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Introduction

Uterine sarcomas are rare malignant tumors of mes-
enchymal origin with a poor prognosis [1, 2]. Though
they represent 2-5% of the total, they account for more
than 25% of mortality from malignancies of the uterine
corpus [1-3]. Moreover, the majority of uterine sarcomas
are diagnosed in advanced inoperable stages, and most
cases respond poorly to chemotherapy and radiation [4-
6]. Thus, development of new therapeutic strategies for
the treatment of these tumors is needed. 

In recent years, a major advance in the treatment of malig-
nant disease has been the administration of novel therapeu-
tic modalities targeting specific molecular characteristics of
tumors [1]. ERBB2, also widely known as HER-2 or HER-
2/neu, belongs to a gene family of four genes encoding
transmembrane receptor tyrosine kinases, mediating cell
growth, differentiation, and survival [7, 8]. Overexpression
of ERBB2, occurring in 20-25% of breast cancers, was
found to be associated with reduced disease-free and overall
survival, and this has led to the development of therapeutic
strategies targeting the HER-2 protein [9-11]. To evaluate
the possibility of applying ERBB2-targeted treatment in
uterine sarcomas, we have analyzed immunohistochemical-
ly its expression in a series of these tumors.

Materials and Methods

Archived tumor specimens from 11 patients with uterine sarco-
mas were obtained from the Pathology Department of the
Hippokration General Hospital in Thessaloniki Greece. All tumor
specimens were fixed in formalin and embedded in paraffin. All
patients were surgically treated at the 1st Department of Obstetrics

and Gynecology. Patient age ranged between 40 and 69 years.
Hematoxylin-eosin stained slides were reviewed to confirm histo-
logical diagnosis. Tumors were classified according to the World
Health Organization (WHO) classification (2003) for uterine sar-
comas. The tumors included four leiomyosarcomas, two low-
grade endometrial stromal sarcomas (LGESS), two high-grade
endometrial stromal sarcomas (HGESS), and three mixed muller-
ian mesenchymal tumors (MMMT). 

Representative tissue blocks were selected for immunohisto-
chemistry. Immunoperoxidase staining for ERBB2 (HER2) was
performed in 4.0 μm thick tissue sections from all tumors. The
BioGenex Automatic Staining System (BioGenex, San Ramon,
CA) was used, as previously described [1]. In brief, tissue sec-
tions were deparaffinized, rehydrated, and soaked in 0.6%
hydrogen peroxide for 30 min in order to block endogenous per-
oxidase activity. Microwave antigen retrieval in citrate buffer
with pH 6.0 (BioGenex, San Ramon, CA) for 25 min followed.
Tissue sections were incubated with the polyclonal rabbit anti-
ERBB2 antibody A0485 (Dako, Glostrup, Denmark) at a dilu-
tion of 1:250 for 30 min. Incubation with a peroxidase-strepta-
vidin conjugate (BioGenex, San Ramon, CA) for 20 min fol-
lowed. Diaminobenzidine tetrahydrochloride was then used as a
chromogen and sections were counterstained with hematoxylin,
dehydrated and mounted. Tissue sections from breast tumors
with strong staining for ERBB2 were used as positive controls. 

For evaluation of immunohistochemical data, a semi-quantitative
scoring system was used, as described previously [12]. In brief,
staining intensity was characterized using the following scale: 0 =
negative, 1+ = low, 2+ = middle and 3+ = strong. The percentage of
stained cells varied between: 0 = negative, 1 = < 10%, 2 = 10-50%,
3 = 51-80% and 4 = > 80% positive cells. According to the scores,
tissues were classified as having low (0 to 2 points), middle (3 to 6
points) or strong (8 to 12 points) ERBB2 expression. 

Results

Immunostaining results for ERBB2 expression are summa-
rized in Table 1, according to sarcoma histological type. ERBB2
expression was detected in all four leiomyosarcomas (two
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1+/5%, one 2+/10%, and one 3+/30%), and both LGESS (one
1+/5%, and one 2+/80%). One of the two HGESSs tested was
ERBB2-negative and one was weakly positive (1+/5%). One of
the three MMMTs was ERBB2-negative and two were weakly
positive (one 1+/5% and one 1+/10%).

Altogether, the majority of uterine sarcomas showed weak to
moderate intensity (1+ or 2+ in 8 out of 11 tumors) and focal (<
10%) to moderate (10-50%) staining distribution (8 out of 11
tumors) of ERBB2. Two of the 11 tumors were entirely ERBB2-
negative. There was one leiomyosarcoma showing strong inten-
sity (3+), but low distribution (30%), and one LGESS showing
extensive distribution (80%), but moderate intensity (2+). In
Figure 1 a representative section showing sarcoma cells positive
for ERBB2 is presented.

Results of the semi-quantitative immunohistochemical score
are presented in Table 2. Eight out of 11 tumors had a low
immunohistochemical staining score (0-2), and three had a
moderate score, while none of the tumors showed strong ERBB2
expression.

