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Abstract

The expression of N-glycolyl GM3 ganglioside (NGcGM3) in breast cancer was previously reported. However, the
role of this molecule in the biological behavior of breast cancer still remains unclear. The aim of the present work
was to assess a possible relationship between the expression of the evolutionary-fixed tumor neoantigen NGcGM3
ganglioside with clinicopathological parameters and the aggressiveness of breast tumors. 126 stage II/III breast
tumors, obtained from patients participating in a phase III clinical trial with the GlycoVaxGM3 cancer vaccine, were
clinically, molecularly and pathologically classified. An immunohistochemical study was performed using the 14F7
antibody, specific for NGcGM3, in order to measure the staining intensity and percentage of positive cells. The
NGcGM3 expression in estrogen and progesterone receptors positive tumors was not associated with age, race,
menopausal status, tumor size, lymph node status and stage. Nevertheless a significant increase in the presence of
this cancer neoantigen in tumor tissue samples was mostly found in tumors displaying higher nuclear grades II and
III when compared with grade I ones. Overall these results indicate a relationship between NGcGM3 expression and
a more aggressive biological behavior of estrogen and progesterone receptors positive breast tumors, additionally
sustaining this molecule as an attractive target for breast cancer immunotherapy.

Keywords: N-glycolyl GM3 ganglioside; Immunohistochemistry;
Estrogen receptor; Progesterone receptor; Nuclear grade; Molecular
classification

Abbreviations: ANOVA: Analysis of variance; DAB: 3,3 ′ -
Diaminobenzidine; ER: Estrogen Receptor; FFPE: Formalin-Fixed and
Paraffin-Embedded; IHC: Immunohistochemistry; Mab: Monoclonal
antibody; NGcGM3: N-Glycolyl GM3 Ganglioside; NSCLC: Non-
Small Cell Lung Cancer; PR: Progesterone Receptor; TMA: Tissue
Microarrays; WHO: World Health Organization.

Introduction
Breast carcinoma is one of the most common types of cancer

worldwide [1]. Despite recent progresses in the treatment of primary
tumors, about 20-40% of early-stage breast cancer patients eventually
develop recurrences in distant organs [2,3]. As a result, research efforts
are currently focused on the better understanding of the biology and
genetics of breast tumors to select new targets, leading to more
effective and personalized treatments for this often difficult disease
[4,5]. Among these explored molecules, gangliosides are included
[6,7].

Gangliosides are sialic acid-containing glycosphingolipids engaged
in many biological events that take place at vertebrate’s cell membrane
[8,9]. In breast tumors, a differential ganglioside composition was

observed when compared with normal mammary tissues [6], thus
probably becoming attractive targets for active and passive
immunotherapy. While malignant cells expressing aberrantly
glycolylated sialic acid containing gangliosides have been identified in
breast carcinomas by immunohistochemical methods [10-12] a more
convincing evidence of the expression of N-glycolyl GM3 ganglioside
(NGcGM3) in breast tumors was obtained by mass spectrometry
analysis [6] and later corroborated by immunohistochemistry (IHC)
with the 14F7 monoclonal antibody (Mab), an IgG1 specific antibody
only reactive with NGcGM3. 14F7 Mab recognizes breast infiltrating
ductal carcinoma, both in frozen [13] and formalin-fixed and paraffin-
embedded [14] samples. A final validation of the NGcGM3 ganglioside
expression in human breast tumors was achieved by
radioimmunoscintigraphy with 99Tc labelled 14F7 Mab in breast
cancer patients [15].

In addition an increased expression of NGcGM3 in lymph nodes
metastasis of breast tumors were also observed [12,16]. Curiously, the
presence of the ganglioside was also noted in lymphocytes localized
around the metastatic cells in this organs, indicating a shedding to the
tumor microenvironment to promote a potent immunosuppressive
effect over effector immune cells, as was previously suggested [17,18].

More recently differences in the levels of NGcGM3 expression,
according to the histological classification of breast carcinomas, were
reported [19]. Nevertheless, this study was limited by a scarce number
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of samples and the absence of information regarding the
clinicopathological description of patients. Consequently, additional
studies confirming the role of NGcGM3 in the biological behavior of
breast cancer are needed. Here, the NGcGM3 expression in a large
series of breast tumors, basically of the estrogen and progesterone
receptors positive type, was determined and any possible association of
this level of expression with clinicopathological parameters such as
nuclear and histological grading, explored.

