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background: Our aim was to study ways to improve IVF success rates in women with suspected endometrial receptivity defects.

methods: We conducted a retrospective cohort study examining the effect of letrozole (aromatase inhibitor) on integrin expression as a
marker of endometrial receptivity. We compared IVF outcomes in 97 infertile women who had undergone anb3 integrin assessment by
immunohistochemistry in mid-luteal endometrial biopsies. Of 79 women undergoing standard IVF, 29 (36.7%) lacked normal integrin expres-
sion. Eighteen other women with low integrin were studied after receiving letrozole during early IVF stimulation. An independent set of anb3
integrin-negative patients (n ¼ 15) who had undergone repeat endometrial biopsy for integrin testing while taking letrozole were
re-evaluated.

results: Clinical pregnancy and delivery rates were higher in women with normal anb3 integrin expression compared with those who
were integrin negative [20/50 (40%) versus 4/29 (13.8%); P ¼ 0.02 and 19/50 (38%) versus 2/29 (7%); P , 0.01, respectively]. In 18
women who received letrozole early in IVF, 11 conceived (61.1%; P , 0.001) compared with integrin-negative patients who did not
receive letrozole. In integrin-negative women who were rebiopsied on letrozole, 66.7% reverted to normal integrin expression. Positive
endometrial aromatase immunostaining using a polyclonal antibody was a common finding in infertile patients compared with controls.

conclusions: Lack of endometrial anb3 integrin expression is associated with a poor prognosis for IVF that might be improved with
letrozole co-treatment. Prospective studies are needed to confirm and extend these findings but the data suggest that aromatase expression
may contribute to implantation failure in some women.
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Introduction
Implantation is a major determinant of success or failure for couples
undergoing IVF and embryo transfer (IVF-ET) cycles. It is estimated
that up to two-thirds of implantation failures are due to defects in
endometrial receptivity (Achache and Revel, 2006). Across the USA
and Puerto Rico, the overall implantation rate for IVF-ET remains
around 29% and has not improved significantly over the past 5
years of reporting (www.sart.org). During this same interval,
efforts to reduce multiple gestation rates have become widespread,
first in European countries and now in the USA. High-order gesta-
tions are viewed as undesirable and put mother and offspring at risk
(Grunfeld et al., 2008). Therefore, concerted effort toward reducing
the number of embryos transferred while improving implantation

rates has become a focus at our center and many others (Miller
et al., 2005).

While overall improvement in IVF success over the past decades has
been multi-factorial in nature, involving attention to patient selection,
culture techniques and technical expertise, testing for uterine receptiv-
ity defects in women contemplating IVF has slowly gained momentum
(Meyer et al., 1997; Donaghay and Lessey, 2007; Serafini et al., 2009).
Correctable causes of implantation failure have been identified that
are associated with endometrial integrin deficiency, such as communi-
cating hydrosalpinges (Meyer et al., 1997; Bildirici et al., 2001; Savaris
et al., 2006) and endometriosis (Lessey et al., 1994a,b). In cases of un-
explained IVF failure, low integrin expression has been described (Tei
et al., 2003), while positive integrin expression is predictive of future
IVF success (Thomas et al., 2003a, b). In our practice, we routinely
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test for integrin status in those couples with unexplained infertility
or suspected endometriosis, based on meta-analyses suggesting a
decrease in IVF success associated with this disease (Barnhart et al.,
2002).

GnRH agonist therapy has been shown to improve IVF outcome in
women with endometriosis (Surrey et al., 2002) but in a small series
Surrey et al., 2009 did not show improved pregnancy rates in
integrin-negative patients. The enzyme P450 aromatase is the expres-
sion in the eutopic endometrium of women with endometriosis
(Noble et al., 1996; Kitawaki et al., 1999) and endometrial aromatase
expression has been associated with poor reproductive outcomes in
IVF (Brosens et al., 2004). One of the actions of GnRH agonist is
the suppression of endometrial aromatase expression (Ishihara
et al., 2003). Letrozole is an orally active aromatase antagonist that
has gained attention as an adjunct for fertility treatment, especially
in women with ovulatory dysfunction and polycystic ovary syndrome
(PCOS; Requena et al., 2008). In the present study, we retrospectively
examined our own experience in IVF, in women who had undergone
integrin testing to examine whether the suppression of the P450 aro-
matase enzyme improves outcomes in those women with suspected
defects in endometrial receptivity.

