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Abstract

Breast cancer is the most common cancer in women worldwide. Breast cancer in one third of all patients will
go on to metastasis, which is the main cause of mortality in cancer cases. Tumor cells detach from primary
tumor and enter into the circulation as circulating tumor cells (CTCs) which can form metastatic lesions. In
this study, the expression of CK-19 gene in blood samples of metastatic breast cancer women was
investigated and compared to control group. Twenty one patients with metastatic breast cancer and 20
healthy female volunteers enrolled in this study. For every patient and healthy donor 10 ml peripheral blood
was collected. Peripheral blood mononuclear cells were isolated by gradient density centrifugation using
Ficoll Hypaque. CK-19 gene expression was evaluated using SYBR green-based real-time quantitative
polymerase chain reaction assays. The relative expression level of CK-19 was calculated using the 2724

analysis method. The mean of CK-19 expression was increased in metastatic breast cancer when compared
to those of normal women (1.50 fold). 38.1% of the metastatic breast cancer patients showed CK-19 mRNA-
detectable CTCs in their blood samples. There was no statistically significant difference between the relative
expression level of CK-19 and the patient’s clinicopathological characteristics. According to our knowledge,
no study for determining CTC biomarkers in Iranian breast cancer women patients has yet been established.
Our results suggest that the CK-19 mRNA expression investigation may be useful for monitoring CTCs in
the blood of metastatic breast cancer patients, predicting early metastatic relapse or monitoring of anti-
metastasis treatments.
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INTRODUCTION

Breast cancer accounts for 25% of invasive
cancers and is the most common malignancy
of women in females worldwide (1). Although
it is the fifth cause of death from cancer
overall, but in females it is the most frequent
cause of cancer death in less developed
regions (14.3% of total) and the second cause
of cancer death in more developed regions
(15.4% of total) after lung cancer. In Iran,
incidence, mortality and 5-year prevalence of
breast cancer in 2012 was estimated 24.5%,
14.2% and 37.7% respectively (2). Breast
cancer in one third of all patients lead to
metastasis, which is the main cause of
mortality in cancer cases (3). The forming of
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metastasis is a complex process including
many steps and is not still understood
completely. The first step in metastasis is
tumor’s micrometastasis. Tumor cells detach
from primary tumor and enter into the
circulation, via a blood or a lymphatic vessel
and if they remain alive in the circulation, come
to the secondary organ and then proliferate
which can form metastatic lesions. So circulating
tumor cells (CTCs) are the vector of metastasis
(4). These cells also named disseminated tumor
cells (DTCs) when they enter bone marrow
and cause tumor metastasis (5). The first
publication on CTCs described by Ashworth in
1869 when he found that a few cells in
peripheral blood and primary tumor of a dead
cancer case were similar (6).
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CTCs capture and analysis can be used as a
surrogate unique method for understanding
how the primary tumor proceeds to the
metastasis. The number of CTCs reflects
prognosis in metastatic patients. CTCs
detection can be a liquid biopsy and a marker
of response to anti-tumor therapy (4). Liquid
biopsy is a new diagnostic method based on
CTC analysis ,whiles liquid phase of tumor
progression mentions a specific stage of
disease that is characterized by CTCs (7).
Enumeration and analysis of CTCs can be
used for finding early metastatic relapse,
prognosis,  treatment  monitoring  and
decreasing side effects (8). Also CTC analysis
may correlate with clinical parameters such as
disease-free survival (DFS), progression-free
survival (PFS) and overall survival (OS) (9).
CTCs have been studied in the most cancers
such as breast, colorectal, urothelial, prostate,
small cell lung, non-small cell lung, pancreatic
and gastric cancers (10-17). Since gene
expression analysis of CTCs is important,
researchers have studied many different
markers in this field (18). An ideal CTC
marker is expressed only on all CTCs but no
other blood cells. In real situation it may
express at higher levels in cancer compared to
normal cells and they are specific to certain
tumor types (7). Several markers have been
used to detect breast cancer CTCs in nucleic-
acid based techniques such as cytokeratin-19
(CK-19), CK-8, CK-18 (19), CK-20,
epidermal growth factor receptor (EGFR),
human epidermal growth factor receptor 2
(HER2) (20), Mammaglobin, Maspin (21),
epithelial cell adhesion molecule (EpCAM)
(22), and MUCI1 (23). The most current
marker for the detection of CTCs in breast
cancer is CK-19 (20). CK-19, a general marker
of epithelial cells, is strongly expressed in
epithelial but not in mesenchymal cells and
has been extensively studied as a potential
marker for the detection of CTCs in breast
cancer (24). It is also a cytoskeletal component
present in normal and cancerous epithelial
cells, which is expressed in 90% of invasive
breast cancer tissue and has been extensively
used for the detection of breast cancer cells in
mesenchymal tissues and seems to be the most
sensitive and reliable tumor marker in both
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patients with operable and metastatic breast
cancer (20,25). In this study, we investigated
the expression of CK-19 gene in CTCs of
blood samples of metastatic breast cancer
women and compared to control group. The
results of this study may be applicable
clinically for improvement in treatment and
chemotherapy, diagnosis and predicting
recurrence in cancer patients.

