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Although Wnt/�-catenin pathway activation has been
implicated in mouse models of breast cancer, there is
contradictory evidence regarding its importance in
human breast cancer. In this study, invasive and in
situ breast cancer tissue microarrays containing lu-
minal A, luminal B, human epidermal growth factor
receptor 2 (HER2)�/ER� and basal-like breast cancers
were analyzed for �-catenin subcellular localization.
We demonstrate that nuclear and cytosolic accumula-
tion of �-catenin, a read-out of Wnt pathway activa-
tion, was enriched in basal-like breast cancers. In
contrast, membrane-associated �-catenin was ob-
served in all breast cancer subtypes, and its expres-
sion decreased with tumor progression. Moreover,
nuclear and cytosolic localization of �-catenin was
associated with other markers of the basal-like phe-
notype, including nuclear hormone receptor and
HER2 negativity , cytokeratin 5/6 and vimentin ex-
pression, and stem cell enrichment. Importantly ,
this subcellular localization of �-catenin was asso-
ciated with a poor outcome and is more frequently
observed in tumors from black patients. In addi-
tion, �-catenin accumulation was more often ob-
served in basal-like in situ carcinomas than other in
situ subtypes , suggesting that activation of this
pathway might be an early event in basal-like tumor
development. Collectively , these data indicate that
Wnt/�-catenin activation is an important feature
of basal-like breast cancers and is predictive of
worse overall survival , suggesting that it may be an
attractive pharmacological target for this aggressive
breast cancer subtype. (Am J Pathol 2010, 176:2911–2920;

DOI: 10.2353/ajpath.2010.091125)

The Wnt/�-catenin pathway was first implicated in mam-
mary tumorigenesis when the Int-1 integration site of the
mouse mammary tumor virus was identified as the mam-
malian homolog of the Drosophila Wingless polarity mor-
phogen.1 To reflect this homology, Int-1 was renamed
Wnt-1, and its overexpression in the mammary epithelium
was found to be sufficient for mammary tumorigenesis.2

Activation of the pathway by Wnt binding to its Fzd and
FRP5/6 coreceptors prevents phosphorylation and deg-
radation of �-catenin, the major pathway effector, by the
GSK3�/APC/axin destruction complex. Subsequent cyto-
solic and nuclear �-catenin accumulation and binding to
TCF transcription factors results in the regulation of target
genes governing proliferation, survival, and matrix re-
modeling.3 Dysregulation of several other components of
the Wnt/�-catenin pathway, including overexpression of a
stabilized mutant of �-catenin and mutation of Apc, re-
sults in mammary tumorigenesis in mouse models.4

Moreover, activation of this pathway is associated with
both embryonic and postnatal mammary development in
vivo,4 suggesting that its regulation is critical for proper
mammary epithelial homeostasis.

Despite these strong data in mouse models, Wnt path-
way involvement in human breast cancer has not been
clearly established. Pathway dysregulation, through ex-
pression of Wnts and secreted Wnt antagonists or APC
inactivation, has been observed in human breast can-
cers.5 With respect to �-catenin itself, nuclear �-catenin
has been observed in as many as 63% of breast can-
cers.6 Importantly, Hung and colleagues7 reported that
nuclear staining of �-catenin and overexpression of the
�-catenin target cyclin D1 was associated with a poorer
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prognosis of breast cancer patients. Consistently, re-
duced expression of membranous �-catenin in breast
cancer has been correlated with a significantly worse
outcome8 and metastasis.9 However, several other re-
ports failed to find an association between �-catenin
expression and outcome or metastasis10–14 or even evi-
dence for pathway activation in human breast cancer
specimens.8,13–15

One factor likely contributing to the discordance between
these studies is that the breast cancers analyzed for �-cate-
nin localization were not categorized by molecular subtype.
Over the last decade, analysis of gene expression profiles
in breast tumors has vastly improved our understanding of
the breast cancer subtypes that had been previously based
predominantly on histopathological and immunohistochem-
ical criteria.16 Molecular subtyping is not only important for
understanding the underlying mechanisms that drive the
tumor phenotype but is also critical for predicting prognosis
and guiding treatment. For example, basal-like breast can-
cers are typically very aggressive, are more commonly
found in specific ethnic populations, and lack any targeted
therapies since they do not express the estrogen receptor
(ER) or HER2. Interestingly, the molecular characteristics of
each breast cancer subtype are not only restricted to inva-
sive cancers but are also observed in ductal carcinoma in
situ and lobular intraepithelial neoplasia, suggesting that
these molecular programs distinguish even early breast
tumors.17,18

Given these features and the clinical implications of
distinct breast cancer subtypes and the conflicting data
regarding Wnt pathway activity in human breast cancer,
we sought to determine whether it was specifically acti-
vated in any molecular subtypes. Our results demon-
strate that both cytosolic and nuclear �-catenin were
more frequently observed in basal-like invasive breast
cancers than any other subtype and were associated
with many features of basal-like cancer, including enrich-
ment of the stem/progenitor cell population. Importantly,
cytosolic and nuclear �-catenin in breast cancer speci-
mens was predictive of a poor outcome, indicating that
Wnt/�-catenin pathway activity is an attractive therapeu-
tic target for basal-like breast cancer.

