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Introduction
Mucins

Mucins are high molecular weight glycoproteins (0.5 MDa 
to 20 MDa) composed of approximately 80% carbohydrate 
and about 20% amino acid contents [1]. Mucins have 
been discovered decades ago and extensively studied not 
only for its role in cellular physiological properties such 
as lubrication and protection but also for various disease 
processes such as inflammatory and neoplastic conditions 
[2-4]. Mucins are being secreted through goblet cells of 
epithelial surfaces. They tend to adhere with epithelial 
surface, lubricate and form protective layer against 
dreadful environment pathogens. Mucins are normally 
expressed at low levels in the normal epithelial surfaces of 
gastrointestinal, respiratory, and reproductive tract organs 
[5-9] and protect these epithelial surfaces from obnoxious 
external insults by creating a physical barrier that preserves 
internal physiological environment and are essential for cell 
survival [10-13]. Besides their role in protective function 
for the normal epithelial surface of tissues, alterations in 
expression pattern of mucin are a common feature of several 
neoplasia [14,15]. The aberrant expression of mucin has 
been shown in multiple cancers [5-7]. One of the important 
features of mucin is the presence of a tandem repeat 
domains in which O- and N-glycosylation structure builds. 

Tandem repeats of various mucins are extensively studied 
[16]. Alterations in the expression and/or glycosylation 
patterns of mucins influence cellular growth, differentiation, 
transformation, cell adhesion, cell invasion and immune 
surveillance [17,18]. Cytoplasmic tail contains serine, 
threonine and protein kinase C phosphorylation motif 
site which are potential phosphorylation site to initiate 
cell signaling. Multiple studies have established a clear 
connection between mucin and multiple GI malignancies 
such as pancreatic, esophageal, salivary gland, gastric 
and hepatobiliary and colorectal cancers etc. [19-24]. In 
addition, mucins have been also well studied as diagnostics 
and prognostic indicator in GI cancers.

Classification of Mucins
Until now, 20 mucin family members have been studied 
and designated as MUC1, MUC2, MUC3A-B, MUC4, 
MUC5AC, MUC6, MUC7, MUC8, MUC9, MUC11, 
MUC12, MUC13, MUC15, MUC16, MUC17 and MUC19, 
MUC20, MUC21. Structurally, mucins share extracellular 
(protrudes exterior to the cell surface), transmembrane 
(embedded within cell membrane) and cytoplasmic tail 
domain (located at the interior of cell surface). Based on 
structurally and functionally resemblances mucins are 
broadly classified into three broad groups. First group is 
composed of MUC2, MUC5B, MUC5AC, and MUC6. 
These mucins are predominantly secretory or gel forming 
mucins. The second group of mucins is composed of 
MUC1, MUC3A, MUC3B, MUC4, MUC11, MUC12, 
MUC13, MUC15, MUC16, MUC17, MUC20 and MUC21. 
These mucins are loosely attached with cell surface 
and secreted in the mucus. They are also referred as 
transmembrane or membrane bound mucins because they 
harbor a transmembrane domain and a short cytoplasmic tail 
domain. The third subgroup composed of MUC7, MUC8, 
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and MUC9. These mucins are exclusively secreted non-gel 
forming mucins (soluble mucins) (Table 1).

