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Abstract: Increased sialylation and β1,6-branched oligosaccharides has been associated with a variety of structural 
changes in cell surface carbohydrates, most notably in tumorigenesis. Lectins are defined as proteins that prefer-
entially recognize and bind carbohydrate complexes protruding from glycolipids and glycoproteins. This interaction 
with carbohydrates can be as specific as the interaction between antigen and antibody. Due to this type of interac-
tion lectins have been used as experimental auxiliary tools in histopathological diagnosis of cancer. This study was 
designed to evaluate the differential expression of sialic acids and β1,6-N-acetylglucosaminyltransferase V (MGAT5) 
in invasive (IDC) and in situ (DCIS) ductal carcinoma of the breast and its possible application as prognostic bio-
markers. A possible transition between pre-malign and malign lesions was evaluated using DCIS samples. Biopsies 
were analyzed regarding the expression of MUC1, p53, Ki-67, estrogen receptor, progesterone receptor, HER-2 and 
MGAT5. α2,6-linked sialic acids residues recognized by SNA lectin was overexpressed in 33.3% of IDC samples and 
it was related with Ki-67 (p=0.042), PR (p=0.029), lymphnodes status (p=0.017) and death (p=0.011). Regarding 
survival analysis SNA was the only lectin able to correlate with specific-disease survival and disease-free survival 
(p=0.024 and p=0.041, respectively), besides, it presents itself as an independent variable by Cox Regression 
analysis (p= 0.004). Comparing IDC and DCIS cases, only SNA showed different staining pattern (p=0.034). The 
presence of sialic acids on tumor cell surface can be an indicative of poor prognosis and our study provides further 
evidence that SNA lectin can be used as a prognostic probe in IDC and DCIS patients.
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Introduction

Breast cancer is the most common cancer 
among women worldwide [1]. In Brazil the esti-
mative rate for 2014 is 57.120 of new breast 
cancer cases with more than 12.000 deaths 
[2] while in the USA about 300.000 cases of 
breast cancer is expect to be newly diagnosed 
in the same year [1]. This high mortality rate is 
probably because the disease is still diagnosed 
in advanced stages. Even with great advances 
in diagnosing and treatment methods, both 
clinical and scientific problems remain unsolved 
[3].

Aberrant and deregulated protein glycosylation 
is a well-established event in the process of 
oncogenesis and cancer progression [4, 5]. 
Such post-translational changes can affect 
many cellular processes such as cell-cell and 
cell-matrix recognition, adhesion, motility, con-
trol of membrane permeability and molecular 
recognition [6, 7].

The glycocode in glycoconjugates (glycopro-
teins or glycolipids) is orchestrated by glycosyl-
transferases and glycosidases, responsible for 
the synthesis and the breakdown of glycoconju-
gates, respectively, being their aberrant expres-
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sion often related to the regulation of biological 
tumors behaviors [6-8]. These enzymes show 
to be useful cancer biomarkers for predicting 
clinical outcome in cancer [9].

One of the most common carbohydrates that 
participate of carcinogenesis, invasion and 
metastasis is the sialic acid [8]. Tumor cells 
relationships with themselves and with sur-
rounding tissue are related to aberrant expres-
sion of terminal sialic acids; in particular α2,3 
and α2,6-linked sialic acids [8, 10]. Tumo- 
rigenesis-involved proteins can present overex-
pression of sialic acids residues as Integrins 
α5, αv and β1 [11, 12], epidermal growth factor 
receptor (EGFR), Lamp-1, MUC1 and N-Cadherin 
[13] and they may contribute directly with 
altered growth control, adhesion, epithelial-
mesenchymal transition and metastasis [14].

β1,6-N-acetylglucosaminyltransferase V (MG- 
AT5; or GnT-V commonly used to refer the gene) 
catalyzes β1,6 branching of N-acetylglucosam- 
ine residues (GlcNAc) on asparagine N-linked 
oligosaccharides (N-glycan) of cell proteins 
[15]. MGAT5 and β1,6-GlcNAc branched 
N-glycans are tumor-associated glycoproteins 
commonly increased in malign ones, and their 
higher levels were already correlated with dis-
ease progression in colorectal cancer [16] and 
lymph node metastasis in breast cancer [17]. 
N-acetylglucosamine residues can be recog-
nized by a variety of lectins and according to 
Cummings et al. [18], Phaseolus vulgaris leuco-
agglutinating (PHA-L) binds specifically to 
mature MGAT5 products (β1,6-GlcNAc bra- 
nched N-glycans) and, therefore, it has been 
used as a probe for MGAT5-modified glycans.

