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Abstract
The membrane epithelial mucin MUC1 is expressed at the luminal surface of most simple epithelial cells, but
expression is greatly increased in most breast cancers. The aims of present study were to investigate expression of the
MUC1 gene and interactive affects in metastases. Whole cell RNA isolation from 50 sentinel lymph nodes (SNLs) of
breast cancer patients was performed using reverse transcription and real-time PCR. All patients were diagnosed with
breast cancer and without metastasis, confirmed by IHC staining. The evaluation of tumor and normal samples for
expression of MUC1 gene, the results were 49.1% non-expressive and 45.3% expression (Student t, p = 0.03). Also
in comparison of normal breast tissue and breast cancer SLN for MUC1 gene, MUC1 negative SLNs were 75.0% (18
samples) and MUC1 positive samples were 25.0% (6 samples). Over-expression of MUC1 gene may offer a target for
therapy related to progression and metastasis in women with breast cancer.
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Introduction
Evaluation of the sentinel lymph nodes (SLNs) for
the presence of cancer is an important part of breast
cancer staging. Detection of micrometastasis in SLNs
in patients with invasive breast cancer can help prevent
risk of recurrence in comparison with those whose
lymph nodes are completely free of cancer, and therefore
early identification of clinically relevant disease could
lead to new treatment or staging approaches for breast
cancer.
Mucin1 (MUC1) is a transmembrane glycoprotein
normally expressed at low levels on the apical surface
of epithelial cells. In most adenocarcinomas and in
other inflammatory diseases of epithelial tissues,
MUC1 is overexpressed and loses the polarity of its
expression. The large extracellular domain contains
the variable number of tandem repeats region (VNTR)
composed of around 20-200 tandem repeat (TR) units
of 20 amino acids each, and is rich in prolines and

O-glycosylated serines and threonines (Suzuki et al.,
2004). The extracellular domain is non-covalently linked
to the smaller subunit consisting of an autocatalytic
cleavage SEA-module, the transmembrane domain (TM)
and the cytoplasmic tail (CT).
On normal epithelia, the MUC1 VNTR is extensively
O-glycosylated with long branched glycans, whereas on
tumor cells the VNTR is markedly hypoglycosylated
with simpler and shorter glycan chains. Elevated levels
of MUC1 on the tumor have been associated with
invasiveness and poor prognosis in colon, pancreas,
breast and bladder cancer (Hollingsworth., 2004). There
is additional evidence that MUC1 contributes to the
growth and metastatic properties of tumors (Kamata et
al., 2002; Schroeder et al., 2003; Tinder et al., 2008).
The cytoplasmic tail of MUC1 (MUC1,CT) was reported
to be involved in a wide range of intracellular signaling
processes by associating with several protein partners and
modulating their function. Recently we showed that the
extracellular domain and the VNTR also participate in
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intracellular signaling by activating the NF-κB pathway
(Cascio et al., 2011). In addition to higher levels of MUC1
in tumors compared to normal cells, hypoglycosylation
of the VNTR is the most important characteristic of
tumor MUC1. Fewer sugars on the VNTR increase the
accessibility of the peptide backbone to more efficient
or completely new protein-protein interactions that can
profoundly change intracellular signaling in tumors
compared to normal cells (Fontenot et al., 2008; TaylorPapadimitriou et al., 2002). We investigated the proteins
that associate with MUC1 and their interactive affect in
tumor cells.

