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b-Catenin is a crucial part of the Wnt and E-cadherin signalling pathways, which are involved in tumorigenesis.
Dysregulation of these pathways allow b-catenin to accumulate and translocate to the nucleus, where it may
activate oncogenes. Such nuclear accumulation can be detected by immunohistochemistry, which may be
useful in diagnosis. Although the role of b-catenin has been established in various types of carcinomas,
relatively little is known about its status in mesenchymal tumors. A number of studies suggest that b-catenin
dysregulation is important in desmoid-type fibromatosis, as well as in synovial sarcoma. We wished to
determine whether nuclear b-catenin expression is specific to and sensitive for particular bone and soft-tissue
tumors, including sporadic desmoid-type fibromatosis. We studied the nuclear expression of b-catenin using
tissue microarrays in a comprehensive range of bone and soft-tissue tumor types. A total of 549 cases were
included in our panel. Nuclear immunohistochemical staining was determined to be either high level (425% of
cells), low level (0–25%) or none. High-level nuclear b-catenin staining was seen in a very limited subset of
tumor types, including desmoid-type fibromatosis (71% of cases), solitary fibrous tumor (40%), endometrial
stromal sarcoma (40%) and synovial sarcoma (28%). Although occasional cases of fibrosarcoma, clear cell
sarcoma and carcinosarcoma had high-level staining, no high-level nuclear b-catenin expression was seen in
any of 381 fibrohistocytic, muscular, adipocytic, chondroid or osseous tumor cases representing 42 diagnostic
categories. All primary immunostain tissue microarray images are made publicly accessible in a searchable
database. High-level nuclear b-catenin staining serves as a useful diagnostic tool, as it is specific to a small
subset of mesenchymal tumors.
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It is known that b-catenin is important in two
pathways involved in tumorigenesis.1 First, it inter-
acts with E-cadherin at the cell surface, forming
a cadherin–catenin unit. This recruits a-catenin,
which in turn binds the intracellular actin cyto-
skeleton. These interactions have a permissive effect
on the formation of intercellular adherens junctions,
likely having a role in contact inhibition and in
suppressing tumor invasion. However, b-catenin
also has a second role in tumor development, where
it is a key mediator in the Wnt signalling pathway
which regulates cell proliferation and differentia-
tion.2 The levels of free b-catenin in cells are
controlled, in the absence of Wnt, by a multiprotein

complex that includes adenomatous polyposis coli
(APC) and glycogen synthase kinase-3b (GSK3b).
This complex promotes the degradation of b-cate-
nin. Activation of the pathway by Wnt leads to an
inactivation of GSK3b, which allows b-catenin
levels to rise in the cytoplasm, and also to
translocate to the nucleus. There, it activates the
TCF/LEF transcription factors, which act on a
number of Wnt target genes, including c-Myc, tcf1
and cyclinD1. Mutations in this multiprotein com-
plex, most commonly in APC, or in b-catenin itself
lead to dysregulated activation of these Wnt target
genes, and subsequently result in neoplasia.

The role of the Wnt/b-catenin pathway has been
established in a number of tumor types, particularly
in the development of colorectal carcinoma and
other carcinomas.3 However, there is limited knowl-
edge of its role in bone and soft-tissue tumors. There
has been consistent data demonstrating the involve-
ment of this pathway in the pathogenesis of
fibromatoses. It is known that dysregulation of
b-catenin is important in the development of both
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an inherited predisposition to fibromatosis, as part of
the Gardner syndrome (with familial adenomatous
polyposis), and in sporadic desmoid-type fibroma-
tosis.4–8 Dysregulation of this pathway has also been
demonstrated in synovial sarcomas, osteosarcomas,9

liposarcomas and malignant fibrous histiocytomas.10

To demonstrate such dysregulation of this path-
way, immunohistochemistry has been used to
show abnormal nuclear accumulation of b-catenin.
One study has shown that nuclear expression of
b-catenin may be used to distinguish mesenteric
fibromatosis from gastrointestinal stromal tumors.11

Nuclear localization may also be common in
synovial sarcomas12 and high-grade sarcomas with
high proliferative activity.13 However, there is little
known about b-catenin expression in other me-
senchymal tumors.

