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Abstract

Epidemiologic studies have shown an increased rate of adverse perinatal outcomes, including
small for gestational age (SGA\) births, in fresh in vitro fertilization (IVF) cycles compared with
frozen embryo transfer cycles. This increase is not seen in the donor oocyte population, suggesting
that it is the peri-implantation environment created after superovulation that is responsible for
these changes. During a fresh IVF cycle, multiple corpora lutea secrete high levels of hormones
and other factors that can affect the endometrium and the implanting embryo. In this review, we
discuss both animal and human data demonstrating that superovulation has significant effects on
the endometrium and embryo. Additionally, potential mechanisms for the adverse effects of
gonadotropin stimulation on implantation and placental development are proposed. We think that
these data, along with the growing body of epidemiologic evidence, support the proposal that
frozen embryo transfer should be considered preferentially, particularly in high responders, as a
means to potentially decrease at least some of the adverse perinatal outcomes associated with IVF.
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As success rates following assisted reproductive technologies (ART) have improved,
attention has increasingly turned to birth outcomes and the long-term health of children born
following ART (1, 2). Although the great majority of children born following ART are
healthy, epidemiologic studies suggest that ART is associated with an increased risk of
adverse perinatal outcomes, including fetal growth restriction, low birth weight, preterm
birth, and preeclampsia, even when controlling for multiple gestations (3-5). These
outcomes may be associated not only with neonatal morbidity but also with long-term health
outcomes, including an increased incidence of metabolic diseases later in life (6, 7). In
addition, several rare genetic and epigenetic diseases have been associated with, as yet
incompletely identified, aspects of this therapeutic technology (8, 9). Even though the
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overarching goal must be to minimize these risks for our patients, controversy exists over
what aspects of ART are responsible for the observed outcomes (10). One intervention used
ubiquitously during in vitro fertilization (IVF) is superovulation with gonadotropins.
Superovulation is an integral part of the I\VF process, because controlled ovarian
hyperstimulation allows the retrieval of multiple oocytes for fertilization and embryo
development. However, superovulation results in supraphysiologic levels of multiple
hormones and other factors, including E,, P, and vascular endothelial growth factor (VEGF),
both during oocyte development and after embryo transfer. This can have multiple effects,
including potential changes to the oocyte, endometrium, and implanting embryo, and the
potential contribution of each of these effects on adverse outcomes is not well understood
(11).

The negative effects of superovulation may be expressed as a decreased implantation rate,
and recent data indeed suggest possible decreased implantation rates in fresh compared with
frozen embryo transfers (12-14). However, a large percentage of embryos do implant after
fresh IVF transfer. So a question remains: What happens to the developing embryo that does
successfully implant in an endometrium exposed to the abnormal hormonal milieu following
superovulation? Recent epidemiologic evidence suggests that the peri-implantation
environment created by superovulation may be contributing to at least some of the adverse
perinatal outcomes following ART, and that these effects can be minimized by transferring
embryos in a subsequent frozen embryo transfer cycle (4, 5, 15-23). A large retrospective
study by Kalra et al. using the Society for Assisted Reproductive Technologies (SART)
database demonstrated a significant increase in low-birthweight (LBW) singleton infants
(<2,500 g) born after fresh embryo transfers compared with infants born after frozen embryo
transfer cycles (odds ratio [OR] 1.46, 95% confidence interval [CI] 1.34-1.58) (5). This
difference was even stronger when analyzing pregnancies within a single individual who
conceived children after both fresh and frozen embryo transfers (OR for LBW 2.52, 95% ClI
1.59-4.00). Importantly, no differences were observed in the rates of LBW between fresh
and frozen embryo transfers in donor egg cycles, eliminating the possibility that the freeze-
thaw process was responsible for the observed differences. Other studies have confirmed
these results, and a growing body of literature supports the observation that fresh embryo
transfer leads to increased rates of LBW, preterm delivery, and other adverse pregnancy
outcomes compared with frozen embryo transfers (2, 18, 22, 23). In addition, a recent meta-
analysis showed that the incidence of LBW was the same following frozen embryo transfer
or natural conception (2).

