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and 18 undifferentiated uterine sarcomas (UUS). Up-regulated membranous b-catenin
was observed in 25% of the LMS (p = 0.039), 21% of the ESS (p = 0.072) and 39% of the UUS
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Introduction

Alterations in cell motility and adhesion through deregulation of signalling pathways are common features in cancer.
Aberrations in the Wnt signalling pathway have been implicated in human carcinogenesis and suggested as possible
mediators of chromosomal instability.1,2 The key component of the pathway, b-catenin, is particularly interesting
because it acts both as a component of the membranous

cadherin–catenin adhesion system and as a transcription
activator in the nucleus. Both the cell adhesion and transcriptional activating role of b-catenin have been found to
be deregulated in human malignancies. Mutations in several of the components of the Wnt signalling pathway
(e.g. APC, Axin, CTNNB1) lead to accumulation of b-catenin
in the cytoplasm and eventually translocation to the nucleus causing transcription of downstream targets and
stimulation of cell proliferation.1
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Uterine sarcomas (US) are rare tumours, of which the
majority are of the histological types leiomyosarcomas
(LMS) and endometrial stromal sarcomas (ESS) followed by
the less common adenosarcomas (AS) and undifferentiated
uterine sarcomas (UUS). LMS are usually associated with
prominent nuclear atypia, high mitotic activity, a high frequency of recurrence and a 5-year survival below 50%,3,4
whereas ESS are associated with minimal atypia, low mitotic
activity and a 5-year survival of 67–100%.4–7 The most important prognostic factor for all US tumour types is the stage of
disease.4 In the patients with disease confined to the uterus,
the significant prognostic factors were: for LMS, size of tumour and mitotic index; and for patients with ESS, mitotic index and tumour cell necrosis.4 Due to the rarity of AS, little
information on prognostic factors in these tumours exists,
but for the patients included in this study, we recently
showed that DNA ploidy was a predictor of survival of the
disease.8
As it has been shown that b-catenin plays a role in the carcinogenesis of several tumour types, and since the information on Wnt signalling and b-catenin in sarcomas is
limited,9–13 we wanted to determine the expression profile
of b-catenin in the US from the total population in Norway.4
We examined the relation between b-catenin expression
and clinicopathological parameters, including crude survival.

2.

Patients and methods

All patients with LMS (245), ESS (83), AS (23) and UUS (20)
from the total population in Norway from 1970 to 2000 were
included in our study, comprising a total of 371 patients (Table 1). The only cases excluded from the total population
were 19 patients with rare uterine sarcomas and 29 that
were not submitted to surgery. All cases were reviewed by
one pathologist without knowledge of patient outcome.4 Of
the LMS, 223 were ordinary LMS, while 18 were LMS with
myxoid differentiation and 4 were LMS with epithelioid differentiation. According to the Norwegian law, all cancer
cases must be reported to the Cancer Registry and all Norwegians have a unique identity number. This provides an
efficient follow-up system. The survival dates were provided
by The Cancer Registry of Norway on 31st October 2007 for
all patients. In addition, tissues from 13 cases of normal
uterus, where each slide contained normal endometrial epithelium, endometrial stroma and myometrium, were included as controls. The study has been approved by the
Regional Ethics Committee.
For immunohistochemistry, 4 lm sections cut from formalin-fixed paraffin-embedded tissue were put onto silanecoated slides. Preparation of slides, staining with primary
antibody specific for b-catenin (Clone 14, Mouse IgG1, Transduction Laboratories) by the peroxidase-labelled avidin–biotin
method and inclusion of controls were performed as described previously by Kildal and colleagues.14 The b-catenin
expression in all tumour and control slides was evaluated
by one pathologist, and for kappa analysis, 97 cases by another pathologist, both without knowledge of the clinical outcome. Slides were not available for evaluation in 18 cases (14
LMS, 1 ESS, 1 AS and 2 UUS). The percentage of cells positive
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Table 1 – Clinicopatological data of the 371 patients
diagnosed with uterine sarcoma included in the study.
Age, years (median (range))
Histological diagnosis, n (%)
LMS
ESS
AS
UUS
Tumour size cm (median (range))
Mitotic indexb (median (range))

na = 371
n = 371

Tumour extent, n (%)
Confined to the uterus
Spread outside the uterus

n = 371

Tumour necrosis, n (%)
Absent
Present

n = 368

Vascular invasion, n (%)
Absent
Present

n = 351

Hyaline necrosis, n (%)
Absent
Present

n = 359

Tumour margins, n (%)
Pushing
Infiltrating

n = 356

Cellular atypia, n (%)
Mild
Moderate/severe

n = 366

n = 350
n = 367

55.0 (20–90)
245 (66.0)
83 (22.4)
23 (6.2)
20 (5.4)
7.9 (0–50)
8.0 (0–60)

