using Pipelle 
catheters (Endocell, France) under sterile conditions, and 
samples were rinsed with phosphate buffered saline. After 

fixation, the routine histological process was applied to 
the endometrial samples. Additionally, TEM was used to 
study the morphology of cells and their organelles.
2.2. Preparation for transmission electron microscopy
Endometrial tissue samples were fixed in 2.5% 
glutaraldehyde and excess fixative was removed by 
washing with 0.1 M Dulbecco’s phosphate buffered 
saline (DPBS), pH 7.4. After the biopsy materials were 
rinsed in DPBS, specimens were fixed in 1% OsO4 and 
washed again thoroughly with DPBS (3 × 15 min) before 
the final application of a series of graded ethanol. The 
dehydration was performed in ethyl alcohol. The samples 
were then exposed to propylene oxide and embedded 
in an araldite resin (Araldite 212, Agar, Italy) for 1 h at 
room temperature. Polyethylene capsules were filled with 
araldite as an embedding material, and the plastic blocks 
were placed at 60 °C for 36 h. Afterwards, the blocks were 
cut into thin sections (70–100 nm) and contrasted with 
uranyl acetate and lead citrate for a final observation by 
TEM (JEOL JEM-1011, Japan).
2.3. Statistical analysis
Endometrial samples of 14 women from the RIF group and 
9 from the control group were analyzed under TEM and 
10 micrographs were randomly taken at different locations 
in each sample to check for reproducibility. The statistical 
analysis was done using an independent samples test and 
the Kolmogorov–Smirnov test with SPSS 11.5. 

3. Results
3.1. TEM examination of the endometrial tissue 
The mean clinicopathologic characteristics of the study 
and control groups are shown in Table 1. In the control 
group, some regions of the endometrial epithelium 
facing the lumen were irregular in appearance. Some 
of the endometrial epithelial cells had microvilli on 
their apex (Figure 1a) and some others had cytoplasmic 
projections called pinopodes, which contain secretory 
vacuoles. Some pinopodes and their secretory material 
devoid of their communication with the cells were also 

Table 1. Mean clinicopathologic characteristics of the study and control groups.

Women with repeated 
implantation failure (n = 14) Fertile women (n = 9) P-value

Mean age (years)                                      32 ± 4.3                 31 ± 3.2 P > 0.05

Duration of infertility  3.2 ± 2.9 – *

Previous failed cycles 3.8 ± 1.6 – *

Live births – 1 ± 1.3 *

Good-quality embryos transferred 3.2 ± 1.4 – *

Hormonal treatment (tailoring the stimulation protocols) 4.1 ± 1.7 Last 3 months  untreated with steroids *

* P < 0.05.
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observed in the lumen. Secretory vacuoles were on the 
basal and supranuclear regions of the cells. The vacuoles 
in the supranuclear regions and pinopodes were larger and 
merged with each other to create giant vacuoles (Figure 
1b). Ciliated cells were almost completely absent and 
nonciliated cells displayed microvilli, which were dense, of 
average height, and limited in number, and covered most 
of the cell apical membrane. Secretory vacuoles and lipid 
droplets were also seen in the cytoplasm of endometrial 
epithelial cells. Most cells had secretory-like vacuoles 
(Figure 1a). The extracellular matrix was dense because of 
decidualization. The stroma, localized beneath the basal 
lamina, was cell-rich and euchromatic decidualized cells 
were frequent. Moreover, the stroma contained gland cells 
with many randomly distributed cytoplasmic secretory 
vacuoles. Therefore, the structure and organization of 

the extracellular matrix in the endometrial tissues, as 
well as the decidual cells, had an exceptional appearance, 
attributed to the receptive endometrium (Figure 1c). 
Occasionally, a special extracellular matrix surrounding 
each secretory gland cell was also observed (Figure 1d).

In the RIF group, the surface epithelium of the 
endometrium was composed of low cylindrical cells. 
There were plenty of unevenly distributed microvilli on 
the apical surface of most of the cells. Although they had 
secretory vacuoles near the lumen, they did not have intact 
pinopode structures (Figure 2a). However, little pinopode-
like structures were spread in the lumen. Ciliated cells 
were observed in some places. The connections between 
the cells near the apical regions were pronounced (Figure 
2b). Nevertheless, neighboring cells, especially those near 
the basal and the middle parts, were extremely enlarged 

Figure 1b. Epithelium of the control group. White arrow = 
pinopode, star = vacuole, and scale = 1.1 µm.

Figure 1d. Epithelial cells of the secretory gland in the control 
group. bl = basal lamina, stars = secretory vacuoles, lu = lumen, 
and scale = 1.7 µm.

Figure 1a. Microvilli on the surface epithelium of the control 
group. Black arrows = microvilli, stars = vacuoles, and scale = 
1.1 µm.