Materials and Methods

Patients
All subjects included in this study had undergone a timed endometrial
biopsy and were patients at the Fertility Center of the Carolinas, Green-
ville Hospital System (GHS), Greenville, South Carolina or the University
of North Carolina at Chapel Hill. The use of endometrial tissue obtained
from endometrial biopsy (EMB) for research and for the study of out-
comes of pregnancy based on integrin testing was approved by the institu-
tional review committee at GHS. The human subjects committee at the
University of North Carolina had previously approved the use of endomet-
rial tissues from fertile controls who were biopsied twice at the same time
in the menstrual cycle. All of the studies described conform to that stan-
dards of the Declaration of Helsinki for Medical Research involving human
subjects.

Letrozole treatment as part of IVF stimulation has been used for the
past 4 years to increase follicle recruitment and implantation rates in
poor prognosis patients. Each patient signed a consent form prior to the
use of letrozole related to its use for ovulation induction. The use of letro-
zole in this study was not based on integrin testing, and all outcome data
were compiled retrospectively.

Tissues
Timed endometrial biopsies were obtained using a Pipelle biopsy device
(Cooper Surgical, Trumbull, CT, USA) after informed written consent,
8–10 days after positive urinary LH surge tests performed by subjects
during unstimulated, natural menstrual cycles or cycles in which the
patients had received letrozole, 5 mg on Days 5–9 of stimulation. Endo-
metrial tissue was divided, with one portion fixed immediately in 10%
buffered formalin and later embedded in paraffin for histological dating
according to Noyes criteria (Noyes et al., 1950). The remaining was imme-
diately snap frozen in liquid nitrogen, and stored until cryosectioned for
immunohistochemical analysis of anb3 integrin expression.

Randomly assigned, timed EMB were also obtained from healthy, fertile
subjects with regular menstrual cycles, as previously described (Murray
et al., 2004). Samples were evaluated for integrin expression. Twenty-six

women underwent EMB in two non-consecutive cycles within a
6-month period of time, assigned either to the proliferative phase or to
a specific post-ovulatory day in the secretory phase using timed urinary
LH-surge testing. Eight additional endometrial biopsies from women
without endometriosis (proved by laparoscopsy) and 20 samples from
the IVF group (10 with positive integrins and 10 with negative integrins)
were used to compare aromatase expression by immunohistochemistry.

Immunohistochemistry
Immunostaining for anb3 was performed on endometrial biopsies on
7-mm cryosections using the Vectastain Elite ABC kits (Vector Laborator-
ies, Burlingame, CA, USA) as previously described (Lessey et al., 1994a,b).
In addition, in a subset of samples, immunohistochemistry was performed
for P450 aromatase as previously reported (Kitaoka et al., 2004). Diami-
nobenzidine (Sigma, St. Louis, MO, USA) was used as the chromagen.
Tissue sections were fixed in 4% paraformaldehyde for 15 min. Following
a rinse in phosphate buffered saline (PBS), pH 7.4, endogenous peroxidase
activity was quenched upon incubation for 30 min with 0.3% H2O2 in ab-
solute methanol, followed by a 6-min rehydration in PBS. Slides were then
incubated with 0.4% Triton-X 100 for 10 min. After incubation with block-
ing serum for 30 min at room temperature (4% normal goat serum), sec-
tions were incubated with SSA6, a mouse monoclonal antibody against
human anb3 (1:2000; Lessey et al., 1992). Negative controls were ana-
lyzed on adjacent sections incubated without primary antibody. A PBS
rinse was followed by treatment with a secondary antibody consisting of
biotinylated goat anti-mouse IgG antibody for 30 min (Vector Laborator-
ies). After this incubation, sections were washed and incubated with avi-
din:biotinylated horseradish peroxidase macromolecular complex for
60 min. Visualization of peroxidase was carried out by adding diaminoben-
zidine and incubated for 8 min to complete the reaction. As a final step,
sections were counterstained with hematoxylin for 5 min, dehydrated in
a graded series of ethanols and cleared with xylene. A coverslip was
placed over Permount for evaluation by light microscopy. The resulting
staining was evaluated using a Nikon microscope (Tokyo, Japan), by a
single-blinded observer (B.A.L.) without the knowledge of the subject’s
identity.

