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Recognition of cervical cancer cells by the Amaranthus leucocarpus lectin
Abstract
Cervical cancer is strongly associated with human papillomavirus (HPV) infection and is accompanied by alterations in cellular glycosylation. This study evaluated glycoproteins recognized by Amaranthus leucocarpus lectin (ALL), which binds O-linked carbohydrate structures including T and Tn antigens, in HPV-positive and HPV-negative cervical cancer cells. HPV-positive CaLo and SiHa cells and HPV-negative ViBo cells were examined using lectin cytochemistry, flow cytometry, electrophoresis, Western blotting and lectin-based precipitation. Healthy cervical tissues (n = 5), cervical cancer tissues (n = 5) and cell lines were evaluated by fluorescence microscopy. The specificity of ALL lectin binding in the cell lines was also assessed by inhibition using specific carbohydrates and glycoproteins (GalNAc, lactose, fetuin and bovine submaxillary mucin). ALL showed greater recognition of HPV-positive cells than of HPV-negative ViBo cells. Inhibition assays using GalNAc and fetuin completely prevented lectin recognition in the cell lines. Flow cytometry (n=2) demonstrated ALL lectin-positive populations of 93.7% in CaLo, 97.2% in SiHa and 90.0% in ViBo cells, with mean fluorescence intensity values of 42,100, 40,000 and 26,600, respectively; the corresponding means reported in Table I were 48,700, 44,300 and 29,800. Western blot analysis (n=3) of total cell lysates revealed approximately 65- and 100-kDa lectin-reactive bands in all three cell lines. Analysis of precipitated glycoproteins demonstrated bands of approximately 100, 50–70 and 25 kDa in CaLo and SiHa cells, whereas a prominent approximately 25-kDa band was observed in ViBo cells. These preliminary findings indicate differences in ALL-reactive O-glycoprotein patterns among the cervical cancer cell lines examined. Further studies using additional cell models and direct molecular characterization are required to determine the relationship between HPV status and these glycosylation patterns.
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INTRODUCTION

[bookmark: _Hlk224673103]Cervical cancer has become one of the most prevalent female malignancies in developing countries, and research into its prevention and treatment is underway (Schiffman et al., 2007; Nyambe et al., 2021). The results of epidemiological research clearly indicate that the development of cervical premalignant lesions and malignant transformation is attributable to infection with specific genotypes of cancer-associated HPV (Muñoz et al., 2003). High-risk HPV types 16 and 18 are the most prevalent (Zhang et al., 2025). The application of HPV genotyping for screening programmes is an emerging field; however, it is imperative that simple cervical cancer detection methods are introduced with consideration of improved value and personalised monitoring (Schiffman et al., 2007). Glycosylation has been identified as a crucial process involved in a multitude of gynaecological cancers, including cervical cancer (Cisneros-Ramírez et al., 2020; Solórzano et al., 2012; Xu et al., 2021). The focus on glycosylation patterns as they relate to cervical cancer metastasis has been a major issue in the field for several decades (Dube & Bertozzi, 2005). A recent study in Kenya assessed the diversity of high-risk HPV genotypes alongside conventional and molecular cervical screening methods (Owino et al., 2025).

Glycans are complex structures and abnormal expression is a well-characterised feature of cancer cell attachment and cytoskeletal reorganisation (Marsico et al., 2018). The malignant phenotypes of cervical cancer cells are governed by a dynamic combination of altered expression levels and different O-glycosylation modifications (Pochechueva et al., 2012). The Tn antigen is described as GalNAc-Ser/Thr in the biosynthesis of mucin-type O-glycosylation, and it is usually extended into complex structures through different mechanisms, forming sialyl-Tn (sTn) antigen, T antigen, or N-acetylglucosamine (Cornelissen et al., 2020). This antigen is characterised by its abnormal expression in the majority of carcinomas. Consequently, it has not been observed to be expressed in non-malignant counterparts (Parameswaran et al., 2018). It has been established that alterations in Tn antigen are of pivotal significance in the processes of cancer immune evasion, cell adhesion and migratory abilities within the tumour microenvironment (Dong et al., 2018; Hofmann et al., 2015; Radhakrishnan et al., 2014). Transcriptomic and metabolomic analyses have identified a subgroup of cervical cancers characterised by glycan dysregulation, although further validation is needed (Dong et al., 2025). Single-cell and spatial transcriptomic analyses have also reported heterogeneity in glycosyltransferase expression within cervical cancer tissues (Xiao et al., 2025).

