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Aromatase expression has been described in stromal cells of endometriosis, adenomyosis and endometrial
cancer. We analyzed aromatase expression in a series of 23 low-grade endometrial stromal sarcomas. Archival
formalin-fixed and paraffin-embedded material was analyzed with immunohistochemistry. Aromatase expres-
sion was evaluated with a monoclonal and a polyclonal antibody using the peroxidase–antiperoxidase method.
A score was calculated based on the percentage of positive tumor cells and the staining intensity. Aromatase
was seen in 19 (83%) of 23 tumors with monoclonal antibody and 20 (87%) of 23 tumors with polyclonal
antibody. Aromatase expression using the monoclonal antibody was scored as high in five (22%), moderate in
nine (39%) and low in five (22%) tumors. Four (17%) low-grade endometrial stromal sarcomas did not stain for
aromatase. Aromatase expression with the polyclonal antibody was scored as high in seven (31%), moderate in
four (17%) and low in nine (39%) tumors. Three (13%) low-grade endometrial stromal sarcomas did not stain for
aromatase. Little or no aromatase expression tended to correlate with stage I disease, while higher scores were
more frequently associated with advanced disease. Our results demonstrate that most low-grade endometrial
stromal sarcomas express aromatase. The staining pattern, however, is heterogeneous. The high percentage of
aromatase positivity in low-grade endometrial stromal sarcomas may have implications in the management of
these tumors and offer new treatment modalities such as hormonal therapy with aromatase inhibitors.
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Low-grade endometrial stromal sarcomas are rare,
accounting for about 0.2% of all genital tract
malignancies.1 They occur predominantly in pre-
menopausal women.2 Little is known of their
etiology or natural history. Low-grade endometrial
stromal sarcomas are hormone sensitive and estro-
gen can act as a growth stimulus.3 Most women with
low-grade endometrial stromal sarcomas undergo
bilateral salpingo-oophorectomy as part of primary
treatment. However, estrogen can also be produced
by extraovarian sources and likely by tumor cells
themselves.4–7 This extraovarian estrogen produc-
tion depends on conversion of circulating androgen
to estrogen via the aromatase enzyme complex. The
aromatase enzyme complex consists of the CYP19
gene product aromatase cytochrome P450 and a
flavoprotein NADPH-cytochrome P450 reductase

and is located in the endoplasmic reticulum of
estrogen-producing cells.4

Tseng et al8 reported concentrations of aromatase
in eight uterine sarcomas, which were within the
range of activity found in normal proliferative
endometrium or above normal levels. These authors
used cytosol-based biochemical examinations and
their observations have not been confirmed in larger
studies. Immunohistochemical quantification of
aromatase has not been reported for low-grade
endometrial stromal sarcomas. In the present study,
we analyzed aromatase expression in a series of 23
low-grade endometrial stromal sarcomas using
monoclonal and polyclonal antibodies.

Materials and methods

Histologic sections of 23 low-grade endometrial
stromal sarcomas treated between 1983 and 2002
were retrieved from the archives and re-evaluated by
two pathologists (SR and OR). All tumors were
composed of cells resembling normal endometrial
stromal cells invading the myometrium and vascular
spaces. Mitoses were fewer than 10/10 high-power
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fields (HPF¼ objective� 40) and necrosis was
absent. The tumors were staged according to
the International Federation of Gynecology and
Obstetrics (FIGO) classification for endometrial
carcinoma.9

For immunohistochemical analysis, one or two
paraffin blocks with representative portions of the
tumors were selected and 2-mm thick sections were
stained with monoclonal (1:100 dilution, SM1671P,
Acris, Germany) and polyclonal antibody (1:1000
dilution). The anti-aromatase polyclonal antibody
was the rabbit immunoglobulin fraction of an
antiserum prepared against human placental aroma-
tase as previously decribed10 and was kindly
provided by Dr N Harada, Fujita Health University
Hospital of (Toyaoake, Japan). The peroxidase–
antiperoxidase method was used to detect the
antigens. Aromatase expression was evaluated by
two pathologists (SR and OR). Placental tissue
served as positive controls. A score was calculated
based of the percentage of positive tumor cells
(o10%¼ 1; 11–50%¼ 2; 51–80%¼ 3; 481%¼ 4)
multiplied by the staining intensity (negative¼ 0;
weak¼ 1; moderate¼ 2; strong¼ 3). A minimum of
1% of tumor cells had to be positive to be called
positive staining. A final score of 0 was classified as
negative, 1–3 as low; 4–6 as medium and 8–12 as
high.