Materials and Methods

Tumor Samples

Archival formalin-fixed paraffin-embedded tissues from
breast cancer patients were obtained from the surgical
pathology archive of the University of Chicago for tissue
microarray (TMA) construction. The study was approved by
the University of Chicago Institutional Review Board. Patho-
logical features, including histological diagnosis, grade, tu-
mor size, and axillary lymph node metastasis, were ab-
stracted from the pathology reports (Table 1). There were
survival data on 131 of the 134 invasive breast cancer
patients with a median follow-up of 8.3 years. The histolog-
ical grading of invasive breast cancer and carcinoma in situ
was performed using the Elston-Ellis–modified Scarff-

Bloom-Richardson method19 and a three-tier grading sys-
tem World Health Organization–based system modified by
Fan and Thomas,20 respectively. Breast cancer subtypes
were previously analyzed for the expression of immunohis-
tochemical markers and defined as luminal A (ER)� and/or
progesterone receptor (PR)�, HER2�), luminal B (ER�

and/or PR�, HER2�), basal-like (ER�, PR�, HER2�, cyto-
keratin [CK] 5/6� and/or epidermal growth factor receptor
[EGFR]�), HER2� (HER2�, ER�, PR�), or unclassified
(negative for all five markers) according to Perou et al.21

Subtyping was also previously confirmed by gene-expres-
sion profiling in a subset of specimens.22

TMA Construction

The progression-based TMAs23 were constructed from
formalin-fixed paraffin-embedded in situ and invasive car-
cinomas and lymph node metastases tumor samples and
adjacent histological normal epithelium. 1-mm tissue
cores were arrayed into a new paraffin block using an
automated arrayer (ATA-27, Beecher Instruments, Sun
Prairie, WI) as described.24

Immunohistochemistry

4-�m TMA sections were deparaffinized and rehydrated
in through graded alcohols. Endogenous peroxidases
were blocked with 0.3% hydrogen peroxide; nonspecific
staining was prevented by incubation in Protein Block
Serum-free Solution (Dako, Carpinteria, CA). Immunohis-
tochemistry assays were performed using a Dako immu-
nostainer, and the antibodies, dilutions, and antigen

Table 1. Clinical Characteristics of Breast Cancer Patients

Carcinoma in situ
(%) (n � 56)

Invasive cancer
(%) (n � 134)

Age at diagnosis in
years,
mean � SD

55.1 � 13.0 56.0 � 15.6

Race, n (%)
Black 25 (47) 80 (60)
White 27 (51) 49 (37)
Other 1 (2) 4 (3)

Histological type,
n (%)

Ductal 55 (98) 110 (82)
Lobular 1 (2) 14 (10)
Other 10 (7)

Grade, n (%)
I 20 (42) 6 (5)
II 17 (35) 58 (45)
III 11 (23) 65 (50)

AJCC stage, n (%)
0 56 (100) —
1 — 32 (25)
2 — 71 (55)
3 — 22 (17)
4 — 4 (3)

Tumor size in cm,
mean � SD

1.5 � 1.5 3.3 � 2.5

Lymph node
involvement,
n (%)

0 64 (54)
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retrieval methods used are summarized in Table 2. Im-
munoreactivity was detected using Envision� reagents
(Dako) and 3–3�-diaminobenzidine as the chromogen, fol-
lowed by counterstaining with hematoxylin. For the dual
staining of CD44 and CD24, Bond Polymer Refine Detection
(Leica Microsystems, Bannockburn, IL) and 3-3’-diamino-
benzidine was used as the detection system for CD24. After
treatment with denaturing solution, the slides were incu-
bated with anti-CD44 antibody, and staining was detected
with Bond Polymer AP Red Detection (Leica) and Vulcan
Fast Red Chromogen Kit 2 (Biocare Medical, Concord, IL).
Slides were counterstained with hematoxylin and mounted.
Human tonsil, colorectal cancer, breast tissue, and com-
mercially available cell lines were used as positive controls,
and negative controls were isotypic IgG or no primary
antibody.