[bookmark: _Hlk224675778][bookmark: _Hlk224675929]Changes in glycosylation patterns can be recognised by lectins (Brooks, 2024), particularly those that recognise the Tn and T antigens. The Amaranthus leucocarpus lectin (ALL) binds specifically to Tn and T antigens (Hernández et al., 1999, 2001, 2004). The presence of the T and Tn antigens recognised by the ALL lectin has also been reported in fibroedema (Gallegos et al., 2010, 2012) and breast carcinoma (Gallegos-Velasco et al., 2015). ALL also acts as a mitogen on lymphocytes, specifically binding naive and activated CD4+ and CD8+ T cells to promote survival (Gómez-Henao et al., 2021).   A lectin isolated from the microalga Navicula sp. has also been studied in cervical cancer cell models (Anithavani et al., 2024). More recently, Maackia amurensis lectin-based biosensors have been evaluated with cervical cell lines and cervical samples for the detection of premalignant lesions (Zamudio Cañas et al., 2026).

Alterations in tumour cells and HPV-associated modifications of glycosylation have been studied. HPV 16 and 18 in cervical cancer are associated with increased transcript levels of ST3Gal3, ST6Gal1, and Fut5 (Thobias et al., 2026). E5 and E6 affect the regulation of other glycosyltransferases, including GALNT1 (Aco-Tlachi et al., 2018), GALNT2, GALNT3, GALNT4, GALNT10, GALNT13 and GALNT15 (Zhou et al., 2022). In SCC-152 HPV16-positive head and neck squamous cell carcinoma cells, levels of 9-O-acetylated sialic acid could be involved in cell survival and proliferation (Sánchez-Martínez et al., 2025). HPV-associated levels of O-GlcNAcylation in cervical cancer correlate with greater proliferation and lower senescence (Zeng et al., 2016). However, little is known about whether ALL can recognise differences in glycosylation between HPV-positive and HPV-negative cervical cancer cells. The objective of this study was to evaluate whether ALL can distinguish differences in glycosylation between HPV-positive and HPV-negative cervical cancer cells.

1. MATERIALS AND METHODS
2.2 Lectin extraction
Amaranthus leucocarpus seeds were obtained in Tulyehualco (Mexico), Mexico and were identified at the Department of Biochemistry, Faculty of Medicine, Universidad Nacional Autónoma de México, Mexico. Lectin was purified by affinity chromatography on a column containing human type O red blood cell stroma as described previously (Zenteno & Ochoa, 1988). The Amaranthus leucocarpus lectin (ALL) was labelled with fluorescein isothiocyanate (FITC) (Savage et al., 1992) and N-hydroxysuccinimide ester of biotin (Pierce Chemical, Rockford, IL, USA) (Ortíz et al., 2002) with a label/protein ratio of 2:1.

[bookmark: _Hlk225365990]2.3 Histochemistry
Five healthy cervical tissue samples obtained following hysterectomy for non-neoplastic reasons, without neoplasms or infectious or inflammatory processes, were included. For cervical cancer tissue, five samples with well-differentiated squamous cell carcinoma were included. Samples of healthy cervical tissue and cervical cancer tissue were provided by the General Hospital of Mexico. The tissues mounted on slides were subjected to a process of deparaffinisation and rehydration, utilising a series of organic solvents in descending concentrations, from xylene to 70% ethanol. 