MATERIALS AND METHODS

Patients and samples

Twenty one patients with metastatic breast
cancer and 20 female healthy volunteers were
recruited to this study in Seyed Al-Shohada
hospital in Isfahan, Iran. For all patients, a
complete diagnostic evaluation was done,
including of chest X-rays, abdominopelvic
M.D.C.T scan, brain C.T scan, liver
ultrasonography, and whole-body bone scan to
confirm distant metastasis. Healthy volunteers
serve as negative controls and had no history
of previous cancer. All donors and patients
have their written informed consent. Blood
samples were collected before the starting a
new treatment or after the last cycle of
chemotherapy. All the patients were followed
up during the period of performing this study.

For every patient and healthy donor,
peripheral blood was collected in 10 ml
ethylenediaminetetraacetic acid-containing
tubes. To avoid contamination with epithelial
skin cells, all blood samples were obtained at
the middle of vein puncture after the first
several milliliters of blood was discarded as
previously described (25).

A complete blood count (CBC) was
performed on all samples. Peripheral blood
samples were diluted with sterile Phosphate-
Buffered Saline (PBS, pH 7.0) (v/v).
Peripheral blood mononuclear cells (PBMC)
were  isolated by  gradient  density
centrifugation  using  Ficoll = Hypaque
(Innotrain, Kronberg, Germany) at 2000 rpm
for 20 min at room temperature. The interface
cells were removed, washed twice with 30 ml
of sterile PBS at 2000 rpm for 5 min and
resuspended in 1 ml of PBS. The cells were
pelleted and kept at —80 °C until RNA
extraction.
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Table 1. Sequences of primers used in this study.

Gene Accession number Use Oligonucleotide sequence (5'-3")

CK-19 NM_002276 Forward primer GTCACAGCTGAGCATGAAAG
Reverse primer TCACTATCAGCTCGCACATC

GAPDH NM_002046 Forward primer TTCATTGACCTCAACTACA
Reverse primer AAGATGGTGATGGGATTT

Total RNA isolation and cDNA synthesis

Total RNA was isolated from the cells
using the Total RNA Purification Kit (Jena
Bioscience, Germany) according to the
manufacturer’s instructions. All  RNA
preparation and handling steps were done under
RNAse-free conditions. Isolated RNA was
stored at —80 °C until use. RNA concentration
was quantified spectrophotometrically at 260 nm
and the purity and integrity were determined
using the A260/A280 ratio. The quality and
concentration of the RNA samples were
further confirmed by electrophoresis on
denaturated 1% agarose gel. First-strand
cDNA was synthesized from the total RNA
using the AccuPower® CycleScript RT
PreMix (dNg) (Bioneer,Inc. USA) according to
the manufacturer’s protocol. The cycling
protocol consisted of annealing step at 20 °C
for 30 s, cDNA synthesis at 44 °C for 4 min,
melting secondary structure and cDNA
synthesis at 55 °C for 30 s, and repeated
12 times. The normalization of cDNA
was performed with the housekeeping gene
glyceraldehyde-3-phosphate ~ dehydrogenase
(GAPDH).

