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EXPRESSION OF N-GLYCANS IN BREAST CARCINOMA


ABSTRACT
Breast cancer is the most common malignant tumor and the second leading cause of cancer mortality in women and characterized by distinct shifts in the N-glycome, including increased multi-antennary branching and hypersialylation. High-mannose structures are consistently upregulated in both tissue and serum, offering high diagnostic accuracy for early-stage detection. The aim of this study is to evaluate the expression of N-glycans in paraffin-embedded blocks from breast tissues diagnosed with breast carcinoma. Lectin histochemistry, were used to examine the expression and distribution of N-glycan in paraffin-embedded blocks from 10 breast tissues diagnosed with fibroadenoma, breast carcinoma and as control 5 healthy tissue samples, using lectins from Ulex europaeus I, Lens culinaris, Canavalia ensiformis, Lotus tetragonolobus and Triticum vulgaris. The lectins from Lotus tetragonolobus and Ulex europaeus I remained constant suggesting a ubiquitous binding target regardless of pathology; lectins such as Lens culinaris and Triticum vulgaris show a loss of reactivity associated with more advanced stages of malignancy (grade III). In contrast, the biphasic behavior of Canavalia ensiformis requires further investigation to determine whether the recovery observed in grade III is due to specific changes in membrane glycosylation during tumor progression.  Our results suggest that the variability in lectin affinity reflects alterations in cellular N-glycosylation, making it possible to distinguish between different stages of histological tumor progression; further studies are required to confirm this

Keywords: N-glycans, Breast Cancer, Lectin histochemistry.

1. INTRODUCTION.
Breast cancer remains the leading cause of cancer deaths in women worldwide. The chances of a woman developing this disease in her lifetime have increased significantly over the past few decades from 1 in 11 in 1975 to 1 in 8 in 2016 (Scott & Drake, 2019). While the mortality rate from breast cancers confined to the breast or associated draining lymph nodes is low, the majority of breast cancer deaths are due to the spread of the disease. When breast cancer spreads to other vital organs such as the lung, liver, brain and bones, it can result in an impairment of the organ’s ability to function and ultimately death (Ibrahim E et al, 2009). Glycosylation is a term used to describe the biosynthetic enzymatic process that involves the sequential removal and addition of individual carbohydrates to proteins and lipids (Munkley J et al, 2016). For glycoproteins, the attached glycans are classified as either N-linked (Asn) or O-linked (Ser/Thr) based off the amino acid residue to which they are attached. N-linked glycosylation of newly synthesized proteins occurs co-translationally in the endoplasmic reticulum. N-linked glycans are further processed by a highly regulated sequential series of glycosidases and glycosyltransferases in the endoplasmic reticulum (ER) and Golgi apparatus. Individual glycosyltransferases may exhibit overlapping specificities in some instances (Kuzmanov et al, 2013, Spiro 2002). N-linked glycans most commonly contain mannose, galactose, N-acetylglucosamine, fucose, and sialic acid sugars, and less commonly N-acetylgalactosamine and glucose. In cancer, oncogenic transformation associated with changes in glycosylation was first documented over seven decades ago (Taniguch & 2 Kizuka, 2015). the N-glycome undergoes dynamic remodeling that facilitates tumor cell survival, migration, and colonization of distant organs. Understanding these patterns is essential for the development of next-generation biomarkers and therapies that can overcome the limitations of current clinical tools (Lee et al, 2020). The aim of this study is to evaluate the expression of N-glycans in paraffin-embedded blocks from breast tissues diagnosed with breast carcinoma.