Immunohistochemistry Evaluation

Two observers (A.I.K., G.F.K.) performed quantitative anal-
ysis of the tissue specimen without knowledge of specimen

identification. Scoring was based on intensity and percent-
age of positively stained cells (Table 2); all discrepancies
were resolved by a second examination using a multihead
microscope. As described above, the tissues were evalu-
ated previously for the expression of ER, PR, HER2, CK 5/6,
and EGFR for subtyping, whereas �-catenin, vimentin, and
CD44/CD24 were analyzed for the current study. The im-
munohistochemistry score for ER, PR, and �-catenin was
calculated as described25; however, membrane-associ-
ated, cytosolic and nuclear �-catenin immunoreactivity
were evaluated separately as described in supplemental
Figure S1 at http://ajp.amjpathol.org,25 which also shows
representative images of each category and score. HER-2
was evaluated by immunohistochemistry according to
American Society of Clinical Oncology/College of
American Pathologists guidelines.26 EGFR immuno-
staining was evaluated according to PharmDX recom-
mendations. The vimentin and CK 5/6 staining were
evaluated as described.27 CD44 and CD24 scoring
was performed as described.28

Table 2. Antibodies and Conditions Used for Immunohistochemical Analyses

Antibody Clone Dilution Source Pretreatment Scoring

ER SP1 1:50 Lab Vision/
Thermo Fisher
(Fremont, CA)

Microwave 30 minutes, citrate
buffer (pH 6.0)

Nuclear; 0 � �10%,
1 � 11–30%,
2 � 30–70%,
3 � �70%25

PR SP2 1:50 Lab Vision/Thermo
Fisher

Microwave 30 minutes, citrate
buffer (pH 6.0)

Nuclear; 0 � �10%,
1 � 11–30%,
2 � 30–70%,
3 � �70%25

HER2 HercepTest Ready to use Dako Microwave 15 minutes, Epitope
retrieval solution (HercepTest.
cat # K5207)

Membranous;
0, 1�, 2�, 3�26

EGFR 2-18C9 Ready to use Dako Proteinase K (DAKO, PharmDX,
Code K1494)

Membranous;
0, 1�, 2�, 3�
(DAKO, PharmDX);
0 � 0%; positive -
if any staining
observed

CK 5/6 D5/16 B4 1:100 Dako Microwave 30 minutes, citrate
buffer (pH 6.0)

Cytosolic; 0 � �5%,
1 � 6–30%,
2 � 31–60%,
3 � �61%27

Vimentin V9 1:50 Dako None cytosolic; 0 � �5%,
1 � 6–30%,
2 � 31–60%,
3 � �61%27

�-Catenin 14 1:200 Transduction
Laboratories/
BD Biosciences
(San Jose, CA)

Microwave 30 minutes, citrate
buffer (pH 6.0)

Nuclear; cytosolic;
membranous;
0 � �10%,
1 � 11–30%,
2 � 30–70%,
3 � �70%25

CD24 Ab-2, SN3b 1:200 Lab Vision/
Thermo Fisher

Steamer 20 minutes, target
retrieval solution
(DAKO, S1699)

Cytosolic; 0 � 0%,
1 � 1–10%,
2 � 11–50%,
3 � 51–75%,
4 � 76–100%28

CD44 Ab-4, 156-3C11 1:200 Lab Vision/
Thermo Fisher

Steamer 20 minutes, target
retrieval solution
(DAKO, S1699)

Membranous;
0 � 0%,
1 � 1–10%,
2 � 11–50%,
3 � 51–75%,
4 � 76–100%28
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Data Analysis

Random-effects ordinal regression models29 were used
to compare the score of �-catenin among the tissue
types, taking into account the within-patient correlation
and the order of �-catenin score. Kruska–Wallis tests
were used to examine whether �-catenin, CD44�/
CD24�, and vimentin scores were different across tumor
subtypes. Spearman correlations determined the interre-
lationships between �-catenin, CD44�/CD24�, vimentin,
ER, PR, HER2, EGFR, CK 5/6, age at diagnosis, tumor
size, tumor stage, and histological grade. The Wilcoxon
rank-sum test was used to examine whether �-catenin
score was different between blakcs and whites. Propor-
tional odds models were used to model �-catenin as a
function of clinical characteristics and to identify inde-
pendent associations. Survival curves were generated by
the Kaplan–Meier method, and the differences in survival
rate were analyzed with the Log-rank test. Cox propor-
tional hazard models were used to control other prognos-
tic factors in survival analysis to examine the independent
prognostic value of �-catenin. P values �0.05 were con-
sidered statistically significant.