The cause-effect relationship between the peri-implantation environment and perinatal
outcomes is supported by several studies demonstrating that the adverse effects of the peri-
implantation environment are most significant in those patients with vigorous responses to
ovarian stimulation (24-26). A recent pilot study by Imudia et al. showed that when patients
at high risk of ovarian hyperstimulation syndrome (OHSS) chose elective cryopreservation
of all embryos, their rates of preeclampsia and SGA, defined as <10% for gestational age,
were lower than patients who chose to proceed with a fresh embryo transfer (26). That group
has also found higher rates of preeclampsia and SGA in patients with E; levels greater than
the 90th percentile for their institution, suggesting that vigorous response to superovulation
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may be associated with a greater risk of adverse pregnancy outcomes (OR for SGA 9.40,
95% CI 3.22-27.46; OR for preeclampsia 4.79, 95% CI 1.55-14.84) (27).

Taken together, these studies suggest that the abnormal hormonal milieu following
superovulation contributes, directly or indirectly, to the adverse outcomes seen in
pregnancies conceived with the use ART. Although there is minimal direct evidence linking
the superovulation-related hormonal milieu to adverse perinatal outcomes, in this review we
will discuss both human and animal data showing that ovarian hyperstimulation with
gonadotropins has effects on the endometrium and early embryo that may affect early
implantation and placentation. We think that these data, along with compelling recent
epidemiologic observations, support the preferential transfer of cryopreserved embryos in a
more physiologic hormonal milieu over the transfer of fresh embryos immediately following
ovarian hyperstimulation.

EFFECTS ON THE ENDOMETRIUM

Endometrial Receptivity

Evidence from human and animal studies suggests that superovulation leads to histologic
changes in the endometrium at the time of implantation. In animal models, superovulation
has been shown to affect the depth of the surface epithelium, the number and length of
microvilli, and the mitotic activity in the surface epithelium and stromal cells (28, 29). Both
human and animal studies have found that superovulation lowers the expression of specific
integrins associated with the window of implantation (30, 31). Evidence also suggests that
superovulation may affect the timing of the “window of receptivity,” the time period during
which the endometrium is receptive to embryo implantation. In humans, implantation
normally occurs 8-10 days after ovulation (32). Histologically, this is represented by
glandular changes in the endometrium, which exhibits subnuclear vacuoles, as well as the
appearance of pinopodes on the luminal surface of the epithelium (33). In superovulated
cycles, these cellular changes occur earlier than in nonsuperovulated cycles. Studies of
endometrial biopsies taken on the day of oocyte retrieval in IVF cycles show endometrial
advancement in a majority of samples, with a more significant increase in this advancement
in younger patients and those who had a larger number of oocytes retrieved (34, 35). The
histologic advancement seen with superovulation has also been confirmed with an earlier
appearance of endometrial nucleolar channel systems, a marker of endometrial maturation,
after superovulation (36). This shift in the window of endometrial receptivity can affect
implantation; endometrial advancement of >3 days has been associated with failed
implantation (35). The shift in the window of implantation may also affect the development
of an embryo once it successfully implants; mouse studies suggest that embryos that implant
beyond the normal window of receptivity are more likely to show defects in placental
formation and fetal growth (37).

Endometrial receptivity may be most affected in those patients with an exaggerated response
to ovarian stimulation. This may be due to the fact that these patients have the greatest rise
in both estrogen and progesterone during and after superovulation. Clinical studies indicate
that higher E, levels are correlated with earlier rises in P, even before administration of the
hCG ovulation trigger (38-41). Elevated P levels (particularly >1.5 ng/mL) have been
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associated with histologic endometrial advancement and decreased pregnancy rates after
fresh IVF transfers (42). In a retrospective study of 4,032 fresh I\VF/intracytoplasmic sperm
injection cycles performed by Bosch et al., patients who had a P level >1.5 ng/mL on the
day of hCG ovulation trigger had an ongoing pregnancy rate of 19% compared with 31% in
patients with a P<1.5 ng/mL (P<.001; OR 0.53, 95% CI 0.38-0.72) (38). Pregnancy rates
were not decreased when these embryos were transferred in a subsequent frozen cycle,
demonstrating that the detrimental effect of the elevated P is on the endometrium, not the
embryo (43, 44).

The effects of superovulation on endometrial receptivity may therefore affect both the rate
and the quality of implantation, including effects on early placentation. Within the context of
superovulation, further research is needed to elucidate the impact of impaired endometrial
receptivity on placentation and fetal growth.