Therefore, we sought to determine the spectrum of
mesenchymal tumors that demonstrate nuclear
localization of b-catenin by immunohistochemical
analysis of tissue microarrays. Such data would not
only have diagnostic value, but could also shed light
on the pathogenesis of these disorders.

Materials and methods

Study Cases

Paraffin blocks from bone and soft-tissue tumor
resections were retrieved from the archives of
Vancouver General Hospital (Vancouver, BC,
Canada) and the Stanford Medical Center (Stanford,
CA, USA). A single block from each case was
selected for use in the construction of the tissue
microarray. Tissues from 670 cases were included,
representing over 65 diagnostic categories. For the
17 cases of desmoid-type fibromatosis specifically,
historical information was available for 15, none of
whom had familial adenomatous polyposis. Slides
were reviewed and representative areas of tumor
were identified on the original blocks by a
pathologist with expertise in bone and soft-tissue
tumors. The study was approved by the Clinical
Research Ethics Board of the University of British
Columbia.

Tissue Microarray

A total of four separate tissue microarrays were
constructed. The first contains 82 cases of seven
types of nonpleomorphic spindle cell tumors, and
is designated FH002. Details of this microarray
have been published.14 Two other microarrays,
designated TA35 and TA38-34, contain 460 cases
of 50 types of mesenchymal tumors, including
muscle and pleomorphic sarcomas, as described.15

A fourth microarray, designated 03-008, was con-
structed in the same fashion. This array contains
121 cases of chondroid and osseous tumors,
with examples of enchondroma, chondromyxoid

fibroma, chondroblastoma, chondrosarcoma (in-
cluding conventional, mesenchymal, extraskeletal
myxoid and dedifferentiated types), osteochodroma
and osteosarcoma. Using a tissue microarrayer
(Beecher Instruments, Silver Spring, MD, USA),
duplicate 0.6mm cores taken from representative
areas from formalin-fixed, paraffin-embedded
donor tissue blocks were manually transferred to
recipient paraffin blocks. Cores of placental tissue
were used as orientation markers.

Immunohistochemistry

Immunostaining was performed on 4-mm-thick
tissue microarray sections, following antigen
retrieval by steaming for 40min in 10mmol/l
citrate buffer (pH 10). Hybridization with the
primary b-catenin antibody (clone 14, Transduction
Labs, Becton Dickinson, San Diego, CA, USA) was
done for 30min at 1:500 dilution. Detection
was made with Envisionþ (DAKO Cytomation,
Carpinteria, CA, USA), a polymer-based, biotin-free
detection system, for 30min, followed by the
chromogen 3,30-diaminobenzidine for 10min. The
presence of nuclear and cytoplasmic immuno-
staining was determined semiquantitatively.
Nuclear staining was considered positive if at least
one tumor cell per high-power field was stained. If
greater than 25% of cells were stained, this was
scored as ‘high-level’ of staining; less than 25%
staining was scored as ‘low-level’ of staining.
Cytoplasmic staining was scored in a similar
fashion, but was not included in the data analysis.
Figure 1 shows typical examples of high- and low-
level staining. Where duplicate cores were discre-
pant, the higher score was used. Cases were not
included in analyses if both cores were considered
uninterpretable (eg core cut through, absence of
tumor cells, absence of viable cells).