Results

To determine whether Wnt pathway activation is ob-
served in a specific breast cancer subtype, we analyzed
�-catenin localization in TMAs constructed from breast
cancer specimens collected at the University of Chicago
between 1992 and 2004. The TMAs contained 772 core
specimens from 190 different patients—56 in situ and 134
invasive breast cancers. The clinical characteristics of
the cases are described in Table 1, and details about the
scoring of �-catenin immunohistochemistry, as well as
representative images, are shown in supplemental Figure
S125 (at http://ajp.amjpathol.org). Membrane localization
of �-catenin was observed in all normal breast tissues
and a majority of in situ specimens, invasive cancers, and
metastases (Figure 1A). As predicted from the litera-
ture,8,30 there was a statistically significant decrease in
membrane-associated �-catenin between normal tissue
and the three tumor tissue types and from in situ to
invasive cancer (P � 0.0001). In contrast, cytosolic
�-catenin was infrequently observed in normal breast but
observed in some in situ lesions, invasive cancers, and
metastases (Figure 1B). Similar to cytosolic �-catenin,
nuclear localization of �-catenin was not observed in
normal breast but increased in both frequency and inten-
sity within in situ and invasive cancers and metastases
(Figure 1C). These data support disparate roles for dis-
tinct subcellular pools of �-catenin in breast cancer and
suggest that Wnt signaling may be activated during tu-
mor progression.

Given that cytosolic and nuclear accumulation of
�-catenin was expressed in fewer than half of the breast
tumors analyzed, we next determined whether the posi-
tive tumors segregated into any particular subtype. Using
ER, PR, HER2, EGFR, and cytokeratin 5/6 as biomarkers,
most of the invasive breast cancers on the TMA were

classified into the luminal A (n � 66), luminal B (n � 6),
HER2�/ER� (n � 11), and basal-like (n � 32) subtypes.
In invasive breast cancers, membrane staining of �-cate-
nin was not differently represented in any of the tumor
subtypes and all subtypes had more than 78% of tumors
expressing at least weak membrane-localized �-catenin
(Figure 2A). In contrast, cytosolic and nuclear �-catenin
was expressed in a majority of basal-like breast cancers
(Figures 2, B and C). The proportion of tumors positive for
cytosolic or nuclear �-catenin in basal-like tumors was
statistically higher than all other tumor subtypes, except
HER2�/ER�, for cytosolic �-catenin. There was a low
frequency of cytosolic and nuclear �-catenin in luminal A
cancers, which was significantly different from any other
tumor subtype except cytosolic �-catenin in luminal B
tumors. Representative images of �-catenin in each of
these subtypes of invasive breast cancers are shown in
Figure 2D. It should be noted that the cytosolic and
nuclear �-catenin were tightly correlated with each other
(r � 0.61, P � 0.0001), and although all tumors with
nuclear �-catenin simultaneously had cytosolic localiza-
tion, not all tumors with cytosolic localization showed
nuclear �-catenin.

Given that cytosolic and nuclear �-catenin was fre-
quently observed in basal-like breast cancers, we next
addressed whether �-catenin localization was associ-

Figure 1. A shift in �-catenin localization from the membrane to the cytosol
and nucleus is associated with breast cancer development. The subcellular
localization of �-catenin was analyzed in normal breast (n � 95), DCIS
lesions (n � 80), invasive breast cancers (n � 119), and lymph node
metastases (n � 52) specimens. A: Membranous �-catenin score was higher
in normal breast tissue than in carcinoma in situ, invasive cancer, and lymph
node metastases (P � 0.0001). Both cytosolic (B) and nuclear (C) �-catenin
score were lower in normal breast tissues than in situ and invasive cancers
and metastases (P � 0.0001). In all graphs, the x axis describes the immu-
nohistochemical score, ranging from 0 (no staining) to 3 or 4 (highest
intensity and/or percentage of positive cells) as described in the Materials
and Methods and Table 2.
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ated with other histological markers of the basal-like phe-
notype. Cytosolic �-catenin localization was inversely
correlated with ER (r � �0.46, P � 0.0001) and PR (r �
�0.43, P � 0.0001) and positively correlated with EGFR
(r � 0.34, P � 0.0002) and cytokeratin 5/6 (r � 0.29, P �
0.002). Similarly, nuclear �-catenin was inversely correlated
with ER (r � �0.60, P � 0.0001) and PR (r � �0.55, P �
0.0001) and positively correlated with EGFR (r � 0.36, P �
0.0001) and cytokeratin 5/6 (r � 0.26, P � 0.0001). Addi-
tionally, cytosolic and nuclear �-catenin localization were
strongly associated with vimentin expression in invasive
cancers (r � 0.43, P � 0.0001 for cytosolic and r � 0.63,

