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Endometrial receptivity is a complex process that provides the embryo with the opportunity to attach, invade, and develop, culminating
in a new individual and continuation of the species. The window of implantation extends 3–6 days within the secretory phase in most
normal women. In certain inﬂammatory or anatomic conditions, this window is narrowed or shifted to preclude normal implantation,
leading to infertility or pregnancy loss. Of the factors that prevent normal implantation and pregnancy, embryo and endometrial quality
share responsibility. In this review, we highlight the advances in the study of implantation from the perspective of the endometrium,
normally a barrier to implantation. New advances will allow the early identiﬁcation of defects in endometrial receptivity and provide
new avenues for treatment that promote successful establishment of pregnancy. (Fertil SterilÒ 2019;111:611–7. Ó2019 by American
Society for Reproductive Medicine.)
Key Words: Biomarkers, endometriosis, endometrium, implantation, pregnancy
Discuss: You can discuss this article with its authors and other readers at https://www.fertstertdialog.com/users/16110-fertilityand-sterility/posts/43795-27750

E

mbryo implantation is a complex
process involving both the embryo and the maternal endometrium, whose initial steps occur over
approximately a 4- to 6-day interval
during the mid-luteal phase. The ability
of the endometrium to allow normal
implantation is termed receptivity, and
optimal receptivity leads to normal implantation processes that serve as a
foundation for a healthy pregnancy.
Robert Edwards once wrote that the
endometrium is the last barrier to progress in assisted reproductive technology
(ART) (1). Indeed, embryos readily
implant in many tissue locations
(2–4), whereas the endometrium is
unique in its ability to block embryos
from implanting, except during this
narrow window of receptivity (5).

Most women attain normal receptivity
during the mid-luteal phase, driven
solely by the sequential actions of the
steroid hormones, E2 and P. The downstream molecular responses have now
been well characterized (6) and include
critical shifts in expression of receptors
for these sex steroids (7). Downregulation of estrogen (E) receptor-a
seems to be one crucial event on which
receptivity depends (8–10) and is a
common to other species (11).
By deﬁnition, endometrial receptivity is ‘‘that period of endometrial
maturation during which the trophectoderm of the blastocyst can attach to
the endometrial epithelial cells and
subsequently proceed to invade the
endometrial stroma and vasculature’’
(12). Attainment of endometrial
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receptivity is not an ‘‘all or none,’’
binary event, nor does the analogy
of a window sufﬁce to account
for clinical observations associated
with endometrial-related subfertility.
Rather, degrees and types of abnormal
receptivity lead to a range of reproductive problems, from complete implantation failure (infertility) to severely
deﬁcient implantation (miscarriage)
and mildly abnormal implantation
and invasion (e.g., pre-eclampsia).
Indeed, the contributing factors that
disturb receptivity may not all have
been recognized, but they include
endocrine
causes,
inﬂammatory
events, thin endometria, ﬁbroids,
polyps, septa, and immunologically
mediated disturbances. In this review,
we examine mechanisms governing
normal receptivity but focus on inﬂammation as a primary cause of unexplained
endometrial
receptivity
defects. How subclinical inﬂammation
is established and then recognized by
the eutopic endometrium remains a
puzzle. However, inﬂammatory pathways seem to be pivotal to the phenomenon of P resistance, a rapidly
expanding ﬁeld of study. Understanding the mechanisms of P resistance
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holds promise for better diagnostics and new directed therapies that may entirely alter how we manage unexplained
infertility.

ENDOMETRIAL RECEPTIVITY AND EARLY
STUDIES
One of the earliest concepts related to endometrial receptivity
defects was the identiﬁcation of patients with a shortened
luteal phase and delayed development of the secretory endometrium (13). The idea of a luteal-phase endometrial differentiation abnormality as a cause of infertility was based on
foundational work by Georgeanna Seegar Jones (14) and
establishment of histologic criteria for endometrial dating
by Noyes et al. (15). However, there remains no gold standard
deﬁnition of delayed or accelerated endometrial development, because histology, P levels, and other measures remain
largely unreliable (16–18). The diagnosis of luteal phase
defect (LPD) was nonetheless extensively studied in the
context of infertility.
Early studies suggested the incidence of LPD ranged from
3% to 15% of infertile women (15, 19, 20). This diagnosis was
also associated with early fetal wastage (21, 22). Luteal phase
defect was more common in older women, women taking
clomiphene citrate, and those with recurrent pregnancy loss
(19), but it became apparent that LPD was not due to a single
factor. As reviewed by Jones in Fertility and Sterility (23), LPD
was associated with hyperandrogenism, hypothyroidism, and
hyperprolactinemia. Although endometriosis was thought by
some to be associated with LPD (24), others found no
increased incidence (25, 26).
Despite the shortcomings of histologic dating, there is
consensus that P is essential for establishment and maintenance of early pregnancy. Progesterone is antiinﬂammatory and is thought to induce immuno-tolerance
at implantation and during early pregnancy. On the basis of
classic studies of early lutectomy, we know that P is an essential element to maintenance of early pregnancy (27). The
timing of implantation has been examined from many vantage points but occurs at the peak of luteal P secretion. In
the 1950s hysterectomy specimens from pregnant subjects
showed that embryos did not attach until day 20 of a 28day cycle (28). Later, Navot et al. (29) studied success during
ART cycles using fertilized donor oocytes transferred into
hormonally prepared recipients and reported a broad window
of transfer that occurred between cycle days 15 and 20. Wilcox et al. (5) validated that implantation normally occurred
between 7 and 10 days after ovulation (days 21–24) in fertile
women trying to conceive. In that study, a delay in implantation beyond postovulatory day 10 was associated with a
heightened risk of miscarriage, probably due to a loss of synchrony between endometrium and embryo and failure to
rescue the corpus luteum (5).
Interference with P action using antiprogestins interferes
with endometrial function (30, 31) and can cause pregnancy
loss or infertility (32, 33). Furthermore, an early rise in P
during ovarian stimulation reduces the success of ET in that
cycle, though the embryos are normally competent in a
subsequent frozen transfer (34, 35). Additionally, there is a 2
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or 3-day temporal window of P exposure that promotes optimal
receptivity (5, 36). These data strongly suggest that abnormal
length of P exposure leads to embryonic–endometrial dyssynchrony due to impaired endometrial receptivity.