Material and Methods
Fifty consecutive patients with breast carcinoma
underwent SLN biopsy dissection at the Shohada Tajrish
referral and teaching Hospital affiliated to Shahid Beheshti
University of Medical Sciences (Tehran, Iran) from Jun
2014 to Nov 2015. All patients were diagnosed with
breast cancer and without metastasis, confirmed by IHC
staining. The study design and patients were assigned on
the basis of national/international breast cancer protocols
and approved according to the local terms and regulations,
by the Institutional Review Boards of each participating
referral hospital. The study was performed at Shahid
Beheshti University of Medical Sciences, in adherence
to the guidelines of the Declaration of Helsinki, and was
approved by the ethics committee of Shahid Beheshti
University of Medical Sciences Tehran, Iran.
Total RNA Isolation and cDNA Synthesis
Whole cell RNA isolation from SNLs of breast cancer
patient were performed using and homogenized in Tripure
reagent, nearly 50 μg of SLN specimen was added to 1
mL of Tripure and homogenized. Then incubation from
5 minutes at room temperature and then added 0.2 ml of
chloroform and homogenized and centrifuged in 12,000
for 15 minutes at 4oC. RNA was precipitated retained
and added isopropyl alcohol. Upper aqueous phase was
removed. Then centrifuged in 12,000 for 10 minutes at
4oC, and then pellet was rinsed twice 1 mL of ethanol
(75%). The RNA was re suspended in DEPS water to a
concentration of 0.5 μg/μl.
Reverse Transcription and Real-time PCR
0.5 μg of oligo dT and 16 μL RNase free water were
added to 5 μg of whole RNA and incubated at 64oC for 10
minute. Total RNA was extracted. The primers for SYBR
Green real-time PCR were designed specificly for each
checkpoint gene, and for ACTB gene (β-actin) as internal
control. The assays were repeated for each measurement.
Reverse Transcription was carried out with the Super
Script First-Strand Synthesis System for RT-PCR. The
procedure was based on Invitrogen’s protocol (total RNA
5 μg, random hexamers (50 ng/μl) 3 μl, 10 mM dNTP mix
1 μl, DEPC H2O to 10 μl). The samples were incubate at
65oC for 5 min and then on ice for at least 1 min. Master
mix was made as follows: 10x RT buffer 2μl, 25 mM
MgCl2 4 μl, 0.1 M DTT 2 μl, RNAase OUT 1 μl. The
reaction mixture was added to the RNA/primer mixture
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and mixed briefly, and then placeed at room temperature
for 2 min. One μl (50 units) of Super Script II RT was
added to each tube, mixed and incubated at 25oC for 10
min. The tubes were incubated at 42oC for 50 min, heat
inactivated at 70oC for 15 min, and then chilled on ice.
One μl RNase H was added and incubated at 37oC for 20
min, and the 1st strand cDNA was stored at -20oC until
use for Real-time PCR.
MUC1(forward):5’GTATAAAACGGAAGCAGCC
TCTC3´, MUC1(reverse):5’GAGAGGCTGCTTCCGT
TTTATAC3,
ACTB(Reverse): 5´TGATTTTCCCAGCGAGTTCT3´
ACTB(forward):5´CCAGGCACCACGAAGTGAT
GG3´

Results
The RT-PCR reaction was performed on all cancer and
tumor samples as described earlier and the raw data were
analyzed with SPSS 14 software with t-test and Pearson’s
chi-square analysis (Figure 1). Also, the specificity of
RT-PCR products was determined. All RT-PCR products

Figure 1. The Melting Curve of RT-PCR Analysis for
MUC1 Gene, Tm: 81 ̊C.

Figure 2 : ROC Analysis for Test Accuracy for MUC1
Gene, Area Under Curve 0.8 Case Processing Summary,
Positive=24, Negative=26, Missing=3
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Table 1. Comparison of Sentinel Lymph Node and Normal Breast Tissue for MUC1 Gene Expression
Paired Samples Test
Paired Differences
Mean

