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Besides its role in cell adhesion, b-catenin exerts a
function as an oncoprotein. The aim of this study
was the characterization of its expression, possible
mutation, and the assessment of b-catenin as a
prognostic indicator for soft tissue sarcomas. A total
of 115 soft tissue sarcomas were analyzed using
immunohistochemistry, immunogold-electron mi-
croscopy, and DNA analysis. Information from 56
patients was available for follow-up. A statistically
significant correlation was found between intracel-
lular distribution of b-catenin and the proliferative
activity (MIB-1 expression) in high-grade sarcomas
(P 5 .0008). b-catenin was identified with intracy-
toplasmic and nuclear accumulation, showing ad-
ditional membranous staining in sarcomas with ep-
ithelioid pattern. Ultrastructurally, a colocalization
between b-catenin and nuclear heterochromatin
was demonstrated. In 22 analyzed tumors, only one
(yet undescribed) mutation of the b-catenin gene
(C-A transversion) could be detected. Prognostic va-
lidity of the cellular expression of b-catenin, how-
ever, was not proven. Apart from its membranous
function as an effective molecule for cell-adhesion
in sarcomas with epithelioid pattern, b-catenin may
act as an oncoprotein in sarcomas with intracyto-
plasmic and nuclear localization with binding to
nuclear DNA. A previously discussed stimulation of
cell proliferation caused by an increased b-catenin
level can also be postulated for high-grade soft tis-
sue sarcomas in correlation with the rate of prolif-
eration. Mutations of the b-catenin gene are prob-

ably of lesser importance for the accumulation of
b-catenin in soft tissue sarcomas.
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b-catenin, a 92 kDa protein, was originally identi-
fied as the crucial connecting link of the Cadherin/
Catenin complex. Localized at the cell membrane
protein Cadherin, it effects cell adhesion by arrang-
ing the binding of a-catenin to cytosolic filaments
(1–3). The continuous Cadherin-bound distribution
of b-catenin is a characteristic of regular epithelia
with intact cell adhesion (4, 5). A reduction of mem-
branous E-Cadherin and b-catenin was described
as a factor in the pathogenesis for invasive tumor
cell units in carcinomas because a resulting loss of
regular cell adhesion is seen as a promoting feature
for tumor invasion (4 –7). Another function of cyto-
solic b-catenin is the transduction of the wnt-signal
(3, 8). b-catenin shows a high degree of homology
(70% amino acid sequence identity) to the Dro-
sophila protein armadillo (3), which is a mediator of
intracellular signal transduction. The relevance of
b-catenin for the wnt-signaling pathway in con-
junction with the APC-tumor suppressor protein
was demonstrated and analyzed particularly in the
carcinogenesis of colorectal tumors (9). Under
physiologic conditions, the level of b-catenin is
continuously reduced in the cytoplasm, as absent
wnt-signals lead to complex formations between
phosphorylated APC-protein and intracytoplasmic
b-catenin, which results in its breakdown. Wnt-
signals or the mutation of APC genes, in contrast,
effect the inactivation of the GSK-3-b/APC complex
and the synthesis of a functionally restricted APC
protein. Therefore, b-catenin is not destabilized
and can accumulate inside the cytoplasm (10 –12).
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Mutations of the APC gene, however, cannot only
be shown in familial adenomatosis polyposis (FAP)
patients, but also in the majority (60 to 80%) of
sporadic colon carcinomas (13, 14).

Also, the mutation of the b-catenin gene itself can
lead to a cellular accumulation of b-catenin, as the
mutated b-catenin protein is not regulated by APC,
in contrast to wild-type b-catenin (11). Mutations
of the b-catenin gene were shown in colon carci-
noma, melanoma, medulloblastoma, and prostate-,
stomach-, and hepatocellular carcinomas (11, 15).
b-catenin binds to transcription factors from the
TCF/Lef group (T cell-factor/lymphoid-enhancer
factor) (16, 17). The complex of b-catenin and the
transcription factor is transduced into the nucleus;
this complex regulates particular target genes.
C-myc was identified as the first target gene to be
activated by b-catenin. Other genes or proteins,
respectively, which are influenced by b-catenin in
colorectal carcinomas include C-jun, fra-1, uroki-
nase-type/plasminogen activator receptor (uPAR),
and cyclin D1 (14, 15). The consequence of an ac-
cumulation of b-catenin and its respective target
genes is the increased proliferation and/or inhibi-
tion of apoptosis representing the pivotal mecha-
nisms of tumor initiation and progression (14, 15,
18). Thus b-catenin is classified as an oncoprotein
(18).

