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Expression of MUCI in different tumours
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Abstract. Mucin 1 (MUCI1) was the first discovered trans-
membrane protein of the mucin family; it normally covers
epithelial cells of the mucous membrane, providing lubrica-
tion and protection. However, aberrant expression of MUC1
is involved in cancer development, invasion and metastasis. It
has been reported that MUC1 upregulation is highly associ-
ated with the progression of different epithelial cancer types,
such as lung, liver, pancreatic and breast cancer. Therefore,
MUCI can be used as a specific marker and a target for immu-
notherapy in clinical applications, and the detection of MUCI1
expression levels can be used to diagnose the occurrence,
metastasis, prognosis and recurrence of cancer. The present
review summarizes the abnormal expression of MUCI in
different tumours and discusses its clinical significance,
thereby highlighting the potential diagnostic and therapeutic
significance of MUCI in cancer.
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1. Introduction

Mucins are a family of high-molecular weight glycoproteins.
In recent years, accumulating evidence has demonstrated that
mucins play an important role in the initiation and progres-
sion of tumours (1). Therefore, research on the members of
the mucin family has become a hot spot in the field of tumour
immunotherapy. Among them, Mucin 1 (MUC1) is widely
studied for its role in the pathogenesis of various cancer
types, and it is the most intensively studied transmembrane
protein of the mucin family. In general, abnormal expression
of the MUCI oncogene is associated with the progression of
malignant tumours. For example, studies have found that the
high expression of MUCI is associated with the survival and
prognosis of patients with lung, gastric, colorectal and pancre-
atic cancer (2-4). Thus, MUCI is potentially a valid marker for
the clinical diagnosis of tumours and an important antigen for
targeted therapy (5).

2. Distribution, structure and biological characteristics of
MUC1

In healthy tissues, MUCI is expressed on the proximal luminal
surface or proximal glandular surface of glandular epithelial
cells, and its expression is characterized by apical expression,
polar distribution and complete glycosylation. In diseased
tissues, the upregulation of MUCI together with loss of polar-
ization and exposure of sites originally covered by glycan
chains leads to the recognition of MUCI as a tumour-associ-
ated antigen (TAA) by the immune system, indicating that it is
a target for immunotherapy (6,7).

MUCI is a high-molecular weight transmembrane
glycoprotein, with a molecular weight of 300-600 kD, that
is composed of two subunits, including the extracellular
amino-terminal subunit (MUCI1-N) and the transmembrane
carboxy-terminal subunit (MUCI-C) (8). These two subunits
are linked by non-covalent bonds to form a heterodimeric
complex in the cell membrane and can also be spontaneously
hydrolysed into two subunits. MUCI1-N consists of 20-amino
acid variable number tandem repeats, which are rich in amino
acid residues and can be highly glycosylated. MUCI-C is a
transmembrane subunit containing extracellular, transmem-
brane and intracellular domains (9). The cytoplasmic tail of
MUCI1 (MUCI1-CT) consists of an extracellular domain of
58 amino acids, a transmembrane domain of 28 amino acids
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and an intracellular domain of 72 amino acids. MUCI-CT is
highly conserved among different species and plays an impor-
tant role in numerous processes, such as signal transduction
and intercellular interactions (10).

MUCI has a lubricating and protective function in normal
mucosal epithelial cells. However, upregulation of MUCI1
promotes tumour progression by affecting multiple signalling
pathways, as well as by regulating the proliferation and epithe-
lial mesenchymal transition of tumourcells. Therefore, MUC1
is considered a vital oncogene that regulates the developmental
processes of cancer. It has been shown that MUCI promotes cell
growth and the proliferation of cancer by regulating PI3K/AKT,
MEK/ERK, p53, nuclear factor-kB, epidermal growth factor
receptor, WNT/f-catenin and JNK/TGF-f (3,11,12). MUCI1
also regulates tumour cell invasion and metastasis by
interacting with E-calmodulin and intercellular adhesion
molecules (13,14). In addition, MUCI1 promotes tumour angio-
genesis and accelerates the invasion and metastasis of tumours
by stimulating the expression of proangiogenic factors, such as
vascular endothelial growth factor (4,15). Taken together, these
results show that the MUCI oncogene plays an important role
in cancer development (Fig. 1).