MATERIAL AND METHODS


2.1 Reagents
The biotinylated lectins from, Ulex europaeus I, Lens culinaris, Canavalia ensiformis, Lotus tetragonolobus and Triticum vulgaris were obtained from Vector Laboratories, (Burlingame, CA USA). streptavidin-peroxiodase, and chemical reagents were from (Sigma Chemical Co, USA), 3-Amino-9-Ethyl-carbazole (AEC) kit as substrate for peroxidase was obtained from Vector Laboratories
2.2 Source of tissues
10 Paraffin-embedded blocks from breast tissues diagnosed with breast carcinoma were kindly donated by Paulina Leyva from the Pathology Department of the School of Medicine, UABJO, Oaxaca, Mexico.  10 healthy control tissue samples were obtained from cosmetic procedures at the Plastic Surgery service from the Mexican Institute of Social Security (IMSS for its initials in Spanish), Mexico.
2.3 Ethical approval
The study protocol was approved by the Institutional Review Board of Research of the Medical School of UABJO.
2.4 Immunohistochemistry
Paraffin-embedded blocks from breast carcinoma and normal control were cut in 6 µm-thick sections. Select sections were labeled with lectins (5µg/ml) overnight at 4ºC. After incubation, the slides were washed with PBS, pH 7.4, and covered with 300 μl of 5% skimmed milk in PBS, pH 7.4, and incubated for 12 h at 4°C. Then, after washing with PBS, pH 7.4, the samples were labeled with streptavidin-peroxidase (1:1000 in PBS) for 1 h at 37°C. Unbound conjugate was removed by washing six times with PBS. The binding of lectins or antibody was revealed by incubating with 3-amino-9-ethyl-carbazole (AEC), following instructions of manufacturer (Invitrogen), during 15 min at 37°C. The reaction was stopped by washing with water. Slides were observed with an AXIOSCOP 40 microscope (Zeiss, Germany) equipped with a digital camera AXIOCAM MRC (Zeiss) and micrographs were analyzed with the ZEN 2011 Software (Zeiss).


2.8 Lectin specificity
To determinate the lectin specificity in control breast epithelium and carcinoma, assays using lectin histochemistry were performed using lectins incubated with 200 mM of their specific monosaccharide 30 min before use to histochemistry. The presence and absence of staining in samples was recorded as follow: No stain (0), ductal stain (1), ductal and estromal stain (2), ductal and some stromal cells stain (3). 

2.9 Statistical Analysis
Fisher’s exact test was performed using GraphPad InStat version 3.00 (GraphPad Software, San Diego, CA).

3. RESULTS 
3.1 Immunohistochemistry
Table No.1 shows the oligosaccharide structures recognized by the lectins used

TABLE 1
Lectins and the oligosaccharide structures they recognize
	Lectin
	Abbreviation
	Oligosaccharide structure

	Lens culinaris
	LCA
	Manα1,6(Manα1,3)Manβ14(Fucα1,2)GlcNAc-Asn.

	Canavalia ensiformis
	Con A
	Manα1,2Manα1,2ManαGlcNAcβ1,2Man

	Triticum vulgaris
	WGA
	GlcNAcβ1,4GlcNAc    
β1-4GlcNAc; Neu5Ac

	Ulex europaeus I
	UEA I
	α-L-Fucosa                      
Fuc(α1,2)Gal(β1,4)GlcNAc

	Lotus tetragonolobus
	 LTL
	Fuc(α1,2)Gal(β1,4){Fuc(α1,3)}GlcNAc



The number of positive and negative samples that the lectins recognized is displayed in Table 2. The lectins LTL and LCA recognized two samples and did not recognize two samples in the normal breast tissues, while UEA 1, WGA, and Con A recognized three samples and did not recognize one.
 Regarding the fibroadrmona samples, ten samples are recognized by the UEA-1 and LTL lectins. Eight samples are recognized by the WGA lectin, while two are not. Finally, only four samples are recognized by the LCA lectin, while six samples are negative; five samples are recognized by the Con A lectin, while five samples are negative. 
The UEA, LTL, and WGA lectins were found to recognize eight tissues in the samples with grade II moderately differentiated ductal carcinoma, while the LCA and Con A lectins only recognized two tissues, with the remaining eight being negative.
In samples of breast tissue containing grade III poorly differentiated ductal carcinoma, it was found that the UEA lectin recognized eight samples, two of which were negative; the LTL lectin recognized seven samples, three of which were negative; the Con A lectin recognized six samples, four of which were negative; the WGA lectin recognized three samples, seven of which were negative; and lastly, the LCA lectin only interacted with two samples, eight of which were negative.
TABLE 2
Number of samples recognised by the lectins used
	LECTIN
	NORMAL
(+)       (-)
	FIBROADENOMA
(+)       (-)
	CANCER
            II
(+)          (-)
	CANCER 
III
 (+)       (-)