[bookmark: _Hlk225598200]The slides were then rinsed with phosphate-buffered saline (PBS, 50mM sodium phosphate and 0.15M NaCl, pH 7.4, J. T. Baker, Radnor, PA, USA). Non-specific binding sites were blocked with 2% IgG-free bovine serum albumin (BSA) (ThermoScientific, Rockford, IL, USA) for 30 minutes. The samples were incubated with 0.2% PBS-Triton X-100 (Sigma, Saint Louis, Mo, USA),  for 10 minutes, followed by a single rinse with PBS-Ca⁺+ (1 mM, CaCl₂, Sigma, Saint Louis, Mo, USA). Thereafter, the tissues were incubated overnight at 4°C in a humidified chamber with ALL-FITC lectin at 25 µg/ml. Finally, the samples were sealed for mounting with VectaShield with DAPI (4’,6-diamino-2-phenylindole) (Vector Laboratories, Burlingame, CA, USA). Images of the slides were captured using a Leica DFC-300FX digital camera (Cambridge, UK) attached to the microscope and displayed on a computer using Leica IM1000 version 1.20 release 9 (Heerburg, Switzerland). Control experiments consisted of incubation of lectin with GalNAc (Sigma, St Louis, Mo, USA) at 200 mM for 30 minutes before adding it to the cells. 

2.4 Cell culture
The CaLo cells, derived from a metastatic tumour (IIB) (Cáceres-Cortes et al., 2001), were obtained from the Department of Biochemistry, Facultad de Medicina, Universidad Nacional Autónoma de México. These are HPV18-positive cells with a monolayer growth pattern. The cells were cultured in 25 cm2 culture flasks (Corning, Inc, Corning, NY, USA), in RPMI (Caisson, Logan, UT, USA) supplemented with 10% v/v Fetal Bovine Serum (FBS) (Biowest, Mexico City, Mexico) and penicillin/streptomycin (100 U/mL) (caisson, Logan, UT, USA), at 37 °C in a humidified atmosphere with 5% CO2 and 95% air.

The SiHa cells, derived from a grade II squamous cell carcinoma tumour (American Type Culture Collection, n.d.), were obtained from Unidad de Investigación Multidisciplinaria Experimental, Facultad de Estudios Superiores Zaragoza, Universidad Nacional Autónoma de México. These are HPV16-positive cells with a monolayer growth pattern. The cells were cultured in 25 cm2 culture flasks (Corning, Inc, Corning, NY, USA), in RPMI (Caisson, Logan, UT, USA) supplemented with 10% v/v Fetal Bovine Serum (FBS) (Biowest, Mexico City, Mexico) and penicillin/streptomycin (100 U/mL) (caisson, Logan, UT, USA), at 37 °C in a humidified atmosphere with 5% CO2 and 95% air.

The ViBo cells, derived from a squamous cell carcinoma (Crescencio et al., 2009; Monroy et al., 1992), were obtained from Department of Biochemistry, Instituto Nacional de Cancerología. These are HPV-negative cells with a monolayer growth pattern. The cells were cultured in 25 cm2 culture flasks (Corning, Inc, Corning, NY, USA), in RPMI (Caisson, Logan, UT, USA) supplemented with 10% v/v Fetal Bovine Serum (FBS) (Biowest, Mexico City, Mexico) and penicillin/streptomycin (100 U/mL) (caisson, Logan, UT, USA), at 37 °C in a humidified atmosphere with 5% CO2 and 95% air.

[bookmark: _Hlk225368133]2.5 Cytochemistry
From each cell line, 1x105 cells per well were seeded onto Tek chamber slide w/cover glass slide (Therno Fisher Scientific Nunc, Rochester, NY, USA). After 24 hours of incubation, the culture medium was removed, the cells were washed twice with 1× PBS (pH 7.4) and fixed with 4% paraformaldehyde in PBS (Sigma, St Louis, Mo, USA) for 20 minutes at 4°C. The slides were washed with PBS, the cells were permeabilised with 0.2% Triton X-100 in PBS for 10 minutes at room temperature, followed by a single rinse with PBS-Ca⁺+ (1 mM CaCl₂). The slides were incubated at 4°C overnight in a humid chamber with 10 µl of ALL-FITC lectin diluted at 25 µg/ml in PBS-Ca+⁺ (1 mM CaCl₂), washed twice more with PBS, and mounted with VectaShield with DAPI and observed under a Leica DM/SL microscope (Wetzlar, GmbH). 