PROGESTERONE ACTION AND
IMPLANTATION
The ﬁrst and most enduringly recognized endometrial protein
shown to be essential for implantation was endometrial leukemia inhibitory factor (37, 38). Leukemia inhibitory factor
expression is induced by nidatory E in the mouse but
regulated by P in the human (39–41). Down-regulation of
epithelial progesterone receptor A (PR-A) receptor may be
required for its appearance (42, 43), suggesting a role of P
inhibiting its own receptor. The action of P in the
endometrium is essential for embryo implantation, and
eventual decidualization has been recently well
characterized (41).
Progesterone is also responsible for the timely downregulation of E receptors. The COUP-TFII–driven Indian
Hedgehog pathway promotes down-regulation of ER in the
endometrial epithelium (41, 44). One P-regulated gene
essential for normal uterine development and fertility is the
repressor of estrogen activity (REA) (45). Interestingly, the
timing of endometrial receptivity may be regulated by this
gene (46). One biomarker sensitive to E suppression is the
alpha v/beta 3 integrin (avb3) (47). This implantationrelated protein appears at the time of implantation on cycle
day 20 and is thought to be involved in attachment and embryo function during implantation (48–51). This biomarker is
absent in the presence of histologic delay, which is
characterized by elevated E (9, 52) and P receptors (53).
Because blocking P action is associated with subfertility and
increased endometrial P receptor (30) and E receptor (54), it
again conﬁrms the importance of P in the timely downregulation of these two receptors. In addition, the argument
can be made that down-regulation of epithelial E receptor is
also central to endometrial receptivity and fertility.
Progesterone resistance (see recent review (55)), as with
treatment with RU-486 or other antiprogestins, results in an
interference of P action. One of the major contributors to P
resistance is the presence of endometriosis (56, 57). This
disturbance in endometrial receptivity seems to be graded in
response to the immunologic characteristics of the
individual, as well as the amount, activity, and location of
disease. Unlike antiprogestin treatment, P resistance is less
predictable and often paradoxical (58). Thus, it seems that P
resistance is not the same as P deﬁciency. Normal
endometrium seems so robust in its ability to respond to P
that endometrial histology was unchanged across a wide
range of concentrations, with delayed histologic changes
only seen with P concentrations below those seen in
ovulatory women—although only a small number of genes
showed a signiﬁcant dose-response (59) (Fig. 1).
Progesterone resistance represents an organic and systemic disruption of the actions of P and deﬁnes a defective
and graded responsiveness to P. Using the avb3 biomarker as
an endpoint for P resistance, we reported that outcomes in
VOL. 111 NO. 4 / APRIL 2019
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FIGURE 1

Relative expression of selected genes by reverse transcription–polymerase chain reaction. Samples from women in modeled cycles (leuprolide down
regulated with identical E2 dosing and randomized daily doses of IM P) compared with a single subject with placebo injection (labeled 0) and a
natural cycle group at 9–10 days after LH surge. Samples are taken from subjects previously described (60). *Difference between dose groups
at P<.05, excluding placebo and natural cycle samples, using analysis of variance and Newman-Keuls post hoc testing. Numbers along the
x-axis represent daily doses of IM-administered P.
Lessey. What is endometrial receptivity? Fertil Steril 2019.