Assessment of staining intensity and distribution was made using the
semi-quantitative histologic score (HSCORE) system. HSCORE was calcu-
lated using the following equation:

HSCORE =
∑

Pi (i + 1)
100

,

where i is the intensity of staining with a value of 1, 2 or 3 (weak, moderate
or strong, respectively) and Pi is the percentage of stained endometrial
epithelial cells at each intensity, varying from 0 to 100%. Low intraobserver
(r ¼ 0.983; P , 0.0001) and interobserver (r ¼ 0.994; P , 0.0001) differ-
ences for HSCORE in uterine tissues have been previously reported using
this technique (Budwit-Novotny et al., 1986). The numerical cut-off for a
negative result for the anb3 integrin was an HSCORE of ≤0.7, based on
previous ROC analysis (Lessey et al., 1994a,b).

In vitro fertilization protocols
This retrospective study included 79 women who had undergone trad-
itional IVF and 18 integrin-negative women who had received letrozole
during the early stimulation for IVF. During IVF, subjects were stimulated
with a long luteal protocol as previously reported (Miller et al., 2005). In
cycles where letrozole was used, 5 mg was administered on Days 2–6
(gonadotrophins beginning on Day 3). Ovulation was triggered when
lead follicles were 18 mm or greater. Embryo transfer was performed
on Day 3 using SART recommendations regarding the number of transfer,
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unless poor embryo quality or prior IVF failure warranted transferring
more embryos. The results of IVF success, defined as clinical pregnancy
and delivery rates, were later correlated with the integrin expression
status and the use of letrozole. Supervising physicians were not aware of
the patient’s integrin status during the process of IVF stimulation, egg re-
trieval and embryo transfer and the integrin status did not influence the
number of embryos transferred or the medications used in IVF cycles.

Statistical analysis
Comparisons between groups for continuous and categorical variables
were performed with independent t-test and x2 test, respectively. Com-
parison of demographics and cycle characteristics during Phase I,
between integrin-positive and -negative patients was performed using a
Mann–Whitney non-parametric test. ANOVA with the Scheffe’s correc-
tion was used to compare the differences in aromatase expression
among the three groups (controls, IVF success and IVF failure).

Results
We examined IVF outcomes in 97 women who had undergone EMB
with an integrin testing. Of these, 37 (38.1%) tested negative for the
anb3 integrin. Twenty-nine women with absent integrins underwent
traditional IVF and 18 had received letrozole during their early IVF
stimulation. The demographics for these patients are shown in
Table I. Women with normal integrin expression were not different
from those who did not express the anb3 integrin in terms of age,
BMI, total dose of gonadotrophins, peak endometrial thickness,
peak estradiol levels, number of oocytes retrieved or fertilization
rate. We did find a statistically significant difference in clinical preg-
nancy rates between integrin-positive and -negative women, with
20/50 (40%) integrin-positive women conceiving with traditional IVF
compared with 4/29 (13.7%) for those who were anb3 negative
(P ¼ 0.02). Similarly, implantation rates (22.4 versus 8%; P ¼ 0.01)
and ongoing or delivered pregnancy rates (38 versus 7%; P ¼ 0.003)
were improved in the integrin-positive group relative to
integrin-negative patients, respectively (Table II).