Materials and Methods

Patients and histopathological parameters
Formalin-fixed and paraffin-embedded (FFPE) breast tumor

samples of 173 patients included in a phase III clinical trial with
GlycoVaxGM3 vaccine were obtained from the pathology department
of the National Institute of Oncology and Radiobiology. The study was
performed according to the principles of the Declaration of Helsinki
and the consent of both patients and institutional ethical committees
were previously obtained.

The histological subtype classification of tumors was performed
accordingly to the 2003 World Health Organization (WHO)
guidelines. Nuclear grade was determined as previously described [20].
Histological grade was categorized as I, II or III by experienced
pathologists, following the Nottingham modification of the Scarff-
Bloom-Richardson criteria [21]. In addition, some clinicopathological
features such as age at diagnosis, race/ethnicity, menopausal status,
tumor size, lymph node status, were obtained from the clinical records.

Tissue microarrays construction (TMA) and
immunohistochemical staining

Five-micrometer sections from each block were obtained in a
micrometer (Leica, L2530) and they were mounted on poly-L-lysine
coated slides (Thermo Scientifics). Slides were stained with
hematoxylin and eosin and an experienced pathologist (JLG)
confirmed the presence of malignant cells and selected the tumor area.
Two mm diameter biopsies were taken from each donor block and
they were inserted into the recipient block using a precision tissue
array instrument (Thermo Scientifics, TMA-001).

Five-micrometer serial sections from each TMA block were
obtained and mounted on poly-L-lysine coated slides (Thermo
Scientifics). All sections were attached to the slide by heating in a 60°C
oven for 1 h. Afterwards the slides were dewaxed in xylene and
rehydrated in graded ethanol series in the usual way. The samples were
maintained in tap water until they were stained.

HER2 expression was detected by mean of the HercepTestTM
(Dako, K5207) commercial kit following the manufacturer
instructions. For NGcGM3 expression, the 14F7 Mab (a highly specific
IgG1 anti-NGcGM3 ganglioside) was used according to a previously
described procedure [14]. For estrogen (ER) and progesterone (ER)
receptors detection, the sections were pre-treated with 10 mM sodium
citrate buffer pH 6.0 for 30 minutes at 95-100°C. Afterward, the tissues
were incubated with the anti-ER (Anacrom Diagnosticos, SP1) and
anti-PR (Anacrom Diagnosticos, SP2) Mabs in a humid chamber for
30 minutes at room temperature followed by streptavidin-biotin
detection system (MLINK, Anacrom Diagnosticos) for 10 minutes
each step. Between incubations, the slides were washed with Tris-
Buffer Saline pH 7.6 (TBS).

For all samples the enzymatic activity was visualized with a 3,3′-
Diaminobenzidine (DAB) solution (Dako, K3465). Finally, the slides
were counterstained with Mayer ’ s Hematoxylin (Dako, S2020),
dehydrated, and mounted (Figure 1).

Figure 1: Examples of NGcGM3 expression patterns in breast
cancer. A, B and C represent weak, moderate and intense expression
of this molecule, respectively (Brown color). Counterstaining with
Mayer’s Hematoxylin (Blue color). Black bar=100 µm.

Immunohistochemical evaluation
ER and PR tissue sections showing more than 1% of positive cells

were considered as hormone receptors positive as previously
established [22]. HER2 overexpression was scored according to the
protocol described in the manufacturer guidelines (HercepTestTM
Interpretation Manual). NGcGM3 expression in each tissue section
was judged as negative (0), weak (1), moderate (2) and strong (3). The
percentage of tumor cells (0-100%) expressing this ganglioside was
estimated using 10x optical microscopy fields selecting the most
cellular regions of each section. In addition, an IHC score was
calculated for each specimen by multiplication of the intensity of
reaction and the percentage of positive cells, resulting in a score
ranging from 0 to 300.

Statistical analysis
Statistical analysis was carried out using SPSS (version 15.0; SPSS

Inc., Chicago, IL). The association between NGcGM3 expression and
clinicopathological features was analyzed using the chi-square test. For
the percentage of positive cells and IHC score, the one-way analysis of
variance (ANOVA) was applied. Correlations were determined using
Spearman ’ s test. A p value <0.05 was considered statistically
significant.

Results

Patient population
Table 1 shows a summary of the patient’s characteristics from which

tumor samples were obtained together with certain pathological
features. The majority of patients were white (65.9%) and
postmenopausal (60.7%) women with a median age of 52-years-old
(from 31 to 77). While the most frequent disease stage was IIA
(44.5%), the prevalent histological subtype was infiltrating ductal
carcinoma (78.6%) as expected.