IVF were poor in women that were in phase histologically but
lacked the b3 integrin (60). This type of defect in implantation
was correctable by administration of letrozole to block aromatase activity, restoring both integrin expression and fertility.
The proposed mechanisms of P resistance have been reviewed elsewhere (58, 61). Our current model includes
alterations in the phosphatidylinositol-3-kinase (PI3K)/Akt/
mammalian target of rapamycin (mTOR) pathway that regulates growth and proliferation, as seen in uterine ﬁbroids
(62) and endometriosis (55, 63). Activation of this pathway
seems to be central to the defects observed in the eutopic
endometrium of women with endometriosis (64).
Downstream events include activation of E receptor-a and
hypoxia-induced factor 1-a/vascular endothelial growth
factor pathways. Suppression of the COUP-TFII pathway as
seen in P resistance also activates angiogenesis (65). We
postulate that PI3K/AKT activation occurs in part via
KRAS (55) and is associated with loss of ARID1A (66), which
we reported is reduced in endometriosis and essential for
normal fertility (67). Central to these aberrant pathways
are inﬂammatory changes in women with endometriosis,
including elevations in interleukin (IL)-6 and IL-17 (68,
VOL. 111 NO. 4 / APRIL 2019

69). These inﬂammatory signals contribute to KRAS
elevation (70) and lead to prolonged phosphorylation of
STAT3 (71) and reduction of proteins that normally
inactivate STAT3 (72). STAT3 stabilizes hypoxia-induced
factor 1-a, normally expressed only at menstruation, and
vascular endothelial growth factor pathways. Interleukin-6
and IL-17 also contribute to prostaglandin pathways and
cyclo-oxygenase 2 activation, commonly associated with
endometriosis, contributing to aromatase expression, which
may further shift the balance between E and P actions.
Inﬂammatory-mediated KRAS expression and phosphorylated STAT3 promote and activate Sirtuin-1 (SIRT1) and
BCL6, respectively, which have been shown to be key mediators of P resistance (72). BCL6 and SIRT1 are thought to
target the COUP-TFII/Indian Hedgehog pathway used by P.
SIRT1, as a histone deacetylase, has been reported to inactivate many signaling pathways downstream of P receptor,
including those containing peroxisome proliferatoractivated receptor-g, retinoic acid receptor, and Gli1 (70).
With P signaling impaired and E action enhanced, the endometrium is unable to support implantation and maintain
pregnancy.
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ENDOMETRIAL ASSESSMENT
Historically, endometrial histology was used as the primary
indicator of endometrial receptivity (14, 15). Histology alone
is a blunt tool, however, and critical reanalysis of the Noyes
endometrial dating criteria demonstrates its shortcomings
(73). Further, essentially all early studies involving
endometrial dating were performed in infertile women,
many of whom may have endometriosis and therefore
aberrant responses to P. Clearly, better methods are needed.
The use of integrin testing allowed a multi-dimensional
assessment of histology and biochemical integrity (74, 75).
Of three integrins that were hormonally regulated and
occupied the window of implantation, the b3 integrin
subunit of anb3 was shown to have the greatest utility in
deﬁning defects in endometrial receptivity. It was shown to
be reduced when histology was delayed, but more
importantly, when histology was ‘‘in phase’’ with b3
integrin expression expected, this integrin was lacking in
clinical conditions associated with infertility, including
endometriosis (76) and hydrosalpinges (77), and aberrantly
expressed in a signiﬁcant subset of women with
unexplained infertility (78) and unexplained recurrent
pregnancy loss (79). The return of normal fertility and
integrin expression was demonstrated using salpingectomy
(80) or treatment with an aromatase inhibitor (59).
Interestingly, anb3 integrin expression is tied to the downregulation of E receptor-a, which is seen in both LPD and
endometriosis. This persistence of a more proliferative phenotype is likely implicated in abnormal expression of other
endometrial biomarkers used for the Endometrial Function
Test developed at Yale (81).
The endometrial receptivity array (ERA) is an attempt to
clinically improve on histologic detection of embryonic–
endometrial dyssynchrony due to accelerated or delayed
endometrial luteal-phase differentiation (82). The published
data supporting the ERA, to date, are limited and await the results of an international, randomized, multicenter trial. Features of the ERA test necessary for it to be highly useful
include the following: [1] the frequency of abnormal ERA results should be different between patients with and without
implantation problems; [2] abnormal ﬁndings should predict
a poor probability of normal embryo implantation; [3]
because embryo transfer must be done in a nonbiopsy cycle,
ERA ﬁndings must be consistent from cycle to cycle; and
