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Abstract 

Glycosylation is the most common post-translational modification (PTM) of proteins. Cells of a 

malignant tumour frequently display altered glycosylation of cell surface proteins. These are common 

in cancers of the head and neck, most of which are squamous cell carcinomas (HNSCC). Many cell 

properties and functions are affected, including proliferation and movement, thus increasing the 

propensity to metastasise. HNSCC represents the sixth most frequent malignancy worldwide. These 

neoplasms, which arise from the mucous membranes of the various anatomical subsites of the upper 

aero-digestive tract, are heterogeneous in terms of aetiology and clinico-pathologic features. With 

current treatments, only about 50% of HNSCC patients survive beyond 5-years. Therefore, there is the 

pressing need to dissect NHSCC heterogeneity to inform treatment choices. In particular, reliable 

biomarkers of predictive and prognostic value are eagerly needed. This review describes the current 

state of the art and bio-pathological meaning of glycosylation signatures associated with HNSCC and 

explores the possible role of tumour specific glycoproteins as potential biomarkers and attractive 

therapeutic targets. We have also compiled data relating to altered glycosylation and the nature of 

glycoproteins as tools for the identification of circulating tumour cells (CTCs) in the new era of liquid 

biopsy.  

 

 

Abbreviations 

AFP- α-fetoprotein; CEACAM6- Carcinoembryonic antigen-related cell adhesion molecule 6; OSCC- 

Oral squamous cell carcinoma; C1GALT1- Core 1 β1,3-galactosyltransferase; CTHRC1- Collagen 

triple helix repeat containing protein1; DPAGT1- Dolichyl-Phosphate N-

Acetylglucosaminephosphotransferase 1; ESOSCC- Early stage oral squamous cell carcinoma; TA-

MUC1- Tumour-associated Mucin 1; EGFR- Epidermal growth factor receptor; FUT3- 

Fucosyltransferase 3; GalNAc-T3- N-acetylgalactosaminyltransferase 3; GALNT6- polypeptide N-

acetylgalactosaminyltransferase 6; GnT-V - β1-6-N-acetylglucosaminyltransferase V; GlcNAc- N-

acetylglucosamine; ST3GAL3- ST3 β-galactoside α2-3-sialyltransferase 3; HNC- Head and Neck 

Cancer; HNSCC- head and neck squamous cell carcinoma; MGAT5-N-acetylglucosaminyltransferase 

5; OPC- oropharyngeal cancers; PSA- prostate specific antigen; PTM– post translational modification; 

ST36GAL3- ST3 β-galactoside α2-6-sialyltransferase 3; Tn- T nouvelle antigen 
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1. Introduction 

There are over half a million new cases of head and neck cancers diagnosed globally each year [1]. The 

majority of these originate from the stratified squamous epithelia of the mucous membranes lining the 

lip, oral cavity, oropharynx, hypopharynx, larynx, nasopharynx and facial sinuses and are, 

histopathologically, squamous cell carcinomas (HNSCC), of various subtypes. Their aetiology and risk 

factors vary by site and subsite. HNSCCs are the sixth most common form of malignancy and are 

responsible for 3-4% of cancer-related deaths globally [2]. Furthermore, 50% of patients with HNSCC 

succumb to their disease within 5 years of diagnosis. Therefore, early detection, monitoring for 

treatment response and early detection of recurrence are important clinical needs [3, 4]. Traditional risk 

factors for HNSCC include smoking tobacco, chewing of smokeless tobacco, areca (betel) nut chewing, 

heavy alcohol use and, increasingly, infection with certain high-risk (hr) human papillomavirus (HPV) 

genotypes [5]. The most significant hr types, HPV-16 and -18 are small, double-stranded, circular DNA 

viruses that are responsible for a subset of HNSCC, mainly originating in the oropharynx 

(oropharyngeal cancers, OPC). HPV is the major culprit for the rising global incidence of OPC [6]. 

HPV positive OPC patients have relatively better clinical outcomes than patients with HPV negative  

[7] as they respond well to radiation treatment, possibly due to higher sensitivity to radiation and/or an 

increased anti-tumour immunity [8, 9]. 

Current diagnostic modalities for HNSCC include a combination of clinical examination, X-

Radiography, and CT/PET/MRI scans [10]. Tissue biopsy remains the gold standard, but apart from the 

lip and mouth, affected sites are difficult to access [11-13]. Occult primary tumours are also a clinical 

problem. Therefore, complementary methodologies are needed for diagnosis and monitoring. There is 

a need for biomarkers to monitor treatment response, metastasis and recurrence. Liquid biopsies can 

play an important role in addressing these needs. Liquid biopsies include analysis of CTCs and/or their 

products (circulating tumour DNA, cell-free miRNA, and extracellular vesicles: EV) in blood or other 

body fluids – saliva in the case of HNSCC [14]. Liquid biopsies are simple, minimally invasive 

procedures that can capture tumour heterogeneity in real-time and play an important role when there is 

no tumour tissue available: these are multiclonal neoplasms; different clones shed at different times and 

rates and it may be possible to track these using repeated peripheral blood samples [15, 16]. 

A cancer biomarker is regarded as a substance or process that can inform and discriminate a specific 

cancer type and may provide predictive information of the treatment response. Such biomarkers may 

include mutated DNAs and RNAs, secreted proteins, cell death and proliferation clues, as well as small 

metabolites such as glucose or cholesterol [17]. The vast majority of current protein-based cancer 

biomarkers (such as prostate specific antigen for prostate cancer  or CA-125 for ovarian cancer) are all 

glycoproteins [18], which undergo a number of post-translational modification (PTM) steps where 

specific sugar molecules (=glycans) are attached [19]. Approximately half of all proteins expressed in 

a cell, in particular within the plasma membrane cell surface, are glycoproteins that are crucial for 
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regulating cell physiology and pathology. Many cancer cells change their cell surface "glyco-coating", 

which affects the harmony of protein arrangements and interactions, the biological activity of cells and 

in consequence may contribute to oncogenesis [20]. This review provides a concise overview on the 

literature on HNSCC associated aspects of protein glycosylation.  

1.1. A short introduction to protein glycosylation 

Glycans are ubiquitous structures present in all living organisms and essential for life, as they are 

involved in coordinating multiple biological processes [21]. Glycosylation is a tightly regulated 

enzymatic process requiring several hundred of different, individual enzymes that modify proteins and 

regulate key biological functions [22-24]. Glycoconjugates govern a number of processes in the case of 

stratified squamous epithelia, binding keratinocytes to each other and to the basement membrane, 

linking stromal cells to extracellular matrix, and modulating cellular differentiation [20]. In HNSCC, 

as in all carcinoma, once transformed, keratinocytes invade the connective tissue, where 

glycoconjugates again play an important role in their interaction with stromal and immune cells. Most 

intracellular proteins on a secretory pathway are glycosylated to a variable extent during their passage 

through the ER and Golgi: these include secreted proteins, surface receptors and ligands, and organelle-

resident proteins. Glycosphingolipids and proteoglycans are other glycoconjugates frequently modified 

during carcinogenesis [25]. Protein glycosylation is characterized by several glycosidic linkages, 

including N-, O- (Figure 1) and C-linked glycosylation, glypication (GPI anchor attachment), and 

phosphoglycosylation. This range of different N- and O- glycoconjugates fulfils many functions such 

as supporting structural components to the cell wall and ECM, promoting protein stability and 

solubility, cell signalling pathways and recognition, to name a few [20, 26].    
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Figure 1: Representative N-and O- glycoconjugates present in human cells. N-glycans are attached to 

asparagine residues and share common core regions that can be further modified into oligomannose, 

hybrid and complex structures. Mucin type O-glycans are initiated by N-acetylgalactosamine O-linked 

to Ser/Thr residues of glycoproteins. Depicted structures are exemplary and do not represent naturally 

present glyco-heterogeneity.  