Endometrial Gene Expression

Superovulation has been shown to change gene expression profiles in the endometrium in
studies of both animal models and humans. In humans, multiple studies have shown
differences in endometrial gene expression between superovulated and natural cycles (45—
50) (Table 1). A study of endometrial biopsies from women after a vigorous response to
superovulation compared with biopsies from control subjects showed significant differences
in gene expression between the two groups. The genes identified are involved in numerous
pathways thought to be involved in implantation, including the Wnt-signaling pathway,
which is known to be important in estrogen-mediated uterine growth and implantation in the
mouse, and STC1, which has been shown to be important in angiogenesis in the mouse (49).
A recent unpublished study by our laboratory examined gene expression in endometrial
biopsies obtained from oocyte donors after stimulation or in natural cycles. We found a
difference in gene expression in >150 genes, including genes regulating angiogenesis and
early implantation. Another study comparing endometrial biopsies in stimulated and natural
cycles found changes in endometrial gene expression consistent with a 2—4 day acceleration
in maturation in superovulated compared with natural cycles, which is consistent with a shift
in the window of receptivity due to superovulation (48). These changes may be directly
related to the altered estrogen and progesterone levels following superovulation. A study of
endometrial biopsies after ovarian stimulation and oocyte retrieval showed differences in
endometrial gene expression between patients with elevated P on the day of hCG trigger
compared with patients with normal P levels (51). These studies suggest that superovulation
may be detrimental to implantation by altering genes crucial for the endometrium-embryo
interaction.

There is some evidence in both mice and humans to support differential endometrial gene
expression based on the stimulation protocol used for superovulation, and this may influence
placentation and growth (52, 53). Although changes in stimulation protocols may favorably
alter endometrial gene expression, there is insufficient evidence currently to recommend an
optimal regimen to maximize favorable endometrial gene expression profiles. In the absence
of definitive research, frozen embryo transfer cycles minimize any potential differences in
protocols by transferring all embryos in a physiologic nonsuperovulated environment.
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Immunologic Changes to the Endometrium

Recent studies suggest that the immune environment of the endometrium plays an important
role in implantation. Natural killer (NK) cells, in particular, have been associated with
endometrial receptivity (54). NK cells are recruited to the endometrium during the menstrual
cycle, with increasing concentrations seen at the mid-secretory phase and early pregnancy,
at which time they represent 70% of uterine leukocytes (55). As implantation occurs, NK
cells secrete interleukin-15, which transforms NK cells into decidual NK cells. These
decidual NK cells secrete multiple factors that may be important for implantation, including
angiogenic factors such as VEGF and cytokines and growth factors such as leukemia
inhibiting factor (LIF) (54). Studies of patients with recurrent pregnancy loss or recurrent
implantation failure have shown changes in NK cell concentration and subtypes compared to
fertile patients (40, 56). Superovulation has been shown to alter the immune environment of
the endometrium. Superovulated mice have been found to have lower concentrations of NK
cells in the endometrium compared to nonsuperovulated controls (57). Human data also
confirms this finding: in a study of endometrial biopsies obtained from oocyte donors during
natural and stimulated cycles, endometrial NK cells were significantly reduced following
superovulation compared to the natural cycles (58). Changes in NK cell number and subtype
may impair or adversely affect implantation through their roles as regulators of implantation
(59).

EFFECT OF SUPEROVULATION ON THE ENDOMETRIAL-EMBRYO
INTERACTION

Effect on Embryonic Development and Fetal Growth

Multiple aspects of the IVF procedure have been shown to affect embryo development and
growth. Mouse studies have shown that superovulation, I\VF, and embryo culture can all
lead to altered fetal and placental development (10, 60, 61). Epidemiologic evidence has
isolated the abnormal hormonal environment following superovulation as an independent
factor adversely affecting placentation and fetal growth (27, 62). The mechanisms behind
these changes, however, are poorly understood. To further elucidate the effect of the
superovulated environment on the developing embryo, our group recently performed a series
of mouse experiments to isolate the effect of the peri-implantation environment on fetal and
placental growth (63). Naturally conceived blastocysts were flushed and nonsurgically
transferred to pseudopregnant females after either natural mating (control) or gonadotropin
administration and mating (experimental). Pregnant mice were then sacrificed near term
(embryonic day 19) and the resultant placentas and fetuses isolated. The pups isolated from
the superovulated females weighed ~25% less than those from the control mice. The
placentas from the superovulated female mice were also significantly smaller than their
control counterparts. Histologically, the placentas differed significantly between the two
groups, with differences seen in the labyrinth zone, the area responsible for nutrient transfer
in the mouse placenta (Fig. 1). The differences seen in placental histology suggest that the
environment may be affecting early trophoblast differentiation. In addition, placental gene
expression was noted to be different between the two groups. Grb10, an imprinted gene
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known to be a regulator of fetal growth, was expressed in significantly higher amounts in the
superovulated group compared with control (63).

