
Abstract. The definition of high risk patients with early stage
breast cancer is still controversial. We evaluated the ability of
galectin-3, c-erbB-2 and p53 immunohistochemical expression
to predict recurrence and survival in a homogeneous set of 92
patients with T1N0M0 ductal carcinoma with a long-term
follow-up. In normal breast tissue, the epithelial and fibroblast
components were positive for galectin-3 mostly showing
nuclear and cytoplasmic reactivity. At the tumor epithelial
component, galectin-3 expression was found in 46.7% of the
samples with a predominant cytoplasmic staining. Similar
results were presented by concurrent in situ lesions. Tumor
stromal fibroblasts maintained positivity in 70 out of 92 cases
(76%). We found expression of p53 in only 16 cases (17.4%),
and c-erbB-2 in 17 (18.48%). A marginal association was
found between co-expression of p53 and galectin-3 (p=0.055)
and a significant correlation between p53 accumulation and
c-erbB-2 expression (p=0.009). There was no significant
association between galectin-3 protein expression with disease-
free survival or overall survival. C-erbB2 and p53 expression
correlated with recurrence (p=0.002, p=0.02; respectively).
Diminished overall survival at 10 years was associated with
c-erbB-2 (p=0.010), but marginally with p53 expression
(p=0.076). Epithelial galectin-3 expression cannot be
considered a prognostic factor for patients with T1N0M0
breast cancer, p53 seems to be of minor relevance and c-erbB-2
expression was the best discriminator and may be a marker
for aggressive clinical behavior in patients with early stage
breast cancer.

Introduction

Breast cancer is the most common malignant tumor and the
second leading cause of cancer mortality in women. The
progressive improvement in breast cancer mortality is largely
due to detection of early stage carcinomas and pre-malignant
lesions (1). Patients with such an early diagnosed breast cancer
tend to have good survival but a small percentage of them die
of their disease. Although effective for large tumors, most
classical prognostic factors are less reliable for small tumors
and further stratification of these patients remains a challenge
(2-5). Thus, prognostic factors to identify the high-risk group
among these patients are needed.

On the early set of invasion, malignant transformation is
often accompanied by a variety of changes in cell-cell and
cell-matrix interactions which could lead to abnormal cell
behaviour. Galectins are a family of non-integrin ß-galactoside
binding lectins with related amino acid sequences defined by
structural similarities in their carbohydrate-binding domains.
An important member of this family, galectin-3 is a chimeric
type of galectin which has been implicated in diverse biological
functions in normal and pathophysiological conditions (6). In
breast carcinomas, galectin-3 expression is usually decreased
when compared with their respective normal counterparts and
the reduced expression in epithelial cells is associated with
advanced histological grade (7,8). Such results suggested that
galectin-3 expression seems to be gradually decreased
following the tumor progression.

Some histological factors have been described that identify
patients with stage I breast cancer with a relatively worse
prognosis (5). Few studies analyzed the overexpression of p53
and erbB-2 as predictors for recurrence and survival in early
breast cancer (9-12). Galectin-3 has been associated with
c-erbB-2 expression and down-regulated by p53 (13,14).
Investigations of the relevance of galectin expression as
prognostic factors in breast cancer have been limited
(15,16).

In the present study, to better understand the association
between galectin-3 and clinical outcome in invasive ductal
carcinoma we measured the immunohistochemical expression
of galectin-3 along the c-erbB-2 and p53 expression in the
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tumors of a homogeneous set of stage I invasive ductal
carcinoma patients with long-term clinical follow-up. We then
compared the prognostic significance of these markers in terms
of relapse-free survival and overall survival of the patients.

Patients and methods

We studied a retrospective sequential group of paraffin-
embedded samples of infiltrating ductal carcinomas clinically
classified as T1N0M0; collected, diagnosed and treated at
Hospital do Câncer A.C. Camargo, São Paulo, between 1993
and 1994. Ninety-two cases were included, all with slides and
suitable paraffin blocks for immunohistochemical analysis,
clinical and survival data available. Conventional clinico-
pathological features of each case including tumor size,
histologic grade and lymph node status, presence of recurrence,
occurrence of death caused by cancer or other causes were
reviewed. All cases were classified according to the TNM
(tumor, node, metastasis) classification system (UICC). Slides
were reviewed in order to confirm diagnosis. Histological
grade was established according to the Notthingham system
(17). Age varied from 30 to 86 years, with a median of 56
years; 25 patients were pre-menopausal and 67 post-
menopausal. Only two patients indicated a family history of
breast cancer. Treatment protocols were homogeneous due to
protocol adherence. All patients were submitted to surgery
and lymphadenectomy. Surgical approach varied from
quadrantectomy to sectorectomy. Regional and axillary
lymph nodes were ressected and evaluated in all cases.
Postoperative adjuvant radiation therapy was administered to
all patients. Adjuvant therapy was performed as chemo-
therapy with cyclophosphamide, methotrexate and 5-
fluorouracil (CMF) in 20 patients. Hormone therapy was
performed with tamoxifen in 32 patients. This investigation
was performed after approval by the Hospital do Câncer
review board.