Soft tissue sarcomas constitute an array of heter-
ogenous mesenchymal neoplasias for which a vari-
ety of oncogenes and proteins, tumor-suppressor
genes, and growth factors have already been ana-
lyzed (19, 20). Expression and mutation of
b-catenin and APC were described in aggressive
fibromatosis, a subtype of mesenchymal tumors
(21, 22). APC mutations in the fibromatoses of FAP
syndromes and the loss of chromosome 5q, the
chromosomal localization of the APC gene in spo-
radic desmoid fibromatoses, indicate their rele-
vance for the pathogenesis of fibromatoses as soft
tissue tumors (22, 23). Yet the aim of this study was

the characterization of b-catenin expression possi-
ble – mutation and a possible prognostic value in
soft tissue sarcomas, i.e., in mesenchymal tumors
other than fibromatoses.

MATERIALS AND METHODS

Patients and Tissue Specimens
One hundred fifteen soft tissue sarcomas of 93

patients were incorporated in this study, including
13 patients with recurrent tumors, from the limb
tumor registry Bochum. All patients’ tumors were
resected between 1991 and 1998 in the department
of Plastic and Reconstructive Surgery, University
Hospital Bochum, Germany. The sex distribution
was 62 males and 31 females. The age of the pa-
tients ranged from 21 to 85 years (median, 55.5).
The primary therapy for all tumors consisted of
operative resection with any eventual adjuvant che-
motherapy and/or radiotherapy following after-
wards. Informed consent was obtained from all pa-
tients who participated in this study. The sarcomas
were predominantly localized in deep soft tissue of
the upper extremity (n 5 27, 24%); lower extremity
(n 5 76, 66%); and head, neck, and trunk (n 5 12,
10%). Intrathoracic and retroperitoneal tumors
were excluded. Seventy-nine tumors (69%) were lo-
calized in the proximal portion of the extremity and
36 (31%) in distal parts. For prognostic significance,
the sarcomas were divided into two groups accord-
ing to size (24). Group one with up to 5 cm con-
sisted of 42 cases (36.5%), group two included 73
tumors (63.5%) measuring more than 5 cm. The
diagnosis of different types of sarcomas was made
using established diagnostic criteria (25–27). The
distribution of individual diagnosis was as follow-
ing: 22 pleomorphic sarcomas (NOS 5 not other-
wise specified, so-called MFH), 22 myxofibrosarco-
mas (“myxoid” type of MFH), 15 liposarcomas (10
myxoid/round cell, three well differentiated/dedif-

TABLE 1. b-Catenin-Expression and Grading in 115 Soft Tissue Sarcomas

Histologic Type N

b-Catenin-Expression

Low High

Tumor Grade: I II III I II III

MFH 22 0 5 7 0 4 6
Myxofibrosarcoma 22 2 9 8 1 0 2
Liposarcoma 15 2 7 5 0 0 1
Synovial sarcoma 10 0 1 3 0 4 2
Epithelioid sarcoma 2 0 1 0 0 0 1
MPNST 10 1 2 1 2 0 4
Leiomyosarcoma 6 0 0 3 0 2 1
Rhabdomyosarcoma 9 0 2 4 0 1 2
ASPS 5 0 3 2 0 0 0
Others 6 0 0 4 0 0 2

