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Head and neck cancer constitutes the sixth cause of cancer 
worldwide with an age-standardized rate of 9.1 cases per 100,000 
inhabitants, not including thyroid tumors1. Most stage I/II patients 
have a very good prognosis while those with higher stages of the 
disease show a poor overall survival being the presence of lymph 
node metastases the main factor2. Development of tumor markers 
either prognostic as well as to detect early recurrences or therapy-
predictive would have critical importance. In the last years, several 
publications related to immunotherapy3,4, genomics5-7 and viral 
carcinogenesis8-10 have explored new biological targets and markers 
for this disease.

The  alteration in MUC1 and carbohydrate associated antigens 
would play a role in  head and neck squamous cell carcinoma 
(HNSCC) development/dissemination and, in consequence,  may 
bring relevant information to clinical aspects. MUC1 is expressed 
by normal and neoplastic benign and malignant epithelial cells; it 
is translated as a single polypeptide that undergoes autocleavage 
into two subunits. The MUC1 N-terminal subunit (MUC1-N) 
contains highly conserved tandem repeats of 20 amino acids that 
are extensively modified by  O-linked glycans, forms a stable non-
covalent complex with the C-terminal transmembrane subunit 
(MUC1-C) and is thereby anchored to the cell surface. In carcinomas, 
MUC1 is often highly overexpressed losing its apical polarization, 
displays altered mRNA splicing variants and aberrant glycosylation11- 

13. Tumor MUC1-N exhibits the Core 1 O-glycans and, additionally,
is highly sialylated, which causes premature termination of chain
elongation and formation of truncated sugar branches with the
expression of different terminal glycan epitopes14. In Figure 1, the
Mucin type O-glycosylation biosynthetic pathway is summarized;
although the antigens showed have been found both in normal and
neoplastic squamous epithelia, some have been mainly detected in
malignant tumors such as Tn hapten (Tn), sialylTn (sTn), and sialyl
Lewis x (sLex).

O-glycosylation is initiated by one of the several ppGalNAc
transferases and, if no further glycans are added, results in the 
expression of the Tn antigen. In tumors, short glycans might be 
generated by early sialylation (sTn), while in normal keratinized or 
non-keratinized stratified epithelium, core structures are developed 
by core synthases (C1GALT1 and GCNTs). Core synthesis and 
polylactose chain extension results in T antigen and Lac (Lactose) 
or sLac (sialyl Lactose) expression, respectively. Sialylation and 
fucosylation of the outermost part might give rise to antigens of the 
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Lewis group (in type 1 lactose chains Lea or b and in type 
2 chains Ley or x). Finally, some tumors are capable of sLex 
synthesis, a glycan structure related to cell adhesion and 
metastatic dissemination.

In an early study, we determined the expression 
of MUC1-N, Tn, Lewis x (Lex), sLex and Lewis y (Lex) 
in specimens of advanced carcinoma of the larynx by 
immunohistochemistry (IHC); additionally, an extensive 
procedure favoring the detection and isolation of MUC1 
from tumor samples was performed15. Taking into account 
that the antigens evaluated have been reported to be 
factors associated with increased metastatic potential16,17, 
we established a new larynx carcinoma cell line which 
would provide the basis for further experiments18. The 
tumor belonged to a patient with a poorly differentiated 
carcinoma with lymphatic node metastasis; an accurate 
antigenic characterization showed the expression of 
MUC1-N, Tn, Lex, sLex and Ley antigens. The similar 
immunohistochemical (IHC) pattern of expression 
of MUC1 and sLex as well as the fact that subcellular 
fractions showed the same molecular weight (MW) bands 

by Western-Blot (WB) suggested that MUC1 may be its 
carrier. An expanded study on the above panel of antigens 
as tumor markers in HNSCC was reported19. Specimens 
from patients with tongue, larynx, oral cavity, maxillary 
sinus, tonsillar ring and pharynx tumors were included. 
The study also included normal tissue samples from 
the same locations, obtained from patients without any 
history of HNSCC or local inflammation. Tumor samples 
showed a high expression of the panel of antigens while 
no correlation with tumor localization was detected; 
the similar IHC pattern of reactivity of MUC1-N and sLex 
and also Ley was a remarkable finding. Furthermore, WB 
analysis from isolated subcellular fractions showed similar 
MW bands with anti-MUC1 and sLex confirming previous 
results; Tn showed the same bands. In this report, we 
compared the IHC expression of 6 tumor samples with their 
matched regional metastatic lymphatic nodes; in three 
cases, metastatic cells presented a coincident expression of 
MUC1-N; also, sLex, Lex, and Tn were detected. 

An IHC approach was developed to examine the effect 
of desialylation on peptidic as well as carbohydrate MUC1 

Figure 1: Mucin type O-glycosylation biosynthetic pathway. 
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(Tn, T, sialyl Tn, sialyl T) epitope reactivity20. In a group 
of 24 HNSSC samples (pharynx, larynx, maxillary sinus, 
and oral cavity), we demonstrated that the treatment of 
samples with neuraminidase resulted increasing MUC1 
and Tn expression while a negative reaction was found in 
the only one sTn+ tumor after treatment. Furthermore, 
Tn epitope was not detected without desialylation, while 
neuraminidase treatment allowed 10 samples to become 
positive. Again, WB analysis showed the same MW bands 
for MUC1 and Tn.

