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Abstract. Mucin 1 (MUC1) is a membrane‑bound and secreted 
glycoprotein that has a protective role in surface epithelia. 
We recently demonstrated that MUC1 mRNA expression was 
upregulated in tumour‑free tongue tissues adjacent to squamous 
cell carcinoma of the oral tongue (SCCOT) compared with that 
in the tumour tissues. The present study investigated MUC1 
protein in SCCOT tissue and serum from patients with squa-
mous cell carcinoma of the head and neck (SCCHN) at different 
sub‑sites. The results from immunohistochemistry demonstrated 
that all SCCOT tissues expressed MUC1; however, the protein 
levels were not correlated with MUC1 mRNA levels in the same 
tumours. Furthermore, serum MUC1 level was lower in patients 
with SCCOT, tonsil SCC and gingival SCC compared with that 
in healthy subjects; however, the difference was only significant 
for patients with SCCOT (P=0.0421). No correlation was seen 
between MUC1 level in tumour tissues and MUCI level in serum 
from the same patients. The absence of correlation between 
MUC1 protein and mRNA levels in SCCOT tissues emphasized 
the importance of validating genomic data in clinical samples. 
Although significant MUC1 downregulation was observed in 
the serum of patients with SCCOT, there was a large variation 
within the groups, suggesting that MUC1 may not be used as a 
biomarker for these types of tumors.

Introduction

Squamous cell carcinoma of the head and neck (SCCHN) is 
a heterogeneous group of malignancies that includes tumours 

from different locations within the head and neck area. More 
than 650,000 new cases are diagnosed every year worldwide 
and 330,000 death are caused by SCCHN  (1) The most 
important sites in terms of number of cases are the oral cavity, 
oropharynx and larynx. The most well known risk factors are 
smoking and alcohol abuse (2), and for some sub‑locations 
also HPV virus (3). From a functional and aesthetic aspect, 
SCCHN is a devastating disease with a low 5‑year survival 
rate (4), mainly due to late detection and a high recurrence 
rate (5,6). Numerous studies have therefore focused on finding 
reliable markers for diagnostic and prognostic use (7‑10).

In a recent RNA profiling analysis of tumour and clinically 
normal tongue tissues from patients with squamous cell carci-
noma of the oral tongue (SCCOT), the tongue being the most 
prevalent subsite of SCCHN, several genes were reported to 
be dysregulated in normal tongue tissues compared with those 
in tumour tissues, which was also the case in tongue samples 
from healthy individuals  (11). These findings indicated 
that these genes may serve a crucial role in tumour induc-
tion and may therefore act as potential biomarkers of early 
neoplastic changes. One of the top 10 upregulated genes in 
tumour‑free tissues was mucin 1 (MUC1), which encodes a 
membrane bound and secreted member of the mucin family 
known to have a protective role in epithelial surfaces (12). 
MUC1 also plays an essential role in maintaining cell 
homeostasis, promotes cell survival and participates in cell 
signal transduction (13,14).

The soluble form of MUC1, which is often referred to as 
CA15‑3, is generated by cleavage of the extracellular part of 
MUC1 from the cell surface by certain enzymes, including 
disintegrin and metalloproteases  (15,16). Elevated MUC1 
serum level is associated with shorter disease‑free survival 
and overall survival time in patients with breast cancer (17). 
Since MUC1 is one of the most highly upregulated genes in 
tumour‑free tongue tissues (7), it could be used as a poten-
tial marker of so‑called ‘field changes’ in SCCOT. These 
changes could be due to pre‑neoplastic genetic events or be 
indicative of environmental alterations predisposing to tumour 
formation (18,19). These field changes, including MUC1, could 
therefore represent biomarkers of early disease.
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In order to investigate this further, the present study 
compared MUC1 protein levels to previous MUC1 mRNA 
levels in FFPE tumour material from the same patients anal-
ysed for MUC1 mRNA, and evaluated MUC1 level in the 
serum from patients with SCCHN of different subsites.