Immunohistochemical methods. Antigens p53 and galectin-3
were assessed with the following antibodies: c-erb-2 (Dako,
Inc.) p53 antibody (DO-7), galectin-monoclonal antibody
M3/38 TIB166 (ATCC, Manassas, VA, USA).

Positive and negative control slides were used in all
reactions. We used previously known female breast cancer
cases as positive controls. Negative controls were performed
by incubating slides with PBS instead of primary antibody.

Briefly, after deparaffinization in xylol and alcohol, slides
(3-μm thick) were immersed in PBS, pH 7.4, for 5 min and
submitted to microwave treatment for epitope retrieval with
citric acid solution, pH 6.0, with two 9-min cycles. The
material was submitted to endogenous peroxidase blocking
treatment (10 vol. H2O2) followed by another PBS immersion,
and by overnight incubation in a humid chamber at 4˚C with
the primary antibody at 1/50 dilution for p53, 1/16 for
galectin-3 and 1/X for c-erbB-2. Slides were then rinsed in
PBS solution and incubated with the biotinylated secondary
antibody (1:200 dilution; Dako) for 30 min and again rinsed
and incubated with the ancillary antibody (StrepAB complex/
HRP Duet, mouse/rabbit) for another 30 min. The material
was developed by immersion in 2,3 diaminobenzidine tetra-
hydrochloride (DAB, Sigma Chemical Co., St. Louis, MO,

USA), 60 mg% + 1% dimethyl sulfoxide at 37˚C for 5 min
and by hematoxylin counterstaining. Positivity was
characterized by dark brown staining of nucleus (p53) or
cell membrane (c-erbB-2) or cell membrane and cytoplasm
(galectin-3). A case was considered positive when >10% of
tumor cells were stained.

Statistical analysis. The Chi-square test was used to assess the
univariate association of clinicopathological characteristics
with p53, and galectin-3 and c-erbB-2 in 2x2 tables. When at
least one variable expected was <5%, the Fisher's exact test
was performed. The overall threshold of significance level was
0.5. To calculate the survival rate and the survival curves the
time gap between the date of surgery and the last contact
available (for the majority living patients) or the date of death
was used. Patients who died of causes other than breast
cancer (n=3) were treated as non-censored observations. The
overall and disease-free survival was estimated using the
Kaplan-Meier method. The log-rank test was used to compare
survival curves with 5% level of significance.

Results

Pathological variables. All cases were classified as T1, and
more specifically 15 as T1a, 30 as T1b and 47 as T1c. Axillary
lymph nodes were positive in only 2 cases. In all the other 90
cases, no neoplastic involvement was identified. By the time
of surgery no patient presented metastasis. Among the 92
invasive ductal carcinomas included in this series, 20 were
categorized as histological grade I, 45 as grade II and 27 as
grade III. Twenty-seven samples presented an ‘in situ’
component associated to the invasive tumor. Expression of
estrogen and progesterone receptors was detected in 52 and
35 cases, respectively.

