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Narrative abstract
Nuclear and cytoplasmic endometrial expression of Indian Hedgehog (IHH) increased from the
late proliferative to mid- and late secretory phases in 26 healthy volunteers compared to 30 women
with endometriosis. The abnormal expression of IHH protein in women with endometriosis
suggests a resistance to progesterone action.

The cause(s) of infertility in women with endometriosis is not well understood.
Endometriosis has been associated with increased levels of cytokines and growth factors in
the peritoneal fluid, reduced fertilization, tubal obstruction or anatomic distortion, and
impaired oocyte maturation (1,2).

Recent findings suggest that impaired endometrial receptivity may also contribute to
infertility in endometriosis. Implantation and decidualization are abnormal in a baboon
model (3) and women with endometriosis have altered endometrial gene expression in the
mid-secretory phase (4, 5). Many of these genes produce progesterone-responsive proteins
that may be critical for implantation. For example, the expression of N-acetylglucosamine-6-
O-sulfotransferase, which glycosylates the L-selectin surface protein needed for blastocyst
recognition of the endometrium, is down-regulated. Other endometrial peptides thought to
be involved in implantation also are decreased, including aromatase, hepatocyte growth
factor, HOXA10, HOXA11, αVβ3 integrin, 17-beta-hydroxysteroid dehydrogenase,
leukemia inhibitory factor, endometrial bleeding factor, matrix metalloproteinases,
osteoponin, lysophosphatidic acid receptor 3, HOXA10, and glycodelin A (5–7).

Indian hedgehog (Ihh) is an important mediator of implantation in rodents, as shown by
failure of attachment and decidualization in Ihh null mice. While the full scope of its
function is still under investigation, one role may be to facilitate inter-cellular connections at
the maternal-fetal interface (8).
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In rodents, progesterone appears to regulate Ihh production (8–11). IHH, and its downstream
target GLI1, increase in healthy women during the secretory phase in both the glandular and
stromal nuclei and cytoplasm (12). In this preliminary study we postulated that women with
endometriosis may demonstrate lower secretory phase endometrial expression of IHH, as is
seen with other putative implantation factors.

Women participated in protocols approved by the NICHD Investigational Review Board for
the treatment of endometriosis (NT00001848) or for biopsy procurement of endometrium
from normally cycling women (NCT0001454), and gave informed consent. No healthy
volunteer had a history suggestive of endocrinological or gynecological disorders or
subfertility. Each had normal menstrual cycles, with a cycle length of 24 to 35 days and a
secretory phase of at least 12 days based on in-home detection of an LH surge
(OvuQUICK™, Quidel, San Diego, CA). Samples were obtained from women with
endometriosis during diagnostic laparoscopy. All samples were placed in 4%
paraformaldehyde before paraffin embedding and sectioning. Representative slides were
dated according to the criteria of Noyes et al. (13). Endometriosis was verified
histologically. A standard immunohistochemistry (IHC) protocol was performed to detect
and quantify IHH expression, as previously reported (12).

Based on the Noyes’ criteria, biopsies were categorized as late proliferative or early (days
15–18), mid (days 19–23) or late (days 24–28) secretory. Two independent examiners
scored the IHC staining intensity (i) of at least 200 glandular epithelial cells and 200 stromal
cells on each slide from 0 (none) to 3 (strong). A separate score was given for the staining of
the nuclei and the cytoplasm of each cell. For nuclear staining, a histologic score (H-score) =
ΣPi(i+1) was calculated, where Pi is the percentage of cells for each intensity, varying from
0 to 100%. Because cytoplasmic staining was consistent, the relative staining intensity in
each field was scored by the same observers on a scale of 0 – 3 with 0.5 increments, and the
scores for all fields were averaged.

Data are presented as mean ± standard deviation, unless otherwise specified. Statistical
analysis was performed with the Tukey-Kramer test, the Wilcoxon/Kruskal-Willis test or
unpaired t-test, as appropriate. Differences across the menstrual cycle phases in the H-scores
and cytoplasmic staining were evaluated within the control and patient groups. Differences
between the two groups at each cycle phase also were evaluated. When the Wilcoxon/
Kruskal-Willis test yielded a significant p value (<0.05), Dunnett’s post-hoc test was
performed, with the healthy volunteer late secretory phase used as a control.

The distribution of self-reported race was similar in the two groups. Patients were Asian
(n=1), multiple races (n=1), Black (n=6), and White (n=22) while volunteers were Black
(n=7), White (n=18) or did not report race (n=1). The groups had similar age (patients 30.4
years, volunteers 31.1 years, p = 0.67). The distribution of r-AFS staging was I (n = 9), II
(n=11), III (n = 4) and IV (n=6), and was relatively evenly distributed across the menstrual
cycle except for only stages I and II in the late proliferative phase (Supplemental Data Table
1).