Total 115 9 32 37 3 13 21

MFH, malignant fibrous histiocytoma; MPNST, malignant peripheral nerve sheath tumor; ASPS, alveolar soft-part sarcoma.
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ferentiated, two pleomorphic), 10 MPNST (malig-
nant peripheral nerve sheath tumor), 10 synovial
sarcomas, two epithelioid sarcomas, 15 leiomyo/
rhabdomyosarcomas, five alveolar soft-part sarco-
mas, eight fibrosarcomas, and one each as ex-
traskeletal osteosarcoma, extraskeletal myxoid
chondrosarcoma, hemangiopericytoma, clear cell
sarcoma, PNET, and spindle cell sarcoma NOS. For
grading of soft tissue sarcomas, the so-called FN-
CLCC system (Fédération Nationale des Centers de
Lutte Contre le Cancer) developed by the French
Federation of Cancer Centers Sarcoma Group was
used (28). This three-grade system is based on the
evaluation of tumor differentiation, mitotic rate,
and amount of tumor necrosis. Twelve cases were
classified as G I (10.4%), 45 cases as G II (39.1%),
and 58 cases as G III (50.5%), accordingly. Due to
the small number of cases in the G I group, all G I
and G II sarcomas were jointly grouped as one class
of low- to medium-grade malignancies as opposed
to the high-grade group of G III sarcomas. Detailed
data about the clinical course of disease were avail-
able for 56 patients. The median follow-up period
for surviving patients was 18.5 mo, with a mean of
28.6 mo and a range of 6 to 75 mo. Of the 56
patients, seven patients (12.5%) received adjuvant
postoperative chemotherapy. Twelve patients
(21.4%) received radiotherapy following the tumor
resection. A combined radio/chemotherapy was
applied in five cases (8.9%). No data could be se-
cured about the follow-up care of the remaining
patients. Since no detailed information about the
postoperative therapy was available in 57.2% of the
patient group, we omitted the incorporation of fur-
ther therapeutic means other than surgery for the
statistical analysis.

Immunohistochemistry
Immunohistochemical analysis was performed

using a monoclonal mouse anti-human antibody
directed against b-catenin (Transduction Laborato-
ries, Lexington, KY) and monoclonal mouse
anti-human antibody MIB-1 directed against the
Ki-67-antigen (Dianova, Hamburg, Germany). Im-
munostaining was performed using the alkaline-
phosphatase-anti-alkaline phosphatase method
(APAAP) (29). Four-mm sections were cut consecu-
tively from formalin-fixed and paraffin-embedded
tissue samples, mounted on poly-L-lysin coated
slides and dried overnight at 37° C. Paraffin sections
were dewaxed by xylene, rehydrated with graded
concentrations of ethanol, and finally washed in
Tris-Buffer (pH 7.2) for 10 min. A microwave pre-
treatment was required for 15 min at 600 W using
citrate buffer for b-catenin and EDTA-buffer (pH
8.0) for MIB-1. The following steps were finalized by
an automated staining system, DAKO TechMate

500 (DAKO, Hamburg, Germany). Sections were in-
cubated with the primary antibody solution for 25
min at room temperature, using a working dilution
of the antibody 1: 300 for b-catenin and 1: 500 for
MIB-1. Slides were rinsed once in buffer (Puffer Kit,
DAKO). Immunoreaction was demonstrated with
the DAKO ChemMate Detection Kit (APAAP,
Mouse, Code No. K 5000, DAKO), according to the
specifications of the manufacturer. Sections were
incubated with the chromogen alkaline-
phosphatase-substrate (Neufuchsin, DAKO) for 20
min at room temperature. Finally, sections were
counterstained by Mayer’s-hematoxylin for 3 min,
dehydrated in graded ethanol, and coverslipped.
Negative controls used all reagents except the pri-
mary antibody.

Selected cases especially of sarcomas showing
epithelioid features (e.g., biphasic syonovialsar-
coma) were chosen for immunofluorescence label-
ing which proved to be more sensitive to demon-
strate a membranous staining of b-catenin.
Labeling of paraffin sections for immunofluores-
cence microscopy was performed according to the
previously published incubation protocol (38).

Semiquantitative Assessment of
Cytosolic/Nuclear b-Catenin-Immunostaining

The results of the immunohistochemically ob-
tained rates of expression were analyzed semiquan-
titatively. The number of positively marked tumor
cells was graded as ranging from 0 (5no positive
cells), 1 (5up to 10% positive cells), 2 (510 to 50%
positive cells) to 3 (more than 50% positive cells).
The intensity was noted as I (faint) or II (strong).
The combination of these immunohistochemical
reaction patterns resulted in 7 possible scores: 0,
1/I, 1/II, 2/I, 2/II, 3/I, and 3/II. The reaction scores
0 to 2/I were classified as negative or low expression
and 2/II to 3/II as high expression of b-catenin.