Kuzmanov, Kosanam and Diamandis [4] pre-
sented a series of technical and biological 
obstacles to reflect the status of a glycoprotein 
biomarker and there is only a very limited set of 
tools capable of performing this task, and lec-
tins are one of these useful tools. These oligo-
meric proteins have saccharide-binding sites 
that can recognize and bind specific saccha-
rides in glycoconjugate as those in cancer cells 
which often display altered surface glycopro-
teins [19]. Lectin histochemistry has been used 
to investigate the cell surface carbohydrates in 
normal and transformed tissues [20-22]. Its 
application was documented, for example, by 
Dosaka-Akita et al. [23] who used PHA-L to 
evaluate β1,6-branches on N-glycans of glyco-

proteins in non-small cell lung carcinoma; 
López-Morales et al. [24], applied Maackia 
amurensis agglutinin (MAA), which interacts 
with α2,3-linked sialic acid, and Sambucus 
nigra agglutinin (SNA), specific for α2,6-linked 
sialic acid, to examine the expression and dis-
tribution of sialic acid in different stages of cer-
vical neoplasia.

Increased sialylation and β1,6-branched oligo-
saccharides has been associated with a variety 
of structural changes in cell surface carbohy-
drates, including tumorigenesis. This study was 
designed to evaluate the differential expres-
sion of sialic acids and β1,6-N-acetylglu- 
cosaminyltransferase V in invasive (IDC) and in 
situ (DCIS) ductal carcinoma of the breast and 
its possible application as prognostic biomark-
ers. A possible transition between pre-malign 
and malign lesions was evaluated using DCIS 
samples.

Materials and methods

Patients’ files

Formalin-fixed paraffin embedded samples of 
invasive ductal carcinomas (IDC, n=225 - sizes 
ranging between 5-180 mm (mean 35 mm) 
were randomly chosen from the Biopsies Bank 
of the Department of Pathology of Ribeirão 
Preto Medical School at University of São Paulo, 
Brazil. The average age of patients included in 
this study was 55 years old (range 25-85 years). 
Lectin histochemistry with SNA and MAL-II (spe-
cific to α2,6- and α2,3-linked sialic acid resi-
dues) and PHA-L (specific to β1,6-N-
acetylglucosamine) and immunohistochemistry 
(ER, PR, Ki67, P53, HER-2, MUC1 and β1,6-N-
acetylglucosaminyltransferase V) were per-
formed. In ductal carcinoma in situ samples 
(DCIS, n=67 - age ranging from 24 to 83 year-
old, mean=51 year-old) SNA, MAL-II and PHA-L 
stainings as well as MGAT5, ER, PR, HER-2 were 
evaluated for comparing with IDC samples. 
Clinic histopathology data (age, menopausal 
status, tumor size, regional lymph nodes 
metastasis, recurrence, distant metastasis 
and death) were used for patient’s character-
ization. Patients were selected based on their 
histopathologic diagnosis and reviewed by a 
breast Pathologist (ARS) to confirm the diagno-
sis. As exclusion criteria the patients who 
received any oncology treatment before the 
diagnostic biopsy procedure were excluded of 
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the study. The protocol used in this study was in 
accordance with the ethical guidelines of the 
Declaration of Helsinki and it was previously 
approved by the Ethic Committee.

Tissue microarray - TMA

Core biopsies (diameter, 1 mm) were punched 
from representative regions of each formalin-
fixed and paraffin-embedded samples (IDC= 
225 and DCIS=67) and were arrayed into a new 
paraffin block using a Manual Tissue Arrayer I 
(Beecher Instruments, Silver Spring, USA). 
Tissue sections (3 µm-thick) were cut from the 
TMA paraffin block using a paraffin tape-trans-
fer system (Instrumedics, Saint Louis, USA) and 
placed in glass slides.

Immunohistochemistry

It was performed using the Biocare Medical 
Mach 4 Universal Polymer Detection (Concord, 
California, USA) according to Ribeiro-Silva et al. 
[25] and dos-Santos et al. [26]. The dilution and 
clone specification of the primary antibodies 
used in this study are presented in Table 1. 
Antibody recognition reaction was visualized 
using 3,3’-diaminobenzidine (DAB) followed by 
hematoxylin counterstaining. Normal liver sam-
ples were used as positive control for MGAT5. 
IDC cases previously known to be positive for 
Ki67, ER, PR, p53, HER-2 were used as positive 
controls for each reaction. Negative controls 
were prepared omitting the primary antibody.