To demonstrate the specificity of ALL lectin recognition in cell lines, the lectin was incubated with GalNAc (200 mM), lactose (200 mM), fetuin (0.5 mg/mL) and bovine submaxillary mucin (BSM) (0.5 mg/mL) (all from Sigma, Saint Louis, Mo, USA) for 2 h at 37°C, after which the cytochemical assay was performed as described above.

2.6 Flow cytometry
A total of 1x105 cells from each cell line were fixed with 200 µL of 4% paraformaldehyde in PBS (pH 7.4) for 20 minutes at 4°C, centrifuged at 2000 rpm, washed twice and incubated for 30 minutes at room temperature with 5 µL of ALL-FITC at 25µg/ml, washed twice and resuspended in 300 µL of PBS, and were analysed on a flow cytometer (MACSQuant, Miltenyi Biotec, Germany) and the data were analysed using FlowJo software version 10. Control experiments consisted of incubation of lectin with GalNAc at 200 mM for 30 minutes before adding it to the cells.

2.7 Cell lysate 
The cell lines were harvested from 75 cm² culture flasks (Corning, USA). The supernatant was removed, and the cells were washed twice with PBS and incubated with Verseno solution [3.04 grs Tris base (Madison, WI, USA), 8 grs NaCl (J. T. Baker, USA), 0.4 grs KCl (J. T. Baker, USA), 0.4 grs EDTA (Sigma, St Louis, Mo, USA)] for 10 minutes at 37 °C. Cells were recovered using a scraper (Falcon Cell Scraper, Corning) and centrifuged at 2000 rpm for 3 minutes at 4 °C. The pellet was resuspended in lysis buffer [50mM Tris-HCl (Madison, WI, USA), pH 8, 150mM NaCl, 0.1% sodium dodecyl sulfate (SDS) (Madison, WI, USA), 1 mM EDTA (Sigma, St Louis, Mo, USA), 1% NP40 (Sigma, St Louis, Mo, USA), Sodium fluoride (Sigma, St Louis, Mo, USA), -glycerophosphate (Sigma, St Louis, Mo, USA), sodium orthovanadate (Sigma, St Louis, Mo, USA), O-Phospho-L-Serine (Sigma, St Louis, Mo, USA), sodium tetrabasic pyrophosphate (Sigma, St Louis, Mo, USA), and SigmafastTM Protease Inhinitor Tablets (Sigma, St Louis, Mo, USA)]. The cell suspension was mixed by vortexing for 1 minute and incubated at 4 °C for 15 minutes, and then centrifuged at 12,000 rpm for 30 minutes at 4 °C to remove cellular debris. Finally, the supernatant was collected and the lysate stored in aliquots at -20 °C until use.

2.8 Protein quantification 
Protein concentrations were determined using the Micro BCA Protein Assay kit (Thermo Scientific Pierce), following the manufacturer’s recommendations and using an albumin standard curve.

[bookmark: _Hlk225604847][bookmark: _Hlk225605041]2.9 One-dimensional electrophoresis and Western blot
The samples were prepared for electrophoresis using Laemmli buffer (1:5) (Sigma, St Louis, Mo, USA) and placed in a boiling water bath for 5 minutes. The proteins were run on a 10% SDS-PAGE gel under reducing conditions and transferred to nitrocellulose membranes (Rockford, IL, USA). The membranes were blocked with 5% albumin for one hour, then the avidin-biotin blocking system (Invitrogen by Thermo Fisher Scientific, Waltman, MA, USA) was used for 10 min each at room temperature and then the membrane was washed with 0.05% PBS-Tween (Sigma, St Louis, Mo, USA) with five washes of five minutes each, and then incubated with biotinylated-ALL lectin at 25µg/ml in PBS-Ca++ overnight at 4 °C and washed with 0.05% PBS-Tween, before being incubated with streptavidin-peroxidase (Sigma, St Louis, Mo, USA) diluted 1:2000 at room temperature for 1 hour and finally revealed using the Opti-4CN kit (BioRad, Hercules, California, USA) as described below: the membrane was incubated for 10 minutes with BAR (BioRad Amplified Reagent). The membranes were washed twice with 20% PBS-Tween/DMSO (Sigma, St Louis, Mo, USA) and twice more with PBS-Tween, followed by colorimetric detection by incubating the membranes for 30 minutes in the Opti-4CN kit solution at a 1:10 ratio with 200 µl of Opti-4CN substrate (4-chloro-1-naphthol) per 10 ml of the solution.