Galectin-3 expression. In 66 out of 92 samples, there was
enough adjacent normal breast tissue to be evaluated and
comparing galectin-3 expression to the pattern occurring in
the neoplastic tissue. The normal breast epithelia adjacent to
tumor area were usually positive to galectin-3, exhibiting a
moderate intensity. The distribution pattern was mostly of
double staining (nuclear and cytoplasmic positivity),
identified in 54 cases (81.82%); but exclusive nuclear pattern
was reported in 8 samples (12.12%) and exclusive cyto-
plasmatic staining was observed in only 4 cases (6.06%).
Fig. 1A shows that galectin-3 is present in normal breast
epithelium. Normal stromal cells, evaluated at the same
samples when non-malignant adjacent tissue was available
(64 samples), showed an exclusively nuclear pattern of
galectin-3 expression in the majority of cases (96.9%);
(Fig. 1B). Within the entire tumor population, positive galectin
expression, found in 43 tumors (46.7%) was characterized by
frequent localization in the cytoplasm (65% of the positive
samples) (Fig. 1C). The remaining positive cases showed a
simultaneous of cytoplasmatic/nuclear staining (Fig. 1D).
The staining intensity was comparable or less strong than the
normal breast pattern, and histological grade I, II and III
showed positivity for galectin-3 in 40, 55 and 37% of lesions,
respectively, suggesting a slight tendency for decreased
positivity in grade III. On the other hand, more than half of
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tumors did not show epithelial expression of galectin-3 (49
cases, 53.3 6%); (Fig. 1F). We also analyzed the presence of
galectin-3 expression at the breast stromal component.
Galectin-3 expression at the tumor stromal fibroblast cells
was commonly observed in 70 out of 92 cases (76.09%) that
exhibited a exclusive nuclear positivity, with scanty cyto-
plasmatic staining (Fig. 1E). No staining was observed in the
remaining 22 cases (23.91%). Expression in the tumor
epithelial and stromal components was not always coincident.
We also analyzed the galectin-3 expression at the in situ
component of the 27 cases containing concurrent ductal
carcinoma ‘in situ’ and the invasive ductal component;
galectin-3 was negative in 16, cytoplasmic positivity was
present in 13 and double staining was verified in 4 samples.

p53 and c-erbB-2 expression. Expression of p53 was detected
exclusively in the nucleus of epithelial neoplastic epithelial

cells in a strong and homogeneous pattern in only 16 cases
(17.4%), all the remaining 76 cases were negative. C-erbB-2
was expressed in 17 (18.5%) cases and negative in 75 (81.5%)
Normal adjacent epitelia were always negative for p53 and
c-erbB-2 expression.

A marginal significant association was found between
positive staining for galectin-3 and p53. Among the 16 positive
p53 cases, 12 (75%) were simultaneously galectin-3 positive,
whereas among the p53 negative cases (76 cases), 31 (40.8%)
were galectin-3 positive (p=0.055). No association was
found between c-erbB-2 and galectin-3 (p=0.215). The p53
expression often occured together with c-erbB-2 expression
in the same tumor (p=0,009). Among the 16 positive cases for
p53, 7 were also positive for c-erbB-2. At the in situ component
of the tumor, expression of galectin-3, p53 and c-erbB-2 was
commonly coincident with the expression observed in the
invasive component (p<0.05).
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Figure 1. Immunohistochemical galectin-3 staining of breast cancer (T1N0M0) samples illustrating cellular distribution: (A) normal breast lobule (x200);
(B) positive stromal reaction in normal breast tissue (x100); (C) ductal carcinoma showing double positive staining (x400); (D) ductal carcinoma showing
cytoplasmic reactivity (x200); (E) positive tumor stromal reaction (x200); (F) negative staining in the tumor sample but positive stromal reaction (x400).
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Correlation to outcome. The median follow-up was 84.0
months. At the last follow-up (November 2005), 11 (12%)
patients were deceased, 8 (9%) were alive with controlled
disease, and 66 (72%) were alive without disease. Recurrence
was detected in 14 (15%) of the patients and 4 were lost to
follow-up. Fig. 2 depicts the Kaplan-Meier plot of overall
and disease-free survival rates. The five and 10 years overall
survival was 87.5% and 80.5%, respectively (Fig. 2A).

Galectin-3 expression in the epithelial component was
analyzed in relation to survival parameters. No significant
association was evident between galectin-3 protein expression
in terms of overall survival (Fig. 2B). Patients whose tumors
exhibited positive cytoplasmic galectin-3 expression had a
survival rate of 88.9% at five years and 80.8% at ten years.
Similar rates were found for galectin-3 negative tumors being
respectively 89.4% and 81.9%. For tumors exhibiting double

positivity (cytoplasm plus nucleus) patients had survival rates
of 78.8% at five and 76.0% at ten years, respectively (log-
rank test, p=0.6780). Galectin-3 expression did not show any
association with recurrence-free survival for comparison
among curves of double positive, negative and cytoplasmic
staining (log-rank test, p=0.1348; data not shown).

