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ABSTRACT

Tumor dissemination to distant organ is the main
cause of death. Therefore there is urgent need to
set up sensitive methods for early detection of
circulating tumor cells (CTCs) and disseminated
tumor cells (DTCs) in peripheral blood (PB) and
bone marrow (BM) specimens of breast cancer
patients. We aim to detect MUC2 mRNA positive
cells in PB and BM of breast cancer patients; to
relate this to patient relapse. In this study to de-
tect MUC2 mRNA positive cells (tumor marker),
PB and BM samples were collected from 50
breast cancer patients after operation and before
adjuvant therapy with 20 PB from healthy indi-
viduals as negative controls. Chi-square test
was used to analyze data. MUC2 mRNA by using
Real-time PCR was detected in 9 (18%) of PB
and in 10 (20%) of BM samples and none of the
healthy individuals. The relapse rate among
MUC2-positive patients was significance in BM
(P < 0.004) and MUC2-positive patients had a
shorter disease free survival than the negative
patients in BM samples (p < 0.05). This study
shows MUC2 can be a suitable marker for de-
tection of micrometastasis in breast cancer pa-
tients at early stages of cancer.

Keywords: Circulating Tumor Cells; Breast Cancer;
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1. INTRODUCTION

Breast cancer is the leading cause of cancer death and
the most frequently diagnosed cancer in females world-
wide, in 2008, it accounted for 23% of the total new
cancer cases and 14% of the total cancer deaths [1].
Breast cancer is ranked first among malignancies among
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Iranian women, with a rough incidence rate of 17.81 [2]
comprising 24.4% of all neoplasms [3] in the year of
2006.

In breast cancer, both hematogenous and lymphatic
dissemination of carcinoma cells may occur even in pa-
tients with small tumors, so breast cancer is considered a
systemic disease. Although the detection of metastasis to
axillary lymph nodes is a proven prognostic factor, usu-
ally 20% - 30% of axillary node negative patients will
show a recurrence. Micrometastases, which are unde-
tectable by classical imaging, can contribute to disease
relapse; therefore, identification of micrometastases in
patients with early-stage breast cancer could have sig-
nificant impact on deciding treatment strategies and de-
termining prognosis for the patients [4].

Different markers have been used for the molecular
detection of bone marrow disseminated tumor cells (DTCs)
and peripheral blood circulating tumor cells (CTCs) [5].
The detection of occult micrometastases in bone marrow
(BM) identifies the patients most likely at risk of devel-
oping systemic breast cancer relapse. These patients most
likely benefit from systemic adjuvant therapy. In addition,
it should even be feasible to monitor the effect of such
treatment [6]. However, the impact of tumor cells in
blood or BM still remains controversial. Immunocyto-
chemistry currently remains the gold standard for BM
DTC detection, with a sensitivity ranging from 1 DTC in
10° to 1 in 10° leucocytes [5]. Recently, it has been shown
that detection of DTCs or CTCs (with enrichment step)
by real-time RT-PCR can predict overall survival of a
patient group including metastatic breast cancers [7].

Mucins are high molecular weight glycoproteins found
in human epithelial cells. They characterized by high
content of O-linked oligosaccharide side chains attached
to a serine and threonine-rich peptide core. Mucins are
broadly classified structurally into two main classes:
membrane-bound mucins (MUC1, MUC3A, MUC3B,
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MUC4, MUC12, MUC13, MUC15, MUC16, MUC17,
and MUC20) and secreted or gel-forming mucins (MUC?2,
MUCS5AC, MUCSB, MUC6, MUC7, MUC8 and MUC19)
[8]. Mucins have a central role as cell-surface receptors
and conduct signals in response to external stimuli and
cause cellular responses that include differentiation, pro-
liferation, apoptosis and secretion of specialized cellular
products. Mucins also, have a role in the pathogenesis of
some cancers; especially adenocarcinomas [9].