Real-time quantitative PCR

SYBR green-based real-time quantitative
polymerase chain reaction assays were used
for the gene expression analysis of CK-19 and
the housekeeping gene GAPDH. The reaction
mixtures (20 pl) consisted of 10 ul SYBR
Green qPCR Master Mix (Yektatajhiz, Iran),
0.1 pl of the CK-19 forward primer, 0.1 pl of
the CK-19 reverse primer, and 2 pl cDNA.
Amplification was performed using the Rotor-
Gene 6000 (Corbett Research, Australia) at the
following cycling conditions: 1 cycle of 2 min
at 95 °C for the initial denaturation step and 40
cycles of 15 s at 95 °C for the denaturation
step, 40 s at 60 °C for the annealing and
extension step. The generation of a specific

487

PCR product was tested using the AACT
method and GAPDH as endogenous control.
The primers for CK-19 (NM_002276) and
GAPDH (NM_002046) were designed using
Gene Runner Software (Version 3.05). These
primers were exon-exon junction, so a
probable DNA contamination would not cause
a significant problem. The corresponding sizes
of PCR products for CK-19 and GAPDH were
138 and 122 base pairs, respectively. The
primer sequences are presented in Table 1.

Statistical analysis

The association between CK-19 relative
expression value and clinicopathological
factors, such as menopausal status, tumor size,
histology grade, lymph nodes involvement, ER
and PR status were analyzed using Mann-
Whitney Test. The Kaplan—-Meier method was
used to estimate DFS and OS curves, and the
log-rank test was used to compare the different
groups. The results were analyzed using SPSS
18.00 statistical software. All statistical tests
were performed at the 5% level of significance
and P value <0.05 was considered statistically
significant.

RESULTS

Patient’s characteristics

The clinical, pathological and histological
characteristics of the patients are summarized
in Table 2 and 3. Median patient age was 49.3
years (range, 33-73) and most of them were
premenopausal (71.4%). 71.4% of the patients
had tumors measuring >2 cm, 57.1% had low-
grade disease and 61.9% had >4 involved
lymph nodes. ER-positive (61.9%) and PR-
positive (52.4%) tumors were predominant.
Most patients had ductal breast cancer
(71.4%). Bone was the major metastatic site
(47.6%), and 38.1% of the patients had two or
more metastatic sites.
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Table 2. Patient’s clinical, pathological and histological characteristics and the relative expression level of
CK-19.

Lymph

Patient Age Menopause Tu‘mor Grade nodes ER PR Histological Mets.xstatic 2-Aact
status size . status status type site
involvement
1 52 Pre T2 N/D Nx N/D N/D N/D bone, lung 0.51
IDC
+
2 71 post T1 1 N2 + + ILC bone 1.50
+
DCIS
IDC
3 46 Pre T1 H N3 + + + bone, lung 1.05
ILC
4 5 Pre Nx + + mucinous bon'e, 292
carcinoma brain
5 38 Pre T2 H N3 + - IDC Lung 1.21
I]iC bone,
6 33 Pre T2 I N3 + + . lung, 0.89
mucinous .
. liver
carcinoma
7 57 post T1 L N2 - - IDC bone 0.38
8 50 Pre T2 L N2 - - IDC bone, lung 1.09
9 55 post T3 L N2 + + IDC bone 1.47
10 38 Pre T3 H Nx + + IDC bone 4.25
11 45 Pre T2 L N1 + + IDC bone 0.89
12 73 post N/D N/D N3 N/D N/D IDC bone 0.18
13 48 Pre T1 L NO - - IDC Lung 0.78
14 44 Pre T2 L N2 + + IDC bone, 18.98
liver
15 37 Pre T2 L N1 + + IDC bone 0.25
16 50 Pre T3 L N2 + + IDC bone 0.34
17 34 Pre T2 L N1 - - IDC Skin 0.08
18 45 Pre T3 L N2 N/D N/D IDC brain, skin 0.46
IDC
19 57 post T2 I N2 + + + bone 0.22
ILC
20 47 Pre T3 L N3 + - IDC bone 0.29
bone, lung
21 64 post T2 L NO - - IDC liver, 0.13
brain

Pre; pre menopause, post; post menopause, L; low grade, I; intermediate grade, H; high grade, ER; estrogen
receptor, PR; progesterone receptor, IDC; invasive ductal carcinoma, ILC; invasive lobular carcinoma,
DCIS; ductal carcinoma in situ, N/D; not defined.
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Table 3. Patient’s characteristics and correlation between CK-19 relative expression value and

clinicopathologic factors.