3. MUCT1 expression in different tumours and its clinical
significance

It has been reported that the MUCI1 oncogene is commonly
overexpressed in various epithelial adenocarcinomas, such
as lung, liver, pancreatic, breast and ovarian cancer (10). The
expression level of MUCI in different cancer types is a key
factor for the application of MUCI in clinical diagnosis and
treatment. The present review assesses the clinical signifi-
cance of MUCI by assembling cutting-edge data about the
expression of MUCI in different tumours.

Expression of MUCI in lung cancer. Lung cancer has become
the most common cause of cancer death worldwide. It has been
reported that the mucin family, especially MUCI, plays an
important role in the progression of lung cancer, and various
vaccines for lung cancer targeting MUCI are in clinical
trials (16,17).

Approximately 85% of patients with lung cancer have
the same histological subtype, namely, non-small cell lung
cancer (NSCLC) (18). MUCI is apically expressed and
polar in normal tissues. However, in malignant tumours, the
distribution of MUCI loses its polarity and shows abnormal
depolarization expression on the surface of the entire tumour
cell, which is often associated with a poor prognosis (6,19). A
clinical study reported that among 126 patients with non-small
cell lung cancer, the 5-year survival rates of patients in the
MUCI depolarized expression group (percentage of tumour
cells with depolarized MUC1 expression >10%), the low-grade
polarized expression group (polarized MUCI expression
<50% and depolarized MUCI expression <10%) and the
high-grade polarized expression group (polarized MUCI1
expression >50% and depolarized MUCI1 expression <10%)
were 43.9, 61.5 and 79.4%, respectively (19). These findings
suggest that the depolarized expression of MUCI in tumour
cells is significantly associated with poor outcome in patients
with lung cancer.

Lung adenocarcinoma and lung squamous cell carcinoma
are the most common types of NSCLC. In a previous study that
included 178 patients with stage IB NSCLC, the percentages
of high MUCI expression in patients with lung adenocarci-
noma and lung squamous carcinoma were 86.3 and 39.1%,
respectively (20). These findings suggest that MUCI1 plays
an important role in the progression of lung adenocarcinoma.
MUCI-Tn antigen is an oversimplified mucin-1 O-glycan that
is overexpressed in different cancer types. For example, the
study found that MUC1-Tn was abnormally expressed in breast,
lung and gastric cancer, among others, and may therefore be
a target for cancer diagnosis (21). Therefore, the expression of
MUCI-Tn in cancer tissues should be screened. In a previous
study, the results of immunohistochemical analysis of 175 lung
adenocarcinoma tissues showed that high MUCI-Tn (MUCI1
glycoconjugate antigen) expression was observed in 44 (25.1%)
specimens and was associated with patient sex (male patients,
33.3%; female patients, 17.6%), smoking history (ex-smoker,
31.8%; non-smoker, 12.5%), tumour stage (Tla-c stage, 16.2%;
T2a-b+T3+T4 stage, 40.6%) and pleural invasion (positive,
40%; negative, 20%) (22). Another study suggested that the
abnormal expression of MUC1 was correlated with the poor
prognosis of patients with lung adenocarcinoma (23). Results
indicate the potential utility of MUCI as a clinical diagnostic
marker and therapeutic target for lung adenocarcinoma
through the contributing role in pathological features, such as
development and invasive metastasis (24).