2.10 Immunoprecipitation
To purify the glycoproteins recognised by the ALL lectin, they were isolated by immunoprecipitation (IP) as described by Pérez-Cervera et al. (2013). Briefly, 800 µl of lysis buffer (10 mM Tris-HCl, 1 mM EDTA, 1 mM EGTA, 0.05% Triton X-100, pH 7.5) was added to 2.6 mg of total lysate protein (117 µl). Subsequently, 270 µg (50 µl) of ALL-B lectin was added to the sample and it was incubated with gentle, constant agitation at 4°C overnight. The following day, 50 µl of agarose-avidin was added; the mixture was incubated with gentle, constant stirring for 2 hours at 4°C; the sample was centrifuged at 1000 rpm before 800 µl of wash buffer was added (10 mM Tris-HCl, 100 mM NaCl, 0.04% sodium doxicolate, 0.03% SDS, 1% NP40, 0.5 M GalNAc, pH 7.5), centrifuged again and the supernatant was recovered. To this, an equal volume of Laemmli buffer (1:1) was added, and the samples were analysed by 10% SDS-PAGE to verify their purity.

2. RESULTS

3.1 The ALL lectin recognized HPV-positive and HPV-negative cervical cancer cells
In the cervical tissue healthy sample, the stroma and epithelium were observed, the epithelium is subdivided into three well-defined layers known as the basal, intermediate and superficial layers, with no cellular abnormalities. A very low, almost negligible fluorescence intensity was observed in the basal and intermediate layers (Fig. 1B). In tissues with cervical cancer, the ALL lectin recognized tumor cells in a “honeycomb” pattern, wich could correpond to the plasma membrane (Fig. 1B).

In cervical cáncer cell lines, the reults shows that the interaction between ALL lectin and CaLo and SiHa (HPV+) cells, where it was observed that the ALL lectin recognises the cell membrane and cytoplasmic proteins, whereas in ViBo (HPV-) cells, recognition by the ALL lectin on the cell membrane and in the cytoplasm was lower (Fig. 1B). 

To demonstrate the specificity of the ALL lectin, the lectin was pre-incubated with GalNAc (200 mM), lactose (200 mM), fetuin (0.5 mg/mL) and bovine submaxillary mucin (0.5 mg/mL) as described in the Materials and Methods section. The results showed an absence of ALL lectin recognition in all three cell lines when pre-incubated with GalNAc and fetuin, while recognition decreased with lactose and BSM in CaLo and SiHa cells. In contrast, no recognition of the ALL lectin was observed in ViBo cells (Fig. 1C).

[image: ] 