C-erbB-2 expression correlated with overall survival
(p=0.010, Fig. 2C) and with recurrence (p=0.002, Fig. 2D).
Although p53 expression similarly to c-erbB-2 was associated
with recurrence (p=002, Fig. 2F) it reached only a marginal
correlation with survival (p=0.076, Fig. 2E).

Discussion

In the present study, we analyzed galectin-3 expression as
well as its sub-cellular distribution in a homogeneous set of
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Figure 2. Kaplan-Meier survival estimate (months): (A) five- and 10-year overall survival and according to; (B) expression of galectin-3 in the tumor epithelial
components; negative (neg), positive in the cytoplasmic (cy, grey line) and showing double positivity (cytoplasmic plus nucleus); (C) c-erbB-2 positive and
negative; (E) p53 positive and negative; (D and F) recurrence-free survival respectively for patients with c-erbB-2 and p53 negative or positive.
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early stage breast cancer to examine the possible involvement
of galectin-3 in progression of these tumors. In our series,
~46.6% of 92 invasive carcinomas were positive for galectin-3
estimating only the epithelial constituent, a similar percentage
to that reported (49.4%) for a heterogeneous series of primary
breast cancer tumors, including only 22% of stage I samples
(16). Although not statistically significant, loss of galectin-3
expression tended to increase in high grade samples, agreeing
with previous results of immunohistochemical evaluation of
galectin-3 in invasive breast cancers (8). Our observation that
in the lesions containing ‘in situ’ with concurrent invasive
carcinomas, the galectin-3 positivity of both components was
similar, suggested that galectin-3 loss is already observed in
early steps of transformation. Previous work has shown that
when synchronous invasive and ‘in situ’ cancer coexist, both
components are likely to share virtually identical genomic
changes (18). Our results conflict with previous studies
describing preserved expression of galectin-3 in carcinoma
‘in situ’ (8). However, it is possible that pure DCIS expresses
higher levels of galectin-3 and constitutes a distinct lesion
from DCIS associated to invasive ductal carcinoma.

On the contrary, transcripts of galectin-3 gene were
detected in 78.4% of 106 breast cancer samples evaluated by
O'Driscoll et al (15) and their series included 18% of T1
cases. The galectin-3 production by fibroblasts could possible
explain these results as galectin-3 mRNA total levels may
reflect the stromal content (19). A recent study observed
galectin-3 expression in tumor cells that are in close proximity
to the stroma in a breast cancer xenograft model (20). These
contradictory conclusions may result from the fact that
invasive breast cancer cells may acquire mesenchymal
characteristics, losing epithelial features through cancer
progression.

Our results on the cellular localization of galectin-3 are in
agreement with previous observations in several other types
of carcinomas showing that galectin-3 immunoreactivity in
contrast to non-tumoral epithelial cells is frequently present
in the cytoplasm (21-24). The nuclear localization of
galectin-3 is presumably associated with normal regulation of
cell proliferation and apoptosis since it is a required splicing
factor interacting with Gemini 4 (25). It was also postulated
that in an experimental prostate cancer model system, nuclear
galectin-3 suppressed malignancy whereas cytoplasmic
galectin-3 promoted tumorigenicity (21). In the cytoplasmic
compartment galectin-3 may act as an anti-apoptotic factor
(26). The cytoplasmic/nuclear distribution seems to be
regulated by multiple process not yet completely characterized
(27).

Given the potential involvement of galectin-3 subcellular
localization in progression we rationalized that cytoplasmic
galectin-3 might be an indicator of clinical outcome. However,
our analysis of the survival curves leads to the conclusion that
galectin-3 expression, regardless of the tumor cellular
localization, is not a suitable marker to evaluating risk in
T1N0M0 breast carcinomas. Jones et al (16) correlated
galectin-3 nuclear expression of primary breast tumors (2% of
the cases) with a shorter overall survival. As primary tumors
are heterogeneous we can not rule out that the emergence of
a minority of sub-clones localized in the nucleus may favor
tumor progression. O'Driscoll et al (15) have previously

suggested that galectin-3 mRNA could not be considered a
prognostic indicator of disease outcome. However, they have
not taken into account that the measured galectin-3 expression
might be influenced by the stromal component.

p53 cannot be considered a prognostic indicator of
disease outcome for patients with T1N0M0 breast cancer.
However, c-erb-2 expression correlated to outcome variables,
recurrence and survival in univariate analysis and thus may
be a marker for aggressive clinical behaviour in patients with
early stage breast cancer confirming previous results
(reviewed in ref. 5).
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