Eighteen women with a negative integrin HSCORE (≤0.7) who
received letrozole during early gonadotrophin stimulation (Days 2–
6) in their IVF cycles were compared with those who did not
receive letrozole. There was no difference in age, BMI, amount of
gonadotrophin used, endometrial thickness, oocytes retrieved, fertil-
ization rate or number of embryos transferred in this group, compared
with those with normal integrin expression. In contrast, peak estradiol
levels were significantly lower in the group who received letrozole
(P ¼ 0.023; Table I).

To begin to understand how letrozole given in the proliferative
phase of stimulation might impact the secretory phase of anb3 integ-
rin expression, we examined the biopsy results of 15 other women
with a negative anb3 integrin HSCORE who underwent a second,
non-consecutive biopsy procedure after taking letrozole in the prolif-
erative phase. As shown in Fig. 1, 10 of 15 women (66.7%) corrected
their negative integrin test after receiving letrozole, with a mean
HSCORE of 1.66+1.4 (SD) compared with those with a score of
0.07+0.19 before treatment (P , 0.01). The characteristics of
these patients are shown in Table III. Of note, BMI was significantly
lower in those who corrected (P ¼ 0.04). The absence of integrin
expression must be interpreted in the context of histologic dating as

previously defined (Lessey et al., 1994b). The proportion of absent
integrins that were Type I (histologically out of phase) and Type II
defects (histologically in the phase relative to the time of biopsy, but
absent integrins) that corrected was similar, as was the prevalence
of known endometriosis (80%) in both groups.

To demonstrate the reproducibility of integrin testing, we studied
the integrin testing results (HSCORE) in fertile volunteers who had
undergone two consecutive endometrial biopsies in either the prolif-
erative or secretory phase as part of an earlier study (Murray et al.,
2004). One of 26 (3.8%) fertile controls had a discordant integrin
result in repeat biopsy (Fig. 1B), suggesting that repeat biopsy at the
same time in the cycle in the same woman provides reproducible
results for integrin testing.

To further clarify the significance of a negative integrin test, we
calculated the proportion of ‘in-phase’ (Type II defects) and
‘out-of-phase’ (Type I defects) biopsies and examined the correlation
with a diagnosis of endometriosis. As shown in Table II, the propor-
tion of women with endometriosis was similar in each group, reflecting
our bias toward integrin testing in women with otherwise unexplained
infertility or a history of endometriosis. In the group who received
letrozole, 80% of Type I patients and 100% of Type II defect patients
had endometriosis. Eleven of these 18 integrin-negative women suc-
cessfully conceived (61.1%; P , 0.001, comparing integrin-negative

.......................................

........................................................................................

Table I Comparisons in different groups with or
without letrozole treatment.

Parameters,
mean (SD)

Standard IVF IVF with
letrozole
(n 5 18)

Positive
integrin
(n 5 50)

Negative
integrin
(n 5 29)

Age (years) 32.5 (4.5) 34.4 (4.5) 33.7 (3.0)

BMI (kg/m2) 24.3 (5.0) 23.6 (3.7) 22.6 (2.4)

Gonadotrophins
(units)

2985 (1240) 2985 (1245) 2986 (1283)

Endometrial
thickness (mm)

10.89 (2.31) 11.1 (3.28) 10.16 (2.32)

Peak estradiol
(pg/ml)

2332 (1147)a 2162 (1053) 1660 (1112)a

No. oocytes
retrieved

15.76 (8.2) 15.96 (8.1) 15.89 (8.3)

Fertilization rate
(%)

62.2 (0.18) 59.1 (0.17) 59.6 (0.18)

No. embryos
transferred

2.32 (0.55) 2.6 (0.78) 2.11 (0.47)

Embryo gradeb 1.66 (0.71)c 1.92 (0.95) 1.54 (0.7)c

Race (%)

Caucasian 44 (86.2) 22 (75.8) 16 (88.8)

Asian 2 (3.9) 3 (10.3) 2 (11.1)

African
American

1 (2) 3 (10.3)

Other 4 (7.8) 1 (3.4)

aP ¼ 0.023, Mann–Whitney non-parametric testing.
bEmbryo grade using 1–5 scales.
cP ¼ 0.08, Mann–Whitney non-parametric testing.
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patients who did not receive letrozole; Fig. 2). Interestingly, only 1/16
(6.3%) of the Type I defect patients successfully conceived without
letrozole, with ongoing or delivered pregnancy rates similar to that
of the Type II patients (1/13; 7.6%). With letrozole treatment, 7/
10 (70%) and 4/8 (50%) of Type I and II patients successfully con-
ceived, respectively. There was a trend toward improved embryo
grade in the letrozole treatment group (P ¼ 0.08).