Materials and methods

Patient samples. Paraffin‑embedded tissues from 25 SCCOT 
tumours were used for immunohistochemistry analysis, 
performed by the accredited lab in clinical pathology at Umeå 
University, Sweden. Positive controls were biopsies of breast 
skin from breast reduction surgery and informed consent from 
the patients was obtained at the time of surgery. Only primary 
cases of SCC from the mobile tongue, with full access to 
clinicopathological data were included. In addition, 11 of these 
patients were also included in the blood analysis (Table I). 
All patients provided informed consent at Umeå University 
Hospital and the study was approved by the local Ethics 
Committee (approval no. Dnr 08‑003M). All samples were 
collected at Umeå University Hospital between February 2003 
and August 2017 during a diagnostic biopsy procedure. All 
tumours are classified with the Tumor‑Node‑Metastasis 
(TNM) system according to the 7th edition (20).

Blood collection. Blood was collected from healthy 28 controls, 
26 patients with SCCOT, 20 patients with gingival SCC and 
13 patients with tonsil SCC. Blood samples were collected in 
connection with diagnostic examination/surgical procedure. The 
inclusion criteria were the same as stated for the aforementioned 
patient samples. The clinicopathological information for all 
patients are presented in Table I; however, the data for the control 
cohort of 28 healthy volunteers (median age of 50.5 consisting 
of 17 females and 11 males) were not available. Peripheral blood 
(3 ml) was collected using standardized venipuncture procedures 
into vacutainers (SST™ II; cat. no. 368498; BD Biosciences) 
containing a serum separator, an acrylic‑based gel that forms a 
barrier between the clot and the serum after centrifugation, but 
not an anticoagulant. Tubes were left standing for at least 30 min 
at room temperature after blood collection and centrifuged 
at 1,300 x g for 10 min at room temperature. The serum layer 
was subsequently collected and stored at ‑80˚C until further use. 
All controls and patients provided informed consent at Umeå 
University Hospital and the study was approved by the local 
Ethics Committee (approval no. Dnr 08‑003M).

Immunohistochemistry. Immunohistochemistry was performed 
in an accredited pathology laboratory at Umeå University Hospital, 
with positive controls (normal skin from breast taken at reduction 
surgery) included in each batch. In brief, paraffin‑embedded 
SCCOT tissues were sectioned into 5‑µm thick sections. Sections 
were pre‑treated in EDTA‑antigen retrieval solution (Cell 
Conditioning Solution, CC1; Ventana Medical Systems, Inc.) for 
64 min and then incubated with the primary antibody against 
MUC1 in 36˚C (ready to use, Roche Diagnostics; cat. no. 790‑4574 
H2) for 32 min. Detection was performed with an ULTRAVIEW 
kit (cat. no. 760‑500; Ventana Medical Systems, Inc.) following 
the manufacturers' protocols. MUC1 staining was evaluated 
by determining a quickscore (QS) system (21) using the light 
microscope, Olympus BX51 with a magnification of 3.2X and 

20X. The percentage of MUC1‑expressing tumour cells ranged 
from 1 to 6 as follows: 0‑4%, score 1; 5‑19%, score 2; 20‑39%, 
score 3; 40‑59%, score 4; 60‑79%, score 5; and 80‑100%, score 6. 
The staining intensity was classified as follows: Negative, score 0; 
weak, score 1; intermediate, score 2; or strong, score 3. The QS was 
obtained by multiplying the expression and intensity scores, which 
provided a range from 0 to 18. QS between 1‑5 are interpreted as 
low expression and QS between 6‑12 medium expression. The 
scoring was performed blinded by two individuals, and in cases 
of disagreement, slides were re‑evaluated and discussed until 
a consensus score was given. Differentiation of tumours were 
classified as poor, poor‑moderate, moderate, moderate‑high and 
high.

MUC1 blood detection. Serum samples were analysed using 
the R‑PLEX Human CA15.3 Antibody Set (Meso Scale 
Diagnostics). The R‑plex singleplex assay protocol was followed. 
Briefly, a 96‑well plate was coated with 200 µl biotinylated 
capture antibody (Meso Scale Diagnostics) in coating diluent 
consisting of 0.5% BSA (Roche Diagnostics) in PBS for 1 h at 
room temperature with agitation, and subsequently washed with 
PBS containing 0.05% Tween. Eight calibrator standards (25 µl) 
of a 4‑fold serial dilution were prepared from the Meso Scale 
Diagnostics supplied calibrator in triplicate. Serum samples 
were diluted 5‑fold (total volume 25 µl). Plates were incubated 
for 1 h, with agitation, at room temperature. After washing with 
PBS with 0.05% Tween, 50 µl detection antibody solution was 
added to each well and incubated for 1 h at room temperature 
under shaking. The plate was washed with PBS with 0.05% 
Tween before adding 150 µl MSD GOLD read buffer (from the 
aforementioned kit) to each well. The plate was immediately 
analysed using an Meso scale Diagnostics instrument, MESO 
QuickPlex SQ120 (Meso Scale Diagnostics). MUC1 concentra-
tion (U/ml) was calculated from the calibrator standard curve.