Our study suggests that the superovulated environment affects fetal growth through an effect
on the implanting embryo that results in impaired trophoblast differentiation and, therefore,
placental development. It is one of the first studies to isolate the impact of the peri-
implantation environment following superovulation from the numerous other effects of
superovulation on the oocyte or preimplantation embryo. We are currently using this model
to further investigate the mechanisms responsible for the growth restriction seen following
alteration in the peri-implantation hormonal milieu.

Epigenetic Changes to the Embryo

Changes in growth may be due to epigenetic effects of superovulation on the embryo. The
time of implantation is a very important period of environmental influence; changes in the
environment may induce epigenetic changes in the embryo that are maintained throughout
the life of the resulting offspring. Epigenetic regulation of gene expression is accomplished
through several mechanisms, including selective methylation of imprinted genes (64). The
process of methylation begins during gamete development, as oocytes and sperm each
obtain sex-specific methylation patterns. The precise timing of methylation is different in
sperm and oocytes and is gene specific (9, 64). After fertilization, the preimplantation
embryo undergoes genome-wide demethylation; however, sex-specific methylation patterns
must be maintained for a select group of imprinted genes (65). During and after
implantation, the embryo must maintain methylation of imprinted genes as well as acquire
new methylation patterns for the remainder of the genome (66). Studies of mouse oocytes
have shown that superovulation has an effect not only on the methylation of the developing
oocyte, but also on the developing embryo, with loss of methylation in select imprinted
select genes seen after superovulation (67). Specifically, methylation of certain paternally
imprinted genes can be affected by superovulation, suggesting that ovarian stimulation
affects the post-fertilization embryo (67). Loss of methylation owing to a nonphysiologic
uterine environment may have effects on placentation and fetal growth, as defects in
methylation have been correlated to impaired fetal growth (68, 69). The peri-implantation
environment following superovulation may, therefore, lead to epigenetic alterations that
affect fetal growth and long-term health of the offspring.

POTENTIAL MEDIATORS OF THESE EFFECTS

Understanding the mechanism by which superovulation results in these changes on the
endometrium and resulting embryo implantation is critical both for our understanding of
early implantation and for determining how best to modify the adverse effects. Ovarian
stimulation results in multiple corpora lutea which secrete several factors that may be
playing a role in the changes seen. Here we present several potential mediators that may
play a role in the effect of superovulation on both the endometrium and the implanting
embryo.
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Estradiol

Ovarian hyperstimulation results in the production of multiple follicles, each secreting E»
into the circulation. E, levels are, therefore, significantly higher following superovulation,
owing to the presence of multiple follicles compared with the single dominant follicle
produced during a natural cycle. Average E, levels in a natural cycle are 200-300 pg/mL,
whereas in IVF it is not uncommon to have E, levels as high as 1,500-5,000 pg/mL (25).
There is a growing body of literature to support the clinical observation that elevated peak
E, levels are associated with decreased success after IVF as well as increased adverse
outcomes, including SGA and preeclampsia (24, 25, 27, 70). Preliminary data suggest that
cryopreservation with subsequent transfer in an unstimulated cycle decreases these risks
(26).

In mouse studies, administration of high doses of E; in the form of injection induces a
refractory state in the endometrium. In contrast, low doses of E, support a receptive
endometrium (71). However, the endometrium of the mouse is different from humans in its
response to estrogen and progesterone, so it is difficult to extrapolate directly to clinical IVF
(72). Nevertheless, high doses of E do appear to affect human endometrial tissue as well. In
one in vitro study, mouse embryos were placed in culture with human endometrial tissue
obtained from fertile women. Exposure of the embryos to high levels of E; resulted in
impaired embryo development and decreased adhesion (73).

Estradiol has also been shown to impact the proliferation of human embryonic stem cells in
vitro. In one study, human embryonic stem cells were cultured with varying levels of E,.
Physiologic levels of E, induced proliferation of the stem cells, whereas supraphysiologic
levels impaired cell proliferation, possibly due to down-regulation of the gene HDAC1
(histone deacetylase), which is known to be important in embryo development, histone
acetylation, and gene expression (74). E; may also have an effect on trophoblast
differentiation and invasion, which are key steps in establishing a well functioning placenta.
In multiple studies of nonhuman primates, Albrecht et al. have shown that exogenous
estrogen given during early pregnancy impairs extravillous trophoblast invasion of the
uterine spiral arteries (75, 76). That group has also found that premature elevation of
estrogen in early pregnancy reduces uterine vessel remodeling and leads to abnormal
uteroplacental blood flow dynamics (77).