P � 0.0001 for nuclear), which was also highly enriched
in basal-like tumors (see supplemental Figure S2 at
http://ajp.amjpathol.org). These correlations were depen-
dent on molecular subtype because these are all hall-
marks of the basal-like phenotype. Furthermore, cytoso-
lic, but not nuclear, �-catenin was positively correlated
with high grade (Table 3). �-catenin localization was not
associated with tumor stage, size, lymph node status, or
age at diagnosis (not shown). The association between
grade and cytosolic �-catenin was no longer statistically
significant after controlling for molecular subtype in a
proportional odds model, perhaps because basal-like
tumors are more likely to be high grade. Interestingly,
high levels of cytosolic �-catenin were more frequently
associated with tumors from blacks as compared with
whites or other ethnicities (P � 0.048; Table 3), and this
racial difference remained statistically significant after
controlling for the molecular subtype (P � 0.016). These
data underscore the relationship between cytosolic/nu-
clear accumulation of �-catenin and breast cancers with
the histological phenotypes and clinical behaviors asso-
ciated with basal-like tumors.

Basal-like breast cancers are typically associated with
a worse clinical outcome compared with luminal A and
luminal B cancers. Because of the association of cytoso-
lic and nuclear �-catenin with the basal-like phenotype,
we asked whether �-catenin localization was predictive
of survival in this patient group. Of the 134 patients with
invasive breast cancer in our cohort, we had data on
overall survival on 131 of them with a median follow-up of
8.3 years in which five-year survival rate was 55.2%,
whereas the median survival was 6.6 years. In the 114
samples that had interpretable �-catenin localization,
subtype classification, and follow-up, there was no im-
pact of membrane-associated �-catenin expression on
overall patient survival (Figure 3A). However, those pa-
tients whose tumors had high levels of cytosolic or nu-
clear �-catenin expression had a significantly reduced
overall survival (Figures 3, B and C). The median survival
time of patients with high cytosolic �-catenin was only 3.2
years, whereas those with no, weak, or moderate cytoso-
lic �-catenin had a median survival of 8.3 years. Com-
pared with patients with either no or weak/moderate
staining of cytosolic �-catenin, the hazard ratio of pa-
tients with strong staining was 2.79 (95% confidence
interval CI: 1.53–5.10; P � 0.001). After adjustment for ER
status, tumor grade, and stage, high cytosolic �-catenin
staining remained significantly associated with worse
overall survival, with adjusted hazard ratio of 2.91 (95%
CI: 1.48–5.73; P � 0.002). Among patients with basal-like
invasive cancer (n � 31), the hazard ratio for strong
cytosolic �-catenin staining compared with no or weak/
moderate staining was 2.32 (95% CI: 0.91–5.89; P �
0.08). Compared with patients with no or weak nuclear
�-catenin, those with moderate or strong nuclear �-cate-
nin had a hazard ratio of 2.24 (95% CI: 1.12–4.93; P �
0.045). Among patients with basal-like invasive cancer,
the hazard ratio for moderate or strong nuclear �-catenin
was 1.83 (95% CI: 0.68–4.89; P � 0.23). Collectively,
these data suggest that high cytosolic or nuclear �-cate-

Figure 2. Cytosolic and nuclear �-catenin is most frequently observed in
basal-like breast cancers. The subcellular localization of �-catenin was ana-
lyzed in 66 luminal A, 6 luminal B, 32 basal-like, and 11 HER�/ER� invasive
cancers. A–C: While there was no segregation of membrane-associated
�-catenin (A) among different subtypes of invasive breast cancer, a higher
percentage of basal-like tumors expressed cytosolic (B) or nuclear (C)
�-catenin (28/32 and 23/32, respectively) than luminal A (15/66 and 2/66,
respectively), luminal B (3/6 and 2/6, respectively), and HER2�/ER� tumors
(6/11 and 4/11, respectively). P � 0.05 for all comparisons between basal-
like and other tumor types except with HER2�/ER� for cytosolic �-catenin.
D: �-catenin immunolocalization (arrowheads) is observed predominantly
at the membrane of luminal A, luminal B, and HER2�/ER� tumors. Nuclear
and cytosolic �-catenin (arrows) is most prominent in basal-like breast
cancers. A sporadic colon carcinoma is shown as a positive control for
�-catenin accumulation in the cytosol and nuclei. Scale bars, 50 �m.
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nin may have independent prognostic value for breast
cancer, even within the basal-like subtype.