Statistical methods. Data were analyzed using SPSS version 26 
(IBM Corp.). For comparison of MUC1 serum levels in SCCHN 
and controls, the non‑parametric Mann‑Whitney U test was used, 
and for comparison between controls and multiple sub‑groups, 
Kruskal‑Wallis test with Dunn's post hoc test was used. To inves-
tigate the correlation between MUC1 protein levels in tissue and 
MUC1 RNA expression in tissue, and between MUC1 protein 
levels in serum and tissue, Spearman correlation coefficient (ρ) 
was used. Furthermore, patients were divided into two groups 
depending on the QS score as follows: MUC1 low, represented 
by a QS of 1 to 5; and MUC1 medium, represented by a QS of 6 
to 12. The associations between clinicopathological characteris-
tics of patients and the MUC1 serum levels were determined by 
using the χ2 test. For parameters where ≥20% of the cells had an 
expected count of <5, Fisher's exact test was used instead. For 
associations between categorized clinicopathological variables 
and circulating MUC1, Mann‑Whitney U or Kruskal‑Wallis test 
were used. One‑way ANCOVA was used to correct for age in 
the comparison of gender. P<0.05 was considered to indicate a 
statistically significant difference.

Results

MUC1 protein expression was evaluated in primary SCCOT 
tissues. The results demonstrated that MUC1 was primarily 
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located in the plasma membrane; however, MUC1 was 
also located in the cytoplasm of some samples (Fig. 1). All 
25 tumours analysed expressed MUC1, with 11 tumours 
presenting low levels (QS 1‑5) and 14 presenting medium levels 
(QS 6‑12). No tumour had a QS >12 (Table I). No correlation 
between QS and our previously measured mRNA levels (11) 
was observed (ρ=0.11; P=0.599) (data not shown).

The levels of circulating MUC1 were measured in serum from 
patients with SCCOT and controls. The results demonstrated 
that MUC1 serum level was significantly downregulated in 
patients with SCCOT compared with that in controls (P=0.0421; 
Fig. 2 and Table II). Serum from patients with gingival (n=20) 
and tonsil (n=13) SCC were also analysed and the results 
demonstrated that MUC1 serum level was downregulated in 
both gingival (P=0.8284) and tonsillar (P=0.0659) tumours 
compared with the controls, although this difference was not 
significant (Fig. 2 and Table II). No correlation was observed 
between MUC1 expression in tumour tissues (QS values) and 
circulating MUC1 levels in the 11 patients with both tissue and 
serum (ρ=0.157, P=0.644) (data not shown).

To investigate the association between the clinicopatho-
logical characteristics and MUC1 protein expression in tissue, 
patients with low (QS of 1‑5) and medium (QS of 6‑12) levels 
were compared. Of all characteristics tested, the only significant 
association was seen for the degree of differentiation, where half 
of the tumours (5/10; 50%) with moderate‑high or high differ-
entiation showed medium expression, whereas only 1 out of 6 
(17%) of the tumours with poor‑moderate or poor differentiation 
showed medium expression (Table III). In addition, comparison 
between the same clinicopathological characteristics and MUC1 
serum level was performed. By comparing the age groups 
using Kruskal Wallis, it was demonstrated that MUC1 serum 
levels were different in the different age groups; however, using 
Spearman's correlation analysis the MUC1 serum levels were 
not correlated (rs=0.257). Women had a significantly higher age 
(mean, 67.3 years) compared with the men (mean 58.3 years), 
and a one‑way ANCOVA was used to correct for age when 
comparing the sexes, and the results showed no association 
between men and women (Table IV).

Discussion

In agreement with previous immunohistochemical studies 
on SCCHN and oral squamous cell carcinoma  (22‑24), 
the present study reported the presence of MUC1 in all 
SCCOT tissues analysed; however, MUC1 expression in 
the tissues was not correlated with previously measured 
mRNA levels in the same tumour tissue specimens  (11). 
This inconsistency suggested that MUC1 protein level is 
regulated after mRNA synthesis, via post‑transcriptional, 
translational, post‑translational and protein degradation 
pathways. It has been reported that only 40% of protein 
concentration variation can be explained by corresponding 
changes in mRNA levels  (25,26). The differences in 
MUC1 protein and mRNA levels in tissues must be further 
validated to determine the value of these levels as diagnostic 
and prognostic markers.