MUC?2 is one of the key proteins in protecting and lu-
bricating epithelial surfaces by producing the mucus. It is
the main secretory glycoprotein expressed abundantly by
intestinal and airway epithelium [10]. Between the se-
creted mucins, MUC2 has been related to inflammation
and cancer. Functionally, MUC2 suppresses inflamma-
tion in the intestinal tract and so inhibits the development
of intestinal tumors [11]. The expression of MUC2 pro-
tein is a common feature of all mucinous carcinomas
derived from different organs including breast, colon and
prostate [12]. Therefore it may act as a potential prog-
nostic factor. MUC2 expression is associated with ag-
gressive tumor behavior in other types of invasive and
intraductal carcinomas of the breast [12-14]. Furthermore,
recent study by RT-PCR method has showed that mucins
including MUC2, MUC3, MUC5B, MUC6 and MUC7
are differentially expressed transcriptionally in breast
cancer cells [15]. This is the first study to detect MUC2
mRNA in PB and BM of patients with breast cancer us-
ing QRT-PCR method.

2. PATIENTS AND METHODS
2.1. Patient’'s Sample

Bone marrow aspirates and Peripheral blood samples
were obtained from 50 patients with histologic diagnosis
of ductal breast cancer at different stages. All patients
were screened for metastases by conventional staging.
Among fifty patients with breast cancer enrolled in this
study, there was 1 male and 49 females with a median
age of 45 years (range: 28 to 67 years). The patients un-
derwent a modified radical mastectomy or lumpectomy
with breast conserving surgery. In this study 48 patients
had confirmed primary breast cancer and 2 with metas-
tases. Our study was approved by the ethical review
board of the Shariati Hospital, School of Medicine, Te-
hran University of Medical Sciences, Iran. An informed

consent was obtained from all patients entered into the
project. 10 ml of Peripheral blood and 5 ml of Bone
marrow were collected in EDTA anticoagulant and were
quickly sent to the laboratory. Additionally, peripheral
blood cells of 20 healthy individuals were taken in the
same conditions from healthy donors. Mononuclear cells
(MNC) were separated by density-gradient centrifugation
through Ficoll and washed several time with PBS. Total
RNA was extracted from peripheral blood and bone
marrow cells, using a Tri pure Isolation Reagent (Roche)
according to the manufacturer’s instructions.

2.2. Quantitative Real-Time RT-PCR

The quantity of RNA samples was assessed spectro-
photometrically using Nanodrop™ ND-1000 (Nanodrop
Technologies, Wilmington, Delaware, USA). Then 1 ug
of extracted RNA was reverse transcribed into cDNA
using the Prime Script'™ RT reagent kit (Takara Bio)
according to the manufacture’s specifications. Quantita-
tive real-time RT-PCR was performed on an Applied Bio
systems Step One Plus™ system instrument using Preci-
sion™ 2X q PCR Master mix (Primer design). master
mix (10 pl), 2 pl of cDNA samples, 0.5 pl of forward
and reverse primers (10 pmol) and 7 pl of nuclease-free
water (Qiagen, Hilden, Germany) were mixed to conduct
PCR in a 20 pl of reaction volume. The thermal cycling
conditions were: 10 min at 95°C (initial activation), 40
cycles including 10 sec at 95°C and 30 sec at 60°C. The
sequences of primers are listed in Table 1. Hypoxanthine
phosphoribosyl transferase (HPRT) was used as a nor-
malizer and the fold change in expression of each target
mRNA relative to HPRT was calculated based on 27"
comparative expression method [16].

2.3. Statistical Analysis

Chi-square test was used to examine the relationship
between presences of tumor cells and relapse of disease
and also between tumor cells and clinicopathological
factors. Disease-free survival (DFS) defined as the time
from study entry until the day of the first evidence of
disease recurrence. The Kaplan-Meier method was used
to estimate DFS curve, and the log-rank test was used to
compare the curves. Statistical analysis was performed
by SPSS (Version 15). P-Values less than 0.05 were con-
sidered significant.

Table 1. Nucleotide sequences of the primers used for real-time PCR.