[4] alteration of transfer timing based on the ERA should
improve outcome. Below, we brieﬂy examine the published
data for each of these necessary features.
There is approximately a 25% and 14% incidence of an
abnormal ERA test in women with recurrent implantation
failure (RIF) vs. control subjects undergoing IVF, respectively
(83–86). Assuming that true endometrial receptivity problems
in the control group are approximately 5%, then ERA
correctly identiﬁes implantation problems in approximately
25%  (14%  5%) ¼ 16% of those with true implantation
problems and misidentiﬁes problems in 14%  5% ¼ 9% of
patients. These calculations suggest that ERA only identiﬁes
a minority of patients with recurrent implantation failure
and likely misidentiﬁes a small percentage.
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Cycle to cycle consistency of the ERA, to our knowledge,
has only been examined in one publication (87), which
described a comparison of seven women, each of whom had
duplicate endometrial sampling performed 29–40 months
apart. Only ﬁve of these were luteal phase, and only four
were in the receptive phase, none of which were abnormal.
The ERA results were highly similar across the samples,
demonstrating reproducibility. It must be acknowledged,
however, that assessment of reproducibility is limited by the
small numbers, the lack of abnormal mid-luteal test results,
and use of a natural cycle. Interestingly, the concept of reproducibility of gene expression has been recently tested in six
subjects with normal receptivity, comparing gene expression
across multiple cycles using a whole-genome microarray (88),
though the direct application of these data to the ERA remains
uncertain.
To correct embryo–endometrial dyssynchrony identiﬁed
by the ERA, a shift in the timing of frozen embryo transfer
must be used. Demonstration of the beneﬁt of this approach
in women with a history of implantation failure is limited
to a small number of poorly powered observational studies
(84, 86). These studies fail to show a statistically robust
beneﬁt, but all show a deﬁnitive trend toward beneﬁt. In
contrast, a retrospective cohort study of good-prognosis patients could detect no beneﬁt of ERA in the general infertility
population (89). Preliminary data of a multicenter, randomized, open-label trial presented during the 2016 American Society for Reproductive Medicine meeting suggested a possible
beneﬁt of ERA in women not selected for RIF. These data suggested that among women with frozen transfer, there was a
higher pregnancy rate per transfer in the women having
ERA-guided transfer timing (85.7% vs. 60.8%), though the
advantage was counterbalanced by an increased combined
rate of miscarriage, biochemical loss, and ectopic pregnancy,
resulting in similar ongoing pregnancy rates. We await deﬁnitive data from the large, multicenter, randomized trial. It
should also be noted that the ERA test does not demonstrate
an abnormality in 75% of patients with RIF (75%). Because
40%–50% of euploid embryos fail to implant, it is extremely
likely that there are other implantation-related abnormalities
not measured by the ERA test.
A newer test for endometrial receptivity is the ReceptivaDx test, based on the ﬁnding of overexpression of endometrial BCL6 in women with endometriosis (90). Unlike ERA,
ReceptivaDx identiﬁes endometrial receptivity defects associated with P resistance, usually due to endometriosis. The BCL6
protein (vide supra) pairs with the histone deacetylase, SIRT1,
to interfere with P signaling (70). A clinical study suggests
that a positive test for BCL6 (high expression) is strongly predictive of poor reproductive outcomes in IVF (91), and
another suggests that these women can be effectively treated
using either GnRH agonist suppression or surgery for endometriosis before IVF (92). These ﬁndings also support the
idea that some women with such defects could be treated
without ART. Further randomized prospective studies are underway to conﬁrm these initial observations.
In summary, endometrial receptivity seems to be multidimensional, though a majority of unexplained defects seem to
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be related to endometriosis. Testing for timing of ET using
some approaches, such as ERA, does not test for endometriosis per se and conﬁnes the patient to ART. Approaches aimed
at diagnosis of inﬂammatory-based defects in endometrial
receptivity may be more directed and could provide avenues
for pregnancy to women outside of ART. Within ET cycles,
new approaches, including ERA and ReceptivaDx, seem to
provide guidance for improving pregnancy outcomes. In
particular, treatment of women with BCL6 defects was shown
to signiﬁcantly reduce the prevalence of miscarriage after
treatment for endometriosis. More prospective studies, using
pregnancy outcome endpoints, are certainly needed before
we can overcome Edward's ‘‘last barrier’’ to ART success.