Lectin histochemistry

Sambucus nigra agglutinin (SNA), Maackia 
amurensis agglutinin (MAL-II) and Phytohe- 

maglutinin-L (PHA-L) conjugated to biotin were 
used in this study. These lectins recognize 
α2,6-linked sialic acid, α2,3-linked sialic acid 
and β1,6-GlcNAc branched N-glycans, respec-
tively. Tissue sections (3 µm-thick) were depar-
affinized in xylene, rehydrated in ethanol, incu-
bated with a 0.3% hydrogen peroxide-methanol 
solution for 30 minutes at 25°C and treated 
with a 0.1% trypsin solution for 15 min at 37°C. 
For PHA-L, after trypsin treatment, sections 
were also treated with a neuroaminidase solu-
tion (0.1 U/mL) from Clostridium perfringens 
(Sigma Aldrich, Missouri, USA) for 1 hour at 
37°C. After trypsin and/or neuraminidase treat-
ment slices were incubated with 2% BSA 
(bovine serum albumin) solution and then incu-
bated, separately, with the lectins solutions (20 
μg/mL) overnight at 4°C. Slices were then incu-
bated with streptavidin-peroxidase polymer 
(Sigma Aldrich, Missouri, USA) for 45 min at 
25°C. A 100 mM phosphate buffer solution 
(PBS), supplemented with 150 mM NaCl, pH 
7.4 was used for washes between each proto-
col steps and solution preparation when not 
indicated elsewhere. Lectin staining was 
revealed with 3,3’-diaminobenzedine (DAB) fol-
lowed by hematoxylin counterstaining. Lectins 
staining negative controls were carried out 
replacing lectin by PBS. Table 1 presents the 
concentration and source specifications of the 
lectins used in this study.

Immuno- and lectin histochemistry evaluation

Immune stained slides were scored as positive 
as following: Ki67 (>14% of cancer cells [27]), 
ER and PR (>1% of cancer cells [28]), p53 (>5% 
of cancer cells [29]), MUC1 (>10% of cancer 

Table 1. Immune and lectin histochemistry reagents
Antibody*/Lectin** Dilution/Concentration Clone/Source Manufacturer
MGAT5 1:50 Polyclonal Sigma-Aldrich, USA
MUC1 1:50 695 Biocare Medical Concord, CA, USA
Ki67 1:100 MMI Novocastra, Newcastle upon Tyne, UK
ER 1:100 6F11 Novocastra, Newcastle upon Tyne, UK
PR 1:100 16 Novocastra, Newcastle upon Tyne, UK
p53 1:50 DO-7 Novocastra, Newcastle upon Tyne, UK
HER-2 1:100 CB11 Novocastra, Newcastle upon Tyne, UK
MAL-II 20 µg/mL Maackia amurensis Vector Labs, Burlingame, CA, USA
SNA 20 µg/mL Sambucus nigra Vector Labs, Burlingame, CA, USA
PHA-L 20 µg/mL Phaseolus vulgaris Vector Labs, Burlingame, CA, USA
*ER: estrogen receptor; PR: progesterone receptor; Human Epidermal growth factor Receptor 2. **MAL-II: Maackia amurensis 
agglutinin; SNA: Sambucus nigra agglutinin; PHA-L: Phytohemaglutinin-L.
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cells [30]). HER-2 was evaluated 
according to the ASCO/CAP HER-2 
Guideline update [31] as follow: IHC 
3+ defined based on circumferen-
tial membrane staining that is com-
plete, intense; IHC 2+ defined 
based on circumferential mem-
brane staining that is incomplete 
and/or weak/moderate and within 
>10% of the invasive tumor cells; or 
complete and circumferential mem-
brane staining that is intense and 
within ≤10% of the invasive tumor 
cells; IHC 1+ defined by incomplete 
membrane staining that is faint/
barely perceptible and within >10% 
of the invasive tumor cells; IHC 0 
defined by no staining observed or 
membrane staining that is incom-
plete and is faint/barely percepti-
ble and within ≤10% of the invasive 
tumor cells. Cases as IHC 2+ were 
submitted to chromogenic in situ 
hybridization (CISH). Only IHC 2+ 
cases in immunohistochemistry 
amplified on CISH were considered 
positive for statistical purposes. 
According to Dosaka-Akita et al. 
[23] MGAT5 expression was classi-
fied as high (≥50% was positive) or 
low (<50% was negative) and lectin 
histochemistry staining was consid-
ered negative for <10%, moderate 
for 10% to 30% and intense for 
>30% of stained neoplastic cells. 
All staining score were evaluated 
using light microscopy.