Gene  Accession number Primers (5°-37) Size (bp)
CCTGGCGTCGTGATTAGTGAT
HPRT ~ NM_O000I94  \ GACGTTCAGTCCTGTCCATAA 12!
MUC2 NM._ 002457 TCCATCCTGCTGACCATCAA 126

GTAGGCATCGCTCTTCTCAATGA
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3. RESULTS

3.1. MUC2 mRNA Positive Cells in
Peripheral Blood and Bone Marrow
Samples

To evaluate the potential utility of MUC2 gene mRNA
detection in the identification of disseminated and circu-
lating breast cancer cells, we have studied the MUC2
mRNA in breast cancer peripheral blood and bone mar-
row samples. We did not see any MUC2 mRNA in 20
healthy individuals, but in 9 (18%) PB samples and 10
(20%) BM samples of patients, MUC2 mRNA was de-
tected. The correlation between BM and PB samples was
not significant. In three patients MUC2 was detected in
their PB and BM. Figure 1 shows relative MUC2 mRNA
level in PB, BM and control group of breast cancer pa-
tients. The MUC?2 level was increased in PB and BM of
patients in comparison with the control group.

3.2. MUC2 mRNA Positive Cells and
Clinicopathological Factors

We have examined the correlation between MUC2
mRNA positive cells and the patient’s clinicopathological
characteristics. After a median follow-up period of 28
months (range: 4 to 50 months), 15 patients (30%) had
developed disease recurrence. MUC2 mRNA has been
observed in 3 (20%) PB samples of relapsed groups and
7 (46%) BM samples. Clinical relapses were significantly
higher in MUC2-positive patients, and MUC2 mRNA
level was statistically significant in BM samples of pa-
tients who relapsed (Table 2). In addition, as illustrated
in Figure 2, MUC2 positive patients had a significantly
shorter DFS than the negative patients in bone marrow
samples no peripheral blood (p < 0.05). There was no
statistically significant correlation between mRNA MUC2
+ patients and other clinicopathological characteristics (Ta-
ble 3).

400
300+
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1004

Relative MUC2 mRNA expression

Figure 1. Relative MUC2 level in PB, BM and
control group of BC patients. No expression
was detected in control group. 9 (18%) and 10
(20%) of breast cancer PB and BM samples
were positive respectfully for MUC2 mRNA.
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Table 2. MUC2 + patients who relapsed in comparison to pa-
tients without relapse.

Total patients (N = 50)

Tumor Sample P-value
marker P Relapse No relapse
N=15 N=35
PB 3 (20%) 6 (17%) 0.7
MUC2
BM 7 (46%) 3 (9%) 0.004
1.0 Long-Rank test: p<0.05
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Figure 2. Disease-free survival in breast cancer patients based
on the molecular detection of DTCs using MUC2 mRNA be-
fore adjuvant therapy. MUC2 positive patients had a signifi-
cantly shorter DFS than negative patients.

4. DISCUSSION

In clinic, the most prognostic information about breast
cancer is provided by pathological staging. Nevertheless,
about 20% - 30% of patients with a favorable prognosis
relapse within 5 years and many patients with poor prog-
nostic factors will survive for more than 10 years [17].
So, there is a necessary need for more accurate prognos-
tic factors. Detection of DTCs in bone marrow and CTCs
in peripheral blood are promising new parameters, in this
context. One of the main confrontations in the diagnosis
and therapy of breast cancer is the restricted sensitivity
of the existing techniques for the early detection and
monitoring of tumors [5]. Real-Time PCR is a specific
and sensitive technique for detecting occult tumor cells
in peripheral blood and bone marrow of breast cancer
patients [7,18]. This study has investigated the MUC2
mRNA positive cells and prognostic value of that in
breast cancer cases using real time RT-PCR.

The high copy number of MUC1 mRNAs in bone
marrow has showed a significantly higher risk of recur-
rence [19]. Although, MUCI1 expression has been seen in
most cancer patients; however, expression of MUCI1 in
control group demands the setting of the cut-off value. In
this study, the transcript of MUC2 was not detected in
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Table 3. MUC2 mRNA expression in peripheral and bone marrow samples of breast cancer patients: correlation with lymph node
status, tumor size, estrogen and progesterone receptor, Her-2/neu, relapse and vascular invasion.