Digital Image Database

We used a BLISS scanner (Bacus Laboratories Inc.,
Lombard, IL, USA) to acquire digital images from
the immunostained and hematoxylin- & eosin-
stained tissue microarrays. This automated digital
imaging system consists of a microscope with a
scanning stage, video camera and software designed
for scanning tissue microarrays. A relational data-
base was constructed using identification informa-
tion and immunohistochemistry scores for each
tissue core in the microarrays. An internet website
was then constructed using this database and a
WebSlideViewer Java applet provided by the man-
ufacturer to view the microarray images and allow
for an image zooming functionality. This website is
publicly accessible through https://www.gpecimage.
ubc.ca/tma/web/viewer.php
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Results

A total of 549 tumor cases evaluated for nuclear b-
catenin staining were considered interpretable on
the tissue microarrays. Table 1 summarizes the
results of the analysis. ‘High-level positive’ repre-
sents cases with 425% of cells having nuclear
staining, ‘Low-Level Positive’ represents cases with
0–25% of cells having nuclear staining, while ‘Total
Positive’ represents cases with any nuclear staining.
All original images are available for review at
https://www.gpecimage.ubc.ca/tma/web/viewer.php
and selected examples are presented in Figure 1.

Among the 65 bone and soft-tissue diagnostic
entities examined, cases of desmoid-type fibroma-
tosis showed the greatest proportion with high-level
nuclear staining (12 of 17 cases). If high-level
staining is considered the diagnostic cut-off, this
represents a sensitivity of 71%. Within the subset
of fibrous tumors, solitary fibrous tumor was
the only other tumor type that showed significant
high-level staining (six of 15 cases, 40%). Only
one out of four cases of fibrosarcoma showed
positive staining.

High-level staining was seen in only a limited
number of other tumor types. Most significantly,
four of 10 (40%) endometrial stromal sarcomas
and 16 of 58 (28%) cases of synovial sarcoma had
high-level nuclear staining. Otherwise, high-level
staining was only found in one of three clear
cell sarcomas and three of seven carcinosarcomas
(spindle cell carcinomas).

Low-level staining was seen in a variety of tumor
types, although infrequently. Most significantly, no
cases of malignant fibrous histiocytoma (46 cases),
gastrointestinal stromal tumors (37 cases) or osteo-
sarcomas (19 cases), and only rare cases of chon-
droid, adipocytic, smooth muscle, skeletal muscle
and neural tumors showed any b-catenin nuclear
staining (Table 1).

In contrast to nuclear staining, cytoplasmic b-
catenin staining was seen much more commonly
and was therefore present in a much less restricted
subset of tumor types. High- and low-level cyto-
plasmic staining was seen across essentially all
subtypes of bone and soft-tissue tumors, and was
particularly common in fibroblastic, myofibroblastic
and vascular tumors.

Discussion

We conducted this survey of bone and soft-tissue
tumors to determine whether nuclear expression of
b-catenin, as determined by immunohistochemical
staining on tissue microarrays, would be relatively
specific to and sensitive for tumors in this class.
Among these entities, desmoid-type fibromatosis
has the most data supporting a role for b-catenin in
its pathogenesis. Our results show that high-level
nuclear expression of b-catenin is seen in a very
restricted subset of mesenchymal tumors.

A large proportion of cases of desmoid-type fibro-
matosis do indeed show nuclear immunostaining

Figure 1 Nuclear b-catenin immunostaining in representative cores from the tissue microarrays. High-level immunostaining in: (a)
desmoid-type fibromatosis, (b) synovial sarcoma, (c) solitary fibrous tumor, and (d) endometrial stromal sarcoma. (e) Low-level
immunostaining in low-grade fibromyxoid sarcoma. (f) Negative nuclear immunostaining (with low-level cytoplasmic immunostaining)
in malignant peripheral nerve sheath tumor.
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Table 1 Summary of b-catenin nuclear immunohistochemistry results, grouped by tumor type