	Ulex europaeus I
	     3         1
	       10         0
	8           2
	         8             2

	Lens culinaris
	2        2
	4         6
	3            7
	2            8

	Triticum vulgaris 
	3         1
	8         2
	8             2
	3            7

	Lotus tetragonolobus
	2         2
	10         0
	8             2
	7             3

	Canavalia ensiformis
	3        1
	5         5 
	3             7
	6              4


+ Positive recognition
- No recognition
Figure 1 shows the recognition of Ulex europaeus I (UEA-1) lectin in normal tissue (A), in fibroadenoma (B), in samples of grade II ductal carcinoma (C) and in samples of grade III ductal carcinoma (D); in all cases, the lectin recognises the epithelial cells of the ducts and the intraductal component.  
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Figure 1. The results of histochemistry using Ulex europaeus I lectin are shown. A) shows lectin binding in the ducts of normal tissue. B) lectin binding is observed in the ducts of tissue samples containing fibroadenoma.  C) shows lectin recognition in the ducts of grade II invasive ductal carcinoma. D) shows lectin recognition in the ducts of grade III invasive ductal carcinoma. The yellow arrows indicate the site of lectin recognition. Microphotographs 10x.

Figure 2 shows the recognition of Lens culinaris (LCA) lectin in normal tissue (A), the lectin recognises the epithelial cells of the ducts and the intraductal component. In fibroadenoma (B), the lectin recognises the epithelial cells of the ducts and the intraductal component and the stroma. In samples of grade II ductal carcinoma (C) and in samples of grade III ductal carcinoma (D); the lectin recognises the epithelial cells of the ducts and the intraductal component.  
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Figure 2. The results of histochemistry using Lens culinaris lectin are shown. A) shows lectin binding in the ducts of normal tissue. B) lectin binding is observed in the ducts and stroma of tissue samples containing fibroadenoma.  C) shows lectin recognition in the ducts of grade II invasive ductal carcinoma. D) shows lectin recognition in the ducts of grade III invasive ductal carcinoma. The yellow arrows indicate the site of lectin recognition in ducts. The white arrow indicates the site of lectin recognition in stroma. Microphotographs 10x.

Figure 3 shows the recognition of Triticum vulgaris (LCA) lectin in normal tissue (A), the lectin recognises the epithelial cells of the ducts and the intraductal component. In fibroadenoma (B), the lectin recognises the epithelial cells of the ducts and the intraductal component and the stroma. In samples of grade II ductal carcinoma (C) and in samples of grade III ductal carcinoma (D); the lectin recognises the epithelial cells of the ducts and the intraductal component.  
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Figure 3. The results of histochemistry using Triticum vulgaris lectin are shown. A) shows lectin binding in the ducts of normal tissue. B) lectin binding is observed in the ducts and stroma of tissue samples containing fibroadenoma.  C) shows lectin recognition in the ducts of grade II invasive ductal carcinoma. D) shows lectin recognition in the ducts of grade III invasive ductal carcinoma. The yellow arrows indicate the site of lectin recognition in ducts. The white arrow indicates the site of lectin recognition in stroma. Microphotographs 10x.