In 53 HNSCC patients, anti-MUC1 humoral immune 
response was studied; from each patient, a tumor 
specimen as well as a pretreatment serum sample were 
obtained21. Comparison between MUC1-N and MUC1-C 
subunit expression in tumor samples was performed. 
Taking into account that release of MUC1-N from the cell 
surface occurs and it may be detected in serum samples, 
MUC1-N serum levels were measured. We also searched 
for a possible humoral anti-MUC1-N immune response 
by detection of free IgG/IgM anti-MUC1-N antibodies 
by ELISA and circulating immune complexes (CIC) by 
precipitation in polyethylene glycol 3.5%. Finally, to probe 
that CIC antigen was MUC1, IgG-CIC was isolated by protein 
A-sepharose CL-4B affinity chromatography followed by
SDS-PAGE and WB. It was found that MUC1-C was widely
expressed in tumor samples; serum MUC1-N levels were
higher in cancer patients than controls (p = 0.005); free
IgG/IgM anti-MUC1 serum levels in HNSCC were lower
than controls and only IgG antibodies positively correlated
with MUC1-N levels, which was the first indication that
an anti-MUC1-N immune response was mounted in these
tumors. In HNSCC serum samples, high levels of CIC were
detected statistically associated with tumor stage and
differentiation. It was conclusively demonstrated that CIC
antigenic moiety was MUC1-N.

To further demonstrate the differential expression 
of the panel of antigens selected and their possible 
performance as tumor markers, comparison with normal 
counterparts was performed. Respect to tumor samples, 
normal squamous epithelium of larynx, pharynx, tonsillar 
ring, maxillary sinus, oral cavity, and tongue showed a 
much lower expression of MUC1-N in the cytoplasm at 
several basal and superficial cells. Carbohydrate associated 
antigens showed a more extended expression than MUC1 
although lower than malignant cells; staining was usually 
restricted to a few cells belonging to the superficial layer 
while, in some cases, basal and intermediate strata were 
reactive; the pattern of distribution was homogeneous, 
mostly a moderate cytoplasmic reaction. Lex showed the 
strongest reaction followed by Ley and finally, Tn19, 22. 
Again, among glycan antigens, Lex was the most reactive 
with a predominant linear pattern; sLex, Ley, Tn, and sTn 
were also reactive but with a more restricted and lower 
expression.

As it was pointed above, tumor MUC1 differs from 
that expressed in normal cells, both in its biochemical 
features and its cellular distribution as well. It has been 
demonstrated that these phenomena are related; on one 
hand, hypoglysation impacts the stability and subcellular 
localization of MUC1 while increased sialylation may 
result on premature termination of sugar branches with 
the generation of Tn/T antigens or overexpression of 
sLex/sLea antigens. Hypoglycosylation without enhanced 
degradation may potentiate MUC1 oncogenic signaling 
by decreasing its cell surface levels and increasing 
intracellular accumulation13. The overexpression of MUC1 
in different tumor locatizations has been linked to the 
activation of several pathways that are known to be of 
importance to cancer dissemination23-27. Furthermore, 
sLex/sLea are ligands of selectins and mediate tumor 
adhesion to vascular endothelia associated with a worse 
prognosis in several malignant neoplasms28. To unravel 
the relationship of MUC1 and the panel of glycan antigens 
with dissemination in HNSCC, we developed a study 
including primary tumors, metastatic lymphatic nodes 
and local recurrences by means of histological detection 
and subcellular isolation. The study included 125 patients 
with HNSCC (oral cavity, larynx, pharynx, nasal cavity, 
and paranasal sinuses) with different histopathological 
differentiation and at different stages of disease29. Our 
findings supported previous reports which indicated a high 
expression of MUC1 and related Lewis antigens in HNSCC; 
interestingly, MUC1-C was highly expressed and both 
MUC1 subunits were mainly found at cytoplasmic level 
while plasmatic fractions were not so frequently reactive, 
but nuclei fractions were also stained in several specimens; 
these findings sustained the involvement of MUC1 on 
dissemination. On the other hand, expression did not show 
differences among metastatic lymph nodes and primary 
tumors also considering analysis of paired samples, 
while tumor recurrences showed a lower expression than 
primary tumors, possibly because recurrences consisted 
on highly undifferentiated specimens. By an exhaustive 
methodology, we isolated MUC1 which was reactive with 
sLex and Ley antigens which was in agreement with our 
previous reports and suggested that MUC1 may be a 
carrier of these carbohydrates. Differentiation was the only 
variable that showed significant differences in relation 
to MUC1 expression; a notable feature was the variation 
of MUC1-C pattern of expression from linear in normal 
samples to cytoplasmic and nuclear in less differentiated 
primary tumors. Particularly, Lex expression was found 
to be inversely correlated with tumor T classification and 
associated with well-differentiated tumors. Considering 
this last finding, the prognostic utility of Lewis antigens in 
HNSCC was evaluated. With that purpose, we conducted a 
prospective research including histological samples from 
79 patients with primary HNSCC. Lex and sLex expression 
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were detected by immunohistochemistry; patient´s data, 
progression free, and overall survival were documented30. 
By IHC, Lex was detected in 43% tumor samples, while sLex 
only in 14%. Lex expression showed a positive correlation 
with tumor differentiation and a better overall survival for 
Lewis x+ patients was detected; Cox´s regression analysis 
showed that Lex is an independent predictor of better 
overall survival. A study on the enzymes implicated on 
patients´ survival was performed; an in silico analysis was 
developed which supported the presence of deregulated 
fucosyl (FUT4) and sialyltransferase (ST3GAL4) in Lex 
synthetic pathway. These results suggested that Lex 
expression was associated with a better outcome in 
patients with HNSCC.

Considering the importance of HNSCC, substantial 
improvement has been generated in both biological as well 
as clinical aspects: 1-MUC1 and carbohydrate associated 
antigens are widely expressed in this tumor localization; 
2- MUC1 may be a carrier of sLex and Ley; 3- MUC1 is
immunogenic in HNSCC patients, and 4-Lex is a marker of
good prognosis in these patients.
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