Figure 1. The ALL lectin recognized cervical cancer tissues and HPV-positive and HPV-negative cervical cancer cells in vitro. A. General diagram of work methodology. B. Direct immunofluorescence was performed with ALL-FITC (green) and the nucleus was observed with DAPI (Blue) in normal cervical tissues and cervical cancer as described in Methods. Magnification: 20x and 40x.  The ALL lectin weakly recognized the cervical epithelium and stroma. A very low, almost negligible fluorescence intensity was observed in the basal and intermediate layers. In tissues with cervical cancer, the ALL lectin recognized tumor cells in a “honeycomb” pattern, wich could correpond to the plasma membrane. In cervical cancer cell lines, the results showed that the ALL lectin in CaLo and SiHa cells was well-defined, with greater recognition of a subcellular structure that could correspond to the plasma membrane. In ViBo cells, the ALL lectin was recognized with less definition and intensity than in CaLo and SiHa cells; at the subcellular level, recognition possibly corresponds to the cytoplasm. C. The lectin was pre-incubated with GalNAc (200 mM), lactose (200 mM), fetuin (0.5 mg/mL), and BSM (0.5 mg/mL) as described in the Materials and Methods section. Our results showed an absence of ALL lectin recognition in all three cell lines when pre-incubated with GalNAc and Fetuin, while recognition decreased with Lactose and BSM in CaLo and SiHa cells. In contrast, no recognition of the ALL lectin was observed in ViBo cells.
The results are representative of three experiments. Abbreviatons: Ep __ Epithelium; Stroma __ St; ALL-FITC __ Amaranthus leucocarpus lectin-fluorescein isothiocyanate; GalNAc __ N-acetil-D-galactosamine; BSM __ Bovine submaxillary mucin; DAPI __ 4’6-diamidino-2-phenylindole. The image is created by the authors using https://www.biorender.com/ (accessed on October 11, 2026).

3.2 ALL lectin recognized HPV-positive cervical cancer cells more strongly than HPV-negative cells
Flow cytometry results showed that ALL lectin bound more strongly to HPV-positive cervical cancer cells compared to HPV-negative cells: CaLo 93.7%, SiHa 97.2%, and ViBo 90.0%. In addition, HPV-positive cells showed a higher mean fluorescence intensity (MFI) than HPV-negative cells: CaLo 42,100, SiHa 40,000, ViBo 26,600 (Fig. 2A and Table I).

3.3 The ALL lectin recognizes glycoproteins derived from HPV positive and -negative cells
The results of the electrophoresis assay showed that the proteins derived from the three cell lines exhibit a wide range of molecular weights, with the profiles of each band being very similar to one another, varying between HPV+ and HPV- infected cells (Fig. 2B). Western blotting of CaLo, SiHa and ViBo cell lysates using ALL-biotin showed that the lectin recognised two bands in all three cell lines: one band of approximately 65 kDa and another band of approximately 100 kDa in all three cell lines (Fig. 2C).

Western blot analysis of immunoprecipitated cell lysates from CaLo, SiHa and ViBo cells yielded the following findings (Fig. 2D). In CaLo and SiHa cells, three main glycoproteins were identified that were similar to one another: 100 kDa (*), 50–70 kDa (**) and 25 kDa (***), whereas in ViBo cells, a glycoprotein of 25 kDa (***) was identified, which could correspond to the 25 kDa (***) glycoprotein expressed by CaLo and SiHa cells. 


[image: ]

Figure 2. ALL lectin recognizes cells and glycoproteins in cervical cancer cells. A. CaLo, SiHa, and ViBo cells were incubated with the ALL-FITC lectin and processed and analyzed by flow cytometry as described in Methods. HPV-positive cervical cancer cells (CaLo and SiHa) showed greater recognition and higher fluorescence intensity compared to HPV-negative cells (ViBo). B. Electrophoretic profile of the CaLo, SiHa, and ViBo cells lysed on 10% SDS-PAGE with 60 µg of each sample loaded into each lane as described in Methods. C. By Western blot using ALL-Biotin in the lysate of CaLo, SiHa, and ViBo cells, it was identified that the lectin recognized two bands in all cell lines: one band of approximately 65 kDa and another of approximately 100 kDa in the three cell lines. D. The results of the Western blot analysis performed on immunoprecipitation assays of cell lysates from CaLo, SiHa and ViBo cells. In CaLo and SiHa cells, three main glycoproteins were identified that were similar to one another: 100 kDa (*), 50–70 kDa (**) and 25 kDa (***), whereas in ViBo cells, a glycoprotein of D) 25 kDa (***) was identified, which could correspond to that expressed by CaLo and SiHa cells 25 kDa (***). The results are representative of three experiments. Abbreviatons: ALL-Biotin __ Amaranthus leucocarpus lectin-N-hydroxysuccinimide ester of biotin; SDS-PAGE __ sodium docyl sulfate polyacrylamide gel electrophoresis. The image is created by the authors using https://www.biorender.com/ (accessed on May 25, 2026).