N-glycosylation  

N-glycosylation is both a co- and a post-translational modification. "N"-glycosylation refers to the fact 

that these glycans are covalently linked to the protein via the carboxamido nitrogen on asparagine (Asn) 

residues. During translation of the mRNA chain into the ER, an oligomannose precursor is attached to 

a glycoprotein on specific Asn residues that are part of the common N-glycosylation sequon -Asn-X-

Ser/Thr/Cys (XPro) [27]. The 14-sugar oligosaccharide precursor consists of mannose (Man), N-

acetylglucosamine (GlcNAc) and glucose monosaccharides that are first pre-assembled by stepwise 

synthesis in the ER, utilizing several specific glycosyltransferases. The oligosaccharyltransferase (OST) 

complex then transfers this structure onto the nascent polypeptide chain that is translocated into the ER. 

Once attached, N-glycans support protein folding before they undergo further post-translational 

processing in the Golgi apparatus, where smaller forms of oligomannose type N-glycans as well as 

complex and hybrid type structures are formed (Figure 2). The various glycosyltransferases that produce 
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the different forms of N-glycans such as sialylated, fucosylated or extended ones are sitting within the 

various Golgi compartments. Based on these varieties of further processing, N-glycans can be classified 

into four major classes, while all classes share a common core pentasaccharide (Man3GlcNAc2), except 

glycans of the paucimannose type. These classes are: (a) paucimannose type, where N-glycans can be 

trimmed down again until the Asn-linked GlcNAc; (b) oligomannose type, which reflect different forms 

of the initial precursor N-glycans that have not experienced further processing except mannosidase 

digestion; (c) hybrid type, which are a mixture of oligomannose glycans and complex types and (d) 

complex type, where the core pentasaccharide is extended with different antennae that can be capped 

with different glyco-epitopes such as sialic acid, fucose or galactose, or N-acetylgalactosamine [28, 29] 

(Figure 2). With the exception of oligomannose type N-glycans, all other types can also occur in a 

bisected form (Figure 2). N-glycosylation is crucial for the function, localisation and interaction of their 

individual protein carriers [30]. 
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Figure 2: Schematic presentation of biosynthesis and processing of N-glycosylation.  

A. Formation of the N-glycan precursor starts at the cytoplasmic face of the ER membrane with the 

stepwise assembly of a 7-residue oligosaccharide precursor linked to the lipid dolichol-phosphate. This 

dolichol-linked oligosaccharide chain is now flipped into the lumen of the ER, where the assembly of 

the Glc3Man9GlcNAc2 dolichol-phosphate precursor is finished. This 14-mer oligosaccharide is then 

used by the oligosaccharyltransferase (OST) and attached onto an Asn side-chain of the growing 

polypeptide chain if the Asn is part of the consensus sequence Asn-X-Ser/Thr/Cys (XPro), where it 

then regulates proper protein folding. Following successful protein folding, specific glucosidases and 

mannosidases trim the precursor into the Man8GlcNAc2 oligomannose structure before the glycoprotein 

is transported into the cis-Golgi. There N-glycans destined to become complex or hybrid type glycans 

are further trimmed by mannosidases before they are re-built into complex/hybrid types. N-

glycosylation is accomplished by a complex interplay between different glycosidases (glycan-

degradation enzymes) glycosyltransferases [N-acetylglucosaminyltransferases (GnT I-V), 

fucosyltransferases (FUTs), various galactosyl- (GALTs) and sialyltransferases (STs)]. During 

sialylation, sialic acid is attached to the oligosaccharides as the terminal monosaccharide. In 

Eukaryotes two forms of sialic acid are known: N-acetylneuraminic acid (Neu5Ac) and N-

glycolylneuraminic acid (Neu5Gc), though the latter is absent in humans due to the absence of 

machinery to synthesise Neu5Gc. Neu5Gc, however, has sometimes been reported in normal human 

tissues/body fluids (possibly due to incorporation from dietary sources). While some studies have 

indicated that malignant human tissues can exhibit increased NeuGc levels, this is an ongoing matter 

or research. Fucosylation is regulated by FUTs consisting of 13 members including FUT1 to 11, the 

GDP-fucose biosynthesis pathway and fucose transporter. FUTs catalyse the attachment of fucose 

onto N-, O-, and lipid-linked glycans through an α1-2- (by FUT1 and 2), α1-3- (by FUT3 to 7 and 

FUT9 to 11), α1-4- (by FUT3 and 5), or α1-6- (by FUT8) linkages. Fucose attached to the antenna 

lactosamine epitopes generates Lewis a/b, x/y, ABO blood group antigens and further attachment of 

sialic acid generates sialyl Lewis a and x epitopes. A number of inhibitors are available that interfere 

at different points in this biosynthetic pathway [tunicamycin, castanospermine (Cast), 1-

deoxynojirimycin (DNJ), 1-deoxymannojirimycin (DMJ), swainsonine, and indolizidine (Indol)]. 

Figure modified and reproduced from Vasconcelos-dos-Santos et al. with permission [31]. 

B. Representative examples for the major N-glycan classes. Starting from the oligomannose precursors, 

the hybrid and various complex type N-glycans are formed, which can also occur in a bisected form. 

The enzyme β1,4-N-acetylglucosaminyltransferase III (GnT-III) catalyzes the addition of a 

bisecting N-acetylglucosamine (GlcNAc) to N-glycans. Paucimannose type N-glycans are formed 

by N-glycans being trimming down again (usually in lysosomal compartments) and range from a single 

GlcNAc up to the core pentasaccharide [32].   
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O-glycosylation 

O-glycosylation is an essential component of mucins found in mucous secretions, but also occurs on a 

large variety of non-mucin glycoproteins. The name O-glycans is derived from the fact that these 

glycans are attached to the protein via the oxygen atom of hydroxyl side chains of serine and threonine 

residues. O-glycans are usually added in a stepwise process on folded proteins within the Golgi 

apparatus. Mucin type O-glycosylation (also known as O-GalNAc glycans) is initiated by 20 different 

polypeptide GalNAc-tranferases (GALNTs) encoded in the human genome [33]. This first step results 

in the formation of the Tn antigen, which can then be further modified into different O-glycan structures 

(Figure 3A) [34]. Additionally, a number of different forms of O-glycosylation can be catalysed, which 

differ in the initiating monosaccharide, their protein substrate and the modified amino acids that further 

contribute to a large variety of O-glycosylations, such as those found on collagen where hydroxylysine 

and hydroxyproline residues, respectively, can be glycosylated. These are distinctly different and often 

frequently protein-specific compared to mucin-type O-glycans, which usually are considered the most 

widely occurring type of O-glycosylation [33].  