To determine if P450 aromatase was present in this population of
women, we performed immunohistochemistry for P450 aromatase
in a subset of endometrial samples including 10 women who con-
ceived with normal integrin expression, compared with 10 women
who failed IVF with absent integrin immunostaining with 8 controls
known to be free of endometriosis. Compared with normal controls
(Fig. 3B), aromatase expression was common in the eutopic endomet-
rium of these women (Fig. 3C), present in about half of the patients in
both groups, compared with low expression in controls (Fig. 3D).

Discussion
A proportion of infertility and recurrent pregnancy loss can be attrib-
uted to defects in endometrial receptivity (de los Santos et al., 2003;
Donaghay and Lessey, 2007; Tapia et al., 2008). Up to half of all
unsuccessful IVF cycles may be due to implantation failure (de los
Santos et al., 2003) with diminished embryo quality taking on
greater importance in older women. With the availability of specific
mono- and polyclonal antibodies to potential biomarkers, immunohis-
tochemistry has supplanted histologic dating alone and remains an
active area of research on endometrial receptivity (Lessey et al.,
1994a,b; Kliman et al., 2006; Wang et al., 2008).

We and others have reported that biomarkers of endometrial
receptivity may predict patients who are at increased risk for endo-
metriosis, hydrosalpinges and implantation failure (Lessey et al.,
1994a,b; Nip et al., 1995; Miller et al., 1996; Meyer et al., 1997; Van
Voorhis and Stovall, 1997; Thomas et al., 2003a,b). Testing for endo-
metrial receptivity defects prior to IVF has received limited attention

with only a few studies finding reduced integrin expression in
women with IVF failure (Tei et al., 2003; Thomas et al., 2003a,b). In
the present study, we retrospectively examined the relationship
between anb3 integrin and IVF outcomes in women who did or did
not receive letrozole treatment during IVF cycle stimulation.
Women undergoing IVF with low integrin expression had a significantly
reduced pregnancy rate and implantation rate compared with women
with normal integrin expression, although the number of eggs
retrieved and fertilization rates were similar. This effect was the
same for both ‘in-phase’ (Type II defects) as well as ‘out-of-phase’
(Type I defects) histology. All three types (I, II and normal integrin
expression) had a high prevalence of endometriosis, reflecting a bias
toward integrin testing in unexplained infertility and endometriosis
patients. In those women who underwent IVF with low integrin
expression who received letrozole, the pregnancy rate was similar
to women with normal integrin expression. Finally, endometrial
aromatase expression appears to be elevated in women with
endometriosis, in general, but did not correlate with IVF outcome
or integrin expression by itself.

IVF appears to be a good model to study factors that affect implant-
ation (Margalioth et al., 2006) and according to one prior meta-analysis,
endometriosis contributes to IVF failure (Barnhart et al., 2002). While
the endometrium of women with infertility and endometriosis can be
fundamentally different from normal fertile women (Kao et al., 2003;
Talbi et al., 2006; Burney et al., 2007), not all women with endometriosis
lack integrin expression (Lessey et al., 1994a,b), nor are they all infertile
(American Society of Reproductive Medicine, 2006).

Inadequate progesterone or secondary progesterone resistance
has been described in the eutopic endometrium of some women
with endometriosis, contributing to persistent mid-luteal estrogen or
progesterone receptors (Lessey et al., 1996; Lessey, 2003). In add-
ition, endometriosis is associated with increased aromatase expression
(Kitawaki et al., 1999). Brosens et al. (2004) reported an association
between unexpected IVF failure and endometrial aromatase expres-
sion by RT–PCR. Pretreatment with GnRH agonist have been

.............................................................................................................................................................................................