Peripheral Blood

Bone Marrow

Characteristics All patients No (%) MUC2 mRNA + No (%) P All patients No (%) MUC2 mRNA + No (%) P
Patients enrolled
Age, year 50 (100) 9 (18) 50 (100) 10 (20)
Median 45 40 45 45
Range 28 - 67 30-67 28 - 67 30 - 64
Lymph node
Positive 20 (40) 4(20) 21 (42) 4 (20)
Negative 19 (38) 2(10) 0.2 19 (38) 2(10) 0.3
Unknown 11(22) 10 (20)
Tumor size
>5 cm 7(14) 2(28) 7(14) 1(14)
<5cm 36 (72) 4(11) 0.2 36 (72) 6(17) 0.6
Unknown 7(14) 7(14)
Estrogen r.
Positive 31(62) 5(16) 31 (62) 4(13)
Negative 16 (32) 1(6) 0.2 16 (32) 3(19) 0.4
Unknown 3(6) 3(6)
Progesterone r.
Positive 30 (60) 6 (20) 30 (60) 5(17)
Negative 18 (36) 1(6) 0.1 18 (36) 3(17) 0.6
Unknown 2(4) 2(4)
Her-2/neu
Positive 25 (50) 3(12) 25 (50) 4(16)
Negative 19 (38) 3(16) 0.4 19 (38) 4(21) 0.4
Unknown 7(14) 6(12)
Relapse
Positive 15 (30) 3(20) 15 (30) 7 (46)
Negative 35 (70) 6(17) 0.7 35 (70) 3(9) 0.004
Vascular invasion
Positive 26 (52) 3(11) 26 (52) 6 (23)
Negative 9 (18) 2(22) 0.4 9 (18) 1(11) 0.4
Unknown 15 (30) 15 (30)

any of healthy peripheral blood samples. This result in-
dicates high specificity of MUC2 for detection of CTCs
and confirmed previous study [15].

It has been reported that breast cancer patients with
MUC?2 positive tumors had a significantly shorter sur-
vival (49 months) compared to those without MUC2
mRNA positive tumors (75 months) [13]. Previous study
shows that MUC2 mRNA detection has an inverse asso-
ciation with lymph node stage, vascular invasion, and
estrogen receptor status [12]. We saw that DTCs positive
patients according to MUC2 mRNA had shorter DFS
than the negative patients, but in other clinicopathologi-
cal factors we did not see any association.

In this study, seven of BM MUC2 positive patients
experienced recurrence during 4 years of follow up, in
addition, among the relapsed patients; three patients were
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MUC2 positive both in PB and BM primary samples. In
this study the correlation between the detection of MUC-
2 mRNA positive cells by real-time PCR in peripheral
blood and bone marrow was not significant. Similar ob-
servations have been reported by other investigators who
evaluated the presence of CK19-positive cells in the pe-
ripheral blood and bone marrow [20]. In contrast other
studies report the strong correlation between the detec-
tion of CK-19 mRNA positive cells by real-time PCR in
peripheral blood and bone marrow [21-24]. The lack of a
complete concordance between the detection of marker-
positive CTCs and DTCs could be related in some extend
to the fact that the presence of occult tumor cells in PB is
rare and transient events and therefore their evaluation is
greatly influenced by sampling volume and time. In ad-
dition, only a subpopulation of CTCs has ability to home
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in distant organs such as the bone marrow [23]. Differ-
ences in the assays used for the detection could be also a
reason of these discrepancies [25]. Nevertheless; the
combined positivity for CTC and DTC was associated
with a very poor prognosis [24]. Some previous studies
reported that the prognostic significance of detection of
DTCs in bone marrow was inferior to the detection of
CTCs in blood [7,24], but some others not [21]. In this
study 33% and 70% of MUC?2 related CTCs and DTCs
positive samples, respectively, showed recurrence; al-
though, the prognostics importance of CTCs was not
significant, these results are comparable to 27.5% [21]
12.8% [26] and 30% [27] predictability of CK-19 posi-
tive of CTCs and rather than 27.4% [21] and 29% [28] of
DTCs in previous reports. It seems that detection of
MUC2-positive DTC could be potentially useful in the
prognosis of patients with a doubted diagnosis of BC
[13].

As far as we are aware, this article is the first report of
MUC2 mRNA detection in PB and BM of patients with
breast cancer using QRT-PCR method. The main finding
of the present study is the correlation between tumor cell
presence in the BM and recurrence of disease. We found
statistically significant correlation between existence of
MUC2 mRNA positive cells in bone marrow samples
and relapse of patients during 4 years of follow up (p <
0.004). This analysis offers a simple tool for the early
detection of micrometastatic tumor cells and may be po-
tentially useful in the prognosis of patients in breast can-
cer patients who are in primary stage of their disease.
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