REFERENCES
1.
2.
3.

4.
5.
6.

7.

8.

9.

10.

11.

12.

13.

14.
15.
16.
17.
18.

Edwards RG. Human implantation: the last barrier in assisted reproduction
technologies? Reprod Biomed Online 2006;13:887–904.
Kirby DR. Ectopic autografts of blastocysts in mice maintained in delayed implantation. J Reprod Fertil 1967;14:515–7.
Rogers PA, MacPherson AM, Beaton LA. Embryo implantation in the anterior chamber of the eye. Effects on uterine allografts and the microvasculature. Ann N Y Acad Sci 1988;541:455–64.
De Cecco L, Capitanio GL, Croce S, Forcucci M, Gerbaldo D, Rissone R. Biology
of nidation and ectopic implantation. Acta Eur Fertil 1984;15:347–55.
Wilcox AJ, Baird DD, Weinberg CR. Time of implantation of the conceptus
and loss of pregnancy. N Engl J Med 1999;340:1796–9.
Talbi S, Hamilton AE, Vo KC, Tulac S, Overgaard MT, Dosiou C, et al. Molecular phenotyping of human endometrium distinguishes menstrual cycle
phases and underlying biological processes in normo-ovulatory women.
Endocrinology 2006;147:1097–121.
Lessey BA, Killam AP, Metzger DA, Haney AF, Greene GL, McCarty KS Jr.
Immunohistochemical analysis of human uterine estrogen and progesterone receptors throughout the menstrual cycle. J Clin Endocrinol Metab
1988;67:334–40.
Dorostghoal M, Ghaffari HOA, Marmazi F, Keikhah N. Overexpression of
endometrial estrogen receptor-alpha in the window of implantation in
women with unexplained infertility. Int J Fertil Steril 2018;12:37–42.
Lessey BA, Palomino WA, Apparao KBC, Young SL, Lininger RA. Estrogen
receptor-alpha (ER-alpha) and defects in uterine receptivity in women. Reprod Biol Endocrinol 2006;4(Suppl 1):S9.
Lee DK, Kurihara I, Jeong JW, Lydon JP, DeMayo FJ, Tsai MJ, et al. Suppression of ERalpha activity by COUP-TFII is essential for successful implantation
and decidualization. Mol Endocrinol 2010;24:930–40.
Tan J, Paria BC, Dey SK, Das SK. Differential uterine expression of estrogen
and progesterone receptors correlates with uterine preparation for implantation and decidualization in the mouse. Endocrinology 1999;140:5310–21.
Lessey BA, Young S. Structure, function, and evaluation of the female reproductive tract. In: Strauss JF III, Barbieri RL, editors. Yen & Jaffe's reproductive
endocrinology physiology, pathophysiology, and clinical management. Philadelphia: Elsevier; 2019:206–47.
Rock J, Bartlett MK. Biopsy studies of human endometrium: criteria of dating
and information about amenorrhea, menorrhagia, and time of ovulation.
JAMA 1937;108:2022–8.
Jones GES. Some newer aspects of the management of infertility. JAMA
1949;141:1123–9.
Noyes RW, Hertig AT, Rock J. Dating the endometrial biopsy. Fertil Steril
1950;1:3–25.
Young SL. Evaluation of endometrial function: a Heraclean or Sisyphean
task? Fertil Steril 2017;108:604–5.
Mesen TB, Young SL. Progesterone and the luteal phase: a requisite to
reproduction. Obstet Gynecol Clin North Am 2015;42:135–51.
Coutifaris C, Myers ER, Guzick DS, Diamond MP, Carson SA, Legro RS, et al.
Histological dating of timed endometrial biopsy tissue is not related to
fertility status. Fertil Steril 2004;82:1264–72.

VOL. 111 NO. 4 / APRIL 2019

19.
20.
21.

22.
23.
24.

25.
26.

27.

28.
29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

Wentz AC. Physiologic and clinical considerations in luteal phase defects.
Clin Obstet Gynecol 1979;22:169–85.
Gillam JS. Study of the inadequate secretion phase endometrium. Fertil Steril
1954;6:18–36.
n BS, Cortes-Gallegos V. Direct evidence of
Horta JL, Fernandez JG, de Leo
luteal insufﬁciency in women with habitual abortion. Obstet Gynecol
1977;49:705–8.