H-scores for nuclear staining and cytoplasmic staining intensities for Indian hedgehog are
shown in the figure (and Supplemental data Table 2). In the healthy volunteers, IHH
expression increased in both tissue type and sub-cellular compartments from the late
proliferative to the mid- and late secretory phase. However, the early and mid-luteal phase
values did not differ from the late luteal results. In patients with endometriosis, an upward
trend was present only with comparison of the late proliferative and late secretory glandular
cytoplasm, and values were significantly lower than in controls. Supplemental data figure 1
shows representative photographs. Cervix showed no staining (data not shown).
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Compared to the healthy volunteer result for the late secretory phase, the late proliferative
stromal staining was similar for patients and volunteers, while the glands had decreased
staining in both. In the same comparison, the patients showed decreased early and mid-
secretory phase staining while the volunteers had similar staining at these times
(Supplemental data Table 2).

Within the endometriosis group, compared to the late luteal phase, only the late proliferative
glandular cytoplasm was different (p=0.0095). Among the healthy volunteers, in comparison
to the late secretory phase, less staining was present in the late proliferative glandular nuclei
(p=0.0119) and cytoplasm (p < 0.0001).

Compared to the healthy volunteers for each corresponding time interval, all cell
compartments of endometriosis patients showed decreased Indian hedgehog expression for
all secretory phase-paired samples (p = 0.0001 to 0.0459) except early secretory stromal
nuclei.

Mounting evidence suggests that patients with endometriosis have abnormal expression of
peptides that influence endometrial receptivity. In this study we show reduced luteal phase
endometrial expression of Indian hedgehog in women with endometriosis. Indian hedgehog
appears to be critical for implantation in the mouse, and our recent report of its luteal phase
presence and apparent progesterone-responsiveness in women, suggests a possible role in
the human (8, 12).

In this study, as expected, the expression of the Indian hedgehog in the volunteers increased
from the late proliferative phase to the late secretory phase of the menstrual cycle in all
tissue compartments (glandular and stromal nuclei and cytoplasm). In addition to the
decreased expression of the protein in the patients with endometriosis as compared to the
normal volunteers, the patients exhibited an increase only in the glandular cytoplasm. One
limitation of this report is the lack of in situ hybridization data to validate the cellular source
of the peptide. However, in a previous report we showed that localization of RNA by in situ
hybridization corresponded to the results shown by immunohistochemistry (12).

Because progesterone levels are known to be normal in patients with endometriosis (14), the
failure of IHH to increase during the luteal phase in these women suggests tissue resistance
to progesterone. Bulun’s group has shown that conversion of 17beta-estradiol to estrone is
impaired in endometriotic tissues due to deficient expression of 17betaHSD-2. This enzyme
is normally expressed in eutopic endometrium in response to progesterone (15). This defect
is apparently caused by an inability of the stromal cells to generate a progesterone-
dependent paracrine factor that induces 17betaHSD-2 in epithelial cells. These findings
support the notion of a resistance to progesterone action in endometriotic tissue.

We previously extended the concept of progesterone resistance of eutopic endometrium of
women with endometriosis (7). The expression of four biomarkers of implantation,
glycodelin A, osteopontin, lysophosphatidic acid receptor 3, and HOXA10, were reduced in
the mid-secretory phase of women with endometriosis. As all of these markers have a
progesterone-responsive element(s) in their promoter region, reduced expression of these
genes provides additional evidence for progesterone resistance.

A report that progesterone receptor (PR) transcripts are lower in endometriotic lesions than
in eutopic endometrium, and that PR A is the predominant PR in endometriosis, suggests a
mechanism for progesterone resistance (16, 17). In women with endometriosis, epithelial
cells in endometriotic implants (and eutopic endometrium) show hypermethylation of PRB,
presumably leading to gene silencing and accounting for the suppressed PR levels (18). The
increased expression in women with endometriosis of deoxyribonucleic acid
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methyltransferases responsible for methylation suggests a plausible mechanism by which
multiple genes might be downregulated in this disorder (6). However, studies of stromal
cells from eutopic endometrium show no difference in PR ratios between women with and
without endometriosis, and there is no cyclic variability in the expression of the receptors
(19). Thus, this mechanism would not explain the findings of abnormal stromal protein
expression.

The importance of the IHH protein may be in its downstream regulation of BMP2, GLI1,
GLI2, and COUP-TFII, all of which have been found to have a role in murine implantation
(8, 20). Although the role of IHH in women is still being elucidated, the reduced expression
of IHH in patients with endometriosis provides a potential additional mechanism for the
infertility seen in these women.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A. Expression of IHH in endometrium of women with endometriosis (patient) or healthy
volunteers (normal) in the nuclei (Nuc) of the glandular (Gld) or stromal (Stroma)
compartments. Except for the early secretory phase stroma, all secretory phase patient
values were significantly different from the corresponding menstrual phase and tissue result
in healthy volunteers. LP = late proliferative, ES = early secretory, MS = mid-secretory, LS
= late secretory
B. Expression of IHH in endometrium of women with endometriosis (patient) or healthy
volunteers (normal) in the cytoplasm (Cyto) of the glandular (Gld) or stromal (Stroma)
compartments. All secretory phase patient values were significantly different from the
corresponding menstrual phase and tissue result in healthy volunteers. ES = early secretory,
MS = mid-secretory, LS = late secretory.
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