Chromogenic in situ hybridization 
(CISH)

Positive (2+) immunohistochemis-
try HER-2 cases were also evaluat-
ed by chromogenic in situ hybridiza-
tion (CISH). The ZytoDot 2C SPEC 
HER2/CEN 17 probe kit (Zytovision, 
Bremerhaven, Germany) was used 
for the detection of the human 
HER-2 gene and alpha-satellites of 
chromosome 17. All procedures 
were according to the manufactur-
er’s instructions which indicate that 
two green (HER-2) and two red (CEN 
17) signals were expected in a nor-

Table 2. SNA histochemistry, clinic-histopathologic features 
and immunohistochemistry in IDC
SNA (n=225)

Negative 
(n=150) % Positive 

(n=75) % P

Age (years)
    <50 64 42.7 28 37.3 0.267a

    >50 86 57.3 47 62.7
Menstrual Status
    Pre-menopausal 57 38.0 21 28.0 0.090a

    Post-menopausal 93 62.0 54 72.0
Size (mm)
    <20 44 29.3 24 32.0 0.794b

    20-50 61 40.7 27 36.0
    >50 45 30.0 24 32.0
Metastasis 0.064a

    No 114 76.0 49 65.3
    Yes 36 24.0 26 34.7
Death 0.011a

    No 112 74.7 44 58.7
    Yes 38 25.3 31 41.3
Recurrence
    No 132 88.0 64 85.3 0.357a

    Yes 18 12.0 11 14.7
Tumor Grade
    I 53 35.3 29 38.7 0.775b

    II 72 48.0 36 48.0
    III 25 16.7 10 13.3
Lymph node Status
    Negative 80 53.3 28 37.3 0.017a

    Positive 70 46.7 47 62.7
Tumor Stage
    I 21 14.0 11 14.7 0.932b

    II 69 46.0 33 44.0
    III 53 35.3 26 34.7
    IV 7 4.7 5 6.7
Estrogen Receptor
    Negative 56 37.3 20 26.7 0.073a

    Positive 94 62.7 55 73.3
Progesterone Receptor
    Negative 65 43.3 22 29.3 0.029a

    Positive 85 56.7 53 70.7
Ki-67
    Negative 89 59.3 54 72.0 0.042a

    Positive 61 40.7 21 28.0
p53
    Negative 55 36.7 21 28.0 0.125a

    Positive 95 63.3 54 72.0
HER-2
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mal interphase nucleus. HER-2 was considered 
amplified when the HER-2/CEN 17 ratio was ≥2 
on average for 60 cells. Only cases scored as 
2+ by immunohistochemistry in which the 
HER-2 was amplified on CISH analysis were 
considered positive.

Statistical analyses

Statistical analysis we carried out according to 
dos-Santos et al. [26], where the results were 
presented as positive (3+: intense positive 
staining and 2+: moderate positive staining) or 
negative (1+: weak positive staining and 0: neg-
ative staining) for tumor cells. Tests were per-
formed with PASW Statistics 19.0 software 
(Chicago, IL, USA). The relationships among 
SNA staining, immunohistochemistry and lectin 
histochemistry findings and clinic-pathologic 
features were tested with cross tables applying 
the χ2 (chi-square; three or more variables) or 
Fisher tests (two variables), and all tests were 
2-tailed. Kaplan-Meier curves, using the log-
rank test, were used to estimate and compare 
disease-specific survival, disease-free survival 
(DFS) and metastasis-free survival (MFS). The 
independent prognostic value of α2,6-linked 
sialic acids expression revealed by SNA was 
performed using Cox Proportional Hazards 
Model. Results with p-value <0.05 were consid-
ered significant.

Results

Lectin histochemistry

Lectin histochemistry staining results were 
analyzed by χ2 (chi-square) test.

In IDC patients PHA-L staining presented a cor-
relation with age (p=0.028; 54.5% who were 
older than 50 year-old were PHA-L negative; 84 
out of 154), lymph node status (p=0.029; 62%, 
44 patients with lymph nodes committed out of 
71 patients PHA-L positive) and menopause 
status (p=0.015; 76.1% of post-menopausal 
patients were PHA-L positive; 54 out of 71).