    

N-acetylglucosamine 

N-acetylneuraminic acid 

N-acetylgalactosamine Galactose 

Fucose 
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Figure 3: Biosynthesis pathway schematics of mucin type O-glycosylation. O-glycosylation 

commences with an attachment of one GalNAc by a GALNT to a serine/threonine (S/T) side chain of 

an already folded protein or protein complex to form the Tn antigen. This Tn antigen can then be further 

modified into core 1 type O-glycans by the enzyme C1GALT1 to form the T-antigen. The molecular 

chaperon COSMC is also required for proper activity in the Golgi. Tn and T antigen can be further 

elongated to form sialyl Tn-antigen and sialyl T-antigen, respectively, by the action of sialyltransferase 

(ST6GALNAc1-2 and ST3GAL1). The enzyme N-acetylglucosaminyltransferase (C2GnT1/3) 

generates core 2 type O-glycans by adding a GlcNAc in β1-6 linkage to the T-antigen. The enzyme β1-

3 N-acetylglucosaminyltransferase 6 is responsible for the formation of core 3 type O-glycans from the 

Tn-antigen. Core 4 is formed by the addition of one GlcNAc to a core 3 type O-glycan, catalysed by 

C2GnT2 transferase. Sequential action of GalT and GlcNAcT gives rise to polylactosamine chains. The 

ends of the chains are capped with monosaccharides such as fucose and sialic acid, thus, terminal 

structures make up important Lewis antigens (blood group determinants). 

1.2. Glycans and glycosyltransferases in the cancer microenvironment  

Glycosylation in the tumour microenvironment 

Neoplastic transformation is associated with changes in cell glycosylation. In consequence, signalling 

pathways involving glycoproteins and/or glycolipids are functionally affected, including enhanced or 

suppressed proliferation and invasion of malignant cells, cell-matrix interactions, angiogenesis, 

metastasis and immune modulation [35]. Alteration or overexpression of glycans is commonly observed 

during carcinogenesis [36]. Altered glycosylation features include: aberrant expression and 

glycosylation of mucins; unusual branching of N-glycans; neo-synthesis and incomplete synthesis; 

increased overall sialic acid content or enhanced expression of sialic acids attached in different linkages 

to proteins and glycolipids; or increased fucosylation [37, 38].  

Glycosylation plays an important role in regulating cell adhesion and in the initiation of malignant cell 

disassociation and invasion. An enzyme DPAGT1, encoded by DPAGT1 gene, begins the synthesis 

of the lipid-linked oligosaccharide precursor for protein N-glycosylation in the endoplasmic 

reticulum. DPAGT1 controls the extent of N-glycosylation, hence high DPAGT1 expression is 

associated with cell proliferation while downregulation characterizes growth-arrest with mature 

adherens junctions. Alterations of DPAGT1 disrupt the protein E-cadherin-mediated adherens junctions 

that subsequently leads to mislocalization and dysfunction of E-cadherin, promoting a more 

migratory cell phenotype, contributing to tumour progression [39, 40]. The alteration of epithelial 

cadherin (E-cadherin) carrying β1-6-N-acetylglucosamine (β1-6GlcNAc) modify N-glycans (the 

product of GnT-V activity), as such interrupts cell adhesion and assists cell invasion [41]. Modified 

O-glycosylation, such as over expression of tumour associated sialyl Tn (STn), is responsible for 

increased expression of α-N-acetylgalactosamine (α-GalNAc). The α-2,6-sialyltransferase I 
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(ST6GalNAc-I) or mutations of C1GalT1-specific chaperone 1 (C1GALT1C1) have also been 

reported as involved in invasion and migration of malignant cells [20], as have alterations of N- and 

O-glycans on integrins [42]. Changes in protein glycosylation also affect protein interactions. 

Alterations of vascular endothelial growth factor receptor (VEGFR) glycosylation change the ability 

of Galectins to recognise VEGFR, effectively promoting angiogenesis [43]. The tumour-associated 

antigens (sTn), sialyl Lewis x (SLex) and SLea are well known ligands for cell adhesion. These are 

found in activated endothelial cells (E-selectin), platelets (P-selectin) and leukocytes (L-selectin), 

thus promoting malignant cell adhesion and metastasis [44, 45]. 

Aberrant glycosylation is associated with epithelial-to-mesenchymal transition (EMT) and metastasis. 

Cancer metastasis refers to the spreading of tumour cells from the primary cancer site to other organs 

via the lymphatic and/or vascular networks. Metastases account for the majority of cancer-related 

deaths. A series of events is involved, broadly categorized into cell invasion, intravasation and 

extravasation. During invasion, malignant cells lose adhesion, become more motile and separate from 

the primary tumour. EMT is the process whereby epithelial cells lose their polarity and cell-cell 

adhesion, due to repression of E-cadherin, and gain migratory properties: malignant cells break through 

the basement membrane and travel into lymphatic and vascular vessels, where they become CTCs. 

These can then extravasate via trans-endothelial migration and enter the parenchyma of the distant 

organ, establishing a metastasis [46, 47].  

Aberrant glycosylation influences cancer metastasis [48]. Malignant epithelial tumours regularly show 

striking characteristics of altered glycosylation. Overexpression of particular N-glycan structural 

features such as GnT-V catalysed branching (β1-6GlcNAc) interferes with epithelial cadherin 

associated cell-cell adhesion and promotes tumour cell disassociation and invasion, triggering 

epithelial–mesenchymal transition (EMT) [49]. Various glycoconjugates such as tumour associated 

T/Tn-antigen and glycan binding proteins such as galectins, selectins have been identified to participate 

in the EMT process. Additionally, mucins, integrins and laminins all carry glycans with terminal 

epitopes such as sLex, sLea, which play a role in extravasation of cells that can cause metastases in 

distinct organs [30, 50, 51]. The most frequently reported glycans, glycosyltransferases and 

glycoproteins associated with igniting metastatic processes are summarised in Table 1.  
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Table 1: Most commonly described glycans, glycosyltransferases and glycoproteins associated with 
cancer metastasis 

Type of glycosylation  Molecular Targets 

N-glycosylation - High MGAT5 (GnT-V) expression that trigger the biosynthesis of β1,6 

GlcNAc-branched N-glycans [41] 

- sialylated N-glycans [52] 

- Poly N-acetyllactosamine (polylacNAc) bind with galectin-3 [53] 

- Overexpression of the enzyme DPAGT1, which is activated by the Wnt/β-

catenin [54] 

- Integrin α6β4, β1-integrin branching [55] 

- integrin ligand laminin-332 [56] 

- Enzymes such as RPN1 (ribophorin) [57], RPN2, N33 (TUSC3) [58], GCS1 

and GANAB [59], ST6GAL1 [60], FUT8 [61] 

O-glycosylation - The tumour-associated Tn, sTn antigen [62], and its interaction with 

galectin-3 [63] 

- Mucin 1 (MUC1) modulated via C1GALT1 potentiate MUC1-C/ß-catenin 

signalling [64] 

- Cell-surface glycoprotein CD44 [65] 

- alteration of integrin β1 via C1GALT1 [66] 

- Siglecs, galectins and selectins [67] 

- Overexpression of GALNTs [68]  

- High Sialyl transferase ST3GAL6 [69] 

 

1.3. Liquid biopsy 

A liquid biopsy is a simple, minimally invasive method of profiling the tumour status of a cancer patient. 

Liquid biopsy enables analysis of cell-free nucleic acids, mainly free DNA (cfDNA) and tumour DNA 

(ctDNA). Identification of CTCs and circulating glycoconjugates can thus assist in monitoring cancer 

metastasis and recurrence of a primary neoplasm, including treatment response and evaluation of newer 

treatments [70]. Liquid biopsy assays can search for, and characterize minimal residual disease (MRD), 

viz: the spreading of tumour cells to distant organs from the primary origin without having grown to 

sufficient size to produce physical – including radiological - signs of metastasis [71].  Liquid biopsies 

can be taken frequently, enabling determination of the evolution of new genetic profiles of the 

neoplastic cell populations, their protein identities and their glycosylation changes associated with 

metastases [72-75]. 