Proliferative Activity (MIB-1)
The Ki-67 antigen is closely associated with the

cell cycle. It is being expressed in all active phases
of the cycle, not, however, during the G 0-phase,
which renders its significance as a marker of pro-
liferation (31, 32). The development of the Ki-67-
equivalent monoclonal antibody MIB-1 allows the
immunohistochemical staining of routinely pro-
cessed, paraffin-embedded tissue (33). A semiquan-
titative score was used to evaluate the percentage of
MIB-1 positive tumor cell nuclei, irrespective of the
intensity of the nuclear reaction. This percentage
was determined by counting individual fields (me-
dium power, 325): MIB-1 score 1 5 less than 10%;
2 5 10 to 25%; 3 5 more than 25%. This classifica-
tion was used according to previous studies about
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proliferation in sarcomas, which determined the
prognostic significance of 10% or more positive
MIB-1 results (31, 34). So-called “hot-spot” areas
consisting of nodular concentrations of MIB-1 pos-
itive cell nuclei were not considered, unless clearly
more than three were found within the same field
(31). A total of three different fields were evaluated,
which were determined by systematic movement of
predetermined distances of the slides.

Immunogold-Electron Microscopy
Three selected cases showing clearly detectable

intracytoplasmic and nuclear b-catenin immuno-
staining by light microscopy were examined. Fixa-
tion: Pieces of tumors were fixed by immersion for
2 hours with 4% paraformaldehyde dissolved in 0.2
M HEPES buffer (pH 7.4).

Dehydration and embedding
For post-embedding immunogold-electron mi-

croscopy, the specimen were dehydrated in an as-
cending ethanol series and embedded in LR White
resin (London Resin Company, London, UK). The
resin was polymerized by heat (at 50° C) for two
days in a vacuum oven.

Post embedding immunogold-labeling
For immunogold-labeling, ultrathin sections on

nickel grids were floated with section down on the
surface of small drops of the following incubation
solutions: (1) 50 mM Glycin in phosphate buffered
saline (PBS) for 15 min to block free aldehyde sites;
(2) 5% normal goat serum diluted in PBS containing
additionally 0.5% bovine serum albumin (BSA) and
0.2% gelatin for 30 min to block unspecific binding
sites; (3) overnight incubation with primary anti-
body against b-catenin (Dianova, Hamburg, Ger-
many) diluted 1:20 in PBS containing additionally
0.5% BSA and 0.2% gelatin (PBG); (4) after several
rinsing steps in PBG (10 times for 3 min) incubation
with the secondary antibody (10 nm gold coupled
goat anti-mouse IgG, BRITISH BIO CELL, Cardiff,
UK) for 1 hour; (5) after rinsing 10 times in PBG and
five times in PBS postfixation with 2% glutaralde-
hyde in PBS for 15 min. Finally, the grids were
rinsed shortly five times in PBS followed by five
times in A.dest. before counterstaining with uranyl
acetate for 20 min. For control experiments the
incubation with the primary antibody was omitted.
The labeled sections were investigated with a Zeiss
902 transmission electron microscope.

DNA-Analysis

DNA purification
In 22 cases, tumor tissue was snap-frozen as soon

as possible after surgical excision and stored in

liquid nitrogen. Uninvolved surrounding normal
tissue was also obtained for study and processed in
an identical manner. Genomic DNA was purified
using commercial reagents and protocols (Qiagen,
Hilden, Germany). The yield of total DNA was de-
termined spectrophotometrically. Preparations
gave similar total yields of 5 to 20 mg genomic DNA
out of 25 mg tissue.

Analysis of mutations in the b-catenin gene
The b-catenin gene region from nucleotides 218

through 422 including the complete GSK3b phos-
phorylation consensus motif was amplified and se-
quenced according to described protocols (35). Re-
action products were analyzed on an ABI
automated sequencer. Polymerase chain reaction
(PCR) and sequence analysis of mutated samples
were repeated twice to exclude PCR errors.

Statistical Analysis
Statistical significance was evaluated using the

Fisher’s exact test and a logistic regression model
including Wald-tests and Likelihood-tests with P ,
.05 (36). For analysis of overall survival and disease-
free survival, the Kaplan-Meier method was used.
To examine a possible influence of different param-
eters on these survival periods, the log-rank test
was used (30, 37).

RESULTS

Immunohistochemistry
Results of the localization of b-catenin in epithe-

lial tissues showed the continuous membrane-
bound distribution of this protein in all registered
epithelial cells. Squamous epithelial cells of the skin
served as an endogenous control group.
Membrane-bound reactions in endothelial cells
were found especially at the sites of cell-cell-
contacts with neighboring epithelium. In contrast,
only slight focal reactions were found in cases of
isolated mesenchymal cells (like fibroblasts). No
intracytoplasmic or nuclear accumulation of
b-catenin was detected in regular, nontumorous
tissue. A heterogenous pattern of distribution con-
cerning the extent and localization of b-catenin
existed in the studied sarcomas. Membranous as
well as intracytoplasmic and nuclear patterns of
distribution were noted. These two categories of
expression were analyzed semiquantitatively (Table
1).