IDC patients who expressed α2,6-linked sialic 
acid had a positive relation to as follow: death 
(p=0.011) and lymph node status (p=0.017). 
All of the clinicopathologic features of prognos-
tic significance and their respective correla-
tions with SNA staining are shown in Table 2.

IDC results showed that 33.3% were SNA posi-
tive (Figure 1A), 31.5% were PHA-L positive 
(Figure 1B), 31.1% were MAL-II positive. χ2 test 
analyzes for recognition of α2,3- and α2,6-
linked sialic acids revealed that 116 (51.5%) of 
all IDC cases were simultaneously negative for 
MAL-II and SNA and 36 (16%) cases were simul-
taneously positive for these two lectins 
(p=0.0001).

Regarding DCIS cases, 51% were post-meno-
pausal, 62.7% presented multifocal and archi-
tectural patterns as solid, comedo and cribri-
form. Lectin histochemistry for MAL-II, SNA and 
PHA-L was not correlated to any clinic-patholog-
ic parameters (age, menstrual status, size, 
nuclear grade and multifocal) in DCIS 
samples.

Regarding the relationship between MGAT5 
and PHA-L, at IDC diagnosis, 108 (48%) cases 
were simultaneously negative for both and 62 
(27.6%) cases were simultaneously positive 
(p=0.0001). At DCIS cases 23.9% (16) cases 
were positive for MGAT5 (Figure 1C) and PHA-L 
(Figure 1D) with p=0.013. We also observed 
that 68.7% (46 cases) were simultaneously 
negative for SNA and MAL-II (p=0.022).

Immunohistochemistry

In IDC biopsies 108 cases (48%) were positive 
for MGAT5; 82 cases (36.4%) were positive for 
Ki67; 138 cases (61.3%) were PR positive; 149 
cases (66.2%) were ER positive; 86 cases 
(38.2%) were positive for MUC1 and 47 cases 
(20.8%) positive for HER-2.

IDC MGAT5 positive samples presented corre-
lation with MUC1 expression (p=0.044) and ER 

    Negative 121 80.7 57 76.0 0.260a

    Positive 29 19.3 18 24.0
MUC1
    Negative 103 68.7 36 48.0 0.002a

    Positive 47 31.3 39 52.0
aFisher’s exact test; bX2 test.

MAL-II staining correlated to age 
(p=0.036; 68,6% of IDC patients 
who were older than 50 year-old 
were MAL-II positive; 48 out of 70) 
and menopause status (p=0.003; 
78.6% of post-menopausal patients 
were MAL-II positive; 55 out of 70).
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expression (p=0.046) but not with Ki67 
(p=0.299), PR (p=0.205) and p53 (p=0.416).

SNA staining inversely correlated with PR posi-
tive cases (p=0.029) and Ki-67 (p=0.042) and 
positively related with MUC1 (p=0.002). MAL-II 
and PHA-L presented no correlation with the 
immunohistochemistry markers evaluated.

DCIS samples were MGAT5 positive in 41 cases 
out of 67 (61.2%), ER positive in 46 cases 
(68.6%); PR and HER-2 were positive in 40 
cases (59.7%), each. Immunohistochemistry 
markers (ER, PR and HER-2) presented no cor-
relation with MGAT5.

Analysis of the lectin histochemistry and immu-
nohistochemistry correlation showed that 33 
(49.3%) of PHA-L negative patients were HER-2 
positive (p=0.006).

Survival analysis

Disease-specific Survival or overall survival 
(DSS), Metastasis Free Survival (MFS) and 
Disease-free Survival (DFS) were defined as the 
number of months from diagnosis to the time of 
death due to breast cancer, the time from diag-
nosis until the appearance of distant metasta-
sis and the time from diagnosis to the occur-
rence of local recurrence or metastasis, 
respectively.

Survival rates (DSS, MFS and DFS) were ana-
lyzed regarding their correlation to immunohis-
tochemistry for MGAT5 in IDC but no correlation 
was found.

Lectin histochemistry and survival rates corre-
lation was evaluated questioning whether the 
expression of carbohydrates in the tumor cells 
can be used as a biomarker for survival analy-

Figure 1. Immuno- and lectin histochemistry of Invasive ductal Carcinoma (IDC) and In situ ductal Carcinoma (DCIS) 
of Breast. A: SNA positivity in IDC (200x). B: PHA-L positivity in IDC (200x). Details in A and B show the negative 
staining for SNA and PHA-L, respectively, in IDC (observe that less than 10% of the cells were stained). C: Positive 
case for MGAT5 in DCIS (100x). D: Positive case for PHA-L in DCIS (200x). Details in C and D show a negative control 
of immune- and lectin histochemistry, respectively.
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sis in IDC, in our case sialic acid residues and 
β1,6-N-acetilglycosamine.

indicating a higher content of α2,6 sialic acids 
in IDC and a lower in DCIS.