. CK-19 mRNA- CK-19 mRNA-

. All Patients

Characteristics upregulated downregulated P value
N % N % N %

Patients 21 100 8 38.1 13 61.9
Age 0.686
Median 49.3 49.1 494
Range 33-73 38-71 33-73
Menopausal status
Pre-menopausal 15 71.4 6 40 9 60 0.276
Post-menopausal 6 28.6 2 333 4 66.7
Tumor size
<2cm 4 19.1 2 50 2 50 0.484
[ 2cm 15 71.4 5 333 10 66.7
Unknown 2 9.5
Histology grade
L 12 57.1 3 25 9 75 0.160
I/H 6 28.6 4 66.7 2 333
Unknown 3 14.3
Lymph nodes involvement
Nx/NO/N1 8 38.1 2 25 6 75 0.612
N2/N3 13 61.9 6 46.2 7 53.8
Estrogen receptor status
ER+ 13 61.9 7 53.8 6 46.2 0.085
ER- 5 23.8 1 20 4 80
Unknown 3 14.3
Progesterone receptor
PR+ 11 524 6 54.5 5 45.5 0.094
PR- 7 333 2 28.6 5 71.4
Unknown 3 14.3
Histological type
Ductal 15 714 5 333 10 66.7 0.359
Other 5 23.8 3 60 2 40
Unknown 1 4.8
Metastatic site
Bone 10 47.6 3 30 7 70 0.526
Others 11 524 5 45.5 6 54.5
Number of metastatic site
One site 13 61.9 4 30.8 9 69.2 0.311
Multiple sites 8 38.1 4 50 4 50

L; low grade, I; intermediate grade, H; high grade,

CK-19 relative expression

The relative expression level of CK-19 was
calculated using the 27" analysis method.
Relative expression values >1 were considered
upregulated for the respective gene in
comparison to the negative control samples

ER; estrogen receptor, PR; progesterone receptor.
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(26). The peripheral blood mononuclear cells
isolated from metastatic breast cancer samples
and healthy individuals were analyzed for the
mRNA expression patterns of CK-19. We
found that all samples express CK-19 mRNA.
Fig. 1 shows a higher mean value of CK-19
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Fig. 1. Relative expression of CK-19 in metastatic
breast cancer compared to normal group.

expression in metastatic breast cancer patients
compare to healthy control group (1.50 fold).
CK-19 is found upregulated in 8 out of 21
patients. Thus 38.1% of the metastatic breast
cancer patients showed CK-19 mRNA-
detectable CTCs in their blood samples.
Furthermore, 14.3% of the patients showed
relative expression level >2. Patients 4 and 10
revealed the relative expression value 2.92-
fold, 4.25-fold upregulated expression level,
respectively. It is noteworthy that the relative
expression value of patient 14 was 18.89-fold
upregulated expression level. The relative

expression values of patients are listed in
Table 2.

There was no statistically significant difference
between the patient’s clinicopathological
characteristics and the relative expression level
of CK-19 (P>0.05). The correlations are
shown in Table 3 and Fig. 2.

Survival

DFS and OS were defined as the time from
primary surgery until the day of the first
evidence of disease relapse, and death from
breast cancer, respectively. 13 of 21 patients
(61.9%) died during follow-up as a result of
disease progression which 5 of them had CK-
19 mRNA-detectable CTCs in their bloods
(38.5%). For all patients, the median DFS was
approximately 31.4 months (5-84) and the
median OS was approximately 40.9 months
(2-102). The median OS during follow-up
period for upregulated patients was
approximately 45.2 months (16-99). Kaplan-
Meier curves indicated no statistically
significant association (P>0.05) between
DFS/OS and clinicopathological characteristics
of the patients (Table 4). Kaplan-Meier plots
comparing DFS and OS of patients with CK-
19 mRNA changes are shown in Fig. 3.

Table 4. Associations between DFS/OS and Patient’s characteristics.

Log-rank test P value

DFS

Menopausal status 0.271 0.603
Tumor size 1.353 0.245
Histology grade 0.476 0.490
Lymph nodes involvement 0.879 0.348
Estrogen receptor status 1.316 0.251
Progesterone receptor status 2.866 0.090
Histological type 1.110 0.292
Metastatic site 0.738 0.390
Number of metastatic site 2.246 0.341
oS

Menopausal status 0.005 0.943
Tumor size 0.374 0.541
Histology grade 0.069 0.793
Lymph nodes involvement 0.576 0.448
Estrogen receptor status 1.040 0.308
Progesterone receptor status 0.390 0.532
Histological type 0.815 0.367
Metastatic site 0.580 0.446
Number of metastatic site 0.905 0.341