In the tumor sample the predominant nuclear grades were II
(50.0%) and III (42.1%), with a predominance of histological grade III
(58.7%). Nevertheless a significant correlation between nuclear and
histological grades was found (Spearman ’ s correlation coefficient
0.6198; p<0.0001).
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NGcGM3 expression
A tissue expression of NGcGM3 was observed in all studied tumor

samples (n=126), but with variations in intensity and the percentage of
positive cells. The distribution of expression according to the 14F7
Mab staining intensity was as follows: 29/126 (23.0%) weak, 58/126
(46.0%) moderate and 39/126 (31.0%) intense (Table 2). In addition,
most specimens exhibited more than 50% of positive cells (75.4%). A
significant correlation was found between these two parameters
(Spearman’s correlation coefficient 0.5685; p<0.0001). According to
the IHC score, the median value was 160 (ranging from 10 to 270).

Clinicopathological features Number of cases (%)

Age (years)

< 50 70 (40.5)

≥ 50 103 (59.5)

Race/Ethnicity

White 114 (65.9)

Black 41 (23.7)

Mixed 18 (10.4)

Menopausal status

Pre 57 (32.9)

Post 105 (60.7)

Unknown 11 (6.4)

Tumor size (cm)

0-2 62 (35.8)

2.1-5 93 (53.8)

>5 12 (6.9)

Unknown 6 (3.5)

Lymph node metastasis

0 58 (33.5)

01-Mar 66 (38.2)

≥ 4 49 (28.3)

Stage

IIA 77 (44.5)

IIB 32 (18.5)

IIIA 31 (17.9)

IIIB 2 (1.2)

IIIC 31 (17.9)

Histological type

Infiltrating ductal carcinoma 136 (78.6)

Infiltrating lobular carcinoma 17 (9.8)

Infiltrating ducto-lobular carcinoma 4 (2.3)

Others 16 (9.3)

Nuclear grade

I 10 (5.8)

II 63 (36.4)

III 53 (30.6)

N.D. 47 (27.2)

Histological grade*

I 9 (5.0)

II 43 (24.9)

III 74 (42.9)

N.D. 47 (27.2)

Number of cases, 173; N.D., not determined; *Bloom-Richardson criteria

Table 1: Clinicopathological characteristics of patients.

NGcGM3 expression and clinicopathological features
No association between NGcGM3 expression in tumors and

parameters like age, race, menopausal status, stage of the disease,
tumor size and lymph node status was evidenced, though a tendency
for a higher presence of this ganglioside in infiltrating ductal
carcinomas, when compared with the rest of tumor types, was
apparent but not statistically significant (Table 2). On the contrary, an
increased expression of NGcGM3 (intensities 2 and 3) was found in
tumors displaying higher nuclear grades II and III (80.2%) when
compared with grade I (40.0%), consequently associating the intensity
of the presence of the glycolipid with the nuclear grade in estrogen and
progesterone receptors positive breast tumors (p=0.015).

Interestingly, a more precise comparison between specific groups
showed that the major difference in the level of expression of the
ganglioside arose from that of nuclear grade II and nuclear grade I
tumors (Chi-square paired test, p=0.0036).

Similarly, tumors with histological grades II and III (77.8%) tended
to display higher levels of NGcGM3 expression in comparison with
grade I ones (66.7%), but again lacking statistical significance.

Further association of NGcGM3 expression with the
clinicopathological parameters was not evidenced when the percentage
of positive cells or the IHC score were analyzed. Only a tendency
between the percentage of positive cells and the tumor size was
observed (p=0.062).

Discussion
The aberrant expression of NGcGM3 has been demonstrated in a

variety of human tumors including breast carcinomas [13-15].
Moreover, a possible relationship of this ganglioside with cancer
progression and its immunosuppressive properties has been also
suggested [16,23,24], while evidences of the association between its
expression and a poor overall survival in colon adenocarcinoma [24]
and non-small cell lung cancer (NSCLC) [25] were found. However,
experimental data concerning to the role of this molecule in the
biological behavior of breast cancer, particularly in estrogen and
progesterone receptors positive tumors, is scarce.
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Histopathological features

 

NeuGcGM3 expression no. cases (%)

P value

 

Low Medium High

Histological type

Infiltrating ductal carcinoma 30 (22.1) 71 (52.2) 35 (25.7)

ns
Infiltrating lobular carcinoma 7 (41.2) 4 (23.5) 6 (35.3)

Infiltrating ducto-lobular carcinoma 2 (50.0) 1 (25.0) 1 (25.0)

Others 3 (18.8) 9 (56.3) 4 (25.0)

Nuclear grade

I 6 (60.0) 2 (20.0) 2 (20.0)

0.015II 9 (14.3) 35 (55.6) 19 (30.2)

III 14 (26.4) 21 (39.6) 18 (34.0)

Histological grade*

I 3 (33.3) 3 (33.3) 3 (33.3)

nsII 9 (20.9) 22 (51.2) 12 (27.9)

III 17 (23.0) 33 (44.6) 24 (32.4)

*Bloom-Richardson criteria; ns, no significant.