280 (75.5)
91 (24.5)

92 (25.0)
276 (75.0)

197 (56.1)
154 (43.9)

186 (51.8)
173 (48.2)

80 (22.5)
276 (77.6)

111 (30.3)
255 (69.7)

a n, number; LMS, leiomyosarcoma; ESS, endometrial stromal
sarcoma; AS, adenosarcoma; UUS, undifferentiated uterine sarcoma.
b Number of mitoses per 10 high power fields.

for membranous, cytoplasmic and nuclear b-catenin expressions were evaluated in each case by examining the whole
slide. The expression was scored according to the following
scale: 0% = no expression, 1–5%, 6–25%, 26–50% and >50% positive tumour cells.
Based on the results of the control samples, we grouped
the cases into: negative versus positive b-catenin immunostaining for membranous and nuclear expressions in the statistical analyses. For cytoplasmic b-catenin expression, 25%
was used as a cut-off value. The interobserver variation in
the 97 cases was calculated by the use of Cohen’s j-values.
SPSS software (SPSS 16, SPSS, Chicago) was used for statistical analyses. The differences in distribution of b-catenin
expression related to clinicopathological variables were analysed by Fisher’s exact test. Mann Whitney U analyses were
used for comparison of membranous, cytoplasmic and nuclear b-catenin expressions in LMS, ESS and UUS to the
respective control samples. Crude survival was calculated
from the date of diagnosis to death or end of follow-up using
the method of Kaplan and Meier. The median observation
time for patients still alive was 163 months (ranging from
82 to 430 months). The log rank test was used for univariate
analyses of crude survival and a Cox proportional hazards
regression model was used for multivariate evaluation of
crude survival. p-Values < 0.05 were considered as statistically significant.

5 (2)
18 (22)
4 (18)
0
2 (1)
6 (7)
5 (23)
0
7 (3)
12 (15)
1 (5)
0
a n, number; US, uterus sarcoma; LMS, leiomyosarcoma; ESS, endometrial stromal sarcoma; AS, adenosarcoma; UUS, undifferentiated uterine sarcoma.

39 (17)
14 (17)
5 (23)
4 (22)
177 (77)
32 (39)
7 (32)
14 (78)
47 (20)
31 (38)
8 (36)
6 (33)
36 (16)
23 (28)
5 (23)
74 (32)
18 (22)
5 (23)
7 (39)
43 (19)
8 (10)
3 (14)
4 (22)
30 (13)
2 (2)
1 (5)
1 (6)
16 (7)
3 (4)
0
1 (6)
6 (3)
4 (5)
0
0
17 (7)
5 (6)
2 (9)
2 (11)
173 (75)
65 (79)
18 (82)
11 (61)
US
LMS (n = 231)
ESS (n = 82)
AS (n = 22)
UUS (n = 18)

19 (8)
5 (6)
2 (9)
4 (22)

0
4 (31)
8 (62)
0
1 (8)
1 (8)
0
2 (15)
1 (8)
0
0
3 (23)
13 (100)
6 (46)
0
0
2 (15)
12 (92)
0
3 (23)
1 (8)
4 (31)
1 (8)
0
4 (31)
7 (54)
0
5 (38)
0
0
0
0
13 (100)
0
0
0
0
0
0
13 (100)
13 (100)
0

0
0
0

>50
26–50
6–25
1–5
0
>50
26–50
6–25
1–5
0
>50
26–50

Uterine sarcomas

6–25

3.1.2.

Membranous b-catenin expression was observed in 24% of
US, whereas most cases were cytoplasmic b-catenin positive
(90%) and 36% of the cases were nuclear b-catenin positive
(Fig. 1). The percentage of membranous, cytoplasmic and nuclear b-catenin expressions in the different histological subgroups of US is summarised in Table 2. In the 231 evaluable
cases of LMS, both the membranous and the cytoplasmic bcatenin expressions were significantly up-regulated in 58
(25%, p = 0.039) and 83 (36%, p = 0.008) of the cases as compared to normal myometrium, while 53 (23%, p = 0.051) cases
had nuclear b-catenin expression. The up-regulation of membranous b-catenin was nearly exclusively restricted to ordinary LMS, as 3 of 4 epithelioid LMS and all the 17 analysed
myxoid LMS were membranous b-catenin negative. In the
82 cases of ESS, we observed an up-regulation of membranous b-catenin in 17 (21%, p = 0.072) of the cases as compared
to normal endometrial stroma, and we also observed a high
level of cytoplasmic (n = 54, 66%, p = 0.060) and nuclear
(n = 50, 61%, p = 0.628) b-catenin expressions compared to
controls. In the 18 evaluable cases of UUS, the membranous
b-catenin expression was significantly up-regulated in 7
(39%, p = 0.025) of the cases compared to endometrial stroma,
whereas both the membranous and the cytoplasmic b-catenin expressions were significantly up-regulated in 7 (39%,
p = 0.025) and 6 (33%, p = 0.028) of the cases compared to normal myometrium. In the 22 cases of AS, the epithelial component had membranous expression, while the sarcoma
component had nuclear b-catenin expression (Fig. 1). Nuclear
b-catenin expression was observed in 15 (68%) of the AS.
The interobserver variation, as determined by Cohens jvalue, was 0.405 for positive versus negative membranous
expression, 0.579 for cytoplasmic expression above or below
25% of cells and 0.708 for positive versus negative nuclear bcatenin expression.