As it is difficult to obtain tumour tissues for clinical
analysis from patients with lung cancer who have contra-
indications to surgery, blood markers are needed to predict
the degree of cancer disease progression and chemotherapy
efficacy in patients with advanced disease. It has been
suggested that MUCI can be used as a marker of circulating
tumour cells (CTCs) in the peripheral blood of patients with
NSCLC (25). A previous study on 66 patients with advanced
NSCLC showed that MUCI mRNA expression in the periph-
eral blood of patients treated for 4 weeks (relative expression,
4.46) was significantly lower than that in the patients before
treatment (relative expression, 5.95) (26). In this previous
study, the researchers also set 4.2 as the threshold of posi-
tivity for MUCI mRNA in the peripheral blood of patients
with NSCLC on the basis of the association between the level
of MUC1 mRNA and pathological features. According to
this, the positive expression of MUCI in patients before and
after 4 weeks of gefitinib treatment was 75.8% (50/66) and
45.5% (30/66), respectively, and the follow-up revealed that
the survival time of MUCI-positive patients was significantly
shorter than that of MUC]1-negative patients. These findings
suggest that peripheral blood MUCI mRNA can be used to
assess the therapeutic efficacy of gefitinib for patients with
NSCLC. Another study also found that MUCI could be used
as a marker of CTCs in patients with NSCLC (27). Therefore,
MUCI mRNA in peripheral blood is expected to provide
significant guidance for adjusting treatment regimens for
patients with advanced disease.

Expression of MUCI in breast cancer. Breast cancer is the
most common cancer in women. The early diagnosis and
treatment of patients with breast cancer is often poor, as the
pathogenesis of the disease is still not clear.
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Figure 1. Different functions of MUCI in normal or tumour cells. MUC1, mucin 1; NF-kB, nuclear factor kB; EMT, epithelial-mesenchymal transition; EGFR,

epidermal growth factor receptor; VEGF, vascular endothelial growth factor.

Triple-negative breast cancer (TNBC) is a subtype of breast
tumour lacking oestrogen receptor, progesterone receptor and
human epidermal growth factor receptor 2 expression. TNBC
is difficult to treat and has a high mortality rate due to a lack
of therapeutic target molecules (28). A previous clinical study
showed that 49 out of 52 (94.2%) cancer tissues of patients
with TNBC were positive for MUCI expression (29). These
findings suggest that MUCI is an ideal target of tumour
immunotherapy for TNBC. MUCI1 promotes the expression
of programmed death ligand 1 in TNBC cells, resulting in
increased immune escape function and invasiveness of tumour
cells (30). MUClhas been suggested to be a potential target to
inhibit the development and progression of TNBC (31).

In addition, MUCI has great potential for the rapid
diagnosis of breast cancer. A previous clinical study showed
that the expression levels of serum and salivary IgG anti-MUC1
in patients with breast cancer were higher than those in healthy
women (P<0.001) (32), suggesting that the levels of autoanti-
bodies against MUCI in the serum and saliva of patients with
breast cancer may provide references in cancer screening.
Researchers have used quantitative (qQ)PCR to detect the
mRNA level of MUCI in the blood from healthy volunteers
mixed with breast cancer cells (MCF-7) to simulate the CTCs
of breast cancer, which indicated that this method had a sensi-
tivity of detecting 1 CTC among 1x10°%-107 white blood cells

and a high specificity of 96.8% (detected 1 MUCI-positive
individual among 30 healthy volunteers) (33). The qPCR
method also found that after the first cycle of chemotherapy,
the treatment efficiency in patients lacking MUCI1 expression
(60%; 6/10) was higher than that in MUCI-positive patients
(12.5%; 3/24) (33). These results suggest that MUCI can
provide clinical significance in the diagnosis of CTCs and the
prediction of chemotherapy efficacy for patients with breast
cancer. Other studies have indicated that upregulation of the
MUCI gene is associated with a poor prognosis in patients
with breast cancer (34,35). MUCI1 may also be a valid target
for predicting and improving the prognosis of patients.

Expression of MUCI in ovarian cancer. Ovarian cancer is
one of the most lethal gynaecological malignancies, and
the prognosis of affected patients is often poor due to its
inconspicuous early symptoms and its tendency to invade
surrounding organs (36). The MUCI oncogene is involved
in the progression, metastasis and drug resistance of ovarian
cancer cells (37).