Tumor type n High-level positive Low-level positive Total positive

Adipocytic
Hibernoma 1 0 (0%) 0 (0%) 0 (0%)
Lipoblastomatosis 3 0 (0%) 0 (0%) 0 (0%)
Liposarcoma 34 0 (0%) 2 (6%) 2 (6%)
Well-differentiated 13 0 (0%) 1 (8%) 1 (8%)
Dedifferentiated 14 0 (0%) 1 (7%) 1 (7%)
Myxoid 5 0 (0%) 0 (0%) 0 (0%)
Pleomorphic 2 0 (0%) 0 (0%) 0 (0%)

Fibroblastic/myofibroblastic
Fasciitis (nodular, cranial, proliferative) 6 0 (0%) 2 (33%) 2 (33%)
Inflammatory myofibroblastic tumor 3 0 (0%) 0 (0%) 0 (0%)
Fibroma, benign 1 0 (0%) 0 (0%) 0 (0%)
Elastofibroma 1 0 (0%) 0 (0%) 0 (0%)
Fibroblastoma, desmoplastic 2 0 (0%) 0 (0%) 0 (0%)
Fibromatosis, desmoid-type 17 12 (71%) 2 (12%) 14 (82%)
Solitary fibrous tumor 15 6 (40%) 4 (27%) 10 (67%)
Hemangiopericytoma 5 0 (0%) 2 (40%) 2 (40%)
Dermatofibrosarcoma protuberans 9 0 (0%) 1 (11%) 1 (11%)
Low-grade fibromyxoid sarcoma 6 0 (0%) 2 (33%) 2 (33%)
Myxofibrosarcoma 2 0 (0%) 0 (0%) 0 (0%)
Fibrosarcoma 3 1 (33%) 0 (0%) 1 (33%)

Fibrohistiocytic and histiocytic tumors
Eosinophilic granuloma 1 0 (0%) 0 (0%) 0 (0%)
Rosai–Dorfmann lesion 1 0 (0%) 0 (0%) 0 (0%)
Giant cell tumor, tenosynovial 9 0 (0%) 0 (0%) 0 (0%)
Fibroxanthoma 2 0 (0%) 1 (50%) 1 (50%)
Atypical fibroxanthoma 2 0 (0%) 0 (0%) 0 (0%)
Malignant fibrous histiocytoma 46 0 (0%) 0 (0%) 0 (0%)

Muscle and related tumors
Leiomyoma, uterine 8 0 (0%) 0 (0%) 0 (0%)
Leiomyosarcoma, extrauterine soft tissue 41 0 (0%) 1 (2%) 1 (2%)
Rhabdomyoma 1 0 (0%) 0 (0%) 0 (0%)
Rhabdomyosarcoma 13 0 (0%) 2 (15%) 2 (15%)
Gastrointestinal stromal tumor 37 0 (0%) 0 (0%) 0 (0%)
Endometrial stromal sarcoma 10 4 (40%) 2 (20%) 6 (60%)

Perivascular/vascular tumors
Glomus tumor 8 0 (0%) 0 (0%) 0 (0%)
Hemangioma 2 0 (0%) 0 (0%) 0 (0%)
Lymphoangioma 3 0 (0%) 0 (0%) 0 (0%)
Kaposi sarcoma 2 0 (0%) 0 (0%) 0 (0%)
Hemangioendothelioma 5 0 (0%) 1 (20%) 1 (20%)
Epithelioid 3 0 (0%) 1 (33%) 1 (33%)
Infantile 2 0 (0%) 0 (0%) 0 (0%)

Angiosarcoma 14 0 (0%) 2 (14%) 2 (14%)

Peripheral nervous system tumors
Neurofibroma 2 0 (0%) 0 (0%) 0 (0%)
Schwannoma 3 0 (0%) 0 (0%) 0 (0%)
Granular cell tumor 9 0 (0%) 0 (0%) 0 (0%)
Paraganglioma 1 0 (0%) 1 (100%) 1 (100%)
Ganglioneuroma 1 0 (0%) 0 (0%) 0 (0%)
Neuroblastoma 1 0 (0%) 0 (0%) 0 (0%)
Malignant peripheral nerve sheath tumor 19 0 (0%) 0 (0%) 0 (0%)
Ewing sarcoma 14 0 (0%) 1 (7%) 1 (7%)