Pair 1

muc1EXP.
Cancer
muc1EXP.
Normal

t

Std.
Deviation

Std. Mean

2.4

0.3

Error

Discussion
Cancer is a heterogeneous and complex disease
that has different pathological and cytological features.
Cytogenetic and molecular diagnoses are important
challenges for prognosis and treatment of this disease.
MUC1 has been proposed to be a key modulator of
several signaling pathways in epithelial cancers that
affect tumor cell invasion, proliferation and survival
(Kimura et al., 200; Besmer et al., 2011). The above is
supported by the importance of this gene as a diagnostic
marker of poor prognosis and as a target for therapeutic
intervention in cancer. The contribution of MUC1 to the
invasive and metastatic properties of adenocarcinomas
has been linked with some forms of MUC1 increasing
the adhesive properties of tumor cells, and others
promoting anti-adhesiveness (e.g. interacting with
ICAM-1 and galectin-3), as well as by regulating cell
signaling. MUC1 associates with β-catenin, NF-κB,
and EGFR, and translocates to the nucleus, where it
regulates transcription of several genes responsible for
progression and invasiveness of cancer (Bernier et al.,
2011; Roy et al., 2010). Previous studies indicate that
CIN85 is a binding partner of MUC1, and implicate the
MUC1/CIN85 complex in several of these functions.
CIN85 is an adaptor protein involved in cellular processes
such as ubiquitination, endocytic internalization and
intracellular trafficking. CIN85 is highly expressed in
human squamous cell carcinoma of the head and neck

Sig.
(2-tailed)

49.0

0.03

95% Confidence Interval of
the Difference
Lower

Upper

-1.4

-.08

-0.8

were electerophoresed in 2% agaroge gel for specifying
the products.
In evaluation of tumor and normal samples for
expression of MUC1 gene, there was 49.1% non-expressive
and 45.3% expression (t-student p = 0.03) (Table 1).
Also in comparison of normal breast tissue and breast
cancer SLN for MUC1 gene, MUC1 negative SLNs
were 75.0% ( 18 sample) and MUC1 positive samples
were 25.0% (6 sample), were also ER negative and from
43.3% (11 sample) ER negative and 57.7% (15 sample)
ER positive, were MUC1 negative, that the significant
difference was seen (p < 0.01).
In evaluation of MUC1 expression and tumor’s stage,
there was no significant correlation (p = 0.11) but with
grade, there was a meaningful difference (p = 0.03), means
that with higher grade, the expression of MUC1 is reduced.
The results of ROC analysis for MUC1 gene is shown as
follows (Figure 2).

df

-2.2

and in cervical carcinoma, and this overexpression is
significantly correlated with advanced clinical stages of
disease (Wakasaki et al., 2010; Ma et al., 2010).
Molecular markers such HOXB13 make the prognosis
much accurate and can predict the metastasis potential
of cancer (Nishidate et al., 2004). Studies on paraffin
embedded breast cancer samples have shown the relation
between mammaglobin gene and metastatic outcome of
cancer (Wang et al,. 2010). In another study using RT-PCR
on mamaglobin on blood sample and cancer tissue biopsy,
the relation between low grade (I,II) with ER positive
samples has been reported (Ouellette et al., 2004). In
evaluation of MUC1 and CK19 expression in pathologic
negative SLNs, it has been found that the level of at least
one of these genes is elevated. However, because of false
positivity of MUC1 in normal samples, this gene had been
excluded from further studies (Saintigny et al., 2005).
Studies showed that MUC1 is destroyed via ubiqutination
in ER positive breast cancers, but the exact underlying
mechanism is not well known (Wei et al., 2006). Our
results revealed that the expression of MUC1 has
significant variation between normal and tumor samples
(p = 0.03). It seems that MUC1 acts through activation
of NF-KB pathway and induction of mammosphere
production for progression of malignant cells. Also, there
was meaningful relation with tumor grade (p = 0.03) but
not with tumor’s stage (p = 0.11), and with the ER status
(p = 0.02) (the latter has been reported previously in ER
positive patients) (Shargh SA et al., 2014). Although
further analyses are required, it is possible that CIN85
is responsible for MUC1 expression at the apical plasma
membrane in normal cells and in early stages of tumors,
and for its expression on the entire surface and in the
cytosol in advanced stages of tumors. Remarkably,
MUC1 and CIN85 co-localize at invadopodia-like
protrusions (Pegoraro et al., 2013). As the invasive
capacity of cancer cells depends, in part, on their ability
to assemble invadopodia, the formation of the MUC1/
CIN85 complex may be a requirement for this process
(Colditz GA et al., 2014). In this study, we show for the
first time, overexpression of MUC1 in Iranian women
with breast cancer that can be related to early cancer
development, progression, and metastasis. Therapies
targeting MUC1 over-expression may be considered in
Iranian women with breast cancer.
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