The immunohistochemical results of a clinical study
revealed that all tumour specimens were MUCI-positive
(19/19; 100%), with 47.4% (9/19) of these cases expressing
high MUCI levels (+++) in more than one-half of the cancer
tissues (positive staining of cancer tissue >50%), and another
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52.6% (10/19) of these cases expressing very high MUCI
levels (++++) (38). Another study on 60 primary ovarian
cancer paraffin-embedded and sectioned tissue specimens
showed that the positive expression rate of MUCI1 was 95.0%
(57/60), and the high expression rate of MUCI was associ-
ated with tumour stage and postoperative residual tumour
tissue (39). It has been suggested that MUCI is involved in
the progression of ovarian tumours and the poor prognosis
of patients. Therefore, the MUCI gene has great potential in
the clinical diagnosis and treatment of patients with ovarian
cancer (40). The intracellular segment of MUC1 (MUCI1-CT)
has also been reported as a potential site for ovarian cancer
immunotherapy (41).

Expression of MUCI in cholangiocarcinoma. The clinical
outcome of patients with cholangiocarcinoma is generally
poor, as cholangiocarcinoma cells are highly invasive and
prone to lymph node and vascular metastasis (42).

In a previous study, an immunohistochemical staining
analysis was performed to assay cancer tissues from
85 patients with cholangiocarcinoma. The study reported
that the positive staining rate of MUC1 was 65.9% (56/85),
and the positive expression rate of MUCI was associated
with tumour differentiation (poorly differentiated, 91%;
moderately differentiated, 84%; highly differentiated, 43%),
tumour stage (T1 stage, 50%; =T2 stage, 80%), neurological
invasion (positive, 83%; negative, 57%) and patient survival
time (median survival time of MUCI-positive patients,
29.21 months; median survival time of MUCI-negative
patients, 56.48 months) (43). The results of another study
showed that the positive immunohistochemical staining rate
of MUCI in the cholangiocarcinoma tissues of 25 patients
was 44% (11/25) (44). Thus, these findings suggested that the
upregulation of MUCI plays an important role in the progres-
sion of cholangiocarcinoma and is expected to be a valid
marker for the diagnosis of affected patients.

Cholangiocarcinoma can be divided into intrahepatic
cholangiocarcinoma and extrahepatic cholangiocarcinoma
depending on the site. One study showed that the positive
expression rate of MUCI1 was 25,57 and 80 in patients with three
staging types of intrahepatic cholangiocarcinoma, namely,
intraductal, peri-biliary infiltrative and mass type, respec-
tively (43). These results suggest that the abnormal expression
of MUCT has clinical value in the diagnosis of intrahepatic
cholangiocarcinoma of different stages. Survival analysis of
61 patients with intrahepatic cholangiocarcinoma revealed that
the median survival time of the MUCI1 low expression group
(qPCR: MUCI1/GAPDH <0.056) was significantly higher
(55.06 months) than that of the MUCI high expression group
(17.25 months); the overall survival rates at 1, 3 and 5 years
were 73, 57 and 45%, respectively, for patients in the MUCI1
low expression group, whereas the overall survival rates for the
same periods in the MUCT high expression group were 35, 26
and 20%, respectively, with a significantly higher recurrence
rate in the MUCI high expression group (54.8%) than in the
low expression group (30.0%) (45). Another study found that,
in 50 tissues of mass-type intrahepatic cholangiocarcinoma,
the positive expression rate of MUCI was 76.0% (38/50), and
the abnormal expression of MUCI was a prognosis-related risk
factor for the disease (P=0.0011) (46). These findings suggest

that MUCT is associated with a low survival time and high
recurrence rate in patients with intrahepatic cholangiocarci-
noma, which may be a valid predictor of prognostic status for
these patients.

Another study demonstrated that the positive expression
rate of MUCI in the intraductal and peribiliary infiltrative
types of extrahepatic cholangiocarcinoma was 47 and 85%
(P=0.006), respectively (43), suggesting that MUCI is also
differentially expressed in different stages of extrahepatic chol-
angiocarcinoma, which is expected to assist in the diagnosis,
prognosis prediction and treatment of cholangiocarcinoma in
clinical practice (47).