	Table I. Statical analysis of flow cytometry data


	Cell Line
	Condition
	Recognition
Rate
	MFI*
	Mean

	CaLo
	Control
	0.899
	17,400
	20,300

	
	ALL
	      93.7
	      42,100
	48,700

	SiHa
	Control
	      0.977
	      16,600
	19,100

	
	ALL
	      97.2
	      40,000
	44,300

	ViBo
	Control
	      0.891
	      13,000
	16,300

	
	ALL
	      90.0
	      26,600
	29,800

	* MFI __ Mean Fluorescence Intensity



3. DISCUSSION
[bookmark: _Hlk226040991]Cervical cancer continues to represent a considerable global health burden, and ranks as the fourth most prevalent cancer among women on a global scale (Johnson et al., 2019). The molecular pathogenesis of cervical cancer is intimately linked to persistent infection with high-risk HPV types, particularly HPV-16 and HPV-18, which encode oncoproteins E6 and E7 that drive malignant transformation (Sahasrabuddhe, 2024).

[bookmark: _Hlk226043033][bookmark: _Hlk226486899][bookmark: _Hlk226486966]Post-translational modifications, in particular glycosylation, have been identified as critical regulatory mechanisms that modulate protein function, stability, localisation, and interactions (Pan & Chen, 2022). O-glycosylation, defined by the initial union of N-acetylgalactosamine (GalNAc) to serine or threonine residues, represents one of the most prevalent and diversified forms of protein glycosylation. Aberrant glycosylation patterns have been identified as hallmarks of cancer, influencing tumour cell proliferation, invasion, metastasis, immune evasion, and therapeutic resistance (Magalhães et al., 2021). Truncated O-glycans, in particular the T (Galβ1,3GalNAc-α-O-Ser/Thr) and Tn antigen (GalNAc-α-O-Ser/Thr) and its sialylated form, Sialyl T or Sialyl Tn (STn), are characteristic of cancer cells and result from incomplete glycan synthesis. The aetiology of these structures is attributed to premature termination of O-glycan elongation, consequent to altered expression or activity of glycosyltransferases and their chaperones (Rømer et al., 2021).

[bookmark: _Hlk226308128]Lectins have been used to detect changes in glycosylation in cervical cancer (Lim et al., 2020). This study evaluated the expression of the T and Tn antigens using ALL lectin in HPV-positive and HPV-negative cervical cancer cells and tissues. The analysis of the cervical cancer tissues revealed moderate to intense reactivity of ALL lectin in the stromal area and mild to moderate reactivity in the epithelial area. The present findings are analogous to those reported by Santaella-Verdejo et al. (2007), in which ALL lectin exhibited increased reactivity in the presence of CIN II dysplasia, in comparison with CIN I and CIN III, and by Solórzano et al. (2012), using the lectin from Machaerocereus eruca (MeA, specific for Gal in a Fucα1,2 (GalNAcα1,3) Galβ1,4), showed increased recognition of tumour cells and tumour stroma tissue. Conversely, Helix pomatia agglutinin (HPA) showed significantly reduced binding to CIN3 compared with normal (Lim et al., 2020).

In relation to the three cell lines utilised in this study, disparities in expression were observed among the cell lines. The results demonstrated that CaLo and SiHa exhibited similar fluorescence intensity, ranging from high to moderate, whereas the ViBo cells showed only a slight fluorescence intensity. The CaLo and SiHa lines are positive for HPV-18 and HPV-16, respectively, and the ViBo cell line is negative for HPV.  In ViBo cells, similar results were reported by Goletz et al. (1997), where T-antigen expression was observed in the cytoplasm of the cells. The ALL lectin recognises CaLo and SiHa cells that are positive for HPV with greater intensity than HPV-negative ViBo cells; this may be related to the upregulation or dysregulation of the viral proteins E6 and E7 in the regulation of GalNAc transferase (GALNT) expression, including GALNT1 (Aco-Tlachi et al., 2018), GALNT2, GALNT3, GALNT4, GALNT10, GALNT13 and GALNT15, have also been implicated (Zhou et al., 2022). 