Figure 4 shows the recognition of Lotus tetragonolobus (LTL) lectin in normal tissue (A), the lectin recognises the epithelial cells of the ducts and the intraductal component. In fibroadenoma (B), the lectin recognises the epithelial cells of the ducts and the intraductal component and the stroma. In samples of grade II ductal carcinoma (C) and in samples of grade III ductal carcinoma (D); the lectin recognises the epithelial cells of the ducts and the intraductal component.  
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Figure 4. The results of histochemistry using Lotus tetragonolobus lectin are shown. A) shows lectin binding in the ducts of normal tissue. B) lectin binding is observed in the ducts and stroma of tissue samples containing fibroadenoma.  C) shows lectin recognition in the ducts of grade II invasive ductal carcinoma. D) shows lectin recognition in the ducts of grade III invasive ductal carcinoma. The yellow arrows indicate the site of lectin recognition in ducts. The white arrow indicates the site of lectin recognition in stroma. Microphotographs 10x.


Figure 5 shows the recognition of Canavalia ensiformis (Con A) lectin in normal tissue (A), lectin in normal tissue (A), in fibroadenoma (B), in samples of grade II ductal carcinoma (C) and in samples of grade III ductal carcinoma (D); in all cases, the lectin recognises the epithelial cells of the ducts and the intraductal component.  
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Figure 5. The results of histochemsitry using Canavalia ensiformis lectin are shown. A) shows lectin binding in the ducts of normal tissue. B) lectin binding is observed in the ducts of tissue samples containing fibroadenoma.  C) shows lectin recognition in the ducts of grade II invasive ductal carcinoma. D) shows lectin recognition in the ducts of grade III invasive ductal carcinoma. The yellow arrows indicate the site of lectin recognition in ducts. Microphotographs 10x.


3.2 analysis
The results of the statistical analysis indicate that none of the comparisons carried out between the different tissue types (Normal, Fibroadenoma, Cancer II, Cancer III) for any of the lectins reached the threshold for statistical significance (p < 0.05). 