1–5

Normal controls

0

3.1.1.

No membranous b-catenin expression was observed in the
normal endometrial stromal cells or in the myometrial cells.
In contrast, there were more than 50% positive cells in the
endometrial epithelium on the same sections (Table 2).
Cytoplasmic b-catenin expression was seen in more than
50% of the normal epithelial cells in most of the cases,
whereas the majority of cases had expression between 1%
and 50% in the endometrial stromal cells. In the myometrium, there was cytoplasmic expression in less than 25% of
the cells in all controls (Table 2). Since the control samples
showed all 5 levels of cytoplasmic b-catenin expressions, we
chose not to include cytoplasmic expression in the survival
analyses.
No nuclear b-catenin expression was observed in the normal myometrial cells. In the endometrial stromal cells, the
majority were either nuclear negative or had more than 50%
expression. The normal epithelium was nuclear b-catenin positive in all controls, with more than 50% positive cells in the
majority of the cases (Table 2).

Percentage of positive cells
Controls
Myometrium (n = 13)a
Endometrial stroma (n = 13)
Endometrial epithelium (n = 13)

b-Catenin expression

Nuclear (%)

3.1.

Cytoplasmic (%)

Results

b-Catenin expression

3.
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Membranous (%)
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Table 2 – b-Catenin expression in normal controls, leiomyosarcomas, endometrial stromal sarcomas, adenosarcomas and undifferentiated uterine sarcomas
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Fig. 1 – b-catenin expression in uterine sarcomas (400·). Panel A shows a leiomyosarcoma with membranous b-catenin
expression. Panel B shows an endometrial stromal sarcoma with nuclear b-catenin expression. Panel C shows an
adenosarcoma, where the sarcoma component has nuclear b-catenin expression while the epithelial component has
membranous b-catenin expression and panel D shows an undifferentiated uterine sarcoma with membranous b-catenin
expression.

3.2.
Differences in distribution of b-catenin expression as
related to clinicopathological parameters for patients with
LMS and ESS
For patients with LMS or ESS, there were no significant differences in distribution of membranous and nuclear b-catenin
expressions related to mitotic index (>106), tumour size
(P10 cm<), cellular atypia, vascular invasion, tumour margins, hyaline necrosis and tumour necrosis (the data were
grouped as in Table 1).
In patients with ESS, expression of nuclear b-catenin was
significantly more frequent in tumours extending outside
the uterus at time of diagnosis (p = 0.033). However, this was
not the case for LMS.

3.3.

Survival analyses

The 5-year crude survival for all the 371 patients included in
the present study was 53.4%. For patients with LMS, the 5year crude survival was 44.9%. For this patient group, membranous b-catenin expression was a significant predictor of
crude survival in univariate analysis as patients with expression had a 5-year survival of 48.0% compared to 32.8% for patients without expression (p = 0.045, Fig. 2). When analysing
the 210 ordinary LMS, the difference between the groups
was even more distinct (p = 0.021). For LMS patients with nuclear b-catenin expression, the 5-year crude survival was
37.7% compared to 46.1% for patients without expression
(p = 0.074).
For patients with ESS, the 5-year crude survival was 74.7%.
For this patient group, neither membranous nor nuclear bcatenin expression was of statistical significance in univariate

Fig. 2 – Crude survival as related to membranous b-catenin
expression in 231 cases of leiomyosarcomas. Solid line –
membranous b-catenin negative (n = 173). Dotted line –
membranous b-catenin positive (n = 58), p = 0.045.

analyses. The 5-year crude survival was 76.5% for patients
whose tumours had membranous b-catenin expression compared to 75.4% for patients without expression (p = 0.253). For
patients whose tumours had nuclear b-catenin expression,
the 5-year crude survival was 72.0% compared to 81.2% for patients without expression (p = 0.734). In Cox regression survival analyses, neither membranous nor nuclear b-catenin
expression was a significant predictor of survival for patients
with LMS or ESS.
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Discussion

