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Gonadotropin-releasing hormone and its receptors have been identified in several human malignancies. We
evaluated gonadotropin-releasing hormone receptor expression in 30 primary and recurrent endometrial
stromal sarcomas. Archival formalin-fixed and paraffin-embedded material was analyzed immunohistochemi-
cally with antisera to gonadotropin-releasing hormone receptor type I and gonadotropin-releasing hormone
receptor type II using the peroxidase–antiperoxidase method. Gonadotropin-releasing hormone receptor types I
and II were demonstrated in most primary endometrial stromal sarcomas in varying intensity and percentage
(range, 10–100%). The staining pattern was either diffuse cytoplasmic or granular/vesicular in perinuclear
distribution. Recurrences stained stronger than primary tumors. The demonstration of gonadotropin-releasing
hormone receptors I and II expression in endometrial stromal sarcomas may be a rationale for a clinical study of
gonadotropin-releasing hormone analogs in the treatment of women with endometrial stromal sarcomas.
Modern Pathology (2005) 18, 573–576, advance online publication, 29 October 2004; doi:10.1038/modpathol.3800325

Keywords: endometrium; stromal sarcoma; GnRH; treatment

Endometrial stromal sarcomas are rare tumors that
account for about 0.2% of all genital tract malig-
nancies. They have been reported in association
with exogenous or endogenous hyperestrogenism.1,2

Since endometrial stromal sarcomas are estrogen-
sensitive tumors and because most patients are
premenopausal women with endometrial stromal
sarcomas they undergo bilateral salpingo-oopho-
rectomy for hormonal ablation as primary treatment.3

However, estrogens can be produced by extraovarian
tissues and/or by residual tumor cells via the enzyme
complex aromatase.4

Gonadotropin-releasing hormone receptors
(GnRH-R) have been demonstrated in approximately
80% of ovarian and endometrial cancers and 50% of
breast cancers.5,6 Furthermore, GnRH agonists have
been shown to decrease aromatase expression in
adenomyosis, endometriosis and leiomyomas.7 The
use of GnRH agonists and antagonists is presently
under investigation as treatment modality for

several human malignancies including breast, endo-
metrial and ovarian cancer.

In this study, we analyzed the expression of
GnRH-R types I and II in a series of 30 patients
with endometrial stromal sarcomas.

Materials and methods

We studied archival surgical specimens from 30
patients with endometrial stromal sarcomas from
our institutions and from the consultation practices
of the authors. All tumors were composed of cells
resembling normal proliferative-phase endometrial
stromal cells, imparting a monotonous pattern. Only
occasionally were spindle-shaped cells identified.
The small vessels were evenly distributed and
resembled endometrial spiral arterioles. Invasion
of the myometrium and partly extensive permea-
tion was characteristic. Tumor was also present
in lymphovascular spaces. Mitoses were typi-
cally below three per 10 high-power fields
(HPF¼ objective� 40), but were occasionally as
high as 10/10 HPF. Necrosis and significant atypia
were absent. Tissue from primary tumors was
available for 29 patients. For one patient, only
tissues of lymph node metastases were available.
Five patients had recurrent endometrial stromal
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sarcomas and three had died of disease. For
immunohistochemical analysis, representative 2-
mm-thick sections of the endometrial stromal sarco-
mas were incubated with guinea-pig antisera to
GnRH-R I (1:1000) and GNRH-R II (1:2000) after
proteinase pretreatment. The antisera have been
preciously characterized8,9 and were generously
provided by PD Dr Gundker, Department of Ob-
stetrics and Gynecology, Georg-August University of
Goettingen, Germany. Negative staining was re-
corded when 0–10% of tumor cells reacted with
the antibodies. Positive staining results were re-
corded as 11–20, 21–50, 51–80 and more than 80%
of positive tumor cells.