DFS; disease-free survival, OS; overall survival
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Fig. 2. Relative expression of cytokeratin-19 (CK-19) in patients with metastatic breast cancer according to A;
menopausal status: pre-menopausal [2.27 £ 4.75], post-menopausal [0.65 + 0.55], B; tumor size: tumor size <2cm [2.07
+4.79], tumor size >2cm [0.93 £ 0.47], C; histology grade: low grade [2.1 &+ 5.33], intermediate/high grade [1.52 + 1.4],
D; lymph node involvement: N,/Nyo/N; [1.23 + 1.52], N»/N;3 [2.16 = 5.07], E; estrogen receptor status: ER + [2.64 £
5.04], ER — [0.5 £ 0.43], F; progesterone receptor status: PR + [2.98 £ 5.44], PR — [0.57 + 0.46], G; histological type:
ductal [2.1 + 4.79], other [1.3 £+ 1], H; metastatic site: bone [0.98 + 1.25], others [2.55 £ 5.5] and I; number of
metastatic site: one site [0.91 £ 1.11], multiple sites [3.25 = 6.41] (P>0.05).
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Fig. 3. A; Disease-free survival of patients with CK-19 mRNA-up or downregulated CTCs. B; Overall survival of

patients with CK-19 mRNA-up or downregulated CTCs.
DISCUSSION

Mortality from breast cancer is mainly a
result of distant metastasis. Clinical practice
shows that current metastasis detection
imaging tools are not able to detect early
spreading of tumor cells (27). To the best of
our knowledge, no study for determining CTC
biomarkers in Iranian women with breast
cancer has yet been established. Therefore, in
this study, the expression of CK-19 gene in
blood samples of metastatic breast cancer
women was investigated and compared to
control group. The results of this study may be
applicable clinically for improvement in the

treatment and chemotherapy, diagnosis
and predicting recurrence of the disease in
cancer patients.

Although CTCs as a prognostic factor can
lead to disease progression and metastasis,
their detection and analysis is very difficult.
This is because CTC does not have remarkable
specificity which can be used to separate them
from other blood cells (28). The number of
CTCs in peripheral blood is about only one in
10°~10" leukocytes and CTC count of >5
CTCs per 7.5 ml was significantly associated
with shortened OS and PFS (24). CTCs have
very different types, molecular phenotypes and
markers (28). Also, CTCs are heterogeneous.
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Some of them are single cells, some are
clumps, several related with blood cells
especially platelets and many cannot be viable
cells in circulation, but only one in 10* CTCs
can cause metastatic disease (4). Thus,
investigators have been wusing different
detection techniques such as immunomagnetic
isolation, flow cytometry, immunofluorescent
microscopy, fluorescence in situ hybridization,
PCR, and reverse transcriptase-PCR (RT-
PCR) to find special CTC markers (28). In this
study we first showed that all samples express
CK-19 mRNA and the mean of CK-19
expression was increased in metastatic breast
cancer when compared to those of normal
women. Moreover, our data demonstrated that
38.1% of the metastatic breast cancer patients
showed CK-19 mRNA-detectable CTCs in
their blood samples.

The positive rate of CK-19 has been
observed at various ratios (from 0-55%) in
different studies (29). This may be because
CK-19 as epithelial marker is neither breast
nor cancer specific and studies performed in
peripheral blood, bone marrow, and lymph
nodes show a relatively high rate of false
positives, both by immunohistochemistry and
RT-PCR (30). The normal mammary gland is
chiefly composed of luminal epithelial cells
expressing different cytokeratins. Brotherick
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and coworkers examined cytokeratin protein
and mRNA expression in malignant and
benign breast tissues and found that CK-§, 18,
and 19 revealed a consistent pattern of
expression with respect to tumor grade. The
significant correlation with increasing tumor
size only has been shown for CK-19 (27).
Brown and colleagues also showed that
mRNA from women without evidence of
breast cancer including 13 normal lymph
nodes and 10 buffy coat samples were positive
for CK-19 (60% of all samples). In addition,
they also showed that normal tissues including
prostate, testis, pancreas, liver, stomach, colon,
kidney, muscle and spleen had detectable
levels of CK-19 (30). Also,
immunohistochemical studies revealed that
CK-19 expression is heterogeneous basically
on normal cells and with minority on
cancerous cells (31).