 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/integrin
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1.4. Circulating Tumour Cells (CTC) 

CTCs are the seeds of cancer metastases obtained from the blood of cancer patients. Their detailed 

molecular characterisation not only improves fundamental understanding of cancer progression and 

metastasis, but also offers opportunities for predicting treatment response and recurrence. In addition, 

clusters of CTCs (groups of two or more aggregated CTCs) [74] may reflect the structure and behaviour 

of the primary neoplasm, and of any established metastases, which may assist in both diagnosis and 

treatment planning, especially where the primary tumour remains occult. CTCs and clusters are also 

exploited to develop patient derived xenograft (PDx) models, which are used for preclinical testing of 

new drugs, and for screening the sensitivity of tumours to existing drugs (Table 2) [76]. 

Table 2: Utilisation of CTCs as a cancer biomarker 

Enumeration and profiling of CTCs Biological characterisation of CTCs 

1) Screening CTCs for diagnostic purposes [77, 78] 

2)  Cellular nuclear size analysis and guide for 

disease prognosis [79] 

3) Treatment response, clinical progress and 

recurrence [80] 

4) Tumour heterogeneity monitoring [81] 

1)   Snapshots of the molecular makeup [82] 

2)  Protein glycosylation and metastasis [75, 83] 

3)   DNA methylation [84] 

4)   Gene mutation [85, 86] 

5) CTCs derived PDx models for drug 

discovery [76] 

 

Currently, techniques including di-electrophoresis, combined with the use of antibodies targeting 

epithelial cell adhesion molecules (EpCAM), or tumour associated antigens such as cytokeratin (CK)18, 

CK19, mucin-1 (MUC-1), and mammaglobin have been used to isolate and detect CTCs, sometimes 

within “point of care” microfluidic devices  (Figure 4) [87]. Glycan-based detection of CTCs holds 

promise: however, only few studies have been published to date on this topic (Table 4). 
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Figure 4: Isolation and characterization of CTCs. Peripheral blood is collected from cancer patients, 

CTCs are isolated through positive (EpCAM) or negative (CD45) immune selection processes or 

systems based on physical properties, including cell size, di-electrophoresis or density through a 

microfluidic device. Cells are then visualized with high resolution imaging and can undergo genomic 

profiling, transcriptomic or proteomic analysis and both in-vitro (cell culture), and in-vivo studies in 

animals. Figure reproduced with permission from reference [88]. 

2. Glycosylation changes as biomarkers and therapeutic targets for HNSCC 

The changes occurring in epithelial cells during carcinogenesis, tumour progression and metastasis 

involve widespread changes in their glycosylation. These are a hallmark of cancer [36], but their 

diagnostic potential is not yet fully exploited. Several techniques have been used to characterise 

glycosylation changes in the primary tumour tissues of HNSCC patients, their body fluids as well as in 

cancer cell line models (Table 3). Relevant studies published within the past ten years are summarised 

in this review. We categorise studies into three groups based on the sample source: tumour tissue and 

cultured cells; blood or serum; and saliva.  

2.1. Glycosylation in HNSCC tumour tissues and cultured cells: 
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2.1.1. Overexpression of GnT-V enhances CEACAM6 N-glycosylation, promoting EGFR 

signalling and poor prognosis 

The glycosyltransferase GnT-V is encoded by the MGAT5 gene. It catalyses the addition of a β1-6 

linked GlcNAc on the α1-6-linked mannose of N-glycans, which usually is the basis for further 

elongation of the N-glycan structure [89]. Alterations of GnT-V expression occurring on EGFRs is 

suggested to promote metastasis [90]. Increased GnT-V expression has been reported in 

radioresistance nasopharyngeal carcinoma cells [91].  

GnT-V also modulates N-glycosylation on CEACAM6, another potential tumour marker. CEACAM6 

is a member of the carcinoembryonic antigen protein family. It is a heavily glycosylated molecule 

upregulated in multiple cancer types and linked to cancer progression [92]. Chiang et al. [93] 

demonstrated that elevated expression of glycosylated CEACAM6 could be predictive of recurrence of 

OSCC. They engineered anti-CEACAM6 Abs (TMU) with a single-domain (sd)Ab or a heavy-chain 

(HC)Ab that specifically recognizes glycosylated CEACAM6. Using multiple cancer cell lines and 

severely compromised immune deficiency (SCID) mice, they showed that CEACAM6 expressing cells 

were highly invasive while CEACAM6 silencing by shRNA induced a sluggish growth rate.  

CEACAM6 was also shown to modulate invasion and migration of OSCC cells when simultaneously 

GnT-V expression is increased. Chiang et al. also reported that CEACAM6 upregulation was associated 

with enhanced migration of an OSCC cell line through the phosphorylation and downstream signalling 

of the EGFR pathway. Swainsonine, an inhibitor of mannosidase II, inhibits the biosynthesis of complex 

type N-glycans, thus blocking further opportunities for attaching sialylated and/or fucosylated 

glycoepitopes to N-glycans (Figure 2). Treatment with swainsonine suppressed the CEACAM6-

promoted, EGF-induced cell migration and proliferation while control cells were unaffected. Inhibiting 

GnT-V expression not only inhibited CEACAM6-enhanced cell migration, but also supressed EGFR 

signalling. An anti-CEACAM6 Ab (TMU) significantly inhibited cellular invasion and migration, 

suggesting that targeting glycosylated CEACAM6 with the TMU antibody could be a viable 

therapeutic approach for OSCC. 

2.1.2. GALNTs enhances EGFR signalling and may be an attractive therapeutic target 

Alterations of glycosylation in cancers are frequently attributed to altered expression of GalNAc-Ts 

[94, 95] and associated with enhanced cell proliferation, migration and invasion [96]. C1GALT1, 

the glycosyltransferase responsible to form core 1 type O-glycans, has also been found 

overexpressed in multiple types of cancer, promoting metastasis through EGFRs upregulation, 

supporting its role as a potential therapeutic target [64, 97]. 

The study from Dong et al. [98] demonstrated that C1GALT1 overexpression increases core 1 type O-

glycan, which promotes radio-resistance in human laryngeal carcinoma cell lines such as the 
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radioresistant Hep-2max and the radiosensitive Hep-2min. In lectin microarray analyses: the Hep-2 max 

cell line showed higher levels of core 1 type O-glycans. Blocking of O-glycan synthesis by benzyl-α-

GalNAc restored the radio-sensitivity. The levels of O-glycans such as Sia2-6Galβ1-4GlcNAc and core 

1type O-glycans (Galβ1-3GalNAcα-Ser/Thr) were increased both in cancer cells and laryngeal 

carcinoma tumour tissue. Furthermore, knockdown of C1GALT1 in Hep-2max cells also suppressed 

proliferation of malignant cells. Using the peanut agglutinin (PNA) lectin that recognises core 1 type 

O-glycans, higher levels of this PNA-reactive O-glycan were found on Integrin β1 from Hep-2max cells 

compared to integrin β1 from Hep-2 min cells. Selective blocking of integrin β1 also made cells more 

responsive to treatment. Lectin histochemistry performed on primary tumour tissues confirmed higher 

expression levels of aberrant core 1 type O-glycans (PNA-recognized O-glycans), which closely 

correlated with patient survival. Tumour patients with low core 1 expressed O-glycans displayed a 

significantly longer survival than patients with high levels of O-glycan expression (P < 0.05). 