Regarding the clinicopathological characteristics of 
patients with SCCOT, the degree of differentiation was the 
only characteristic associated with MUC1 serum level. Here, 
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only 1 of the 6 tumours with poor‑moderate or poor differ-
entiation showed medium MUC1 expression, whereas 50% 
of the high‑moderate or high differentiated tumours did. This 

result could mirror the homeostatic function exerted by MUC1 
in epithelia with levels kept higher in highly differentiated 
tumours more resembling the normal epithelium.

Figure 1. Representative images of tissues following MUC1 immunohistochemistry: (A) Patient 137 with medium levels of MUC1 and (B) patient 131 with 
low levels of MUC1. MUC1, mucin 1.

Figure 2. Detection of circulating MUC1 in serum of patients with squamous cell carcinomas of the oral tongue. Samples were collected from patients with 
SCCOT tongue SCC (n=26), gingival SCC (n=20) and tonsil SCC (n=13), and were compared with the control group (n=28). SCC, squamous cell carcinoma; 
SCCOT, squamous cell carcinoma of the oral tongue.
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Table II. Levels of circulating MUC1 in patients with SCCHN.

	 MUC1 serum level, U/ml
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Sample group	 Number	 Mean ± SD	 Median	 Fold‑change	 P‑value

Total	 87	 0.97±0.80	 0.77		
Controls	 28	 1.28±0.98	 1.11		
SCCHN	 59	 0.83±0.66	 0.63	 0.65	 0.013a

  Tongue	 26	 0.71±0.45	 0.53	 0.55	 0.042b

  Gingiva	 20	 1.06±0.91	 0.86	 0.83	 0.828b

  Tonsils	 13	 0.97±0.80	 0.77	 0.76	 0.066b

aMann‑Whitney U; bKruskal‑Wallis with Dunn's correction. SCCHN, squamous cell carcinoma of the head and neck; SD, standard deviation; 
MUC1, mucin 1.

Table III. Association between MUC1 protein in tissue and clinicopathological characteristics of patients with SCCOT.

	 MUC1 levels in SCCOT tumours
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 QS 1‑5 (low), n	 QS 6‑12 (medium), n	 Total, n	 P‑value

Age at diagnosis, years				    0.936a

  <40	 2	 2	 4	
  41‑65	 4	 6	 10	
  ≥66	 5	 6	 11	
Sex				    0.561a

  Female	 6	 6	 12	
  Male	 5	 8	 13	
T Stage				    0.180b

  T1, T2	 10	 9	 19	
  T3, T4	 1	 5	 6	
Lymph node status				    0.604b

  Negative	 10	 11	 21	
  Positive	 1	 3	 4	
TNM stage				    0.234b

  I, II	 9	 8	 17	
  III, IV	 2	 6	 8	
Degree of differentiation				    0.022b

  Poor	 2	 6	 8	
  Poor‑moderate	 1	 1	 2	
  Moderate	 4	 0	 4	
  Moderate‑high	 4	 3	 7	
  High	 1	 2	 3	
Recurrence				    0.556b

  No	 7	 9	 16	
  Yes	 4	 4	 8	
Overall survival				    0.821a

  Yes	 6	 7	 13	
  No	 5	 7	 12	

One patient was never tumour free, therefore it cannot be determined if the patient developed recurrence or not. aχ2 test; bFisher's exact test. 
TNM, Tumor‑Node‑Metastasis; QS, quickscore; MUC1, mucin 1. Overall survival, alive at least 2 years after end of treatment.
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The soluble MUC1 level in the circulation was also analysed, 
since it has been reported as a biomarker for cancer staging and 
relapse monitoring in patients with breast and gastrointestinal 
tumours (27,28). Patients with breast cancer and presenting with 
high levels of circulating MUC1 have a significantly shorter 
overall survival time compared with patients with low levels (29), 
and levels of soluble MUC1 have been used for monitoring the 
therapeutic effect in patients with metastatic disease (30). In the 
present study, a significant downregulation of MUC1 in serum 
from patients with tongue SCC was observed compared with 
that in serum from control patients, but not from patients with 
gingival and tonsil SCC. This was another example of subsite 
tissue‑specific alteration, which has been previously reported 
within the whole head and neck region (31‑33). In addition, 
none of the patients in the present study possessed high levels 
of MUC1 (CA15‑3) that are used clinically in breast cancer with 
cut‑off values of 20‑30 U/ml or higher (17,18,20), 4 U/ml was 
the highest level measured in the patients from the present study. 