Mucin proteins were discovered several decades ago. 
However, MUC13 is a relatively newly discovered 
mucin. For the first time, William et al. identified a novel 
transmembrane mucin MUC13 by in silico search using 
serine, threonine rich search string in the GenBank EST data 
base [25]. This search identified a gene that was expressed 
in rodent bone marrow. The complimentary DNA (cDNA) 
sequence of the human orthologue of this gene was further 
identified and was found to be located at chromosome 
position 3q21.2 (GenBank accession number AF286113) 
and was flanked by genes ITGB5 (β integrin) and HEG-1 
(heart of glass). Later, HUGO (human genome organization) 
gene nomenclature committee (HGNC) designated this gene 
as “MUC13”. The MUC13 mRNA contains 12 exons (2.8 kb 
length) and encodes 512 amino acids [26,27]. Structurally, 
from N terminus to C terminus, MUC13 consists of SP, 
TR (hallmark of mucins), EGF-1 like, SEA, EGF-2-3 like, 
and TM located at extracellular space and CT tail domain 
in the intracellular space (Figure 1) (for elaborate structural 
details please refer our previous article mucin13: structure, 
function and potential roles in cancer pathogenesis). MUC13 
is a membrane bound mucin and has been studied in normal 
tissues as well as in various diseases including malignancy 
and inflammatory diseases [28-35]. The normal expression 
of MUC13 has been reported in epithelial surfaces of 
multiple organ system including esophagus, stomach, colon, 
trachea, kidney and some of the hematopoietic cells [26]. 
However, the over expression of MUC13 has been shown 
in cancers of esophageal, gastric, pancreatic, ovarian and 
colorectal origin [5,6,36,37]. In this review, we, in particular 

discuss the overview/current trends and clinical importance 
of mucins MUC13 in GI cancer carcinogenesis. We also 
discuss MUC13’s potential utility as diagnostic/prognostic 
marker and its correlation with patient survival.

Salivary Gland Cancer
Mucoepidermoid carcinoma (MEC) is the most common 
subtype of malignant salivary gland tumor. This kind of 
tumors are both epithelial and mucin type. To date, only one 
report is available pertaining to role of MUC13 in MEC. In 
this report, Semirani et al. showed expression profile and 
patient survival of MUC13 and other mucins members of 
mucin family including MUC1, MUC4, MUC12, MUC13, 
MUC17, MUC18 and MUC19 in 23 MEC patients and its 
adjacent normal counterpart using RT-PCR and quantitative 
PCR. Accordingly, majority (65%) of MEC tissues expressed 
MUC19. MUC1 and MUC4 were expressed 4.2 and 21 fold 
high in MEC. On the other hand, MUC13 was over-expressed 
in 13% of tumors and MUC12, MUC17 expression was not 
found. Based on these results authors concluded that no 
definite association for MUC13, MUC17-19 expression and 
patient survival was noted in their study. They also mentioned 
that because of small sample size no specific association 
was seen and therefore further study in a larger cohort of 
tissues are needed to draw definite conclusion. Despite, they 
also drew conclusion that MUC4 expression was predictive 
of more favorable prognosis whereas MUC1 and MUC19 
expression was predictive of less favorable prognosis [38].

Esophageal Squamous Cell Carcinoma (ESCC)
ESCC is one of the common malignancy in US with 
estimated new cases of 16910 and estimated death 15,690 
[39]. Other mucins have been extensively studied in 
ESCC, however, only two studies have been reported thus 
far in relation to MUC13’s role in ESCC carcinogenesis 
and its utility as biomarkers [40-42] . In the first study, 
Wang et al. investigated expression pattern of MUC13 in 
combination with MUC20 for its prognostic significance 
and patient survival in ESCC patients who received non-
adjuvant chemotherapy after surgery. They performed 
IHC analysis in 186 patients and found that MUC13 and 
MUC20 expression was mostly localized in the cytoplasm. 
About 53.8% of patients had high MUC13 expression 
and about 38.2% patient had high MUC20 expression. 
However, neither MUC13 nor MUC20 expression was 
associated with long term patient survival when evaluated 
independently. In contrast, the median patient survival was 
significantly high in tissues expressing low MUC13 and 
high MUC20 expression when combined together. They 
concluded that MUC13 and MUC20 expressions together 
were an independent prognostic indicator in ESCC for the 
patients who had received neoadjuvant chemotherapy after 
surgery [43]. In another report, Shen et al. studied the gene 
expression profiling of ESCC patients to evaluate response 
to neoadjuvant chemotherapy using cDNA array technology 
and chemo sensitive and resistant cell lines. They found that 
almost 200 genes were differentially expressed, however, 6 
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genes including MUC13, MUC4 and MUC20 was selected 
in the study because of their role in tumor development and 
progression. Their results revealed that MUC4 and MUC20 
were expressed at low levels and MUC13 were over expressed 
in chemo sensitive ESCC cell lines. Silencing MUC4 and 
MUC20 further increased the sensitivity of ESCC cell lines 
to neo-adjuvant chemotherapeutic agent whereas silencing 
MUC13 decreased the drug chemo sensitivity. All together, 
they concluded that blockage of MUC13 decreased chemo 
sensitivity and MUC4 and MUC20 could be utilized as 
potential biomarkers for predicting efficacy of neoadjuvant 
chemotherapy in ESCC patients [44]. 