Several studies investigated CTCs status in
breast cancer patients. Stathopoulou and
coworkers studied 47 patients with verified
metastases of whom 19 (40.4%) and 20
(42.6%) had detectable CK-19-mRNA cells
before and after chemotherapy (32). They also
detected CK-19-mRNA positive cells in 33 out
of 160 (20.6%) patients with early breast
cancer (33). Zhao and colleagues investigated
the expressions of EpCAM, CK-19, and
hMAM in metastatic breast cancer patients
that were detected in 50 (51.0%), 43 (43.9%),
and 68 (69.4%) of the 98 patients, respectively
(24). Reinholz and coworkers determined the
expressions of CK-19 and mammaglobin in
metastatic breast cancer patients. CK-19 and
mammaglobin were detectable in 56%-75%
and 23%-38% of 86 patients at baseline (29).
Tunca and colleagues evaluated CK-20,
EGFR, CK-19, and HER2 mRNA expression
in primary invasive ductal breast cancer
patients. The positive rates of which were
28.57% (24/84), 20.23% (17/84), 5.95% (5/84)
and 2.17% (1/46), respectively (20). Daskalaki
and coworkers detected CK-19 mRNA-
positive CTCs and DTCs in 55.2% and 57.6%
of patients before chemotherapy, but in 44
(52.4%) and 43 (51.2%) of 84 patients after
chemotherapy (34). Tokudome and colleagues
determined the presence of CTCs with the
CellSearch System in 28 metastatic breast
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cancers. Nine of 28 patients (32%) had >5
CTCs before starting a new treatment and 2—3
months after starting chemotherapy, 5 of 23
patients (22%) had >5 CTCs per 7.5 ml of
blood (35). Trastuzumab could decrease the
frequency of CK-19 positive cells to
undetectable levels in 28 out of 30 treated
patients or after surgery (36). These findings
are in contrast with Daskalaki and coworkers
regarding the high CK-19 positive patients
after surgery (34).

Many studies in the clinical evaluation and
standardization of quantitative RT-PCR
methodology for transcripts of CK-19 mRNA
are too complex and not easily adaptable and
applicable. Because CTCs are highly
heterogeneous and may express different
levels of the indicated marker, it is difficult to
correlate the number of CTCs to the
corresponding mRNA levels. Another major
limitation is the fact that normalization to the
expression of a reference gene makes
variability between different patients (32).

The relationship between CTCs and
clinicopathological features is controversial.
Several studies have determined that the
presence of CTCs in breast cancer is
associated with a poor clinical outcome (37-
41), but further studies of the same research
groups did not confirm previous findings and
failed to demonstrate any association between
CTCs status and prognosis (34,42-45). In our
study, there was no statistically significant
association  between  clinicopathological
features of the patients and CK-19 mRNA-
detectable CTCs or DFS/OS.

Several studies have demonstrated the
relationship between the CTCs status and
DFS/OS. Daskalaki and coworkers showed
that the detection of CK-19 mRNA-positive
CTCs before chemotherapy correlated with
reduced OS but did not associate with patient’s
clinical or pathological characteristics (34).
Stathopoulou and colleagues found that the
detection of CK-19 mRNA-positive cells in
the peripheral blood of patients with stages I
and II breast cancer associated with decreased
OS but did not correlated with the patient’s
characteristics (46). Also, Reinholz and
coworkers observed that the presence of
baseline CK-19  mRNA-positive  was
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associated with shorter OS, hormone receptor
positivity, >3 metastatic sites, and non-ductal
histology (29). Xenidis and colleagues found
that the detection of CK-19 mRNA-positive
CTCs before and after chemotherapy was an
independent factor correlated with decreased
DFS and OS. They also reported that the
detection of CK-19 mRNA-positive CTCs
postchemotherapy was associated with a
more than three axillary lymph nodes
involvement (40).

Saloustros and coworkers observed that the
group of CK-19 mRNA-persistently positive
patients compared to persistently negative had
a higher risk of disease relapse and shorter OS,
but the persistent detection of CTCs did not
associate with the patient’s characteristics
(25). In the current study, due to the
small number of patients in the metastatic
group a significant association between
clinicopathological factors and CK-19 mRNA-
detectable CTCs was not observed. Although
this important aspect should be addressed in
future studies, but it is rather difficult to recruit
a large number of patients with metastatic
cancers. Also for improvement of the detection
of CTCs by real-time PCR, a combination
of different promising marker genes needs to
be tested (19).

CONCLUSION

In conclusion, the RT-PCR detection of the
mRNA of CK-19 biomarker in the peripheral
blood of metastatic breast cancer patients may
be used to monitor CTCs in the blood
circulation and to detect the occurrence
of metastasis, recurrence and therapeutic
outcome.
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