Expression of MUCI in gallbladder cancer. Gallbladder
cancer has insidious symptoms in the early stage and is prone
to invade other surrounding organs; therefore, patients are
often in the middle and late stages when they are diagnosed,
resulting in poor treatment outcomes (48).

MUCI has been found to be strongly positively expressed
in primary cancer cells derived from the ascites of patients
with gallbladder cancer (49). A study collected 629 specimens
from patients with gallbladder cancer for analysis, and the
results showed that the positive expression rate of MUCI in
gallbladder cancer tissue specimens was 85.71% (18/21), which
was significantly higher than its expression level in 605 patients
with non-neoplastic gallbladder disease (5.29%; 32/605) (50).

Gallbladder adenocarcinoma is the most common type of
gallbladder cancer in clinical practice, accounting for 85%
of all gallbladder cancer cases. One study showed that the
positive expression of MUCI in the cancerous tissues of 108
patients with gallbladder adenocarcinoma (57.4%; 62/108)
was significantly higher than its expression in paraneoplastic
tissues (21.7%; 10/46), chronic cholecystitis (5.7%, 2/35) and
adenomatous polyps (20.0%; 3/15) (51). These results suggest
that MUCT1 has a high specificity and accuracy in the diagnosis
of gallbladder cancer, especially gallbladder adenocarcinoma,
and that it can be used as a marker for clinical diagnosis.
Another study also indicated that the positive expression rate
of MUCI was correlated with tumour size (tumour maximum
diameter <2 cm, 38.7%; maximum diameter =2 cm, 64.9%;
P<0.05), tumour stage (T1 stage, 28.6%; T2 stage, 42.9%;
T3 stage, 59.5%; T4 stage, 77.3%; P<0.01) and lymph node
metastasis (with lymph node metastasis, 69.5%; without
metastasis, 42.9%; P<0.01) (51). These results further suggest
that the abnormal expression of MUCT is involved in promoting
the progression and metastasis of gallbladder cancer, and that it
may be of clinical significance in the diagnosis and prediction
of clinical stage and metastasis for patients with gallbladder
cancer.

Expression of MUCI in bladder cancer. MUCI plays a role in
maintaining mucosal integrity and inhibiting urinary bacterial
invasion in the normal urinary epithelium, and its abnormal
expression is involved in promoting the progression and
metastasis of bladder cancer in cancerous tissues (52).

A previous study showed that the positive expression
rate of MUCI was 61.8% (333/539) in tissue specimens from
patients with bladder cancer, and its positive expression rate
was associated with patient sex (female, 24.3%; male, 75.7%;
P=0.044) and tumour pathological grade (high grade, 50.8%;
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low grade, 49.2%; P=0.013) (53). A study on 97 bladder cancer
tissue specimens found that the positive expression rate of
MUCI was 89.7% (87/97); of these specimens, 57 had >50%
tumour cells positive for MUCI, indicating strong positive
expression of MUCI1 (54). Similarly, another study found
an increasing trend of MUCI expression in normal bladder
mucosa, benign bladder disease and bladder tumours (55). It
is suggested that MUCI is involved in the development and
drug resistance of bladder cancer (56). Thus, MUCI may be an
important clinical marker and targeted therapeutic molecule
due to its high accuracy in the diagnosis of bladder cancer.

Expression of MUCI in hepatocellular carcinoma.
Hepatocellular carcinoma is one of the most common
malignancies in clinical practice. The high aggressiveness and
recurrence rate of this disease are important reasons for the
low survival rate of patients (57).

One study showed that the positive expression rate of
MUCI in 96 patients with primary hepatocellular carcinoma
was 77.1% (74/96), 68 specimens of which had strong positive
immunohistochemical staining (++; positive cells >25%);
MUCI was only weakly positively expressed (+; positive cells
<25%) in 20.0% (4/20) of patients with cirrhosis and there was
no MUCI expression in 10 normal liver tissue samples (58).
In the aforementioned specimens of liver cancer, the positive
expression rate of MUCI was correlated with the degree of
tumour differentiation (positive expression rate of MUCI:
53% highly differentiated, 85% moderately differentiated
and 92% hypofractionated; strong positive expression rate:
47% highly differentiated, 80% moderately differentiated
and 85% hypofractionated) and lymph node metastasis
(positive, 90%; negative, 61%), suggesting that MUCI is
involved in the development and metastasis of hepatocellular
carcinoma.