Because basal-like breast cancers are enriched for
CD44high/CD24low stem cell-like population of tumor
cells,28 the expression of CD44 and CD24 were also
examined in these tumors. As expected, high CD44�/
CD24� score was specifically associated with the basal-
like subtype of invasive breast cancers (Figure 4A). Im-
portantly, in invasive cancers, the CD44�/CD24� profile
was correlated with cytosolic (r � 0.31; P � 0.0009) and
nuclear (r � 0.38; P � 0.0001) �-catenin localization as
well as vimentin expression (r � 0.45; P � 0.0001).
Concomitant expression of cytosolic/nuclear �-catenin
and CD44, but not CD24, was observed in basal-like
tumor cells (Figure 4B). Like �-catenin, CD44�/CD24�

population was inversely correlated with ER and PR sta-

tus (r � �0.28; P � 0.0022 and r � �0.29; P � 0.0015)
and positively correlated with EGFR (r � 0.27; P �
0.0046) and cytokeratin 5/6 (r � 0.24; P � 0.012). How-
ever, the CD44�/CD24� score was not correlated with
age, race, histological grade, and stage (not shown) and
not predictive of overall survival (Figure 4C). These data
suggest that those tumor cells with cytosolic and nuclear
�-catenin are most likely to be of the basal-like phenotype
with a CD44�/CD24� profile; yet, �-catenin is a better
predictor of outcome than the CD44�/CD24� profile in
this set of patients.

Finally, we addressed how early in tumor progression
that accumulation of �-catenin was associated with the
basal-like phenotype. Analysis of �-catenin expression in
in situ lesions of each molecular subtype (40 luminal A, 3
luminal B, 5 basal-like, and 6 HER2�/ER�) shows that,

Table 3. �-Catenin and Clinical Characteristics in Patients with Invasive Cancer

Cytosolic �-catenin score

0 1 2 3 P value

Race, n (raw %)
Black 34 (48) 4 (6) 18 (25) 15 (21) 0.047
White 28 (65) 1 (2) 11 (25) 3 (7)
In basal-like tumors
Black 1 (5) 3 (16) 7 (37) 8 (42)
White 3 (23) 1 (8) 6 (46) 3 (23)
In luminal A tumors
Black 26 (70) 0 7 (19) 4 (11)
White 22 (88) 0 3 (12) 0

Grade, n (raw %)
I 4 (67) 0 2 (33) 0 0.015
II 35 (64) 0 16 (29) 4 (7)
III 24 (44) 4 (7) 13 (24) 14 (25)

Nuclear �-catenin score

0 1 2 3 P value

Race, n (row %)
Black 51 (72) 17 (24) 3 (4) 0 0.97
White 32 (75) 5 (12) 5 (12) 1 (2)

Grade, n (raw %)
I 6 (100) 0 0 0 0.14
II 42 (76) 8 (15) 5 (9) 0
III 37 (67) 14 (25) 3 (5) 1 (2)

Figure 3. Invasive breast cancers with high cytosolic and nuclear �-catenin are associated with poor survival. Kaplan–Meier overall survival curves are presented
for 117 patients with invasive breast cancers according to expression of membranous (A), cytosolic (B), and nuclear (C) �-catenin. In contrast to a lack of
association of membrane-associated �-catenin with overall survival, high levels of cytosolic (score of 3) or nuclear (score of �2) �-catenin expression is predictive
of poor outcome (P � 0.0005 and P � 0.039, respectively).
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like invasive cancers, membrane-associated �-catenin
was not preferentially expressed in any subtype of in situ
carcinoma subtype (Figure 5A). In contrast, cytosolic and
nuclear �-catenin was expressed in all basal-like in situ
lesions but less frequently in the other subtypes (Figure 5,
B and C). Cytosolic and nuclear �-catenin was positively
correlated with high-grade (r � 0.43; P � 0.0026 for
cytosolic and r � 0.54; P � 0.0001 for nuclear) and EGFR
expression (r � 0.31; P � 0.023 for cytosolic and r �
0.53; P � 0.0001 for nuclear) and negatively associated
with ER (r � �0.48; P � 0.0002 for cytosolic and r �
�0.59; P � 0.0001 for nuclear) and PR (r � �0.45; P �
0.0007 for cytosolic and r � �0.55; P � 0.0001 for
nuclear) status. Moreover, nuclear �-catenin correlated
with vimentin expression (r � 0.39; P � 0.0044) in in situ
carcinomas, and vimentin was expressed in most basal-
like in situ lesions but not in other subtypes (see supple-

mental Figure S3A at http://ajp.amjpathol.org). In contrast
to that observed in invasive cancer, there was neither a
correlation between the CD44�/CD24� expression pro-
file and cytosolic (r � �0.08; P � 0.50) or nuclear �-cate-
nin (r � �0.07; P � 0.57), nor between the CD44�/CD24�

profile and in situ cancer subtype (see supplemental Figure
S3B at http://ajp.amjpathol.org). Despite the few number of
samples represented by each subtype in this data set,
these findings suggest that �-catenin accumulation may be
an early marker of the basal-like phenotype.