Figure 2. Univariate analysis (Kaplan Mayer table followed by log-rank test) of the prognostic impact of α2,6-linked 
sialic acids status: A: in disease-specific survival of breast cancer patients (p=0.024); B: in disease-free survival of 
breast cancer patients.

Table 3. Cox Regression Model for significant variables 
in the univariate analysis of overall survival

Co-variables p-Value Exp (B)
95.0% CI for Exp (B)
Lower Upper

Age 0.211 0.472 0.141 0.836
Size* 0.155 - 0.354 1.123
Size (1) 0.105 0.438 0.162 1.189
Size (2) 0.770 1.106 0.562 2.176
Tumor Grade** 0.037 - 0.313 1.561
Grade (1) 0.019 0.343 0.339 1.270
Grade (2) 0.382 0.699 0.066 3.721
Limph node Status 0.211 0.657 0.148 1.678
Tumor Stage*** 0.397 - 0.346 2.834
Tumor Stage (1) 0.495 0.496 0.450 2.248
Tumor Stage (2) 0.261 0.498 0.072 0.280
Tumor Stage (3) 0.986 0.991 0.381 1.422
Recurrence 0.989 1.006 0.797 2.612
Metastasis 0.000 0.142 0.759 2.814
Menopausal Status 0.810 1.158 0.351 3.826
SNA 0.004 0.012 0.001 0.244
HER-2 0.358 0.731 0.005 1.210
Ki67 0.361 0.736 0.593 2.097
ER 0.225 1.443 0.162 1.189
PR 0.256 1.462 0.562 2.176
p53 0.736 1.115 0.351 3.826
*Size (<20; 20-50; >50 mm); **Tumor Grade I, II and III; ***Tumor 
Stage I, II, III and IV.

Results showed that only SNA correlated 
with survival. It was observed that this 
lectin which recognizes α2,6-linked sialic 
acids on tumor cells correlated with DSS 
(Figure 2A). It was observed a significant 
difference (p=0.024) between the pres-
ence and the absence of this carbohy-
drate on cells surface. DSS decreased as 
patients overexpressed α2,6-linked sialic 
acid in neoplastic cells. Correlation is 
also observed for DFS (p=0.041), (Figure 
2B) but not for MFS (p=0.106). 

In Multivariate Cox Analysis, SNA was 
found to be an independent variable 
(p=0.004) able to predict the probability 
of survival of patients with breast cancer 
(Table 3 and Figure 3). In these samples 
the probability of survival of the patients 
who express this carbohydrate consider-
ably drops with time.

DCI versus DCIS

The χ2 (chi-square) test was performed 
for lectin histochemistry and immunohis-
tochemistry findings in patients with IDC 
and DCIS to compare the parameters in 
both groups. Correlation was carried out 
for MGAT5, SNA, MAL-II, PHA-L, ER and 
PR. Results showed that, once more, only 
SNA staining was significant (p=0.034) 
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Discussion

In this study the SNA staining (evaluated by lec-
tin histochemistry) and its relationship with 
several cell biomarkers, including MGAT5, 
MUC1 and laboratory routine markers (ER, PR, 
HER-2, Ki67 and p53) were analyzed in a tissue 
microarray (TMA) cohort of 225 patients with 
invasive ductal carcinoma (IDC) of breast. Our 
study focused on evaluates the relationship 
between the expression of tumor-associated 
carbohydrates and well-established prognostic 
factors in patients with IDC and compare to 
ductal carcinoma in situ (DCIS) to assay the dif-
ferences between pre-malign and malign 
lesions. TMA was a trustful technique to access 
the protein expression and the results from its 
application are significant and reproducible as 
observed by several other authors who also 
used this technique to validate biomarkers [26, 
32].