Cline DL. Unsuspected subclinical pregnancies in patients with luteal phase
defects. Am J Obstet Gynecol 1979;134:438–44.
Jones GS. The luteal phase defect. Fertil Steril 1976;27:351–6.
Brosens IA, Koninckx PR, Corveleyn PA. A study of plasma progesterone,
oestradiol-17beta, prolactin and LH levels, and of the luteal phase appearance of the ovaries in patients with endometriosis and infertility. Br J Obstet
Gynaecol 1978;85:246–50.
Pittaway DE, Maxson W, Daniell J, Herbert C, Wentz AC. Luteal phase defects in infertility patients with endometriosis. Fertil Steril 1983;39:712–3.
Matorras R, Rodríguez F, Perez C, Pijoan JI, Neyro JL, Rodríguez-Escudero FJ.
Infertile women with and without endometriosis: a case control study of
luteal phase and other infertility conditions. Acta Obstet Gynecol Scand
1996;75:826–31.
Csapo AI, Pulkkinen M. Indispensability of the human corpus luteum in the
maintenance of early pregnancy. Luteectomy evidence. Obstet Gynecol Surv
1978;33:69–81.
Hertig AT, Rock J, Adams EC. A description of 34 human ova within the ﬁrst
17 days of development. Am J Anat 1956;98:435–93.
Navot D, Bergh PA, Williams M, Garrisi GJ, Guzman I, Sandler B, et al. An
insight into early reproductive processes through the in vivo model of
ovum donation. J Clin Endocrinol Metab 1991;72:408–14.
Stratton P, Levens ED, Hartog B, Piquion J, Wei Q, Merino M, et al. Endometrial effects of a single early luteal dose of the selective progesterone receptor modulator CDB-2914. Fertil Steril 2010;93:2035–41.
Gemzell-Danielsson K, Swahn ML, Svalander P, Bygdeman M. Early luteal
phase treatment with mifepristone (RU 486) for fertility regulation. Hum Reprod 1993;8:870–3.
Baulieu EE. RU486: a compound that gets itself talked about. Hum Reprod
1994;9(Suppl 1):1–6.
Baulieu EE. The combined use of prostaglandin and antiprogestin in human
fertility control. Adv Prostaglandin Thromboxane Leukot Res 1995;23:55–
62.
Huang CC, Lien YR, Chen HF, Chen MJ, Shieh CJ, Yao YL, et al. The
duration of pre-ovulatory serum progesterone elevation before hCG
administration affects the outcome of IVF/ICSI cycles. Hum Reprod
2012;27:2036–45.
Venetis CA, Kolibianakis EM, Bosdou JK, Lainas GT, Sfontouris IA,
Tarlatzis BC, et al. Estimating the net effect of progesterone elevation on
the day of hCG on live birth rates after IVF: a cohort analysis of 3296 IVF cycles. Hum Reprod 2015;30:684–91.
Prapas Y, Prapas N, Jones EE, Duleba AJ, Olive DL, Chatziparasidou A, et al.
The window for embryo transfer in oocyte donation cycles depends on the
duration of progesterone therapy. Hum Reprod 1998;13:720–3.
€ntgen F, et al. Blastocyst
Stewart CL, Kaspar P, Brunet LJ, Bhatt H, Gadi I, Ko
implantation depends on maternal expression of leukaemia inhibitory factor. Nature 1992;359:76–9.
Cullinan EB, Abbondanzo SJ, Anderson PS, Pollard JW, Lessey BA,
Stewart CL. Leukemia inhibitory factor (LIF) and LIF receptor expression in
human endometrium suggests a potential autocrine/paracrine function in
regulating embryo implantation. Proc Natl Acad Sci U S A 1996;93:3115–
20.
Cameron ST, Critchley HO, Buckley CH, Kelly RW, Baird DT. Effect of two
antiprogestins (mifepristone and onapristone) on endometrial factors of potential importance for implantation. Fertil Steril 1997;67:1046–53.
Bamberger AM, Thuneke I, Schulte HM. Differential regulation of the human ‘‘leukemia inhibitory factor’’ (LIF) promoter in T47D and MDA-MB
231 breast cancer cells. Breast Cancer Res Treat 1998;47:153–61.
Large MJ, DeMayo FJ. The regulation of embryo implantation and endometrial decidualization by progesterone receptor signaling. Mol Cell Endocrinol
2012;358:155–65.