Figure 1c. Endometrial stroma of the control group.  de = 
decidual cell’s nuclei, stars = lipid and other secretory vacuoles, 
and scale = 4 µm.
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(Figures 2b and 2c). Stroma cells were observed to be 
poor. In addition, interdigitations were observed between 
endometrial epithelial cells in the RIF group (Figure 2c). 
The secretory epithelial glands usually had cylindrical or 
low cylindrical cells and varying amounts of secretory 
materials were found in their lumens. In the fertile group, 
the glands were quite convoluted, covered a large part 
of the stroma, and were high in number, while the TEM 
evaluations of the RIF group revealed only a few flat and 
slightly convoluted glands (Figure 2d).

In the statistical analysis, a normal distribution was 
established for each category studied (pinopodes, cilia, 
and microvilli) and for each group (control and RIF) (P 
> 0.05) (Table 2). Therefore, the independent-samples test 
and Kolmogorov–Smirnov test were used for statistical 

analysis. As a result, the numbers of pinopodes, cilia, 
and microvilli in the RIF group were significantly 
different than those in the control group (P < 0.001). The 
confidence intervals between the control and RIF group 
were as follows: pinopodes, 95% CI: 2.918 to 3.968; cilia, 
95% CI: –2.361 to –1.479; microvilli, 95% CI: –3.441 to 
–2.768 (Figure 3).

4. Discussion
Although numerous molecular studies have been 
conducted on the endometrium at the implantation stage, 
only a few have performed a morphological evaluation 
and have established a relationship between endometrial 
insufficiency and its morphology in RIF patients (15–
17). Therefore, this study was designed to examine 

Figure 2b. Cilia and pinopode-like structures on the apical side 
of the RIF group’s surface epithelium. ci = cilium, pi = pinopode, 
nu = nucleus, white arrow = interdigitations, black arrow = 
microvilli, and scale = 2.5 µm.

Figure 2d. Epithelial glandular cells in the RIF group. lu = lumen, 
star = vacuole, black arrow = microvilli,  and scale = 3.2 µm.

Figure 2a. Surface epithelium and pinopode-like structures in 
the RIF group. pi = pinopode-like structures, star = secretory 
vacuoles, nu = nucleus, and scale = 2.2 µm.

Figure 2c. Stroma below the basal lamina of the endometrial 
epithelium in the RIF group. bl = basal lamina, nu = nucleus, 
black arrow = stromal cells, white arrow = interdigitations, and 
scale = 3.2 µm.
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the morphological features of the endometrium at the 
implantation stage by TEM in RIF patients compared 
to fertile controls. Microscopic evaluations of their 
endometrial samples revealed significant differences 
in their morphological structures. The most notable 
morphological finding was domed structures called 
pinopodes, which appeared during the endometrial 
receptive period (18) and were found in most of the 
surface epithelial cells in the fertile group’s luteal phase 
endometrium (Figure 1b). It is well established that 
without pinopodes, implantation cannot be achieved (7). 
The pinopodes were well developed in the fertile group, 
whereas they were few in number in the RIF group due to 
insufficient epithelial growth (Figures 2a and 2b). 

As in previous studies, micrographs of the fertile group 
showed that the pinopodes were located in the apical side 
of the endometrial cells during the preparatory stage of 
implantation (7,19) The TEM analyses demonstrated that 

the pinopodes were filled with secretory material that was 
extending towards the lumen and with content that could 
provide the blastocyst with nutrients and even allow it to 
get close and attach to the endometrium (Figure 1b). Nikas 
et al. reported that the best observation of pinopodes 
in the human endometrium could be done on the 20th 
day of the menstrual cycle when the blastocyst can have 
contact with the endometrium (20), and the present study 
revealed that pinopodes in the endometrial samples 
biopsied on days 19–21 were indeed dense and notable. In 
this TEM study, we have considered pinopodes as useful 
markers of receptivity, because although different views 
about pinopodes still exist, recent evidence suggests that 
pinopodes are hallmarks of the period with the highest 
endometrial receptivity (11).

Another structure observed in this study were the 
microvilli, whose numbers and structures varied with the 
density of pinopodes, similar to many other studies (6). 
However, the TEM analyses of endometrial thin sections 
of the fertile group from days 19–21 showed that microvilli 
decreased in number and size. The apical parts of the cells 
were filled with mucoid material, which fed the blastocyst 
and consisted of numerous vacuoles, as a result of which 
the microvilli were shortened and occasionally obliterated, 
allowing the development of the pinopodes (Figures 1a 
and 1b). 

Although the luminal epithelial cells were expected 
to have giant vacuoles enlarging from the basal to the 
apical region and obliterated microvilli, when compared 
with the fertile group, the luminal epithelial cells of the 
RIF group had insufficient secretory production, which 
was supported by the presence of poor secretion in the 
endometrial lumen. A comparison of protein abundances 
between the fertile and infertile women revealed that 
several proteins were present at altered levels depending 
on cycle stage or fertility status (21). Nevertheless, most of 
the microvilli remained comparable in terms of size and 
number in both groups despite an irregular appearance in 
the RIF group (Figure 2a).