Table II Endometriosis and pregnancy outcome by defect type.

Diagnosed with
endometriosis (%)

Clinical pregnancy
rate (%)

Implantation rate (%) Ongoing/delivered
pregnancy rate (%)

Standard IVF normal (n ¼ 50) 33/50 (66.6) 20/50 (40) 26/116 (22.4) 19/50 (38)

Standard IVF combined 20/29 (69) 4/29 (14)a 6/74 (8) 2/29 (7)b

Type I defect (n ¼ 16) 12/16 (75) 1/16 (6.3)c 3/40 (7.5) 1/16 (6.25)d

Type II defect (n ¼ 13) 8/13 (62) 3/13 (23.1) 3/34 (8.8) 1/13 (7.7)

Letrozole IVF combined 16/18 (89) 11/18 (61)e 11/39 (28)f 9/18 (50)

Type I defect (n ¼ 10) 8/10 (80) 7/10 (70)b 6/23 (26.1) 5/10 (50)

Type II defect (n ¼ 8) 8/8 (100) 4/8 (50) 5/16 (31.3) 4/8 (50)

Type I defects refer to EMB that is lacking integrin expression because of delayed histology, while Type II defects represent samples that are histologically in phase between cycle Days
20 and 24 but lacking in integrin expression.
All statistical comparisons were made by x2 testing.
aP ¼ 0.02, combined (Types I and II) in standard IVF versus letrozole IVF.
bP ¼ 0.001 for Type I defect letrozole IVF versus Type I standard IVF.
cP ¼ 0.01, Type I standard IVF versus normal.
dP ¼ 0.01, combined Type I standard IVF versus normaI.
eP , 0.001 for Types I and II combined in letrozole IVF versus combined Types I and II in standard IVF.
fP ¼ 0.004, combined (Types I and II) letrozole IVF versus combined standard IVF.
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shown to improve IVF outcomes (Lessey, 2000), perhaps in part by
reduction in aromatase expression (Ishihara et al., 2003). Herein, we
confirm the expression of aromatase protein by immunohistochemis-
try in a population of women with a high prevalence of endometriosis
undergoing IVF, consistent with prior reports (Kitawaki et al., 1999),
but did not find that protein expression itself was related to IVF
success or failure. Studies are ongoing to compare integrin expression
and aromatase expression in infertility and pregnancy loss.

Letrozole has previously been reported to be a medical treatment
for endometriosis (Ailawadi et al., 2004; Razzi et al., 2004; Mousa
et al., 2007). This drug is a direct aromatase antagonist and has
found a niche for ovulation induction, especially in women with
PCOS,and in IVF patients who are low responders (Goswami et al.,
2004; Mitwally and Casper, 2004; Garcia-Velasco et al., 2005;
Bedaiwy et al., 2006; Verpoest et al., 2006; Garcia-Velasco et al.,

2008; Schoolcraft et al., 2008; Yarali et al., 2009). While pregnancy
rates appear similar in letrozole cycles, cancellation rates (Ozmen
et al., 2009) and miscarriage rates (Lee et al., 2011) are reduced in
IVF cycles where letrozole was added. To date no studies have
reported the use of letrozole to specifically improve endometrial recep-
tivity during IVF in women who lack anb3 integrin expression.

In addition to a lower peak estradiol level, we found little difference
in the cycle parameters of patients receiving letrozole compared with
those who did not take this medication. Based on the findings that
letrozole improved integrin expression along with pregnancy and im-
plantation rates, it might be a useful adjunct therapy during IVF proto-
cols, especially in women with unexplained IVF failure and/or
endometriosis. Given that aromatase expression itself did not correl-
ate with IVF outcome, integrin expression may be the better predictor
of IVF outcome. Why some women with aromatase expression

Figure 1 (A) The effect of oral letrozole on endometrial integrin
expression was studied in women with a negative HSCORE for the
anb3 integrin. Integrin assessment was compared in the tissue of
women before or after taking 5 mg of letrozole on cycle Days 5–9.
A HSCORE cut-off for a negative test is shown by the dotted line
(≤0.7) based on earlier analysis (Lessey et al., 1994b). (B) Reprodu-
cibility of integrin testing was examined in mid-luteal endometrial bi-
opsies in normal controls in two separate menstrual cycles. HSCORE
(0–4) was compared in the first and second biopsies performed at
the same time in the proliferative or secretory phase in the same
fertile volunteer.