Discussion

We report here that cytoplasmic and nuclear accumula-
tion of �-catenin, indicative of Wnt pathway activation, is
most frequently observed in the basal-like subtype of in
situ and invasive cancers. In in situ and invasive cancers,
cytosolic and nuclear �-catenin are associated with other
features of basal-like tumors including ER and PR nega-
tivity, EGFR, and CK 5/6 expression as well as vimentin
expression. In invasive cancers, but not in situ cancer,
�-catenin accumulation was correlated with the
CD44�/CD24� profile such that Wnt pathway activa-
tion in these tumors might be a reflection of their en-
riched stem cell composition. Importantly, Wnt path-
way activation in breast cancer is associated with a
poor outcome, suggesting that it might be a valuable
therapeutic target for this tumor type.

Figure 4. The invasive breast cancers with cytosolic and nuclear �-catenin
are enriched in stem cell populations. A: CD44 and CD24 immunohistochem-
istry was performed to identify a CD44�/CD24� stem cell population in
luminal A (n � 65), luminal B (n � 6), HER2�/ER� (n � 11), and basal-like
(n � 32) tumors. The percentage of invasive cancers with high CD44�/
CD24� scores (�3) is significantly higher in basal-like breast cancers com-
pared with other tumor subtypes (P � 0.0001). B: Immunolocalization of
�-catenin and the identification of the CD44�/CD24� profile on serial sec-
tions of basal-like breast cancers illustrate that the same tumor cells have
cytosolic and nuclear �-catenin (arrows) and are CD44-positive but CD24-
negative (arrowheads). In contrast, membrane-associated �-catenin (arrows)
colocalizes with CD44-negative/CD24-positive cells (arrowheads) in a lu-
minal A tumor, for example. Scale bars, 50 �m. C: Kaplan–Meier survival
curves show that there is no significant difference in overall survival of breast
cancer patients when the tumors are stratified by the percentage of CD44�/
CD24� tumor cell populations (P � 0.98).

Figure 5. Cytosolic and nuclear �-catenin is observed in basal-like carci-
noma in situ lesions. The subcellular localization of �-catenin was analyzed
in 54 in situ carcinomas, composed of four molecular subtypes (40 luminal
A, 3 luminal B, 5 basal-like, and 6 HER2�/ER�). Like invasive cancers, there
was no segregation of membrane-associated �-catenin (A) among different
subtypes of carcinoma in situ. However, a higher percentage of basal-like
tumors expressed cytosolic (B) and nuclear (C) �-catenin (5/5 for both) than
luminal A (7/40 and 0/40, respectively), luminal B (1/3 and 0/3, respectively),
and HER2�/ER� lesions (4/6 and 2/6, respectively). P � 0.001.
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The role of the Wnt pathway activation in breast cancer
has been controversial. There are conflicting reports of
nuclear �-catenin in breast cancer specimens,7,8,13–15

perhaps because other studies have not classified the
tumors by molecular subtype. There are significant limi-
tations to the current study, including modest size of the
tumor data set, few cases representing the luminal B and
HER2�/ER� subtypes of invasive and in situ cancers, and
using immunohistochemical detection of nuclear/cytoso-
lic �-catenin accumulation as the only read-out of Wnt
pathway activation. Despite these confounding factors,
our data do support the hypothesis that breast cancers
with a basal-like phenotype frequently demonstrate Wnt/
�-catenin signaling. In mouse models, activation of the
Wnt pathway is sufficient for mammary tumors, but most
of these tumors exhibit more of a metaplastic than basal-
like phenotype.31 Interestingly, human metaplastic breast
cancers are, like basal-like tumors, triple-negative and
have a distinct gene expression signature indicative of
altered differentiation patterns.32 In mouse models of
basal-like breast cancer, including conditional Brca1/p53
inactivation33 and adiponectin haploinsufficiency,34 �-cate-
nin accumulation is observed in at least a subset of tumors.
These data raise the possibility that activation of signaling
via the Wnt pathway is an important component of the
basal-like phenotype but not sufficient for initiating this tu-
mor program. Alternative explanations for the lack of basal-
like mammary tumors in Wnt pathway genetic models in-
clude nonphysiological levels of pathway activation in these
systems or that the critical tumor initiating cell compartment
has not been properly targeted. Clearly, further studies are
required to distinguish among these possibilities using both
human cancers and animal models.