Table 2: Distribution of NeuGcGM3 according to histopathological characteristics.

In the present study the aberrant expression of NGcGM3 in 126
breast carcinoma samples was assessed by IHC. An important practical
issue in this type of study is the quantitative criteria of NGcGM3
expression. In previous studies different procedures for the
quantitation of the ganglioside expression was applied, as the separate
assessment of the percentages of positive cells and the staining
intensity [14,23,26], or also different scores [24,25,27]. As divergent
ways to measure this molecule in tumor samples could render
contradictory results between distinct laboratories, we conducted the
immunohistochemical analysis of NGcGM3 expression mainly using
the intensity of the 14F7 Mab reaction, though the percentage of
positives cells and an IHC score was also explored. Unfortunately, a
universal criteria for the evaluation of NGcGM3 expression has not
been established yet.

In this serial an association between the abundance of this
glycolipid in tumor tissues with parameters like age, race, menopausal
status, tumor size, lymph node status and stage was not observed.
Curiously, in positive cases the presence of the ganglioside was
detected in malignant cells´ membranes and cytoplasm as well.

Similarly, differences in the intensity of 14F7 Mab reaction within
breast cancer histological subtypes was not detected, confirming
previously described results in this type of malignancy [14].
Interestingly, previously reported differences between infiltrating
ductal vs. lobular breast carcinomas by means of an IHC score [19]
were not reproduced in the present study, probably due to differences
in the number of cases, histological subtypes and cut-off points. A
similar lack of association between the intensity of NGcGM3
expression and the histological subtype was described for NSCLC [25],
while statistically significant differences of NGcGM3 expression within

the histological subtypes of ovarian adenocarcinomas [14] and skin
tumors [28] have been observed.

Nevertheless, a first evidence of the association of NGcGM3
expression with nuclear grade in breast tumors is the major finding in
this research. Mostly, samples displaying nuclear grades II and III
showed a relative preferential accumulation of NGcGM3. More
specifically, a paired comparison between the intensity of NGcGM3
expression in tumor samples with nuclear grades I, II and III showed
that the major difference in the level of expression of the ganglioside is
between nuclear grade II and nuclear grade I tumors, suggesting a
particularly higher accumulation in the intermediate stage of
undifferentiation.

It is well known that nuclear grading is the cytological evaluation of
size and shape alterations of tumor nuclei in comparison with normal
mammary epithelial cells and this histopathological feature is strongly
associated with the aggressiveness of breast carcinomas [29,30].

Furthermore, an increased accumulation of NGcGM3 was apparent
in breast carcinomas displaying higher histological grades according to
the Bloom-Richardson system (based on the evaluation of nuclear
grading in conjunction with mitotic count and the degree of tubule or
gland formation) [31]. A similar increase in the presence of NGcGM3,
associated to a major histological grade, was reported for transitional
cell bladder carcinomas and malignant gliomas [19].

Reasonably, a common increased expression of NGcGM3 in higher
nuclear and histological grade estrogen and progesterone receptors
positive breast tumors could be expected from the strong correlation
between these two parameters found for the samples in the present
study.
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As one limitation of the tumor samples characterization was the
lack of cell proliferation index evaluation, avoiding the differentiation
between luminal A and B tumors [32], a further assessment of the
NGcGM3 expression in these two subgroups of estrogen and
progesterone receptors positive breast tumors is warranted.

Conclusion
In summary, a step forward in the understanding of the presence

and possible biological significance of NGcGM3 ganglioside in
estrogen and progesterone receptors positive breast cancer has been
accomplished. Interestingly, a significant enhancement of the
expression of this molecule correlated with an increase in nuclear
grade, mainly for nuclear grade II tumors, which is strongly associated
with the aggressiveness of breast carcinomas. On the other hand these
results may be relevant for predicting which type of patient is more
sensitive to be benefited by vaccination with GlycoVaxGM3, a
NGcGM3 based cancer vaccine currently tested in advanced clinical
trials in breast cancer patients.
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