Lin et al. [97] also showed that modified O-glycan expression by C1GALT1 contributed to EGFR 

upregulation and an aggressive tumour cell phenotype. This study reported that the C1GALT1 protein 

is significantly upregulated in HNSCC compared to normal oral mucosa and proposed the use of 

C1GALT1 overexpression as a potential marker of poor overall survival. Disease free survival and 

overall survival rates were significantly better in patients with low C1GALT1 expression, which was 

monitored over a three-year period. In addition, blocking of C1GALT1 was also shown to suppress 

the malignant phenotype both in-vitro and in-vivo through EGFR signalling inhibition. Knockdown 

of C1GALT1 using siRNA in multiple HNSCC cell lines significantly reduced cell viability, migration, 

invasion. In addition, in a mouse tumour xenograft model (n = 7), the growth of C1GALT1 knockout 

cells was significantly lower compared to wild type cells. Furthermore, a phospho-RTK array also 

demonstrated that C1GALT1 knockout primarily reduced the phosphorylation of EGFR. Itraconazole, 

a pharmacological C1GALT1 inhibitor, reduced tumour growth in mouse xenografts model (n = 8). 

Therefore, both in-vitro and in-vivo data suggests that C1GALT1 may be regarded as an attractive 

therapeutic target for HNSCC. Nevertheless, given the central involvement of C1GALT1 in O-

glycosylation (Figure 3) also in normal cells, a C1GALT1 targeted treatment might not be specific 

enough and lead to severe side reactions. 

In an earlier work, Lin et al. [99] showed that overexpression of GALNT2 enhances invasive properties 

of OSCC and increases EGFR activity, thus promoting carcinogenesis. GALNT2 was significantly 

overexpressed in 73% (35/48) of primary OSCC tissues in compared to non-malignant tissues, which 

was associated with phosphorylation of EGFR and AKT. Furthermore, GALNT2 overexpression also 

enhanced EGF-induced OSCC cell migration and invasion. These findings suggested that targeting 

GALNT2 could be a potential approach for the treatment of OSCC, though we are not aware of any 

further attempts that targeted GALNT2 in a clinical setting. GALNT1 expression levels, however, 
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were markedly high in all cells and tissues tested, indicating that further studies using in-vivo data 

are required to verify the specific role of GALNT2 in OSCC pathogenesis. 

Another study from Harada et al. [100] showed that mucin type O-glycosylation is produced due to an 

increased expression of GALNT3. This has been linked to the pathogenesis of early stage OSCC and 

was indicative for poor disease-free survival. Overexpression of GALNT3 occurred in OSCC tumour 

tissues from stage I and II (n = 110), but not in adjacent normal tissues. Although GALNT3 

overexpression of was higher in patients with recurrent OSCC, sensitivity was relatively low [strongly 

expressed in 19 (54.3 %) and weakly in 16 (45.7 %)]. The authors also reported that lower GALNT3 

expression in early stage OSCC correlated with a better progression free survival compared to patients 

with OSCC high GALNT3 expression levels (p = 0.034). Kaplan–Meier analyses indicated that patients 

with strong GALNT3 expression had a significantly shorter, postoperative, median disease-free survival 

(11.8 months) compared to those with a weak expression (32.7 months), especially within the first two 

rather than five years postoperatively (P < 0.001 (2 years) and P < 0.01 (5 years). Suppression of 

GALNT3 in HSC-2 (human OSCC cell line) in vitro induced decreased cell proliferation, migration 

and invasion, together with cell cycle arrest. Additionally, other GALNTs such as GALNT1, GALNT2, 

GALNT3, GALNT4, and GALNT6 were also tested by immunocytochemistry in the HSC-2 cell line: 

GALNT3 was expressed at higher levels than other GALNTs, suggesting that GALNT3 could be an 

OSCC-specific prognostic biomarker for the clinical management of OSCC, particularly for early cases. 

However, this study needs to be further validated in properly designed prospective clinical trials. 

Wiest et al. [101] showed that altered mucin-type O-glycosylation is a driver for tumour-associated 

TA-MUC1 overexpression in laryngeal malignant keratinocytes and normal tissues of the head and 

neck.  The humanized monoclonal antibody PankoMab-GEX targeting TA-MUC1 showed strong 

staining in malignant tissue but not in non-tumour tissues. Although this study did not clearly 

disclose which specific type of TA-MUC1 is recognised by the PankoMab-GEX antibody, it supports 

the notion that the PankoMab-GEX™ holds potential for the identification and further characterisation 

of  high-grade tumours and could be used for disease monitoring. 

2.1.3. Sialylation modulates EMT and EGFR signalling in HNSCC 

The level of sialylation on the cell surface can be influenced by specific sialyltransferases, and by the 

presence of sialidases, such as NEU3, which may remove terminal sialic acids. Aberrant expression of 

plasma membrane‐associated sialidase NEU3 is closely involved in the pathogenesis of multiple 

cancers [102, 103]. Shiga et al. [104] found that overexpression of the plasma membrane‐associated 

sialidase NEU3 enhances EGFR phosphorylation in HSC-2 cells. NEU3 mRNA levels were increased 

in 73% of HNSCC tumour tissue specimens compared to surrounding non-tumour tissue [104]. While 

NEU3 upregulation enhanced cell migration and invasion, blocking NEU3 with siRNA inhibited these 

effects. The authors also reported that NEU3 silencing reduced N-cadherin, MMP-9 and EGFR 
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expression. Blocking EGFR phosphorylation was shown to suppress MMP-9 activity. Further studies 

are required to confirm the sensitivity and specificity of NEU3 as a diagnostic or prognostic biomarker. 

Similarly, based on available evidence, it remains to be seen whether NEU3 could be a promising drug 

target for HNSCC treatment. 

2.1.4 Lectin based tissue staining is assertive for identification of glycans as biomarkers 

Lectins are proteins or glycoproteins that can be used for detection of glycans. Baeten et al.[105] used 

a fluorophore-conjugated lectin-based optical imaging approach to detect sialic acids in tumour tissue 

sections. Oral malignant tissues were analysed by optical imaging through topically administrated 

fluorescently labelled lectin such as Alexa Fluor 647 conjugated wheat germ agglutinin (WGA). WGA, 

however, is not just recognising sialic acid residues but also terminal GlcNAc. Using this fairly broad 

specific WGA probe, a statistically significant (signal noise ratio of 5.88 ± 3.46, P = .00046) increase 

in fluorescence was detected in malignant compared to normal tissue, while the UV autofluorescence 

did not show any significantly different absorption (SNR of 1.35 ± 0.41, P = .098). Blocking WGA 

binding using free GlcNAc decreased the fluorescence intensity threefold in malignant tissue.  

Borzym-Kluczyk et al. [106] utilized the enzyme-linked immunosorbent assay with a panel of 

biotinylated lectins. Lectin signals considered representative for sialic acid, Fuc α1-6, α1-2, T, Tn 

antigens and α1-6 mannose and were significantly higher in salivary gland tumour tissues when 

compared to normal salivary gland tissues, but again no further work on this topic has been reported.  