4. DISCUSSION
Breast cancer comprises ~30% of new cancer diagnoses, and is one of the most common causes of cancer mortality in women (Siegel et al., 2017). Among the most significant molecular alterations observed in breast cancer is the dysregulation of N-glycosylation, a complex post-translational modification that profoundly influences protein function, stability, and cellular signaling (Lee et al, 2020, Liang et al. 2023 and Gupta et al., 2023).
The results obtained through lectin histochemistry in human breast tissue reveal significant variations in the expression of glycans associated with tumour progression, highlighting the dynamic remodelling of the N-glycomic profile in ductal carcinoma. Altered glycosylation is a hallmark of malignant transformation, facilitating processes such as cell migration, invasion and immune evasion. 
The loss of reactivity observed for Lens culinaris (LCA) and Triticum vulgaris (WGA) in grade III (poorly differentiated) ductal carcinomas, compared with grade II samples and normal tissues, suggests a reduction in the presence of specific structures recognised by these lectins as the degree of malignancy increases. LCA specifically binds to glycans with α 1-6 linked fucose residues, whilst the WGA detects traces of N-acetylglucosamine (GlcNAc). In breast cancer, changes in fucosylation are heavily associated with increased invasiveness and altered cell-matrix interactions (Fohona et al, 2017). Lens culinaris agglutinin, binds specifically to hepatocellular carcinoma -associated glycovariant of α-fetoprotein (Taketa et al, 1993).
The lectin from Triticum vulgaris is widely used to study the altered glycocalyx (the carbohydrate-rich layer) of cancer cells. Altered expression of the carbohydrates recognised by WGA is involved in tumor-related processes such as cell adhesion, motility, angiogenesis and apoptosis. (Vieira-de-Mello et al, 2013). In cell culture studies, WGA has been shown to considerably influence and potentially inhibit the growth of human breast cancer cell lines (MCF-7 and T 47D). (Valentiner et al, 2003).
The reduction in these oligosaccharide structures, recognised by LCA and WGA lectins, in advanced stages (grade III) may reflect an alteration in the glycosylation machinery (glycosyltransferases) leading to the simplification of certain N-glycan structures or to masking by hypersialylation, a phenomenon documented in the progression of various breast tumors.
The lectin from Lotus tetragonolobus exhibits the same recognition pattern across all the breast tissue samples studied, suggesting that the fucosylated epitope it recognizes is a conserved structural feature of breast tissue, regardless of its pathological status.
Lotus tetragonolobus lectin has been used in cancer research to detect aberrant fucosylation on breast cancer cells. (Hashim et al., 2017). Lotus tetragonolobus lectin binds to LewisX and LewisY in fucosylated semen clusterin, but not serum clusterin or recombinant clusterin in breast cancer cells frequently overexpress these altered fucose chains (Merlotti et al., 2019 & Listinsky et al., 2011).
These results may be due to the cellular origin of the cancer. Basal and luminal adenomas do not share the same glycosyltransferases responsible for glycosylating proteins. In this case, the fucosyltransferases (Lai et al., 2019).
The lectin from Ulex europaeus I exhibit the same recognition pattern across all the breast tissue samples studied. The lectin from Ulex europaeus I have been used in histochemistry on breast cancer tissue samples and was associated with disease-free interval and survival (Fenlon et al., 1987). Lectin binding was also compared with pathological prognostic factors and details of clinical follow-up, as well as paraffin-embedded tissue samples from breast carcinoma (Erhan et al., 1996). Receptors sites for Ulex europaeus I stained non-malignant epithelium of patients with blood group H but did not stain malignant cells (Skutelsky et al., 1988). Ulex europeus I lectin has also been used to capture circulating SW480 colon cancer cells (Tian et al., 2022).
Canavalia ensiformis is a well-studied plant lectin (carbohydrate-binding protein) extracted from jack bean sedes, exhibited limited cytotoxicity in breast and liver cancer cells (Marey et al., 2026). Canavalia ensiformis inhibited the growth of MCF-7 cells in dose- and time-dependent manners (Shi et al., 2013). The most studied receptor of ConA biology is MT1-MMP (Membrane-Type Matrix MetalloProteinase-1). It evidenced that the tumor cells benefit from MT1-MMPs since they cause a simpler metastasis and neovascularization by activating different MMPs (Sato et al., 2005, Sounni) et al., 2025, Cavada et al., 2023).
The lectin from Canavalia ensiformis exhibits biphasic behaviour, as its recognition decreases in grade II cancer samples, whilst it increases in grade III samples; this suggests that the expression of the oligosaccharide structures recognised by this lectin exhibits high intratumoural heterogeneity, and further studies are therefore required to elucidate this observed behaviour.
5.CONCLUSIONS
This study examined lectin-binding patterns associated with selected N-glycan-related structures in normal breast tissue, fibroadenoma, and ductal carcinoma. The findings showed variable lectin recognition among tissue categories, with relatively stable binding for Ulex europaeus I and Lotus tetragonolobus, reduced recognition of Lens culinaris and Triticum vulgaris in grade III carcinoma, and a variable pattern for Canavalia ensiformis. These observations suggest that breast tissue glycosylation may change during histological tumor progression. However, because the statistical comparisons did not reach significance, the findings should be interpreted cautiously. Larger studies with quantitative glycomic validation are required to confirm these preliminary observations.

6. LIMITATION OF THIS STUDY
Although this study provides valuable information on glycomic remodelling in ductal breast carcinoma, it is essential to recognize the following limitations inherent in the methodological design: as this is an observational cross-sectional study with a limited number of tissue samples, this may restrict the ability to generalize the findings to the entire population of patients with breast carcinoma. The study relies primarily on the intensity of histochemical staining (qualitative or semi-quantitative analysis). This approach is limited in its ability to define the exact changes in the structure of N-glycans.
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