It is known that changes in glycosylation of gly-
coproteins or glycolipids often cause a change 
in their function and such phenomenon is cor-
related with cancerous transformation [33, 
34]. According to Cui et al. [35] the overall sur-
vival of the patients who express different lev-
els of α2,3-sialic acid residues considerably 
drops and the occurrence of changes in the gly-
cocode of these glycoconjugates of cell surface 
stimulating/modulating adhesion, migration 
and invasion of breast cancers cells. The 
authors used 50 primary tumor samples, 50 

pair-matched lymph node metastasis tumor 
samples and MDA-MB-231, T-47D and MCF-7 
breast cancer cell lines with different metastat-
ic potential and they concluded that lymph 
node metastasis tumor samples exhibited high-
er levels of expression of α2,3-sialic acid resi-
dues compared to that of primary tumors. 
Differently, our study was designed with IDC 
samples (225) and we found that the overex-
pression of the α2,6-sialic acid residues, not 
α2,3, is closely related with the decreased sur-
vival of patients, which is in accordance with 
others types of cancer, including breast [12, 
36, 37].

Breast cancer development and progression 
are regulated by estrogen and its receptor (ER) 
along others predictive markers such as pro-
gesterone receptor (PR) and human epidermal 
growth factor receptor 2 (HER-2) [38]. Our study 
showed that 94 (41.8%) patients positive to ER 
and 85 (37.8%) patients positive to PR were 
negative to SNA staining with PR negatively cor-
relating with the expression α2,6-linked sialic 
acid (p=0.029). Semaan et al. [38] studied the 
glycoproteins in human breast cancer ER+ tis-
sues and in ER- tissues and found that some 
proteins were more glycosylated at the ER- tis-
sues. It is known that the loss of the hormonal 
receptor has been correlated with a more 
aggressive stage of the disease and this loss 
may affect the levels of sialic acids on tumor 
cells to be confirmed after in vitro and in vivo 
studies by our group.

Figure 3. Cox-Regression for SNA staining (p=0.004). A: Follow up time regarding the survival of patients. B: Survival 
time of patients who overexpressed α2,6-linked sialic acids on cell surface (green curve) and lack this aberrant 
expression (blue curve).
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MUC1 is usually present on the apical surface 
of secretory epithelia in normal cells and in 
malignant tissues, when cells lose their polari-
ty, MUC1 is found both in cytoplasm and mem-
brane, where there is an expression up to 90% 
of cases. This overexpression leads to the loss 
of cell-cell and cell-extracellular matrix adhe-
sion and, therefore, promotes cancer metasta-
sis [30, 39, 40]. In our study MUC1 was corre-
lated with α2,6-sialic acid (p=0.002). Cancer 
cells surface MUC1 was observed to be abnor-
mally glycosylated presenting in its structure 
many linkage sites to receive sialic acids 
[41-43].

Lectins have been a target of research in can-
cer glycobiology and have been used as a probe 
to investigate the cellular glycocode because 
they recognize carbohydrates in a specific way 
[19]. These molecules have been used in histo-
pathology investigation for mapping stages of 
differentiation, levels of malignancy and meta-
static ability in human brain tissue [20], breast 
[44-47], non-melanoma skin cancer [48] and 
other tissues [23, 49].

PHA-L binding profile and GnT-V overexpression 
(gene that encodes the enzyme MGAT5) has 
been associated with invasive/metastatic 
potential of cancer cells and consequent poor 
prognosis in several human carcinomas [13, 
17, 23, 50]. However, according to Huang et al. 
[51] MGAT5 has been demonstrated to display 
a distinct function in different types of tumors; 
down-regulation of GnT-V decreased prolifera-
tion and the metastatic/invasive potential of 
BGC823 gastric cancer cells in vitro). Dosaka-
Akita et al. [23], used 217 surgically resected 
NSCLCs to assay the activity of GnT-V by PHA-L 
histochemistry and after survival analysis con-
cluded that GnT-V low expression associated 
with shorter survival and poor prognosis in non-
small cell lung cancers. Handerson et al. [17], 
used a TMA with more than 400 patients with 
breast cancer and viewed that the abundance 
of β1,6-branched oligosaccharides (via PHA-L 
histochemistry) was directly associated with 
breast carcinoma nodal metastasis. In our 
study MGAT5 was overexpressed in 48% of IDC 
samples and do not correlated with survival. It 
is important to highlight that studies with breast 
cancer [17, 52] were conducted with PHA-L his-
tochemistry alone, not with MGAT5 immunohis-
tochemistry combined with PHA-L histochemis-
try like ours. Our study is the first regarding 

invasive and in situ ductal carcinoma address-
ing immuno- and histochemistry with MGAT5 
and PHA-L, respectively, and although the relat-
ed findings with these markers and the results 
showed a significant biologic importance of 
β1,6-branched oligosaccharides for breast can-
cer progression, the prognostic effect of PHA-L 
and MGAT5 is not strong enough to add inde-
pendent information to the established clinico-
pathologic variables.