Gastric Cancer
Gastric cancer is one of the devastating diseases with estimated 
new cases of 26,370 and estimated deaths are 10,730 in 2016 
in US. Several mucins have been shown to play an important 
role in gastric carcinogenesis and have been shown to be 
determinant of prognosis [45-48]. Shimamura et al. for the 
first time, reported increased expression of MUC13 both at 
mRNA and protein levels in approximately 65% of gastric 
cancer cases. They also reported that MUC13 expression was 
predominant in the intestinal type gastric cancer whereas in 
intestinal metaplasia (precancerous lesions of intestinal 
type of gastric cancer) and in the normal gastric mucosa 
MUC13 expression was almost absent. Tubular glands of 
stomach showed apical membrane MUC13 staining whereas 
diffuse type gland showed more pronounced cytoplasmic 
staining. They also concluded that MUC13 expression was 
not correlated with clinico-pathologic factors such as depth 
of invasion and lymph node metastasis [37]. In another 
study, Lee et al. reported that there was a 115-fold increase 
in MUC13 expression in intestinal metaplasia compared to 
normal tissues. They also reported that cytoplasmic MUC13 
expression may be associated with decreased survival 
rates among gastric cancer patients [49]. The same group 
of researcher conducted another study in which MUC13 
expression was evaluated along with other metaplasia 
biomarkers and found that combined loss of expression of 
MUC13 along with other marker considered an independent 
prognostic indicator in undifferentiated gastric cancers [50]. 
In another study, Liu et al. showed that MUC13 expression 
disrupts gastric homeostasis resulting in the development of 
gastric metaplasia [51]. Altogether these studies suggest that 
MUC13 plays an essential role in gastric neoplasia and is an 
important prognostic indicator.

Hepatic Cancer
Intrahepatic duct cancer is the one of the top five causes of 
deaths in US with estimated new cases 39,220 and estimated 
deaths 27,170. Subrungruanga et al. studied the gene 
expression profile using microarray in Thai patients having 
intrahepatic cholangiocarcinoma associated with the infection 
with liver fluke parasite. Their result revealed that a 2,821 
upregulated genes whereas 1,361 down regulated genes. Of 
those up regulated genes MUC13 was among them and was 
further confirmed using RTPCR. This report suggested that 

MUC13 along with other genes that were upregulated in this 
study can be used as novel genetic marker for classifying and 
for the early diagnosis of cholangiocarcinoma [52]. 