These data in SCCHN, including SCCOT, were therefore similar 
to those in other types of cancer in which circulating MUC1 
levels only had prognostic value in a minority of patients with 
large and/or widespread disease at the time of diagnosis (30). 
The result from immunohistochemistry showing that SCCOT 
tissues may be strongly positive for MUC1 but not correlated 
with serum levels may also be due to variable levels of MUC1 
shedding, depending on expression and activity of sheddases 
and their inhibitors (15,16).

The present study demonstrated that MUC1 circulating 
level was associated with sex, and women presented with 
significantly more tumours with high MUC1 expression (68%) 
than men (38%). However, the mean age of women was higher 
(67.3 years) than men (58.3 years), which is a factor that could 
affect normal processes within the epithelium.

There are many different models for studying cancer, 
including primary cultures of cancer cells (34,35); a cell line 
model can never completely mimic what happens in an entire 

Table IV. Associations between circulating MUC1 levels and clinicopathological characteristics of patients with squamous cell 
carcinoma of the head and neck.

Characteristic	 n	 Mean ± SD	 Median	 P‑value

Age at diagnosis, years				    0.004a

  <40	   6	 0.71±0.38	 0.74	
  41‑65	 25	 0.56±0.40	 0.42	
  ≥66	 28	 1.09±0.79	 0.88	
Sex				    0.216b

  Female	 22	 1.03±0.78	 0.86	
  Male	 37	 0.71±0.55	 0.48	
T stage				    0.324c

  T1, T2	 29	 0.69±0.44	 0.52	
  T3, T4	 30	 0.96±0.81	 0.86	
Lymph node metastasis				    0.778c

  Negative	 37	 0.78±0.66	 0.52	
  Positive	 22	 0.86±0.67	 0.86	
TNM stage				    0.313c

  I, II	 20	 0.66±0.46	 0.51	
  III, IV	 39	 0.91±0.73	 0.83	
Degree of differentiation				    0.847a

  Poor	   4	 0.50±0.24	 0.47	
  Poor‑moderate	 16	 0.99±0.98	 0.75	
  Moderate	 22	 0.74±0.46	 0.60	
  Moderate‑high	 15	 0.84±0.56	 0,77	
  High	   2	 0.98±0.94	 0.98	
Recurrence				    0.806c

  No	 47	 0.82±0.65	 0.63	
  Yes	   8	 0.69±0.38	 0.67	
Overall survival				    0.321c

  Yes	 43	 0.74±0.52	 0.59	
  No	 16	 1.05±0.92	 0.87	

Recurrence status is missing for the patients that are never tumour free. aKruskal‑Wallis with Dunn's post hoc test; bOne‑way ANCOVA 
corrected for age; cMann‑Whitney U. SCCOT, squamous cell carcinomas of the oral tongue.
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organism. For future studies on the function of MUC1 in 
cancer cells, a cancer cell line model can be useful in order to 
assess MUC1 interactions with other molecules. A correlation 
between MUC1 expression with E‑cadherin and β‑catenin 
expression has been previously reported in pancreatic and 
breast cancer cell lines where decreased expression of MUC1 
leads to increased expression of E‑cadherin and β‑catenin 
and thus, to altered cell migration (36). A previous study on 
colorectal cancer also demonstrated that MUC1 is involved in 
the tumoral process when p53 is overexpressed (37).

In conclusion, the present study demonstrated that there 
was no correlation between MUC1 mRNA expression and 
MUC1 protein expression in SCCOT tissues, suggesting the 
importance of validating genomic data in clinical samples. 
Furthermore, the large variations in serum levels of MUC1 
observed within the subgroups of SCCHN patients indicated 
that MUC1 may not be used in clinical practice as a serum 
biomarker for these types of tumours. Although the number 
of samples studied was limited, all samples were collected 
according to strict inclusion criteria and at the same hospital, 
and were handled by two experienced researchers, making the 
groups as homogenous as possible.
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