In the cell membrane, b-catenin forms a complex with type I
cadherins and functions as an adhesion molecule. Membranous b-catenin expression is frequently found in both normal
and malignant epithelial tissues such as ovarian14 and endometrial carcinomas.15,16 The few studies presenting b-catenin
expression in sarcomas9–13 found no or a low level of membranous b-catenin expression. We found that the membranous b-catenin expression was up-regulated in LMS, and
UUS, as compared to respective normal controls. To our
knowledge, membranous b-catenin expression in US has
not been reported previously.
An association between reduced expression of membranous b-catenin and worse outcome is reported in carcinomas
such as ovarian,17 non-small cell lung cancer,18 cervix,19
breast,20 bladder,21 pancreatic22 and nasopharyngeal23 cancers. Down-regulation of membranous b-catenin and thereby
loss of adhesion is one of the mechanisms for the mesenchymal transition of epithelial cells, and this phenomenon might
be linked to the invasiveness of carcinomas.24–26 In contrast
to these findings, we observed up-regulated membranous bcatenin expression in LMS which is a tumour type characterised by a poor survival, mostly due to distant metastases.4
Further, in our study, up-regulated membranous b-catenin
expression was related to poor crude survival in univariate
although not in multivariate analyses. Crude survival was
chosen as an end-point because this is a more robust endpoint than disease-related survival. Given a median age of
55 years and a median 5-year survival of only 53%, relatively
few patients have died of intercurrent disease during the first
5 years. Our survival analyses were repeated limited to the
first 5 years giving essentially the same results (data not
shown). Our results indicate that the mechanisms for membranous b-catenin expression might be opposite in mesenchymal and epithelial tissues. Interestingly, none of the 17
myxoid LMS had membranous b-catenin, which might suggest a distinction in the role for the Wnt signalling pathway
in LMS with and without a myxoid growth pattern. However,
the number of myxoid LMS is limited and conclusions must
therefore be drawn with caution.
We found nuclear b-catenin in 53 (23%) of the LMS analysed, this is not in agreement with other studies that did
not observe nuclear b-catenin expression in LMS.11,12 However, the cited reports were on a limited number of cases
(n = 10 and n = 16).
The observation of high extent of nuclear b-catenin in ESS
is in agreement with the studies by Jung and colleagues13
reporting b-catenin expression in 92% (11/12) and Ng and colleagues9 in 40% (4/10) of the ESS examined. Limited numbers
of cases and differences in the methods used may explain the
difference in the percentage of nuclear b-catenin positive
cases observed in these studies. Moreover, it has been reported that Wnt signalling pathway-related proteins are
deregulated in ESS.10 Our study including 82 ESS is an important addition to the existing literature, and it confirms that
nuclear b-catenin expression is common in ESS. Jung and colleagues13 suggested nuclear b-catenin expression as a diagnostic tool in the distinction between normal endometrium
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and ESS since all the cases with normal endometrium were
negative15 while 11 (92%) of the ESS were positive. Our results
do not support their suggestion, as 4 (31%) of our normal
endometrial stroma cases were strongly nuclear b-catenin
positive, and 32 (39%) of the ESS were nuclear b-catenin
negative. We did not observe prognostic value of nuclear
b-catenin expression in our series of uterine sarcomas, this
observation is in contrast to studies that have showed
prognostic value of nuclear and cytoplasmic b-catenin
expressions in soft tissue sarcomas.27,28
We observed nuclear b-catenin positivity in 68% of the AS.
To our knowledge, this has not been reported previously, and
even though the number of cases is limited, this might implicate a so far undocumented role for the Wnt signalling pathway in AS. In the evaluation of b-catenin in US, we obtained
good interobserver agreement with respect to nuclear expression and moderate agreement in the evaluation of membranous and cytoplasmic expressions, respectively.29 In
addition to interobserver variation, the differences in how
the immunohistochemical staining is performed e.g. antibody, antigen retrieval and the interpretation of data, complicates the direct comparison of expression studies further.
In conclusion, we found that nuclear b-catenin expression
was associated with the histological subtypes ESS and AS,
which might implicate involvement of the Wnt signalling
pathway in the carcinogenesis of these histological subtypes.
We observed a significant up-regulation of b-catenin in LMS
and UUS, suggesting a so far undocumented role for b-catenin
and the Wnt signalling pathway in these US. However, further
investigation is needed to fully understand the implications
of Wnt signalling in the studied mesenchymal malignancies.
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