Progesterone

Progesterone is known to be crucial for human endometrial receptivity, inducing changes in
endometrial histology and gene expression that are critical for embryo implantation (37).
Subtle elevations of P during superovulation, therefore, may affect embryo implantation
owing to changes in endometrial receptivity and gene expression, including shifting the time
period that the endometrium is receptive to the implanting embryo (42, 51). Clinical studies
have confirmed that elevated P before hCG administration is associated with decreased
pregnancy rates in 1\VVF, suggesting that an elevated P level does, in fact, shift the window of
receptivity and reduce normal embryo implantation (38, 42). Supplementing P during the
luteal phase alters endometrial gene expression, and luteal phase supplementation may be
able to overcome some of the changes in endometrial receptivity induced by other aspects of
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superovulation (53, 78, 79). Although supplemental P is given to patients during both fresh
and frozen embryo transfer cycles, the timing of P exposure differs in a fresh cycle, because
the premature elevations in P often seen during stimulation in a fresh cycle do not occur in a
frozen cycle. Progesterone may also be directly involved in the vascular proliferation
necessary for implantation, as reported in a study in mice, which showed that P stimulated
endothelial cell proliferation (80). Additionally, a recent study suggests that P may be
further involved in embryo implantation by regulating VEGF, an angiogenic factor
important in human implantation (81).

Vascular Endothelial Growth Factor

VEGF appears to have an essential role in the process of normal implantation. VEGF is
known to be secreted by the corpus luteum, the preimplantation embryo, and the
endometrium (82). VEGF stimulates angiogenesis and is thought to be critical for
trophoblast invasion and spiral artery remodeling. It is tightly regulated in the uterine
endometrium, and disturbances in VEGF may be related to both impaired and excessive
trophoblast invasion, which can eventually lead to placental insufficiency syndromes, such
as preeclampsia (83). The soluble form of the VEGF receptor 1, s-FLT1, has been
specifically associated with preeclampsia: Elevated serum levels of s-FLT1 can predict
preeclampsia even before the onset of clinical signs or symptoms (83).

Superovulation is known to have an effect on VEGF levels at the level of both the corpus
luteum and the endometrium. After luteinization, granulosa-lutein cells produce VEGF, and
this production increases in the presence of hCG (84). Serum VEGF levels are significantly
elevated after superovulation compared with natural mating in both humans and mice (63,
85). Superovulation also results in increased endometrial expression of VEGF; a study of
biopsies from fertile oocyte donors 5-8 days after ovulation in natural and stimulated cycles
showed increased levels of VEGF in the endometrium of stimulated cycles compared with
natural cycles (58).

Although no direct link has yet been made between altered VEGF levels and adverse
pregnancy outcomes, data from studies of ovarian hyperstimulation syndrome (OHSS)
suggest an association of VEGF with defects in placentation and fetal growth. Pregnancies
complicated by OHSS have been shown to be associated with higher rates of adverse
perinatal outcomes, including preterm delivery, LBW, and preeclampsia (3, 86). One of
these studies found a threefold increase in LBW associated with the development of OHSS
(3). Although the precise mechanism behind these adverse outcomes in OHSS is not known,
human and other animal studies have confirmed the role of VEGF in the pathogenesis of
OHSS (87, 88). In a rat model of OHSS, blocking activation of VEGF-R2, one of the main
VEGF receptors, resulted in the resolution of the pathology, including vascular permeability
(87). A study of IVF patients with OHSS compared with those who did not experience
OHSS found higher levels of free VEGF in the serum of women with OHSS (88).

Additional support for a causal relationship between VEGF and adverse perinatal outcomes
comes from nonhuman animal studies that establish the role of VEGF in both placental
vasculogenesis and uterine angiogenesis. A study of implantation sites in the mouse showed
that VEGF was a key regulator of decidual angiogenesis, specifically finding that VEGF
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affected both the amount and the spacial distribution of angiogenesis in early pregnancy
(81). In the nonhuman primate model, decreasing VEGF levels reverses estrogen-induced
changes in endothelial cell proliferation, suggesting that VEGF is the primary mediator of
early angiogenesis (76).