Another study found that the positive expression rate of
MUCI in 186 hepatocellular carcinoma specimens was 45.7%
(85/186), and its positive expression rate was correlated with
tumour differentiation (P=0.0001) and lymph node metas-
tasis (P=0.0419) (59). A similar study showed that MUCI1
was differentially expressed in hepatocellular carcinoma
and paraneoplastic tissues, and that its expression rate was
correlated with low patient survival rates (60). These findings
suggest that MUC1 may be a diagnostic marker and a potential
therapeutic target for hepatocellular carcinoma.

Expression of MUCI in thyroid cancer. A previous report
showed that MUCI was positively expressed in 75.8% (219/289)
of 289 patients with thyroid cancer, which was significantly
higher than its expression level in non-malignant thyroid tissue
(28/121; 23.1%) (61). Another study showed that the positive
expression of MUCI was significantly higher in thyroid cancer
tissues (78.3%) than in paraneoplastic (24%) and normal (10%)
tissues, and that its expression was associated with tumour
stage (stage I1I+IV, 92.9%; stage I+I1, 65.6%) and lymph node
metastasis (positive, 90.5%; negative, 50%) (62). A previous
study also showed that the positive expression rate of MUCI1
in thyroid cancer was 77.6%, and its expression was associated
with peripheral tumour invasion (P=0.035) and lymph node
metastasis (P=0.013) (63). These results suggest that MUCI is
involved in the development and metastatic invasion of thyroid
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cancer, indicating that it is a potential specific marker for
clinical diagnosis.

Thyroid cancer is classified into papillary, follicular,
undifferentiated and medullary carcinoma (64). RT-PCR
analysis revealed that the expression of MUCI in papillary
thyroid cancer tissues was significantly higher than that in
follicular carcinoma (P<0.05) (65), suggesting that there may
be variability in the expression of MUCI in different types
of thyroid carcinoma. Additional clinical data are required to
support these findings.

Expression of MUCI in colorectal cancer. Colorectal cancer
is one of the most common malignancies in China, and is
prone to occur in the sigmoid colon and rectum. In recent
years, a number of reports have confirmed that MUCI may be
a dominant antigen for the diagnosis and targeted therapy for
colorectal cancer (66,67).

A previous study showed that the positive expression
rate of MUC1 was 55.6% (25/45) in the cancer tissues of
45 patients with colorectal cancer, but that this rate was 0.0%
in paracancerous tissues (0/20); the expression rate in cancer
tissues was significantly correlated with lymph node metas-
tasis (with metastasis, 84.2%; without metastasis, 34.6%) (68).
Another study reported that the levels of MUC1 mRNA in
colorectal cancer tissues were significantly higher than those
in normal tissues (P=0.004) (69). These results suggest that
MUCI is involved in colorectal carcinogenesis and metastasis,
indicating that MUCI has a high specificity and accuracy in
the diagnosis and prediction of colorectal cancer.

Another study showed that the positive expression rate of
MUCI in 202 colorectal cancer specimens (43.6%; 88/202)
was significantly higher than its positive expression rate in
202 normal colorectal mucosa specimens (8.9%; 18/202), and
the positive expression rate of MUC1 showed a significant
increasing trend in tumour stages I (20%), 11 (35%), 111 (54%)
and IV (60%) (P=0.006) (70). In addition, the expression rate
of MUCI was also associated with lymph node metastasis
in patients (NO, 31%; N1, 61%; N2, 47%; N3, 100%) (70).
These studies suggest that the abnormal expression of MUCI
is involved in the occurrence, development and invasive
metastasis of colorectal cancer (71), indicating that MUC1
may aid in the clinical diagnosis of progression and postopera-
tive metastasis. In addition, MUC1 may also serve as a specific
target for colorectal cancer drugs or vaccines (72).