Soft-tissue tumors of uncertain diferentiation
Myxoma, intramuscular 8 0 (0%) 0 (0%) 0 (0%)
Angiomyxoma 1 0 (0%) 0 (0%) 0 (0%)
Desmoplastic small round cell tumor 2 0 (0%) 1 (50%) 1 (50%)
Synovial sarcoma 58 16 (28%) 13 (22%) 29 (50%)
Epithelioid sarcoma 2 0 (0%) 0 (0%) 0 (0%)
Alveolar soft part sarcoma 2 0 (0%) 0 (0%) 0 (0%)
Clear cell sarcoma 3 1 (33%) 1 (33%) 2 (67%)
Extraskeletal myxoid chondrosarcoma 4 0 (0%) 0 (0%) 0 (0%)
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for b-catenin. This is consistent with a whole
section study of 12 cases of desmoid-type fibroma-
toses, all of which showed 450% nuclear b-catenin
expression.16 Recent data has also shown that
nuclear b-catenin staining was seen in nearly all
cases of mesenteric fibromatosis (nine out of 10
cases).11 Similar data was seen in breast fibroma-
tosis cases, with 27 out of 33 cases (82%) showing
410% staining.17 Another study investigated the
immunostaining pattern of b-catenin in fibromato-
sis, but did not separate nuclear staining from
cytoplasmic staining in their data.13 Our results
indicate that nuclear b-catenin staining is a sensi-
tive marker for desmoid-type fibromatosis, and
when high-level staining is seen, it is quite specific
for this tumor type, although a few other tumor
types may also show such staining. In particular,
solitary fibrous tumors, which share some histologic
features, also showed high-level staining. In addi-
tion, many synovial sarcoma cases showed nuclear
staining, which is similar to reported data where a
cut-off of 450% staining was used on whole
sections (25 of 44 cases, 57%).12 A notable propor-
tion of endometrial stromal sarcoma and carcino-
sarcoma (spindle cell carcinoma) cases also showed
such staining, which may be relevant in particular
differential diagnostic settings. One case of fibro-
sarcoma and one case of clear cell sarcoma did show
high-level staining, but since our panel included
only three cases of each tumor type, further studies
are needed to investigate b-catenin in these two
sarcomas.

Our findings in endometrial stromal sarcomas
(ESS) are interesting, as there is no data regarding b-
catenin immunohistochemistry in ESS in the litera-
ture. These findings are potentially quite useful as
ESS may pose a diagnostic challenge, particularly in
distinguishing from smooth muscle tumors.18 As no
cases of leiomyoma (out of eight) and only one out of
41 cases of leiomyosarcoma showed any nuclear

staining for b-catenin in our panel, b-catenin
appears quite specific for ESS when looking at these
tumor types, and is relatively sensitive (60%, when
both high- and low-level staining is considered).

No other tumor type showed any high-level
nuclear staining, and only a small proportion had
low-level staining, which is highly consistent with
those previous reports that are available. In one
study, looking at 11 cases of gastrointestinal stromal
tumors, there were no cases with nuclear b-catenin
staining.11 Another study looked at 18 cases of well-
differentiated liposarcoma, 12 cases of dedifferen-
tiated liposarcoma and nine cases of malignant
fibrous histiocytoma, none of which showed ‘posi-
tive’ nuclear staining;10 these results are very
consistent with our findings. One study looking at
osteosarcoma reported 33 of 47 cases to have
cytoplasmic and/or nuclear b-catenin staining,9

whereas our data showed no nuclear staining in 19
cases. However, only three of these 47 cases in fact
had nuclear staining (Cheng H and Haydon RC,
personal communication), and this was seen when
using a higher primary antibody concentration and
longer incubation time.