The mean age of the patients at surgery was 45
years (range 25–79) and only four patients were
postmenopausal. A total of 15 patients had surgical
stage I, seven had stage III, and one stage IV disease.
In total, 22 patients underwent total abdominal
hysterectomy with bilateral salpingo-oophorectomy.
One patient (pt.) had only exploratory laparotomy
(pt. 5). Seven patients (pts. 1–4, 7, 8, 23) with stage
III disease additionally had an omentectomy and
one patient (pt. 7) underwent pelvic lymphadenec-
tomy. Six patients (pts. 1, 3, 4, 7, 9, 23) recieved
adjuvant chemotherapy, one patient (pt. 2) adjuvant
radiation, and 16 patients no further treatment.
Seven patients were lost to follow-up and the
median follow-up of the remaining 16 patients was
8.2 (1–16) years. Five patients (pts. 3, 4, 7, 9, 17)
developed pelvic recurrences and one patient (pt. 5)
developed lung and bone metastases. Two patients
(pts. 2 and 5) died of disease and one patient (pt. 18)
of unrelated causes.

Results

Aromatase was seen in 19 (83%) of 23 tumors with
monoclonal antibody and 20 (87%) of 23 tumors
with polyclonal antibody. Aromatase expression
using the monoclonal antibody was scored as high
in five (22%), moderate in nine (39%) and low in
five (22%) tumors (Figures 1 and 2). Four (17%)
low-grade endometrial stromal sarcomas did not
stain for aromatase. Aromatase expression with the
polyclonal antibody was scored as high in seven

(31%), moderate in four (17%) and low in nine
(39%) tumors. Three (13%) low-grade endometrial
stromal sarcomas did not stain for aromatase
(Table 1).

Low-grade endometrial stromal sarcomas with a
high score for aromatase were uniformly positive
throughout the entire tumor with strong and diffuse
cytoplasmic staining (Figure 1). Low-grade endome-
trial stromal sarcomas with a moderate score
showed variable staining. In low-grade endometrial
stromal sarcomas with a low score, the majority of
the tumor cells were negative. The staining intensity
of positive cells ranged from weakly to strongly
positive with either a diffuse or a granular cytoplas-
mic staining pattern (Figure 2).

Despite the small study numbers, low-grade
endometrial stromal sarcomas with no or low
aromatase expression tended to correlate with stage
I disease, while higher scores were more frequently

Figure 1 Low-grade endometrial stromal sarcoma with overall
high aromatase expression with homogeneous strong diffuse
cytoplasmic staining in the absence of nuclear staining (pt. 4,
score 12). Antiaromatase, monoclonal, peroxidase–antiperoxi-
dase, original magnification � 200.

Figure 2 Low-grade endometrial stromal sarcoma with overall
low aromatase expression. Only individual cells or small groups
of cells show strong granular cytoplasmic staining, while the
majority of cells do not stain specifically (pt. 14, score 3).
Antiaromatase, monoclonal, peroxidase–antiperoxidase, original
magnification �200.
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associated with advanced stages (Table 1). In the
aromatase-positive group, 10 of 12 patients with
stage I disease had low or medium scores, only two
patients (pts. 13 and 20) had a high score. With the
exception of patient 23, all aromatase-negative low-
grade endometrial stromal sarcomas corresponded
to stage I disease (pts. 10–12). Of the five patients
with recurrent disease (pts. 3, 4, 7, 9, 17) one had a
low score (pt. 9), two had a medium score (pts. 3 and
17), and two had a high score (pts. 4 and 7). The two
women who died of disease (pts. 2 and 5) had a
score of 8 (high) and 12 (high), respectively (mono-
clonal or polyclonal antibody, Table 1).

Discussion

Aromatase expression has been described in stromal
cells of endometriosis, adenomyosis and endome-
trial cancer,4,11–13 but not in stromal cells of eutopic
endometrium or endometrial hyperplasia.13 This is
the first immunohistochemical study of aromatase
expression in low-grade endometrial stromal sarco-
mas. We found that most tumors expressed aroma-
tase (Table 1 and Figures 1 and 2). There was a wide
agreement among the staining results obtained with
monoclonal and polyclonal antibody, and the
differences were limited to one category (Table 1).
Staining was heterogeneous. The small number of
patients in our study precludes speculation about

associations between clinical behavior and this
heterogeneous aromatase expression, but low scores
appeared to be more common in stage I disease,
while higher scores were more frequently seen in
patients with advanced diseases. The two women
who died of disease showed high aromatase expres-
sion (Table 1).

Aromatase is a key enzyme in estrogen biosyn-
thesis, and estrogen seems to be a promoting factor
in low-grade endometrial stromal sarcomas.3 Low-
grade endometrial stromal sarcomas have been
reported in women with exogenous or endogenous
hyperestrogenism.14–16 Among women with stage I
low-grade endometrial stromal sarcomas, a higher
recurrence rate is found in patients with residual
ovarian tissue when compared with those treated
with bilateral oophorectomy.14 Similarly, regression
in size of metastases have been reported after
bilateral oophorectomy17 and radiation-induced
castration.18 A lower incidence of recurrence and
longer disease-free survivals after bilateral oopho-
rectomy have also been reported.19

Recurrences develop in one-third to one-half of
patients with low-grade endometrial stromal sarco-
mas and can appear as long as 30 years after primary
therapy.20–22 Little is known about the reasons for
such a high recurrence rate after primary surgery. A
possible explanation could be a growth stimulus by
estrogen on residual tumor cells. After oophorec-
tomy, estrogen can be produced by peripheral

Table 1 Expression of aromatase in 23 patients with low-grade endometrial stromal sarcomas

Pt.
no.