2.1.5. Glycoprotein levels (fucosylated B7-H3) determine the size of tumour and treatment 

responses 

Overexpression of B7 homolog 3 (B7-H3) has been reported in multiple types of cancer [107]. It is a 

member of the B7 family of immunoregulatory proteins and also known as CD276 isoform 1. B7-H3 

is a type-I transmembrane glycoprotein with four Ig-like domains that contain a nearly exact tandem 

duplication of the IgV-IgC domain (4Ig-B7-H3). B7-H3 overexpression has been associated with 

aberrant glycan expression and cancer pathogenesis. Chen et al. [108] showed that B7-H3 is 

overexpressed in OSCC cell lines and in tumour tissue in compared to normal tisue, and its expression 

was associated with a significantly reduced overall survival rate in patients. B7-H3 expression also 

correlated with a larger tumour size, while B7-H3 knockdown by shRNA resulted in dramatically 

reduced tumour growth in a mouse model. However, the correlation between B7-H3 expression and 

tumour size in patient samples was not investigated. B7-H3 derived from cultured CA9-22 cells 

exhibited a diverse pattern of N-glycosylation, including complex type, hybrid type and fucosylated N-

glycans that also carried terminal α-galactoses, while Smulow–Glickman cell derived B7-H3 carried 

mostly biantennary N-glycans that exhibited higher levels of sialylation. B7-H3 from CA9-22 cells also 

showed a higher interaction with C-type lectins such as DC-SIGN and Langerin, indicating that B7-H3 
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glycosylation might play a role in progression of OSCC that needs to be further evaluated in patient 

malignant tissue. 

2.1.6. Fucosylation and glyco-epitopes in EGFR signalling: potential biomarkers for HNSCC 

Fucosylation has also been associated with HNSCC progression. Desiderio et al. [109] showed that 

fucosyltransferases such as FUT3 and FUT6 upregulation enhances sialyl Lewis X (SLex) expression, 

which also promote adhesion and metastasis. Along that line, blocking of fucosylation suppresses 

orosphere formation and cancer stem cells invasion. Orospheres in OSCC showed resistance to cisplatin 

and radiation treatment in vitro. Orospheres grafted into a mouse model showed increased tumour size, 

however the relationship between tumour size and FUTs expression was not evaluated. Similarly, this 

study failed to prove any correlations between FUTs and tumour metastasis. It is also demonstrated that 

overexpression of FUT8 resulted in upregulation of the cell surface EGFR and corresponding 

downstream signaling in multiple cancers [110, 111], however in HNSCC, activities of FUT8 never 

been tested. Further investigations are required to identify the sensitivity and specificity of FUTs as 

biomarkers for OSCC management. The relevance of fucosylation in OSCC is also indicated by the 

work from Lin et al. [112], which showed that FUT1, FUT2, FUT3 and Ley antigens were overexpressed 

in OSCC cells. Furthermore, they demonstrated that Ley is present on EGFR and may contribute to the 

activation of the EGFR signalling pathway. Notably, blocking of Ley glycosylation in OSCC cell lines 

abrogated the EGFR-mediated AKT and ERK signalling, and as such cellular migration thus, providing 

the rationale for further studies aimed at assessing the role of Ley glycosylation as a potential therapeutic 

target.  

2.1.7. DPAGT1 overexpression confers enhanced migratory properties to HNSCC cells in-

vitro 

DPAGT1 is the key driver for N-glycosylation as it catalyses the first step of the N-glycan precursor 

biosynthesis [113]. As such, changes in the activity of this enzyme have lasting effects on all 

glycoproteins synthesised by a cell. Loss of function mutations in the DPAGT1 gene will have a 

negative impact on cell survival, and thus are less likely to be occurring in cancer cells [114]. DPAGT1 

overexpression has been reported in tumour tissues of some cases of oral cancer [115]. Studies have 

investigated the effect of DPAGT1 overexpression on selected glycoproteins such as E-cadherin or the 

protein collagen triple helix repeat containing 1 (CTHRC1), which are both involved in critical cell-cell 

interactions. Hyper- and hypo-glycosylation of DPAGT1 increases cell migration, reduces intracellular 

adhesion of proteins such as E-cadherin and upregulates CTHRC1 [40, 115]. Jamal et al. [116] also 

reported that DPAGT1 overexpression was present in primary OSCC malignant tissue compared to 

non-malignant tissue. Overexpression of DPAGT1 correlated with increased canonical Wnt signalling 

activation and binding with both β- and γ-catenins in OSCC cells, while partial blocking of DPAGT1 

using siRNA inhibited the canonical Wnt activity. While these observations are a clear indication of the 
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importance of glycosylation in HNSCC pathogenesis, these studies, however, fail to acknowledge that 

changes in DPAGT1 expression and its activity have widespread effects across glycoproteins expressed 

in these cells. Thus, the observed effects might not just be due to changes in the glycosylation of selected 

glycoproteins, but the outcomes of a more global effect. 

2.2. Glycosylation in HNSCC patient sera:  

2.2.1. Tri-antennary and tetra-antennary N-glycans with varying degree of sialylation and 

fucosylation as putative diagnostic biomarkers 

Plasma and serum offer great opportunities for non-invasive diagnostics if molecular signatures can be 

unambiguously associated with a disease. In consequence, glycosylation of serum/plasma glycoproteins 

has also been investigated in the context of HNSCC. Guu et al. [117] showed that fucosylated and 

sialylated tri- and tetra-antennary N-glycans were overexpressed in the sera of patients with OSCC in 

comparison to the sera from healthy controls. In sera from patients with lymphatic metastases, increased 

levels of fucosylated di-sialylated, biantennary and fucosylated tetra-sialylated, tetra-antennary N-

glycans were found and postulated as potential diagnostic biomarkers. Nevertheless, changes in serum 

glycosylation are commonly observed in patients, and can also occur as a consequence of radiation 

therapy [118], limiting the specificity of such serum-based, glycan-focussed approaches [18]. Guu et 

al, [117] however, also screened for anti-glycan antibodies using a glycan-23 Chip and found that, in 

patients with OSCC, IgM-antibodies directed against the glycolipids SSEA-3 and GD2 were found at 

increased levels, which could represent a potential diagnostic marker for HNSCC, though its overall 

sensitivity and specificity need to be verified.  

2.3. Glycosylation in the saliva of HNSCC patients:  

2.3.1. Sialic acid as potential biomarker from saliva 

Because of the anatomical proximity of many HNSCCs, saliva, or what we prefer to call “whole mouth 

fluid”** is an attractive source of potential biomarkers. A number of studies have analysed “saliva” 

collected from healthy volunteers, potentially malignant oral conditions and oral cancer patients with 

respect to various glyco-features. Total sialic acid (TSA), sialidase activity, sialic acid linkage (α2-3 

and α2-6) on sialoproteins and sialyltransferase activity in saliva have been evaluated. The TSA/total 

protein ratio as well as the activities of α2-3 and α2-6 sialyltransferases were significantly higher in 

patients with metastatic malignant keratinocytes compared to patients with potentially malignant oral 

conditions [119-122]. Sinevici et al. [123] recently used saliva N-glycan profiling of fluorescently 

labelled N-glycans to demonstrate that healthy individuals exhibited a more homogenous glycosylation 

pattern compared to oral cancer patients. Future work on larger and well-defined patient cohorts will be 

necessary to validate the potential diagnostic opportunities embedded in saliva glycoprotein 

glycosylation. 
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** “Fluid collected from the mouth is a mixture of the secretions of major and minor salivary glands, 

of transudate from the mucous membranes of the whole upper aerodigestive tract, of inflammatory 

exudate from gingival crevicular fluid and areas of erythema and ulceration of mucous membranes: the 

latter inevitable if a malignant neoplasm is present. It thus contains soluble products from serum, 

immune inflammatory cells, desquamated normal epithelial cells, and cells shed from any neoplasm 

present” [124].  
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Table 3: Current knowledge on protein glycosylation and associated changes in HNSCC. 1 