Expression of MUCI in cervical cancer. Cervical cancer is
a malignant disease caused by human papillomavirus infec-
tion, and it is divided into two main histological types, namely,
cervical adenocarcinoma and cervical squamous carcinoma.
The incidence of cervical adenocarcinoma is higher than that
of cervical squamous carcinoma and the prognosis of patients
with cervical adenocarcinoma is even worse than that of
patients with cervical squamous carcinoma (73).

Among 52 patients with cervical adenocarcinoma, a study
showed that the positive expression rate of MUCI was 59.6%
(31/52), which was associated with cervical cancer stage
(FIGO stage la, 33%; FIGO stage 1bl, 50%; FIGO stage 1b2,
67%; FIGO stage 2a, 63%; FIGO stage 2b, 100%), lymph node
metastasis (positive, 91%; negative, 51%) and ovarian metas-
tasis (positive, 100%; negative, 55%) (74). Thus, MUCI is
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Table I. Expression of MUCT in different tumours.

Overall survival
time, months

Positive expression rate of
MUCI, % (n/total n) (Ref.)

Positive expression rate of MUCI in

Cancer type patients with different stages, (%) (Ref.)

Lung adenocarcinoma
Breast cancer
Ovarian cancer

Cholangiocarcinoma

Gallbladder carcinoma
Liver cancer

Thyroid carcinoma
Colorectal cancer

86.3 (44/51) (20)
94.2 (49/52) (29)
100.0 (19/19) (38);
95.0 (57/60) (39)
65.9 (56/85) (43)

57.4(62/108) (51)
77.1 (74/96) (58)

78.3 (47/60) (62)
43.6 (88/202) (70)

Tla-c, 16.2; T2a-b+T3+T4,40.6 (22)

Poorly differentiated, 91; moderately
differentiated, 84; highly differentiated, 43;
T1,50; =T2, 80 (43)
T1,28.6;T2,42.9;T3,59.5,T4,77.3 (51)
Poorly differentiated, 92; moderately
differentiated, 85; highly differentiated,

53 (58)

I+11, 65.6; ITI+IV, 92.9 (62)

1,20; 11, 35; III, 54; IV, 60 (70)

MUCI positive, 29.21;
MUCT negative,
56.48 (43)

Cervical carcinoma 59.6 (31/52) (74)

FIGO 1a, 33; FIGO 1b1, 50; FIGO 1b2, 67,

FIGO 2a, 63; FIGO 2b, 100 (74)

T1-T4 represent the size and range of the primary tumor using TNM staging (96,97). MUCI1, mucin 1; FIGO, International Federation of

Gynecology and Obstetrics.

involved in the malignant process of cervical adenocarcinoma
and may be a target molecule for diagnosis and treatment.

As cervical cancer cells are prone to metastasis to other
organs (75),it is important to detect early metastases of cervical
cancer for clinical treatment. QPCR analysis of 179 lymph
nodes from 21 patients with primary cervical cancer revealed
that the MUC1 mRNA levels in lymph nodes with a positive
histological diagnosis of metastasis were significantly higher
than those in lymph nodes with negative histology (P<0.001);
the specificity and sensitivity of MUCI for the diagnosis of
cervical cancer lymph node metastasis was 78% (percentage
of negative qPCR tests in 162 negative lymph nodes) and 76%
(percentage of positive qPCR tests in 17 positive lymph nodes),
respectively (76). These results suggest that MUC1 level indi-
cates lymph node metastasis in cervical cancer and provides
a reference for the extent of surgical lymph node dissection.

Expression of MUCI in pancreatic cancer. Pancreatic cancer
is one of the most rapidly progressing malignancies with the
worst prognosis. Most pancreatic cancer patients have poor
treatment outcomes due to missing the optimal time for
surgery (77).

A previous study showed that abnormal upregulation of
MUCI can be detected in >60% of pancreatic cancer cases,
which correlates with the poor prognosis of the patients. It
has been suggested that MUCI is involved in the development
and progression of pancreatic cancer, and that it may be an
important marker in the clinical diagnosis of the disease (78).
In addition, the pro-cancer mechanism of MUCI1 may be asso-
ciated with its promotion of glucose metabolism in pancreatic
cancer cells (79).