1. Rudimentary focal membranous localization
of b-catenin was found in several spindle cell
sarcomas. A conspicuously continuous distri-
bution pattern at the cell membrane was
noted in sarcomas with mainly epithelioid
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structures; for example, epithelioid sarcoma,
biphasic synovial sarcoma, epithelioid malig-
nant nerve sheath tumor, and clear cell sar-
coma (Fig. 1).

2. Intracytoplasmic accumulation of b-catenin
with variable intensity of reaction was shown
in all sarcomas irrespective of their degree of
morphological differentiation (Fig. 2).

3. Nuclear localization was also found in numer-
ous tumors of various degrees of differentia-
tion (Sarcoma NOS, so-called MFH, synovial
sarcoma, MPNST, myxofibrosarcoma). Purely
nuclear localization without intracytoplasmic
distribution of b-catenin (meaning solely nu-
clear accumulation) existed next to mixed nu-
clear and cytoplasmic reaction types (Figs. 2
and 3).

Immunogold-Electron Microscopy
In addition to the localization of b-catenin in the

cytoplasm, particularly at the rough endoplasmic
reticulum, a colocalization between b-catenin and
nuclear heterochromatin could be detected on the
ultrastructural level in all analyzed cases (Fig. 4).

DNA Analysis
Only one mutation of the b-catenin was found in

22 analyzed tumors. Figure 5 shows the results of
the sequencing of the b-catenin gene region of DNA
from this case: a pleomorphic sarcoma (MFH). In-
terestingly, the sequence shows a yet undescribed
mutation. The C-A transversion in the sequence
leads to an amino acid change from serine to ty-
rosine at position 37. The serines in this gene region
are phosphorylated by GSK-3-b (10, 11). The loss of
one of these phosphorylation sites leads to the ac-
cumulation of cytosolic b-catenin, which was evi-
dent in this case, and to the activation of gene
expression by the nuclear b-catenin/TCF 4 com-
plex. Thus, the detected b-catenin gene mutation
can be regarded as oncogenic relevant.

Cytosolic/Nuclear Localization of b-Catenin and
Correlation to Clinico-Pathologic Parameters

No statistically significant correlation was found
between the level of expression of b-catenin (low
versus high) and the degree of malignancy (P 5
.4258), the tumor size, or the localization of tumor
(proximal versus distal). The group of G I/G II-
sarcomas showed a tendency toward an extended
expression of b-catenin together with an increased
MIB-1 score of proliferation, again, however, with-
out reaching statistical significance (P 5 .0888) (Ta-
bles 2 and 3). In G III sarcomas, in contrast, a
statistically significant correlation existed between
those two variables (P 5 .0008). Data of the expres-

sion of b-catenin in 56 patients with clinical
follow-up showed no statistically significant prog-
nostic validity regarding the overall survival (P 5
.3582) or the disease-free period of survival (P 5
.818) (Fig. 6).

DISCUSSION

The role of b-catenin as an oncoprotein has been
analyzed so far in a number of epithelial tumors, an
increased expression was also shown in aggressive
fibromatosis as a representative of mesenchymal
tumors (21, 22).

The findings presented in this study substantiate
the significance of b-catenin for soft tissue sarco-
mas as shown by the large intracytoplasmic and
nuclear accumulation which accentuate its role as
an oncoprotein, in addition to the b-catenin-
mediated membrane-bound cell adhesion. The
“regular” function of b-catenin for cell adhesion
was proved in sarcomas with epithelioid growth
pattern. Considering hitherto existing findings of
the effects of enhanced intracytoplasmic and nu-
clear expression of b-catenin in colon carcinomas
and melanoma cell lines, in this present analysis
(regarding the assessment of the oncogenic charac-
teristics of b-catenin) only the intracytoplasmic/
nuclear localization was evaluated for a correlation
to the rate of proliferation, as well as grading and
the course of disease. Although an intracytoplasmic
expression with in homogenous distribution was
found in all types of sarcomas, an exclusively nu-
clear reaction was demonstrated only in some tu-
mor cells. Our findings usually showed a combina-
tion of intracytoplasmic and, in comparison, a
much stronger nuclear reaction. The combined in-
tracytoplasmic and nuclear distribution in colon