 

Study Sample source Healthy 
cohort 

Patient 
cohort 

Methodology used Major findings 

Tissue  

[93]  

 

Frozen tissues samples 
10 and 38 FFPE, 
primary cells OC-2 and 
OEC-M1 lines 

  

N=48, 
early-stage 
OSCC 
patients 

 

anti-CEACAM6 Ab (TMU) heavy 
chain antibody to recognize 
glycosylated CEACAM6 

 

Overexpression of MGAT5 (=GnT-V protein) 
enhances CEACAM6 N-glycosylation, promoting 
EGFR signalling and poor prognosis  

[98]  HepG2 cell line, 
laryngeal carcinoma 
tissue 

 N=49 lectin microarrays containing 91 
lectins, expression of core 1-type O-
glycans by flow cytometry and 
lectin blot analysis  

C1GALT1 overexpression regulates O-glycans on 
integrin β1 and thereby promoting radioresistance 

[97]  HNSCC tissue and 
SAS, Fadu cell lines 

N= 8 N= 153 In-gel digestion of protein, LC-
MS/MS analysis and lectin pull-
down assay  

C1GALT1 modifies O-glycans on EGFR, showing 
aggressive tumour phenotype and act as a 
therapeutic target  

[101] Laryngeal carcinoma 
tissue, followed by 
FFPE  

N=7 tongue, 
vocal cord, 
larynx, 
pharynx and 
epiglottis 

N=128 peroxidase-labelled humanized 
monoclonal antibody PankoMab-
GEX™) 

TA-MUC1 overexpressed and a good target for 
antibody therapy with PankoMab-GEX™ 

[104]  Surgical HNCSC tissue 
samples, Cell lines: 
HSC-2 andSAS 

 N=30 quantitative RT‐PCR analysis for 
mRNA expression of NEU3, 
western blot, immunocytochemistry 
and Sialidase activity assay  

plasma membrane‐associated sialidase (NEU3) 
upregulation modify EGFR for tumour progression 
and alteration of EMT 
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[108]  Ca9-22 cell line, 
tumour tissue from 
patients 

normal SG 
cells 

 in-solution tryptic digestion, LC-
MS/MS analysis  

glycoprotein B7-H3 overexpression correlates 
with tumour size and clinical stage, thus providing 
a direction for the diagnosis and treatment of 
OSCC 

[100]  Surgically resected 
ESOSCC, FFPE tissue 

 N=110 western blot, immunohistochemistry 
and immunofluorescence of 
GalNAc-T3 and other GalNAc-Ts  

increased GalNAc-T3 responsible for the 
pathogenesis of ESOSCC recurrence, shorter DFS, 
a parameter for clinical management of ESOSCC 

[105]  Freshly extracted oral 
cancer tissue samples 
(scalpel and punch 
biopsies)  

 N = 7 Fluorescence imaging using WGA 
Lectin fluorophore conjugates  

Lectin based tissue imaging identify cell surface 
sialic acid that can provide a new avenue in oral 
cancer detection 

[99]  OSCC cell lines such 
as Ca92-2, SAS, OEC-
M1, and OC3 and 
FFPE  

  immunohistochemistry for 
GALNT2 OSCC tissue microarray. 
The Vicia villosa agglutinin (VVA) 
pull down assay to detect changes 
in O-glycans  

GALNT2 overexpression enhance the 
invasiveness and EGFR expression, thereby 
promoting carcinogenesis 

[106]  Surgical collection of 
salivary gland tumour 
tissue 

N=14 N=14 sugar structures on proteins 
determined by enzyme-linked 
immunosorbent assay (ELISA) 
with biotinylated lectins. 

cancer tissue expresses significantly higher sialic, 
fucose and T, Tn antigen  

 2 

[116]  Surgical tissue 
samples, CAL27 and 
A253 HNC cell lines 

 N= 5 
OSCC 

immunohistochemistry and 
immunofluorescence imaging and 
western blot of DPAGT1 

aberrant glycosylation dysregulates the 
DPAGT1/Wnt/E-cadherin network, which triggers 
the pathogenesis of oral cancer 

[40]  OSCC CAL27 cells 
and fresh tissue from 
oral cancer 

  quantitative Real-time PCR for 
DPAGT1, Peptide N-Glycosidase 
F digestion, Immunoblotting, 

altered N- glycosylation correlates with Wnt 
signalling and CTHRC1 expression that drives 
OSCC growth and progression 
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Immunoprecipitation and 
Immunofluorescence  

[115]  Salivary epidermoid 
carcinoma A253 cells, 
FFPE samples of 
primary OSCC 

 N = 10 quantitative real-time PCR, 
Peptide N-glycosidase F and 
endoglycosidase H digestions, 
western blot 

DPAGT1 correlates with aberrant N-glycosylation 
and driver for EMT 

 3 

Blood 4 

[117]  patient sera  N=27 OSCC patients 
(N = 48 

PNGase F release of N-glycan, 
permethylation and MALDI-TOF 
MS analysis  

fucosylated di-sialylated bi-antennary glycan and 
fucosylated tetra-sialylated tetra-antennary glycan 
overexpressed in the serum specimen of OSCC and 
acts as diagnostic biomarker  

Saliva 5 

[119]  

 

 

 

Saliva  N=100 N=50 OPC, 

N=100 OC 

N=46 post 
treatment 

sialidase, α-L-fucosidase activity 
were performed by 
spectrofluorometric (4-methyl 
umbelliferone) method; α2-6 and 
α2-3 linkage by the biotinylation of 
lectin; membrane dot blot; and 
sialyltransferase activity by ELISA  

increased sialidase activity and salivary sialylation 
represent as a non-invasive tool for monitoring the 
oral cancer 

[123]  Saliva N= 5 N= 18 UPLC–mass spectrometry analysis neutral oligosaccharides consisting of 
oligomannose, hybrid and complex structures, 
followed by smaller fractions of mono and di-
sialylated structures that are present in cancerous 
samples could carry diagnostic potential 

 6 

 7 



 25 

Cell line based 8 

[109]  OSCC cell lines 
(UMSCC14B, 
UMSCC103) and in- 

vivo model 

  cell orospheres formation, 
quantitative mRNA expression and 
flow cytometry of FUTs  

fucosyltransferases FUT3 and FUT6 upregulation 
enhances SLex expression, thus promoting 
adhesion and metastasis. 