615

VIEWS AND REVIEWS
42.

43.

44.

45.

46.

47.

48.

49.
50.

51.
52.
53.

54.

55.

56.

57.

58.
59.

60.

61.

62.

63.

616

Patterson AL, Pirochta J, Tufano SY, Teixeira JM. Gain-of-function b-catenin
in the uterine mesenchyme leads to impaired implantation and decidualization. J Endocrinol 2017;233:119–30.
Wetendorf M, Wu SP, Wang X, Creighton CJ, Wang T, Lanz RB, et al.
Decreased epithelial progesterone receptor A at the window of receptivity
is required for preparation of the endometrium for embryo attachment.
Biol Reprod 2017;96:313–26.
Franco HL, Rubel CA, Large MJ, Wetendorf M, Fernandez-Valdivia R,
Jeong JW, et al. Epithelial progesterone receptor exhibits pleiotropic roles
in uterine development and function. FASEB J 2012;26:1218–27.
Park S, Yoon S, Zhao Y, Park SE, Liao L, Xu J, et al. Uterine development and
fertility are dependent on gene dosage of the nuclear receptor coregulator
REA. Endocrinology 2012;153:3982–94.
Zhao Y, Park S, Bagchi MK, Taylor RN, Katzenellenbogen BS. The coregulator, repressor of estrogen receptor activity (REA), is a crucial regulator of the
timing and magnitude of uterine decidualization. Endocrinology 2013;154:
1349–60.
Castelbaum AJ, Ying L, Somkuti SG, Sun J, Ilesanmi AO, Lessey BA. Characterization of integrin expression in a well differentiated endometrial adenocarcinoma cell line (Ishikawa). J Clin Endocrinol Metab 1997;82:136–42.
Zhou Y, Fisher SJ, Janatpour M, Genbacev O, Dejana E, Wheelock M, et al.
Human cytotrophoblasts adopt a vascular phenotype as they differentiate. A
strategy for successful endovascular invasion? J Clin Invest 1997;99:2139–
51.
Lessey BA. Adhesion molecules and implantation. J Reprod Immunol 2002;
55:101–12.
Illera MJ, Lorenzo PL, Gui YT, Beyler SA, Apparao KBC, Lessey BA. A role for
alphavbeta3 integrin during implantation in the rabbit model. Biol Reprod
2003;68:766–71.
Lessey BA, Castelbaum AJ. Integrins and implantation in the human. Rev Endocr Metab Disord 2002;3:107–17.
Donaghay M, Lessey BA. Uterine receptivity: alterations associated with
benign gynecological disease. Semin Reprod Med 2007;25:461–75.
Lessey BA, Yeh I, Castelbaum AJ, Fritz MA, Ilesanmi AO, Korzeniowski P,
et al. Endometrial progesterone receptors and markers of uterine receptivity
in the window of implantation. Fertil Steril 1996;65:477–83.
Heikinheimo O, Hsiu JG, Gordon K, Kim S, Williams RF, Gibbons WE, et al.
Endometrial effects of RU486 in primates—antiproliferative action despite
signs of estrogen action and increased cyclin-B expression. J Steroid Biochem
Mol Biol 1996;59:179–90.
Lessey BA, Kim JJ. Endometrial receptivity in the eutopic endometrium of
women with endometriosis: it is affected, and let me show you why. Fertil
Steril 2017;108:19–27.
Lessey BA, Lebovic DI, Taylor RN. Eutopic endometrium in women with
endometriosis: ground zero for the study of implantation defects. Semin Reprod Med 2013;31:109–24.
Patel BG, Rudnicki M, Yu J, Shu Y, Taylor RN. Progesterone resistance in
endometriosis: origins, consequences and interventions. Acta Obstet Gynecol Scand 2017;96:623–32.
McKinnon B, Mueller M, Montgomery G. Progesterone resistance in endometriosis: an acquired property? Trends Endocrinol Metab 2018;29:535–48.
Young SL, Savaris RF, Lessey BA, Sharkey AM, Balthazar U, Zaino RJ, et al.
Effect of randomized serum progesterone concentration on secretory endometrial histologic development and gene expression. Hum Reprod 2017;32:
1903–14.
Miller PB, Parnell BA, Bushnell G, Tallman N, Forstein DA, Higdon HL 3rd,
et al. Endometrial receptivity defects during IVF cycles with and without letrozole. Hum Reprod 2012;27:881–8.
Lessey BA, Young SL. Homeostasis imbalance in the endometrium of
women with implantation defects: the role of estrogen and progesterone.
Semin Reprod Med 2014;32:365–75.
Makker A, Goel MM, Nigam D, Mahdi AA, Das V, Agarwal A, et al. Aberrant
Akt activation during implantation window in infertile women with intramural uterine ﬁbroids. Reprod Sci 2018;25:1243–53.
McKinnon BD, Kocbek V, Nirgianakis K, Bersinger NA, Mueller MD. Kinase
signalling pathways in endometriosis: potential targets for non-hormonal
therapeutics. Hum Reprod Update 2016;22:382–403.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.
85.