FIGURE 1. Immunohistochemistry for b-catenin in soft tissue
sarcomas. Continuous membrane-bound b-catenin expression in the
epithelioid component of a biphasic synovial sarcoma with the fibrous
component showing only partial reaction (immunofluorescence;
original magnification 2503).
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adenomas and carcinomas as epithelial neoplasms
was described by several authors (38 – 40). Isolated
nuclear localization was demonstrated particularly
in the very early stages of colonic adenomas and
could be a first morphologic indicator of the lost
regulatory function of APC (4, 38). Because the ex-
clusively membranous distribution of b-catenin is
characteristic of regular epithelia (4, 5), a membra-
nous localization combined with cytoplasmic and
nuclear distribution is found in carcinomas (7, 41).
Concerning localization of b-catenin in mesenchy-
mal tissues, Kim et al. (42) reported a cytoplasmic
distribution of b-catenin in fibroblasts without sig-
nificant amounts at the cell surface. Nuclear
b-catenin, however, was not detected in regular
fibroblasts in contrast, for example, to fibroblastic
appearing melanoma cells (42). Soler et al. (43) also
described an important role of b-catenin in mesen-
chymal cells with increased proliferation of dermal
fibroblast that overexpressed this protein. This ob-
servation is interesting regarding our own pre-
sented results with correlation of b-catenin-
expression to proliferative activity in high-grade
malignant mesenchymal tumors. In a previous
study on fibromatoses by Tejpar et al. (44), cyto-
plasmic and nuclear staining for b-catenin was
found in the mesenchymal tumor cells, comparable
to the described immunohistochemical reaction
patterns in our own series. In normal fibrocytes and
endothelial cells, staining was restricted to cyto-
plasmic or membranous areas (44). These results
are in good accordance with our own findings,
showing only focal densities of b-catenin in nontu-
morous mesenchymal cells without nuclear accu-
mulation. Taken together, b-catenin is not only re-
stricted to epithelial tissue, but is also of
importance for mesenchymal tissues.

The subcellular localization of b-catenin in the
nuclei of sarcoma cells shown in this study by im-

munohistochemical and ultrastructural findings
suggests a function of b-catenin as an oncoprotein
in sarcomas as well. The oncoprotein forms com-
plexes with nuclear transcription factors of the
TCF/Lef group, which, following transduction into
the nucleus, bind DNA (16, 17). The accumulation
of b-catenin triggers the activation of target genes
(e.g., C-myc, cyclin D1), which results in an accel-
erated proliferation of cells. This is seen as one of
the crucial mechanisms for tumor initiation and
progression and was described in detail in colorec-
tal carcinogenesis (14, 15, 18). The present statisti-
cally significant correlation between expression of
b-catenin and the rate of proliferation (using the
monoclonal antibody MIB-1) in high-grade (G III)
sarcomas further corroborates this relevance of
b-catenin for soft tissue sarcomas. These results

FIGURE 2. Immunohistochemistry for b-catenin in soft tissue
sarcomas. Intracytoplasmic and nuclear accumulation of b-catenin in
cells of a malignant peripheral nerve sheath tumor (original
magnification, 403).

FIGURE 3. Immunohistochemistry for b-catenin in soft tissue
sarcomas. Nuclear b-catenin expression in tumor cells of a monophasic
synovial sarcoma (original magnification, 403).

FIGURE 4. Immunogold-electron microscopy for b-catenin:
association between b-catenin and nuclear heterochromatin. Bottom,
part of nucleolus (pleomorphic sarcoma NOS: malignant fibrous
histiocytoma; original magnification, 20,0003).
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highlight the effect of b-catenin on the progression
of sarcomas as a function of the oncogenic potency
of this protein on the proliferation of cells.