........................................................................................

Table III Characteristics of the integrin-negative,
letrozole-treated subjects in mid-secretory phase
endometrial biopsies.

Characteristic Correction
(n 5 10)

No correction
(n 5 5)

P
value

Age (mean+ SD) 34.7 (5.4) 32.33 (3.2) NS

BMI 22.9 (3.2) 27.5 (3.2) 0.04

Proportion I/II
defects (%)

5/5 (50) 3/5 (60) NS

Nulliparity (%) 80 80 NS

Endometriosis (%) 80 80 NS

HSCORE
(mean+ SD)

2.49 (0.89) 0 0.001

All statistical comparisons were made using independent t-tests.

Figure 2 Ongoing pregnancy rate in women undergoing IVF with
positive (black) or negative integrins (white). In standard IVF protocols
women with a negative integrin test had a significantly worse outcome
than those who tested positive (P , 0.02). In integrin-negative women
who underwent IVF with letrozole (2.5–5 mg/day on Days 2–6),
outcomes were similar to integrin-positive women in non-letrozole
cycles.

Endometrial receptivity and letrozole use in IVF 885



succeed while others fail, remains unanswered. As letrozole appears
to restore integrin expression in those with low expression,
integrin-negative patients may represent the subset in which aroma-
tase inhibitors have a greater impact.

We have previously reported that loss of integrin expression is seen
in milder cases of endometriosis (Lessey et al., 1994a,b), while aroma-
tase expression has been reported to be diagnostic of endometriosis,
in general (Kitawaki et al., 1999). Others have reported an increase in
eutopic endometrial aromatase expression in patients with active
disease (Aghajanova et al., 2009). A key regulator of the anb3 integrin
is the transcription factor, HOXA10 (Daftary et al., 2002), which is
also reduced in mild endometriosis (Szczepanska et al., 2010). Letro-
zole treatment has been shown to increase anb3 expression, com-
pared with clomiphene citrate in the rat uterus model (Bao et al.,
2009). The increase in integrin expression in response to letrozole
in natural cycles, reflects the improved implantation and pregnancy
rates noted during IVF in patients who took letrozole. Inhibition of
aberrant aromatase expression in women with endometriosis likely
changes the intracellular balance between estrogen and progesterone
action, and thus could restore the ability of progesterone to effectively
down-regulate estrogen receptors, a phenomenon that appears to be
universal at the time of implantation in most mammals studied (Dona-
ghay and Lessey, 2007). Since the anb3 integrin is indirectly regulated
by progesterone, this is the most plausible explanation. Further
prospective studies will be needed to confirm these results and to
better understand how letrozole improves endometrial receptivity in
the setting of IVF.

Conclusion
We report an association between low pregnancy rates in IVF and
an abnormal integrin expression by EMB obtained in a natural cycle.
A lack of integrin expression was highly associated with endomet-
riosis. Unexplained IVF failure in a subset of women with endomet-
riosis may be avoidable using a simple 5-day treatment of the
aromatase inhibitor, letrozole. Recognition of the importance of
undiagnosed endometriosis in women with IVF failure (Littman
et al., 2005), recurrent pregnancy loss or infertility (Donaghay
and Lessey, 2007), offers enhanced opportunities to treat patients
with suspected implantation failure. Based on our findings and pre-
vious studies in IVF (Brosens et al., 2004), the use aromatase inhi-
bitors might improve the IVF success rates in a subset of women
with endometriosis. Further, integrin testing may be indicated in
women with unexplained infertility or mild endometriosis to
better define the risk for unanticipated implantation failure
with ART.
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