As nuclear accumulation of b-catenin suggests
activation of the Wnt signalling pathway, possibly
due to dysregulation of b-catenin levels, it is
reasonable to suggest that this pathway may be
involved in the pathogenesis of the tumor types
showing significant nuclear staining. Numerous
studies support this notion for desmoid-type fibro-
matosis. There have been consistent observations in
cases of desmoid-type fibromatoses that mutations
are frequently seen in proteins regulating b-catenin
(especially APC) or in b-catenin itself, which leads
to activation of oncogenes downstream in the path-
way. Our results certainly support these findings. A
significant number of cases of solitary fibrous
tumors also showed nuclear b-catenin. There are
no current data linking b-catenin to the pathogenesis

Bone tumors
Enchondroma 12 0 (0%) 0 (0%) 0 (0%)
Osteochondroma 4 0 (0%) 0 (0%) 0 (0%)
Chondroblastoma 4 0 (0%) 0 (0%) 0 (0%)
Chondromyxoid fibroma 4 0 (0%) 0 (0%) 0 (0%)
Chondrosarcoma 55 0 (0%) 3 (5%) 3 (5%)
Low grade 42 0 (0%) 1 (2%) 1 (2%)
High grade 5 0 (0%) 1 (20%) 1 (20%)
Dedifferentiated 4 0 (0%) 1 (25%) 1 (25%)
Juxtacortical 1 0 (0%) 0 (0%) 0 (0%)
Mesenchymal 3 0 (0%) 0 (0%) 0 (0%)

Osteosarcoma 19 0 (0%) 0 (0%) 0 (0%)

Epithelial tumors
Adenosarcoma, soft-tissue 1 0 (0%) 1 (100%) 1 (100%)
Carcinosarcoma 7 3 (43%) 3 (43%) 6 (86%)

Table 1 Continued

Tumor type n High-level positive Low-level positive Total positive
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of solitary fibrous tumors. However, the Wnt/b-
catenin pathway has been linked to fibroprolifera-
tive disorders more generally in animal studies,
in particular hyperplastic cutaneous wounds.19

Furthermore, our data relating to synovial sarcoma
is consistent with published reports, as APC muta-
tions have been observed,20 and b-catenin mutations
and nuclear accumulation have been correlated with
poor prognosis in this tumor type.12,21

Tissue microarray technology allows high through-
put immunohistochemical analysis of archival
material, with parallel processing of specimens,
and is increasingly being used in pathology in-
vestigations. Using duplicate cores helps reduce
sampling errors,22,23 but the extent of focal staining
might still be underestimated using this technique.
Another difficulty in extrapolating this study for
diagnosis is the criteria used to define ‘positive’ and
‘negative’ staining, and for this reason, the primary
image data and assigned scores are included in the
companion web site. We used high-level (425% of
cells) staining, rather than any positive staining
(40%), as the cut-off in our analysis; nevertheless,
changing this cut-off value would not significantly
alter the major findings of this study. This cut-off
appears to be optimal for diagnostic purposes by
maximizing the number of cases of desmoid-type
fibromatosis considered truly positive. Among
the other mesenchymal tumor types in this study,
23 of 451 cases (5.1%) demonstrated low-level
positivity. Lastly, future studies could improve on
the low case numbers for certain tumor types in
our panel, especially various other types of fibrous
tumors.

In summary, high-level nuclear b-catenin staining
may be useful as a diagnostic marker for desmoid-
type fibromatosis, as only a very limited subset
(solitary fibrous tumor, synovial sarcoma, and
endometrial stromal sarcoma) of other mesenchymal
neoplasms are positive for this marker. These data
also support previous studies noting a role for the
Wnt/b-catenin pathway in desmoid-type fibromato-
sis and in synovial sarcoma, and may suggest a role
in endometrial stromal sarcoma and solitary fibrous
tumor.
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