Table 2. The normal distribution established for the RIF and control groups for each subcategory.

Group n Mean ±SD 95% confidence interval for mean

Pinopode Control
RIF

9
14

4.8222 0.70139 4.2831–5.3614

1.3786 0.51168 1.0831–1.6740

Cilium Control
RIF

9
14

0.5222 0.47900 0.1540–0.8904

2.4429 0.50644 2.1504–2.7353

Microvillus Control
RIF

9
14

2.0667 0.25000 1.8745–2.2588

5.1714 0.43928 4.9178–5.4251
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R FCONTROL
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Figure 3. An independent-samples test was applied for the 
comparison of 2 independent groups.
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Conflicting evidence also exists about the presence 
of cilia in the human endometrium. The endometrium 
was reported to be lined with secretory cells without 
cilia and a simple cylindrical epithelium with cilia (22), 
but another study also emphasized that the cylindrical 
epithelium of the uterus has cilia before menarche, but 
that most of the cells do not have cilia after menarche 

(23). Moreover, cilia with a rhythmic beat were reported 
to decrease during the luteal phase in fertile individuals 
from a 1/20 ratio to a 1/50 ratio (24). In the present study, 
the absence of cilia in the ultrastructural examination of 
the fertile group’s epithelium was considered positive in 
terms of implantation. In fact, the presence of cilia and 
their rhythmic movements during the receptive stage of 
the endometrium may not allow the blastocyst to attach 
to the endometrium and thus may render implantation 
difficult. As opposed to the fertile group, TEM analyses of 
the RIF group showed that cilia were observed (Figure 2b), 
which may explain the implantation failures. 

Briefly, the TEM analyses showed that the structure 
of the endometrial epithelium of the RIF patients was 
completely different from the normal endometrial 
epithelium. The morphological assessment described 
above is supported by the statistical analysis, as the 
ultrastructures of the endometrial epithelium that were 
studied, namely the pinopodes, microvilli, and cilia, of the 
controls and the RIF patients were significantly different 
(Table 2).

Decidualization of the endometrial stroma is initiated 
in women during the receptive phase (25). Stromal 
cells with a decidual reaction enable the invasion and 
the nutrition of the embryo (26). Furthermore, uterine 
secretions from the endometrial glandular epithelium 
provide optimal conditions for early embryonic 
development (27). In recent years, several studies reported 
that the removal of endometrial secretions immediately 
prior to embryo transfer provides sufficient material 
for analysis of receptivity markers without disrupting 
embryo implantation (28). In our study, few stromal cells 
were observed in the fertile group, and these were active, 
meaning that they were turned into decidual cells in most 
of the areas, providing the morphological appearance of 
a receptive endometrium (Figure 1c). In contrast, in the 
RIF group, the stroma was not rich in cells or extracellular 
matrix (Figure 2c). Deficient glandular activity, 

usually described as a ‘secretory phase defect’, has been 
hypothesized to be an underlying cause of early pregnancy 
failure in humans (29). Insufficient conversion of stromal 
cells into decidual cells may also be one of the reasons for 
implantation failure. 

In our study, the glands covered a large part of the 
stroma in the fertile group, while the RIF group had only 
a few flat and slightly convoluted glands (Figure 2d). 
These secretory glandular cells formed few secretory 
vacuoles and produced little secretion, which could also 
be considered as a deficiency in terms of the physiology 
of implantation. Lastly, the endometrial secretion of 
glandular cells plays a critical role in the implantation and 
maintenance of pregnancy (30). Parmar et al. maintained 
that uterine secretions might play an important role in 
endometrial functions and dysfunctions (31,32). A recent 
study in China reported that the removal of endometrial 
secretions immediately prior to embryo transfer provides 
sufficient material for analysis of receptivity markers 
without disrupting embryo implantation (28). Recently, 
Schmitz et al. reported for the first time on a novel 
endometrial protein, milk fat globule-epidermal growth 
factor (MFG-E8). They showed that the MFG-E8 protein 
is mostly expressed in the endometrial epithelial cells and 
during the window of implantation in normative ovulatory 
women, both in luminal and glandular epithelial cells, and 
with dense staining at both the apical and basal cellular 
parts (33,34).

In conclusion, our TEM study showed significant 
differences in the morphological features of the endometrial 
tissue of fertile and RIF patients. One of the leading causes 
of RIF was found to be an insufficiency of the endometrial 
tissue; pinopodes and decidualization of the stromal cells 
were deficient. There is no doubt that understanding 
endometrial changes will be a key step forward in the 
elucidation of the implantation mechanism. Thus, perhaps 
new systems can be developed to characterize new proteins 
or factors that have been hypothesized to improve fertility 
by improving blastocyst attachment to the endometrium. 
New immunohistochemical studies may also help in 
the delineation of implantation by identifying secretory 
materials and the signaling mechanisms involved. 
However, further studies are needed to confirm the 
morphological features of the endometrium of the RIF 
patients described in this study in a larger cohort. 
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