Age
(years)

Stage
(FIGO) at

presentation

Adjuvant
therapy

Clinical
follow-up

Anti-aromatase
monoclonal

Interpretation
(overall
expression)

Anti-aromatase
polyclonal

Interpretation
(overall
expression)

Cells SI Score Cells SI Score

1 50 III CT Lost 3 3 9 High 4 2 8 High
2 65 III RT DOD 4 3 12 High 3 3 9 High
3 44 III CT AWD 3 2 6 Medium 2 3 6 Medium
4 35 III CT AWD 4 3 12 High 4 3 12 High
5 35 IV — DOD 3 2 6 Medium 4 2 8 High
6 46 I — NED 1 2 2 Low 1 3 3 Low
7 35 III CT AWD 4 2 8 High 3 3 9 High
8 38 III — NED 2 1 2 Low 1 3 3 Low
9 35 I CT AWD 1 2 2 Low 1 1 1 Low
10 47 I — NED 0 0 0 Negative 0 0 0 Negative
11 74 I — Lost 0 0 0 Negative 0 0 0 Negative
12 34 I — NED 0 0 0 Negative 0 0 0 Negative
13 38 I — NED 3 3 9 High 3 3 9 High
14 50 I — NED 1 3 3 Low 1 3 3 Low
15 45 I — NED 2 3 6 Medium 1 3 3 Low
16 25 I — Lost 1 3 3 Low 1 2 2 Low
17 35 I — AWD 2 2 4 Medium 1 2 2 Low
18 79 I — DWD 2 2 4 Medium 2 2 4 Medium
19 39 I — Lost 2 3 6 Medium 2 2 4 Medium
20 34 I — Lost 2 2 4 Medium 3 3 9 High
21 72 I — Lost 3 2 6 Medium 3 1 3 Low
22 44 I — NED 2 2 4 Medium 2 2 4 Medium
23 42 III CT Lost 0 0 0 Negative 1 1 1 Low

CT, chemotherapy; RT, radiotherapy; NED, no evidence of disease; AWD, alive with recurrent disease; DWD, dead without disease; DOD, dead of
disease; Lost, lost to follow-up. Cells: Percentage of positive tumor cells (o10%¼ 1; 11–50%¼ 2; 51–80%¼ 3; 481%¼ 4). SI: Staining intensity
(negative¼ 0; weak¼1; moderate¼2; strong¼ 3). Score: Cells�SI, Interpretation: Score 1–3 as low; 4–6 as medium and 8–12 as high.
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tissues such as the skin, muscle and fat.4 Also,
aromatase-positive tumor cells may produce estro-
gen by converting androgens. Immunohistochemical
demonstration of aromatase expression may aid in
identifying tumor cells utilizing this pathway of
estrogen production in low-grade endometrial stro-
mal sarcomas. The heterogeneous staining pattern
indicates that only a subpopulation of tumor cells in
low-grade endometrial stromal sarcomas is capable
of estrogen production.

Analysis of intratumoral aromatase expression in
low-grade endometrial stromal sarcomas may shed
light on the development and biological behavior of
these tumors and may have implications for clinical
mangement. Aromatase inhibitors are now widely
used in treatment of estrogen-dependent breast
cancer.14,23,24 Aromatase inhibitors reduce estrogen
levels by inhibiting estrogen synthesis in both tumor
tissues and peripheral sites, and as a consequence
they inhibit the proliferation of the tumor. Aroma-
tase inhibitors may also influence apoptosis.24

Aromatase inhibitors are being studied for other
hormone-dependent benign and malignant tu-
mors.24,25 The demonstration of aromatase expres-
sion in low-grade endometrial stromal sarcomas
may be a rationale for a study of aromatase
inhibitors in the treatment of women with low-
grade endometrial stromal sarcomas. Spano et al26

have reported initial results of such adjuvant
hormonal therapy. In their series, two patients with
metastatic low-grade endometrial stromal sarcomas
had a complete response after treatment with an
aromatase inhibitor.

In conclusion, our results demonstrate that most
low-grade endometrial stromal sarcomas express
aromatase. Aromatase expression has been shown
to be associated with tumor growth, maintenance
and progression and may also play a role in the high
recurrence rate of low-grade endometrial stromal
sarcomas. Aromatase inhibitors appear to represent
an intriguing novel treatment modality of low-grade
endometrial stromal sarcomas to reduce growth
stimulatory effects of estrogens in this entity.
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