The specificity of the ALL lectin was demonstrated by pre-incubation with GalNAc, Fetuin, Lactose and BSM, which showed absent recognition with GalNAc and fetuin or reduced recognition with lactose and BSM in the cell lines, suggesting that the GalNAc residues present in the T/Tn antigen (Hernández et al., 2004; Lascurain et al., 1997) are present in the glycoproteins expressed by the cell lines.

Western blotting showed that ALL lectin recognised a band of approximately ≈ 65 kDa and another of approximately ≈ 100 kDa in the total lysate of the three cell lines. Immunoprecipitation assays revealed distinctive protein bands ranging from ≈ 65 kDa to ≈ 100 kDa in HPV-positive lines and from 25 to 37 kDa in HPV-negative lines. The 65 kDa protein has a molecular weight approximately similar to that of moesin. Moesin (membrane-organizing extension spike protein) is a previously described cytoskeletal protein, which belongs to the ezrin–radixin–moesin (ERM) Family (Amieva & Furthmayr, 1995; Bretscher et al., 2002). ERM members serve an important role in regulating cell adhesion, migration and morphogenesis, by regulating actin cytoskeleton remodelling (Fehon et al., 2010). Recently, moesin has been characterized as the possible receptor for ALL lectin in thymocytes of mice (Arenas-Del Ángel et al., 2015). Similarly, in MCF-7 cells, it has been reported that moesin colocalises with the ALL lectin (García Cruz et al., 2022). O-moesin is expressed in CD4+ and CD8+ T lymphocytes and that moesin provides a new costimulatory activation signal in both T cell subsets (Gómez-Henao et al., 2021). This may suggest that moesin may be the glycoprotein overexpressed in cervical cancer cell lines; however, further studies, including proteomic analyses, are needed to identify the glycoprotein recognised by the ALL lectin in cervical cell lines. Moesin has 22 potential O-glycosylation sites, and glycosylation at these sites can vary according to the metabolic state of the cell (García Cruz et al., 2022). This may result in changes in the expression of the T antigen, recognized by ALL. These changes could involve the activity of glycosyl transferases, especially GalNAc transferases, which initiate the process of O-glycosylation. Further studies of GalNAc transferase expression are needed to elucidate its role in the expression of the T and Tn antigen  in cervical cancer cell lines
4. CONCLUSIONS
The study demonstrated differences in the recognition of cervical cancer cells by Amaranthus leucocarpus lectin. CaLo and SiHa cells showed greater ALL binding and fluorescence intensity than ViBo cells, while Western blotting detected approximately 65- and 100-kDa lectin-reactive proteins in all three cell lines. Lectin-based precipitation also revealed differences in glycoprotein profiles among the examined cell lines. These observations support the presence of variable O-glycosylation patterns in cervical cancer cells. However, the findings do not establish a direct causal relationship between HPV infection and glycosylation changes, nor do they identify the detected proteins conclusively. Additional studies with larger panels of HPV-positive and HPV-negative cell lines and direct characterisation of the lectin-reactive glycoproteins are required.
6. LIMITATIONS
This study analysed five healthy tissue samples and five squamous cell carcinoma samples. The flow cytometry analyses involved two replicates (n = 2), whereas the molecular profiles involved three replicates (n = 3). The absence of inferential statistical analysis limits the assessment of the statistical significance of the observed differences. The comparison of one HPV-negative cell line (ViBo) with two HPV-positive cell lines (CaLo and SiHa) does not allow HPV status to be distinguished from intrinsic genetic, epigenetic or differentiation-related differences between the cell lines.
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