It is likely that multiple factors play a role in mediating the effects of superovulation on
implantation and embryo and placental development. These factors may regulate each other,
as studies suggest that estrogen and progesterone both play a role in regulating VEGF (76,
81). Further research will help elucidate the mechanisms by which superovulation impairs
placentation and fetal growth, including the roles of both hormonal and angiogenic factors.

CONCLUSION

ART has progressed to the point that we can now offer high success rates to many of our
patients. Our goals must now shift beyond early pregnancy to offer patients the safest
pregnancies and the best possible outcomes. Minimizing the number of multiple pregnancies
should be foremost among our goals in decreasing adverse perinatal outcomes, and single-
embryo transfer should be considered whenever possible. In addition, it is critical that we
identify modifiable elements in our protocols to minimize the risks to our patients and their
offspring. A growing body of clinical evidence has recently emerged that demonstrates that
the peri-implantation environment following superovulation increases the risk of abnormal
placentation, leading to increased rates of LBW and preeclampsia (22, 23, 26, 62, 70). In
this review, we have presented human and animal data that demonstrate the potential
changes in the implantation process that may occur following superovulation, and we have
introduced mechanisms that potentially mediate these changes. We believe these data
demonstrate that the peri-implantation environment following gonadotropin exposure affects
implantation and fetal growth, and that these effects can be prevented by avoiding the
transfer of embryos into the nonphysiologic hormonal environment induced by the process
of superovulation.

However, there are clearly reasons for hesitation before outright recommendation, at this
juncture, of the uniform cryopreservation of all fresh autologous embryos with subsequent
transfer during programmed “physiologic” cycles. Vitrification, although yielding excellent
thaw rates and clinical results, is a new technology whose ramifications are not yet fully
understood. There is some evidence from mice to suggest that vitrification itself may affect
methylation of the early embryo (89, 90). Additionally, retrospective studies showing an
increased rate of large for gestational age babies after frozen embryo transfer cycles require
further investigation (22, 91). Comparisons with donor oocyte cycles may help elucidate
some of the effects of the cryopreservation process, but the donor model has limitations as
well, including differences in donor compared with infertile populations and differences in
the immunologic environment that may play a role in the process (92). Finally, the optimal
regimen for preparing the endometrium in a frozen embryo transfer cycle needs to be further
elucidated, particularly if the hormonal environment is indeed playing a detrimental role.

As the mechanisms for the effects of superovulation on implantation and placentation
become further elucidated, ART practice can be modified to optimize the peri-implantation
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vironment. Whether modifications, such as low-dose superovulation or the use of VEGF-

modifying agents, such as cabergoline, after ovulation trigger, have an effect on placentation

an

d perinatal outcome will not be known until further research, both clinical and

translational, is performed. Until then, preferentially cryopreserving embryos and
transferring them into a more physiologic environment can reduce at least some of the risks
associated with ART. Although we recognize that frozen embryo transfers may not be
feasible or necessary for all patients, this approach appears to be an efficient way to decrease
morbidity for patients at high risk for adverse outcomes, particularly those with high E,
levels, early elevated P levels, and high risk for OHSS.
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FIGURE 1.
Effect of the peri-implantation environment on mouse placentation and fetal growth. (A)

Fetal and placental weights of embryos at embryonic day 19 resulting from the transfer of
naturally conceived blastocysts to control and superovulated recipient mice. Fetal and
placental weights were significantly smaller in the superovulated group. Data are expressed
as mean + SEM. (B) Placental histology differed significantly in the offspring of control
compared with superovulated recipients. Placentas from superovulated recipients showed
attenuated branching with limited invasion of the junctional zone by the labyrinth zone with
a decrease in the junctional:labyrinth zone ratio. #P<.05 vs. natural mating. PP<.001 vs.
natural mating. Adapted from Mainigi et al. (63).
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TABLE 1
Gene expression profiles of simulated and nonstimulated human endometrium during the window of embryo
implantation.
Number of genes
Study No. of samples  Fold change considered to be significant Up Down
Mirkin et al. (45) 13 21.2 562 1-62
Horcajadas et al. (46) 19 >3 281 277
Simon et al. (47) 28 22 22882  24-100@
Horcajadas et al. (48) 49 - 69 73
Liuetal. (49) 13 22 50442  2_159@
Haouzi et al. (50) 84 22 321-6578  0-42

a - . . .
Ranges represent variation seen between different stimulation protocols.
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