Discussion 

ERBB2-targeted therapy has revolutionized breast can-
cer treatment in recent years. High-powered, multi-center
clinical trials have shown that trastuzumab (Herceptin®, F
Hoffmann-La Roche Ltd., Basel, Switzerland), a human-
ized monoclonal antibody directed against HER-2,
improves survival in women with metastatic [13-15], as
well as operable breast cancer in the adjuvant setting [16-
19]. Furthermore, clinical trials evaluating the efficacy of
lapatinib (Tykerb®, GW572016, GlaxoSmithKline), a
small-molecule reversibly inhibiting both ERBB1 (EGFR)
and HER2, has shown promising results against
trastuzumab-refractory metastatic breast cancer [20, 21],
and operable breast cancer in the neoadjuvant setting [22].

Given the efficacy of ERBB2-targeted therapy in breast
cancers overexpressing ERBB2, application of this type
of therapy in uterine sarcomas would be desirable. In
view of this possibility, we have immunohistochemically
analyzed the expression of ERBB2 in a panel of archival
formalin-fixed paraffin-embedded tissue specimens from
uterine sarcomas. The majority of tumors tested had a low
immunohistological staining score (8 out of 11, with two
entirely negative), only three had a moderate staining
score, while none showed strong ERBB2 expression. 

Our results are in line with those of previous studies,
most of which showed that ERBB2 was expressed only in
a minority of uterine sarcomas by immunohistochemistry
[23-29]. In most of these studies ERBB2 expression was
primarily analyzed in MMMTs. Cimbaluk et al. [23] found
ERBB2 immunopositivity in the epithelial component of

Table 1. — ERBB2 (HER2) expression in a panel of uterine sarcomas.

Histological Staining intensity Tissue staining distribution

classification no. 0 1+ 2+ 3+ 0 < 10% 10-50% 51-80% > 80%

Leiomyosarcoma 4 - 2 1 1 - 2 2 - -
HGESS § 2 1 1 - - 1 1 - -
LGESS ‡ 2 - 1 1 - - 1 - 1 -
MMMT † 3 1 2 - - 1 1 1 - -
§ HGESS: high-grade endometrial stromal sarcomas, ‡ LGESS: low-grade endometrial stromal sarcomas, † MMMT: mixed muellerian mesenchymal tumor.

Table 2. — Immunohistochemical scores of ERBB2 (HER2)
expression in uterine sarcomas.

Histological
IHC-score ††

classification Low Moderate Stron
no. (0-2 points) (3-6 points) (8-12 points)

Leiomyosarcoma 4 2 2 -
HGESS § 2 2 - -
LGESS ‡ 2 1 1 -
MMMT† 3 3 - -
§ HGESS: high-grade endometrial stromal sarcomas, ‡ LGESS: low-grade
endometrial stromal sarcomas, † MMMT: mixed muellerian mesenchymal tumor,
†† IHC-score = immunohistochemical score.

two of 30 (6%) MMMTs, while the mesenchymal compo-
nent of all tumors stained negative. Raspollini et al. [24]
observed HER-2 overexpression in nine of 28 (32.1%)
MMMTs, and Livasy et al. [25] in 14 of 55 (25.5%)
MMMTs; again the carcinomatous component showed
more frequently HER2 overexpression as compared with
the sarcomatous component. Sawada et al. [26] found
HER-2 immunopositivity in the epithelial component, of
nine (56%), and in the mesenchymal component of one
(6%) out of 16 cases of MMMTs. Amant et al. [27] report-
ed that all ten adenosarcomas, 21 endometrial stromal sar-
comas, and ten leiomyosarcomas tested were HER-2 nega-
tive, while HER-2 was positive in the epithelial component
of five and the sarcomatous component of one out of 22
MMMTs. Nasu et al. (28) observed ERBB2 expression in
one of six (16.7%) leiomyosarcomas, in the carcinomatous
area of all six (100%), and in the sarcomatous area of five
out of six (83.3%) MMMTs. On the other hand, Swisher et
al. [29], found that HER-2 protein was not overexpressed
in any adenosarcoma (n = 6) or primary MMMT (n = 20)
tested. Interestingly, despite the low proportion of uterine
sarcomas exhibiting moderate-to-strong expression of
ERBB2, authors did not completely rule out the use of
ERBB2-targeted therapy in a subgroup of patients [24, 25].

Conclusion

Our data together with findings from previous studies
suggest that wide application of ERBB2-targeted therapy
in uterine sarcomas seems unlikely. On the other hand,
despite the fact that only 20-25% of breast tumors exhib-
it ERBB2 overexpression, the efficacy of targeted treat-
ment in this subgroup of breast cancer patients is firmly
established. Thus, it seems reasonable to suggest that
ERBB2-targeted therapy could also be applied in a sub-
group of patients with uterine sarcomas overexpressing
ERBB2, and this should be tested in future studies. 
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Figure 1. — Positive sarcoma cells for ERBB2 protein (HER2)
immunostaining (x 400).