Results

A total of 22 of 29 primary tumors showed a positive
reaction with antiserum to GnRH-R I whereas seven
primary tumors showed no reaction (for details see
Table 1, Figure 1). The staining was mostly in a

diffuse cytoplasmic distribution (Figure 1a). Three
primary tumors showed granular/vesicular staining
in perinuclear distribution (Table 1, Figure 1b).
Positive staining was seen in solid sheets of stromal
tumor cells (Figure 1c) as well as in cells arranged in

Table 1 Expression of GnRH-R I in 29 primary endometrial
stromal sarcomas

N %

Staining pattern
Negative 7 24
Diffuse cytoplasmatic 19 66
Granular/vesicular 3 10

Positive tumor cells
0–10% (negative) 7 24
11–20% 2 7
21–50% 7 24
51–80% 10 35
81–100% 3 10

Figure 1 (a) Endometrial stromal sarcoma with diffuse GnRH-R I expression with homogeneous strong cytoplasmic staining in the
absence of nuclear staining. (b) Granular/vesicular staining with GnRH-R I. (c) Solid sheets of tumor cells and groups of nested cells
demonstrate focal positivity. (d) GnRH-R II is less pronounced.
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nests and whorls. The perivascular stromal cells
were negative in all tumors. Staining results with
GnRH-R II paralleled those of GnRH-R I but expres-
sion of GnRH-R II was seen in fewer cells and at a
lesser intensity (Figure 1d). The staining patterns for
recurrent tumors were similar to those in primary
tumors. However, in recurrent endometrial stromal
sarcomas, the GnRH-R expression was observed in a
higher percentage of tumor cells (see Table 2). The
patient for whom only tissue from lymph node
recurrence was available for examination had a
100% positivity with GnRH-R I and II in all lymph
node metastases.

Discussion

Most primary and recurrent endometrial stromal
sarcomas in this series expressed receptors for
GnRH I and II, and staining was heterogeneous
(Table 1, Figure 1a–d).

GnRH is a key regulator in estrogen biosynthesis
and estrogen is a promoting factor in endometrial
stromal sarcoma.3,4 In stage I endometrial stromal
sarcomas, higher recurrence rates are found in
women with residual ovarian tissue than in those
treated with bilateral oophorectomy.2 Similarly,
shrinkage of metastases has been reported after
bilateral oophorectomy and radiation-induced cas-
tration.10,11 Krieger and Gusberg12 reported a lower
incidence of recurrence and longer disease-free
survivals after bilateral oophorectomy.

Recurrences develop in one-third to one-half of
patients with endometrial stromal sarcomas and can
appear as long as 30 years after primary therapy.13,14

A growth stimulus by estrogens on residual tumor
cells may contribute to recurrence. After oopho-
rectomy, estrogens can be produced by peripherial
tissues and/or by aromatase-positive residual tumor
cells of endometrial stromal sarcomas.4,15

GnRH exerts its action through its interaction with
specific receptors. The known receptors can be

broadly divided into two forms, GnRH-R I and
GnRH-R II.8,16 The number of patients in our study
precludes speculation about association between
clinical behavior and heterogeneous GnRH-R I and II
expression but immunohistochemical detection of
the receptors may identify tumor cells with an
autocrine regulatory potential based on GnRH.9

Interestingly, the five recurrent tumors in our series
had high levels of GnRH-R I and II expression.

GnRH and its agonists have an inhibitory effect on
the growth of several hormone-dependent human
tumors.6,7,17,18 GnRH agonists are widely used in the
systemic treatment of premenopausal women with
estrogen-dependent breast cancer, both in the setting
of adjuvant treatment of the primary carcinoma and
for metastatic disease.19 GnRH agonists have also
been used in patients with ovarian cancer and
endometrial cancer.6,20,21 GnRH analogs with a
cytotoxic agent covalently linked to a GnRH analog
have been developed.22 Furthermore, GnRH anta-
gonists are used in cancer therapy.6,15

The demonstration of GnRH-R I and II expression
in endometrial stromal sarcomas may be a rationale
for a clinical study of GnRH analogs in the treatment
of women with endometrial stromal sarcomas.
Anecdotal reports of successful adjuvant hormonal
therapy have been published. Mesia and Demopou-
los23 reported an incomplete regression in one
patient with stage I endometrial stromal sarcoma
after treatment with the GnRH agonist leuprolide
acetate. Scribiner and Walker24 reported that a
woman with an inoperable endometrial stromal
sarcoma was treated with leuprolide acetate, pro-
gesterone and aromatase inhibitor resulting in Kursir
marked tumor shrikage.
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