We also found that the overexpression of α2,6-
linked sialic acid (recognized by SNA) can be a 
predictor of overall survival and disease-free 
survival; survival of patients who express this 
carbohydrate considerably drops with time. 
These findings are in accordance with some 
authors who described that the sialic acid pro-
file on the tumor cell surface is an indicative of 
a poor prognosis in colon, ovarian and breast 
cancer [53-55]. Ferreira et al. [48], investigated 
the expression of α2,6 and α2,3-linked sialic 
acids on non-melanoma skin cancer using SNA 
and MAL-II lectins histochemistry and found 
that these lectins can differentiate the stages 
of pre-malign and malign tumors. Other study 
was conducted by Borzym-Kluczyk and 
Radziejewska [56] in renal cancer tissues using 
Elisa-test with SNA and MAL-II, the authors 
founded that secreted α2,6 and α2,3-linked 
sialic acids were significantly increased by can-
cerous cells when compared to normal and 
intermediate renal tissue. All these findings are 
important to show that lectins can be use as 
prognostic probes to recognize the differences 
in carbohydrates expression pattern in pre-
malign and malign lesions.

It is known that high expression of sialic acids 
promotes a series of damages on cells, leading 
to a series of steps that can culminate with 
metastasis. MAL-II lectin strongly binds to α2,3-
linked sialic acid residues [57] but this lectin 
did not show correlation with any survival 
parameters. In our study MAL-II was positive in 
70 samples (31.1%), not statistically different 
to SNA (75 samples; 33.3%) but it is worth to 
note that most patients who died or presented 
local recurrence or metastasis had the expres-
sion of α2,6-linked sialic acid affecting the sur-
vival curves. Besides we observed that the 
α2,6-sialylation was associated with poor prog-
nosis in tumorigenesis as also observed by 
Swindall and Bellis in colon carcinoma cells 
[58].
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In breast cancers the most expressed glycosyl-
transferase is ST3Gal III which catalyzes the 
transfer of α2,3-linked sialic acid residues to 
terminal galactose (Gal) residues located on 
either Gal-β3GlcNAc or Galβ1-4GlcNAc struc-
tures. This enzyme has positive correlation with 
tumor size and lymph node status; moreover 
high ST3Gal III/ST6Gal I ratio (ST6Gal I which 
mediates the transfer of sialic acid with a α2,6-
linkage to terminal Gal) is correlated with a 
shorter overall survival and poor prognosis [58-
60]. In addition, ST6GalNAc V (which mediates 
the transfer of sialic acid with a α2,6-linkage to 
GalNAc residues) has been reported to mediate 
brain metastasis of breast cancer cells [61]. All 
these enzymes add sialic acids on the terminal 
portion of glycoproteins and can be altered in 
breast cancers, which are targets of studies in 
our group.

Our results showed that most of DCIS patients 
were SNA negative, completely different of IDC 
where the expression of this carbohydrate is 
associated with the survival of the patients. 
The sialic acids profile shows a relevant differ-
ence between DCIS and IDC group (p=0.034), 
as we observed using SNA, that turned out to 
be lower in DCIS patients compared IDC ones. 
It is important to note that the comparison 
between IDC and DCIS tumors showed no cor-
relation regarding MGAT5 or other marker 
expressed in these two groups of patients. It is 
known that DCIS is considered a premalignant 
stage of IDC with great differences comparing 
to normal tissues and the presence of α2,6 
sialic acids residues in glycoconjugates of 
tumor cell surface can be a indicative of a 
worse prognostic to patients diagnosed with 
IDC [62].

Although DCIS being considered as a precursor 
lesion for IDC [62, 63], the reported incidence 
of accompanying DCIS in IDC is not fully under-
stood. Our results showed a clear difference 
regarding SNA histochemistry profile in IDC 
samples and DCIS, more importantly these dif-
ferences can be easily assayed by simples and 
efficient techniques.

Conclusions

Exploitation of difference in cell surface gly-
cans between invasive ductal and in situ ductal 
carcinoma cells provides opportunities to dis-
cover new biomarkers to personalize diagnosis 

and treatment of cancer based in the fact that 
the combination of several biomarkers may 
lead to better prognosis information. Our find-
ings showed that SNA staining pattern strongly 
suggests that this lectin can be used as an 
easy probe to access sialic acid residues profile 
and then assist in patient prognosis. The pres-
ent study also contributes to future researches 
for the potential of these biomarkers as puta-
tive therapeutic target for breast carcinomas.
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