[112]  C-2, OEC-M1, and 
HSC-3 OSCC cell lines 

  FUT1, FUT2, and FUT4 mRNA 
expression by RT-PCR, 
immunoblotting  

Ley overexpression exhibits EGFR-triggered 
signalling pathways and may become a tumour 
biomarker or treatment target 

9 
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3. Glycosylation as a target for liquid biopsy  10 

Liquid biopsy is emerging as a useful adjunct to tissue sampling in the diagnosis and management of 11 

cancer patients. Circulating biomarkers can provide an overview of tumour burden from both primary 12 

and metastatic lesions. Liquid biopsies can be used for exploring the molecular underpinnings of tumour 13 

progression. CTCs released from the tumour site may provide an enriched source of genetic and 14 

molecular information regarding tumour phenotype and aggressiveness. CTC isolation and tracking are 15 

important for knowing the correct status of the disease and can be recognised as an important biomarker 16 

to early detect metastasis as well as to predict response to treatment. [75, 125].  17 

CellSearch® (Menarini Silicon biosystems) is an FDA approved instrument used for isolation and 18 

characterisation of CTCs. In addition, label free technologies such as microfluidics, negative depletion, 19 

immunostaining, RT‐PCR, and flow cytometry methods exist to isolate CTCs [126-128]. In recent 20 

years, mapping of glycan alterations by MS or lectin microarrays has shown potential to improve the 21 

specificity and sensitivity of tumour biomarkers. For example, overexpression of GnT-V activity was 22 

linked to increased sLeX levels that were associated with tumour progression by adhesion of CTCs to 23 

vascular endothelial cells as a prerequisite for extravasation at the future metastatic site [129]. 24 

Therefore, glycoconjugates could be a potential source for CTCs enumeration and surrogate prognostic 25 

and diagnostic biomarker for HNSCC. Multiple studies have shown that sTn, CD45 protein, O-core 26 

glycan determinant Gp(C1) and sLex epitopes are useful tools for isolation of CTCs from patient 27 

samples. Since, glycosylation is the most common type of modification in the cellular state, therefore, 28 

CTCs should carry characteristic behaviour of glycan modification and their consequences.  Currently, 29 

there are no studies dealing with glycosylation changes on CTCs derived from HNSCC patients’ blood 30 

samples. Except for Neves et al., study, which includes HNSCC patients in addition to prostate, 31 

colorectal, and pancreatic cancers [75]. We therefore listed studies on other cancer types that have 32 

investigated CTCs using glycosylation changes (Table 4). We hope that this review will bring appetite 33 

to the field of glycosylation, HNSCC and liquid biopsy in the future.  34 

Table 4: Overview of publications describing glycosylation changes in CTCs isolation 35 

Studies Biological 

samples 

Altered 

glycosylation 

pattern 

Findings 

 

[75]  

 

Blood collected bladder 

(N=5), colorectal (N=12), 

Head and Neck (N=2) and 

 

Sialyl Tn-antigen 

(O-

glycosylation) 

 

Tumour associated sTn glycan 

antigen is the biomarker for 

improved CTCs isolation and 



 27 

pancreatic (N=1) cancer 

patients 

higher sensitive than size based 

microfluidic devices. 

[130]  Human embryonic kidney 

HEK-293T cells, HL60 

(human promyelocytic 

leukaemia cells), SKBR-3 

(human breast cancer 

cells), and Sp2/0-Ag14 (a 

mouse myeloma cells) 

and mouse model 

 Generation of a mAb to recognize 

the glycosylated human CD45 

protein and its application to 

isolate CTCs. 

[83]  Blood collected from 

bladder cancer patients 

(N=6) and healthy donors 

(N=6) 

Sialyl-Tn Sialyl-Tn is expressed in CTCs of 

tumour cells and represents a 

novel biomarker for targeted 

therapy 

[131]  Blood from metastatic 

tumour patients, and lung 

(A549)- and breast (T47D 

and SKBR3) cell lines 

O-core glyco-

determinant 

gp(C1) 

O-core glycan determinant marker 

Gp(C1) is a potential 

immunological target of breast 

cancer CTCs and CTCs screening 

could potentially tell metastasis 

burden. 

[132]  Blood collected from 

(N=20) breast cancer 

patients and cell line were 

used in experimental 

design 

O-glycosylation 

(PCR based 

detection) 

Upregulation of FUT3, GALNT6 

and ST3GAL3 genes may show 

the potential to identify CTCs, 

however, this study fails to find 

significant correlation between 

these glycosyltransferases and 

CTC isolation 

[133]  Blood from advanced 

breast cancer patients 

(N=27), CTC isolated 

with CellSearch™ and 

glycan changes analysed 

with HPLC.  

Sialyl Lewis x 

(sLex) antigen 

Sialyl Lewis x (sLex) epitopes are 

notably higher in patients with 

isolated CTCs ≥5/7.5 ml in 

comparison with patients with 

CTCs <5/7.5 ml 

 36 
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4. Conclusion and future prospects  37 

Glycoconjugates are essential molecules for all living cells. Alterations in protein glycosylation are 38 

common pathological features observed in many systemic diseases, not only cancer, where they are 39 

clearly contributing to progression and metastasis [134]., The ability to capture and understand disease-40 

related changes in glycosylation opens novel opportunities for disease diagnosis and intervention. In 41 

the context of HNSCC, numerous N-glycosylation-associated markers have been reported at protein 42 

level (MGAT5, NEU3, FUT3, and FUT6), glyco-epitope level (Lewisy and SLex) and glycoprotein level 43 

(fucosylated B7-H3, EGFR): many are associated with EMT and metastasis (Table 3). O-glycosylation-44 

associated gly-co-syl-trans-ferases such as C1GALT1, GALNT2 and GALNT3, as well as glyco-45 

epitopes TA-MUC1 and O-GalNAc, which are also present on glycoproteins such as EGFR, have also 46 

been suggested to provide novel opportunities for diagnosis, prognosis and, potentially, therapy of 47 

HNSCC (Table 3). Additionally, sialyl-Tn antigen, glycosyltransferases such as FUT3, GALNT6 and 48 

ST3GAL3, glycan epitope sLex and glycoprotein targeted antibodies are potential sources for CTCs 49 

isolation and disease monitoring (Table 4). Numerous glycoproteins and glyco-epitopes are already 50 

FDA-approved markers in other types of cancer [18]. Currently, glycoprotein biomarkers for screening 51 

activity in HNSCC are mainly limited to research settings, hence there are enormous opportunities for 52 

specific glycosylation-associated markers in HNSCC diagnosis and therapy still to be identified and 53 

validated.  54 

This review provides the first comprehensive summary of current knowledge on glycosylation in 55 

HNSCC and recent developments in liquid biopsy technologies for capturing CTCs. These advances 56 

pave the way for many new opportunities to translate the next generation of markers from research into 57 

the clinic (Figure 5).  58 
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     59 
Glycosylation changes in HNSCC 
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Figure 5: Role of glycans and glycoconjugates in HNSCC.  60 

A. N-glycans are attached to asparagine residues and are modified by different glycosyltransferases into 61 

a complex array of possible structures.  62 

B. O-glycans are attached to the protein via serine/threonine residues and extended by numerous O-63 

glycan specific glycosyltransferases.  64 

C. Overview of Lewis blood group antigens. N-glycans and mucin type O-glycans both can be 65 

further modified to carry type one and type two chains. These forms are also known as N-66 

acetyllactosamine (LacNAc) repeats. Type one and type two units can be further modified by 67 

glycosyltransferases that transfer fucose and or sialic acids (NeuAc), generating fucosylated and or 68 

sialylated structures.  69 

D. Galactose residues in N- and O-glycans can be modified by α2-3/6 sialyltransferase (such as 70 

ST3GAL and ST6GAL) to cap glycan chains with this negatively charged sugar known to be a 71 

relevant sugar for cell-cell interactions. 72 

E. A short overview on the current knowledge on HNSCC-related glycoproteins and glycosylation 73 

features with diagnostic/therapeutic biomarker potential. 74 

 75 
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