Guo J, Gao J, Yu X, Luo H, Xiong X, Huang O. Expression of DJ-1 and mTOR
in eutopic and ectopic endometria of patients with endometriosis and adenomyosis. Gynecol Obstet Invest 2015;79:195–200.
Fu JL, Hsiao KY, Lee HC, Li WN, Chang N, Wu MH, et al. Suppression of
COUP-TFII upregulates angiogenin and promotes angiogenesis in endometriosis. Hum Reprod. In press.
Bosse T, ter Haar NT, Seeber LM, v Diest PJ, Hes FJ, Vasen HFA, et al. Loss of
ARID1A expression and its relationship with PI3K-Akt pathway alterations,
TP53 and microsatellite instability in endometrial cancer. Mod Pathol
2013;26:1525–35.
Kim TH, Yoo JY, Wang Z, Lydon JP, Khatri S, Hawkins SM, et al. ARID1A is
essential for endometrial function during early pregnancy. PLoS Genet
2015;11:e1005537.
Ahn SH, Edwards AK, Singh SS, Young SL, Lessey BA, Tayade C. IL-17A contributes to the pathogenesis of endometriosis by triggering proinﬂammatory
cytokines and angiogenic growth factors. J Immunol 2015;195:2591–600.
Monsanto SP, Edwards AK, Zhou J, Nagarkatti P, Nagarkatti M, Young SL,
et al. Surgical removal of endometriotic lesions alters local and systemic
proinﬂammatory cytokines in endometriosis patients. Fertil Steril 2016;
105:968–77.e5.
Yoo JY, Kim TH, Fazleabas AT, Palomino WA, Ahn SH, Tayade C, et al. KRAS
activation and over-expression of SIRT1/BCL6 contributes to the pathogenesis of endometriosis and progesterone resistance. Sci Rep 2017;7:6765.
Kim BG, Yoo JY, Kim TH, Shin JH, Langenheim JF, Ferguson SD, et al. Aberrant activation of signal transducer and activator of transcription-3 (STAT3)
signaling in endometriosis. Hum Reprod 2015;30:1069–78.
Yoo JY, Jeong JW, Fazleabas AT, Tayade C, Young SL, Lessey BA. Protein inhibitor of activated STAT3 (PIAS3) is down-regulated in eutopic endometrium of women with dndometriosis. Biol Reprod 2016;95:11.
Murray MJ, Meyer WR, Zaino RJ, Lessey BA, Novotny DB, Ireland K, et al. A
critical analysis of the accuracy, reproducibility, and clinical utility of histologic endometrial dating in fertile women. Fertil Steril 2004;81:1333–43.
Lessey BA, Damjanovich L, Coutifaris C, Castelbaum A, Albelda SM, Buck CA.
Integrin adhesion molecules in the human endometrium. Correlation with the
normal and abnormal menstrual cycle. J Clin Invest 1992;90:188–95.
Lessey BA, Castelbaum AJ, Buck CA, Lei Y, Yowell CW, Sun J. Further characterization of endometrial integrins during the menstrual cycle and in pregnancy. Fertil Steril 1994;62:497–506.
Lessey BA, Castelbaum AJ, Sawin SW, Buck CA, Schinnar R, Bilker W, et al.
Aberrant integrin expression in the endometrium of women with endometriosis. J Clin Endocrinol Metab 1994;79:643–9.
Meyer WR, Castelbaum AJ, Somkuti S, Sagoskin AW, Doyle M, Harris JE,
et al. Hydrosalpinges adversely affect markers of endometrial receptivity.
Hum Reprod 1997;12:1393–8.
Lessey BA, Castelbaum AJ, Sawin SW, Sun J. Integrins as markers of uterine
receptivity in women with primary unexplained infertility. Fertil Steril 1995;
63:535–42.
Germeyer A, Savaris RF, Jauckus J, Lessey B. Endometrial beta3 integrin proﬁle reﬂects endometrial receptivity defects in women with unexplained
recurrent pregnancy loss. Reprod Biol Endocrinol 2014;12:53.
Practice Committee of American Society for Reproductive Medicine in
collaboration with Society of Reproductive Surgeons. Salpingectomy for hydrosalpinx prior to in vitro fertilization. Fertil Steril 2008;90(5 Suppl):S66–8.
Kliman HJ, McSweet JC, Grunert GM, Cardone VRS, Cadesky K, Keefe DL.
The endometrial function test (EFT) directs care and predicts ART outcome.
Fertil Steril 2002;78:S17.
Díaz-Gimeno P, Horcajadas JA, Martínez-Conejero JA, Esteban FJ, Alama P,
Pellicer A, et al. A genomic diagnostic tool for human endometrial receptivity
based on the transcriptomic signature. Fertil Steril 2011;95:50–60, 60.e1–15.
mez E, Fernandez-Sanchez M,
Ruiz-Alonso M, Blesa D, Díaz-Gimeno P, Go
Carranza F, et al. The endometrial receptivity array for diagnosis and personalized embryo transfer as a treatment for patients with repeated implantation failure. Fertil Steril 2013;100:818–24.
Mahajan N. Endometrial receptivity array: clinical application. J Hum Reprod
Sci 2015;8:121–9.
Hashimoto T, Koizumi M, Doshida M, Toya M, Sagara E, Oka N, et al. Efﬁcacy of the endometrial receptivity array for repeated implantation failure

VOL. 111 NO. 4 / APRIL 2019

Fertility and Sterility®

86.

87.

88.

in Japan: a retrospective, two-centers study. Reprod Med Biol 2017;16:
290–6.
Tan J, Kan A, Hitkari J, Taylor B, Tallon N, Warraich G, et al. The role of the
endometrial receptivity array (ERA) in patients who have failed euploid embryo transfers. J Assist Reprod Genet 2018;35:683–92.
Díaz-Gimeno P, Ruiz-Alonso M, Blesa D, Bosch N, Martínez-Conejero JA,
Alam
a P, et al. The accuracy and reproducibility of the endometrial receptivity array is superior to histology as a diagnostic method for endometrial
receptivity. Fertil Steril 2013;99:508–17.
Evans GE, Phillipson GTM, Sykes PH, McNoe LA, Print CG, Evans JJ. Does the
endometrial gene expression of fertile women vary within and between cycles? Hum Reprod 2018;33:452–63.

VOL. 111 NO. 4 / APRIL 2019

89.

90.

91.

92.

Bassil R, Casper R, Samara N, Hsieh TB, Barzilay E, Orvieto R, et al. Does the
endometrial receptivity array really provide personalized embryo transfer? J
Assist Reprod Genet 2018;35:1301–5.
Evans-Hoeker E, Lessey BA, Jeong JW, Savaris RF, Palomino WA, Yuan L,
et al. Endometrial BCL6 overexpression in eutopic endometrium of women
with endometriosis. Reprod Sci 2016;23:1234–41.
Almquist LD, Likes CE, Stone B, Brown KR, Savaris R, Forstein DA, et al. Endometrial BCL6 testing for the prediction of in vitro fertilization outcomes: a
cohort study. Fertil Steril 2017;108:1063–9.
Likes CE, Cooper LJ, Eﬁrd J, Forstein DA, Miller PB, Savaris R, et al. Medical or
surgical treatment before embryo transfer improves outcomes in women
with abnormal endometrial BCL6 expression. J Assist Reprod Genet. In press.

617