Mutations of the b-catenin gene have already
been described for several, predominantly epithe-
lial tumors in various frequency (45– 49). The mu-
tation analyses in this study showed only one case
of a yet undescribed b-catenin gene mutation out
of 22 sarcomas. Since the mutation is at a position
that is necessary for the regulation of the b-catenin
turnover, its immunostaining in the same tumor
may be the direct consequence of this oncogenic
mutation. Our results are in accordance with find-

ings in melanomas reported by Rimm et al. (50),
who also found a frequent intracytoplasmic/nu-
clear accumulation of b-catenin, but with concur-
rent mutations of the respective gene in only one of
65 tumors. Overall, mutations of the b-catenin gene
can be considered rare events in soft tissue sarco-
mas in contrast to findings concerning endometrial
(41, 45) or hepatocellular tumors (47, 51). Hence, an
intracytoplasmic and nuclear accumulation of
b-catenin and the subsequent activation of target
genes in sarcomas is more likely the consequence
of a dysfunction in the regulatory mechanism of the
wnt-signal transduction pathway rather than the

FIGURE 5. Sequencing results of a pleomorphic sarcoma NOS (malignant fibrous histiocytoma). The reverse b-catenin sequence from bp 256 to
bp 357 (codon 19 to codon 53) is shown in 39-59 direction. The heterozygous transversion in codon 37 is indicated by an arrow.

TABLE 2. b-Catenin- and MIB-1-Expression in 58 High-Grade Sarcomas

Histologic Type N

b-Catenin-Expression

Low High

MIB Score: 1 2 3 1 2 3

MFH 13 0 4 3 0 2 4
Myxofibrosarcoma 10 4 4 0 0 0 2
Liposarcoma 6 2 3 0 1 0 0
Synovial sarcoma 5 0 3 0 1 1 0
Epithelioid sarcoma 1 0 0 0 1 0 0
MPNST 5 0 0 1 0 0 4
Leiomyosarcoma 4 1 2 0 0 1 0
Rhabdomyosarcoma 6 0 3 1 0 1 1
ASPS 2 1 1 0 0 0 0
Others 6 3 1 0 0 0 2

Total 58 11 21 5 3 5 13

MFH, malignant fibrous histiocytoma; MPNST, malignant peripheral nerve sheath tumor; ASPS, alveolar soft-part sarcoma.

TABLE 3. b-Catenin- and MIB-1-Expression in 115 Soft Tissue Sarcomas

Histologic Type N

b-Catenin-Expression

Low High

MIB Score: 1 2 3 1 2 3

MFH 22 1 7 4 0 6 4
Myxofibrosarcoma 22 12 6 1 0 1 2
Liposarcoma 15 10 3 1 1 0 0
Synovial sarcoma 10 0 4 0 3 2 1
Epithelioid sarcoma 2 0 1 0 1 0 0
MPNST 10 2 1 1 2 0 4
Leiomyosarcoma 6 1 2 0 1 2 0
Rhabdomyosarcoma 9 0 5 1 0 2 1
ASPS 5 3 2 0 0 0 0
Others 6 3 1 0 0 0 2

Total 115 38 32 8 9 14 14

MFH, malignant fibrous histiocytoma; MPNST, malignant peripheral nerve sheath tumor; ASPS, alveolar soft-part sarcoma.
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effect of a b-catenin protein stabilized through mu-
tation. APC mutation in sarcomas is presumably
the main cause for the demonstrated accumulation
of b-catenin. This, however, warrants further inves-
tigations in the future.

The prognostic relevance of (membrane-bound)
b-catenin was previously discussed in particular for
cell adhesion. Defects in the Cadherin/Catenin-
mediated cell-cell-interaction can lead to an en-
hancement of invasive growth. For instance, a de-
terioration in the course of disease was noted in
bladder tumors with a simultaneously reduced ex-
pression of b-catenin (6). Also, in non-small cell
lung tumors, a worse prognosis was correlated with
decreased expression of b-catenin (52). An associ-
ation between reduced expression of b-catenin and
a higher degree of tumor malignancy was proved in
esophageal carcinomas, yet no prognostic signifi-
cance could be deducted from that (7). Gunther et
al. (53) found no prognostic validity regarding the
nuclear expression of b-catenin in their studies on
rectal carcinomas. Neither did our studies of 56
patients with soft tissue sarcomas show any prog-
nostic relevance of the distribution of intracellular
b-catenin. Since the present analysis includes only
a moderate follow-up period (median, 18.5 mo)
only restricted assessments should be made. Final
conclusions about the prognostic validity of intra-
cellular expression of b-catenin are presently not
possible. Further studies with more extensive
follow-up periods in patients with soft tissue sarco-
mas will be necessary to obtain concise answers to
those questions.
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