Pancreatic Cancer
Pancreatic cancer is a leading cause of death. While few reports 
are available pertaining to molecular mechanism of MUC13 
in other gastrointestinal cancers, it is relatively well studied in 
pancreatic cancer [5]. Our group have previously shown over 
expression of MUC13 in pancreatic tumorigenesis [5]. In this 
study, immunohistochemical analysis in tissues of pancreatic 
intraepithelial (PanIN) lesions revealed significantly higher 
MUC13 expression in PanIN lesions whereas normal tissue 
showed undetectable MUC13 expression. High expression 
of MUC13 was correlated with well and moderately 
differentiated tumors. Exogenous expression of MUC13 
in xenograft mouse model was associated with increased 
tumor volume whereas MUC13 knockdown reduced tumor 
volume. MUC13 expression also correlated with increased 
motility, invasion, and reduced adhesion of pancreatic cancer 
cells. In a recently published paper Khan et al have shown 
over expression of HER2 and its colocalization with MUC13 
in indicating potential therapeutic target utility in subset 
of HER 2 expressing pancreatic ductal adenocarcinoma 
patients [53]. In a recently published report Khan et al. 
reported regulatory pathway of MUC13 via miRNA-145. 
They reported that MUC13 expression inversely correlates 
with miRNA-145 expression in pancreatic cancer cells and 
tumor tissues. They stated that MUC13 miRNA-145 targets 
3’ untranslated region of MU13 and down regulates MUC13 
expression. Their study suggests that miR-145 is a novel 
regulator of MUC13 expression in pancreatic cancer that will 
further help understand regulatory molecular mechanism 
which may potentially offer new avenue for treatment of 
pancreatic cancer [54]. 

Colorectal Cancer
Colorectal cancer is one of the most common forms of 
malignancy in the developed world. It is also the third and 
second leading cause of cancer related deaths in the USA and 
world, respectively [55]. It is estimated that, approximately 
95,270 new cases will be diagnosed, of which, 49,190 
estimated deaths due to colon cancer in 2016 [55]. In the first 
published report regarding expression of MUC13 in colon 
cancer, Walsh et al. determined the expression of MUC13 on 
various stages of colon cancer using immunohistochemistry 
(IHC) analysis to determine localization and expression of 
MUC13 in colorectal cancer tissues [36]. They reported that 
in the normal colon, MUC13 was detected on the apical 
membranous surface of glands and goblet cells with variable 
cytoplasmic MUC13 immunostaining. The highest MUC13 
immuno-reactivity was observed on crypts and surface 
epithelium. MUC13 was highly expressed in 81% of well 
differentiated colon adenocarcinomas and 50% mucinous 
adenocarcinomas. MUC13 staining was more pronounced 
on the left side adenocarcinoma compared to right side. 
The poorly differentiated cancers had more cytoplasmic 
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is gradually increasing. These tumors also have over 50% 
of metastasis rate. Carr et al. for the first time studied these 
tumors to evaluate gene expression profile for six target 
genes including G-protein-coupled receptor 113 (GPR113); 
oxytocin receptor (OXTR); secretin receptor (SCTR); 
adenosine-A1 receptor (ADORA1); meprin-A-beta receptor 
(MEP1B) and MUC13. In this study, mRNA profiling in 
45 patients with primary and metastatic lesions compared 
to normal tissues revealed significant over-expression of 
oxytocin receptor (OXTR) in both primary and metastatic 
SBNETs and PNETs. MUC13 and MEP1B was over-
expressed in PNET primary tumors, GPR113 was over-
expressed in primary SBNETs and their metastases. SCTR 
and ADORA1 were significantly under-expressed in PNETs 
and their metastases. Altogether, their finding revealed that 
even though MUC13 and other genes are significantly over-
expressed only OXTR may be a potential target for the 
diagnostic and therapeutic intervention for SBNETs and 
PNETs [62].

Conclusion
MUC13 is relatively newly identified mucin, despite, 
available reports points towards its implications/roles in 
various GI malignancies/inflammatory processes and its 
utility as a diagnostic/prognostic indicator either alone or in 
combination with other membrane bound proteins. However, 
except couple of reports [53,54] in pancreatic cancer and 
a single report in colon cancer [57], little is known about 
molecular/regulatory mechanism of MUC13 in other GI 
cancers carcinogenesis. Further research is required to 
decipher the complexity of molecular/regulatory mechanism 
of MUC13 in the pathogenesis of various GI malignancies 
and inflammatory diseases. This will also aid on bringing its 
potential utility as diagnostic/prognostic biomarker for early 
detection and development for targeted immunotherapy to 
minimize mortality associated with lethal GI cancers.
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