What are the implications of these data for the treat-
ment of basal-like breast cancer? Although basal-like
breast cancers make up only 15 to 20% of all breast
cancers, they present a significant clinical problem be-
cause they are aggressive in nature and are not amena-
ble to many targeted therapies available for breast can-
cer. In addition, basal-like and HER2�/ER� tumors are
initially more chemosensitive than other tumor types but
have a worse prognosis attributable to higher relapse
among those with residual disease.35 Our data are con-
sistent with the possibility that �-catenin might be an
attractive therapeutic target for basal-like breast cancer.
Although Wnt pathway inhibitors have not been studied
extensively in preclinical breast cancer models, there
have been significant efforts to test the efficacy of such
compounds in colorectal cancer.36,37 Additional studies
are necessary to evaluate these compounds, or newer
generation inhibitors, in preclinical models to explore
their therapeutic potential in breast cancer patients.

We report here that cytosolic and nuclear �-catenin
accumulation in breast cancers correlates with several
markers of the basal-like phenotype, including vimentin
expression. Vimentin, an intermediate filament expressed
in mesenchymal cells, is implicated in the epithelial-to-
mesenchymal transition from many contexts including
breast cancer.38 Up-regulation of vimentin preferentially
occurs in breast cancers with the basal-like phenotype
and may be related to the aggressive behavior and met-

astatic spread of these tumors.39 The correlation be-
tween vimentin expression and Wnt/�-catenin signaling
in basal-like tumors suggests that there may be a direct
relationship. In fact, there is evidence that vimentin is a
direct transcriptional target of �-catenin/TCF in breast
cancer cells.40 Alternatively, it is feasible that vimentin is
not a direct �-catenin target but is regulated in a coordi-
nated fashion with Wnt signaling.

The relationship between nuclear and cytosolic �-cate-
nin accumulation and tumor cells with a stem cell profile
is consistent with known functions of Wnt/�-catenin sig-
naling in the breast and other tissues in maintaining stem
cell self-renewal.41 Moreover, mammary tumor cells from
MMTV-Wnt and -�N�-catenin transgenic models are en-
riched for stem cell populations.42 It is likely that Wnt
signaling in tumor cells with stem cell characteristics has
implications for therapeutic sensitivity because the path-
way mediates radiation resistance of mammary progen-
itor cells.42,43 It is interesting that many of the in situ
lesions in our study, not just those of the basal-like sub-
type, were enriched for stem cell markers. Perhaps this
subpopulation of tumor cells has a broader role in early
breast tumor progression than previously appreciated.
The lack of an association between Wnt pathway activa-
tion and the stem cell profile in in situ cancer suggests
that �-catenin may be a more specific feature of early
basal-like tumors than stem cell enrichment, although this
hypothesis will need to be formally tested by additional
analyses of in situ breast cancers.

The data described here raise some key questions that
will need to be addressed by further studies. For exam-
ple, it was unexpected that cytosolic �-catenin was such
a strong predictor of poor outcome, even in the absence
of nuclear accumulation in some cases. Consistent with
our observations, cytosolic �-catenin without nuclear lo-
calization has been reported previously in some breast
cancers.13,44 Most colorectal cancers, however, express
prominent nuclear �-catenin that is associated with cyto-
plasmic localization.45,46 In fact, Herter et al47 suggested
that nuclear �-catenin accumulation is the first event in
colorectal tumor development, followed by an increase in
the cytosolic pool. The disconnect between these pools
of �-catenin in breast tumors leaves open the possibility
that there is a unique function of cytosolic �-catenin.
Another interesting aspect of these data are the associ-
ation between the presence of cytosolic and nuclear
�-catenin and race. It is not understood why black
women are at a higher risk to develop basal-like breast
cancers compared with their white counterparts48,49;
however, this study raises the possibility that the Wnt/�-
catenin pathway may play a role in the underlying bio-
logical differences that contribute to varying susceptibil-
ity among populations. Finally, the mechanism by which
the Wnt/�-catenin pathway is activated in these tumors is
unknown. It is possible that the pathway is active through
Wnt ligand expression, as in the stem cell niche, or,
alternatively, there are acquired genetic or epigenetic
alterations selected for during tumor development. Al-
though such events have not been documented specifi-
cally in basal-like tumors, loss of APC is observed in
some invasive breast cancers,5 and stabilizing mutations
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in the �-catenin gene, CTNNB1, have been described in
triple-negative metaplastic breast cancers.50 It is possi-
ble that through further characterization of the role of
Wnt/�-catenin signaling in basal-like tumors, �-catenin
will emerge as a valuable therapeutic target for this
breast cancer subtype.
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