A previous study showed that among 101 patients with
pancreatic cancer, the median survival time of the patients in

the low MUCI expression group (39.7 months) was signifi-
cantly higher than that of patients in the high MUCI expression
group (13.4 months) (80). These findings indicated that MUC1
is associated with a poor prognosis and low survival time
in patients with pancreatic cancer, suggesting that it may be
an important target molecule to determine and improve the
prognosis of patients.

4. Progress and perspectives

In summary, the MUCI oncogene is aberrantly expressed in
a variety of tumours, and its expression is mostly associated
with tumour progression (Table I). Therefore, MUCI may
play an important role in the clinical diagnosis of tumours.
Some researchers have attempted to use radiolabelled MUCI1
antibodies or aptamers for targeted tumour imaging, which
is expected to achieve a rapid diagnosis with high specificity
when used in combination with traditional pathological
biopsy methods (81). Studies have found that targeting the
MUCI antigen can be used for the radiographic diagnosis of
breast cancer, which can be used to diagnose 90% of breast
cancer cases, including TNBC (82,83). As CTCs also carry
the MUCI oncogene, the detection of MUCI levels in the
peripheral blood can also be applied in the clinical diagnosis
of patients with cancer. The present review illustrates that the
level of MUCI in the peripheral blood of patients with NSCLC
and breast cancer is associated with the treatment outcome
and prognosis of patients, and that it is expected to be widely
used in clinical practice in the future for the in vitro diagnosis
of cancer, for chemotherapy efficacy assessment, and for
postoperative recurrence and metastasis monitoring, due to
its advantages of being an easy and non-invasive sampling
method (26). Although, to the best of our knowledge, there are
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few related reports to date, the level of MUCI mRNA in the
patient serum is a significant reference for the initial diagnosis
of tumours (84).

In tumour immunotherapy, the exposed glycosylation
sites can be recognized by the immune system as TAAs.
Therefore, MUC1 has been an important target for tumour
vaccine design and development in recent years. Tumour
vaccines based on MUCI effectively prevent cancer progres-
sion and metastasis. At present, MUC1-based tumour vaccines
mainly include DNA vaccines, dendritic cell (DC) vaccines,
virus vaccines and subunit vaccines. A variety of MUCI
DNA vaccines have been developed to date. Studies have
confirmed that the MUC1 DNA vaccine induces a specific
immune response against MUCI, produces an obvious
tumour suppression effect and prolongs patient survival
time (85-87). In phase I/II clinical trials, MUCl-loaded DC
vaccines in the combination therapy of patients with advanced
pancreatic cancer enhanced the disease suppression rate and
effectively extended the survival period (88,89). TG4010,
which is a viral vaccine expressing MUCI has attracted
much attention in recent years. In a phase II clinical trial, the
vaccine extended the survival period of patients with NSCLC
and no serious adverse reactions were found. At present,
TG4010 has entered phase III clinical trials and is expected
to enhance the efficacy of radiotherapy and chemotherapy
for patients with cancer (16,90). Studies have confirmed that
MUCI subunit vaccines enhance specific immune responses,
and these vaccines are expected to enter clinical trials
in the future (91,92). In addition, studies have confirmed
that chimeric antigen receptor-T cells targeting MUCI1
have good antitumour function in tumour models in vivo
and in vitro, which may provide new strategies for tumour
treatment (93-95). Although MUCI-based tumour vaccines
have not been successfully applied to clinical treatment at
present, MUCI has great potential in tumour treatment. In
the process of vaccine development, it is very important to
design vaccines according to the expression characteristics
of MUCI in different tumor tissues. In addition, the safety
and effectiveness of tumour vaccines still need to be further
verified, especially for patients with advanced cancer whose
T-cell functions are severely damaged. MUCI is expected to
generate new hope for the clinical diagnosis and treatment of
a number of tumors in the near future.
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