
Abstract. Aim: The aim of this study was to correlate the
clinicopathological features of breast cancer patients with
the positive detection of parathyroid hormone-related
protein (PTHRP), cytokeratin protein 19 (KRT19) and
mammaglobin (MGB) using a multiplex reverse
transcription polymerase chain reaction (RT-PCR) assay
developed to detect circulating tumor cells (CTCs) in
peripheral blood of patients with breast cancer. Patients
and Methods: Peripheral blood samples were collected
from 54 breast cancer patients and 20 healthy blood
donors. Subsequently, the samples were processed for RNA
extraction and analyzed for the expression of PTHRP,
KRT19 and MGB using specific primers and multiplex RT-
PCR. Results: The positive detection rates in breast cancer
patients for PTHRP, KRT19 and MGB were 68.5%, 63%
and 22.2% and for healthy donors 10%, 0% and 10%,
respectively. The statistical analysis revealed that PTHRP-
and KRT19-positive detections correlated with the
diagnosis of breast cancer while the combined positive
detections of PTHRP-plus-KRT19 correlated with the
presence of distant metastasis, especially with bone
metastasis. Moreover, positive detections of KRT19
correlated with high proliferation rate of breast cancer
tumors. MGB-positive detections did not add any diagnostic

advantage in such analysis. Conclusion: Multiplex-PCR
based detection of CTCs using PTHRP and KRT19 primers
can provide useful information for the disease 

Breast cancer is the most common malignancy in women in
almost all countries and is second only to lung cancer as a
cause of cancer death. In 2013, 232,340 new cases (14.1% of
all new cancer cases) and 39,620 breast cancer deaths (6.9%
of all cancer deaths) were noted in the United States (1).

Approximately 10% of breast cancers are metastatic at
diagnosis; out of them, approximately one-fifth will survive
5 years (2). Therefore, the outcome of breast cancer largely
depends on the development of metastases in the course of
the disease, highlighting the importance of early and accurate
staging and early therapeutic management. 

Metastasis is a complex, multi-step process in which the
hematogenous spreading of tumor cells is considered to be an
intermediate and essential step for the spread of disease
beyond the primary site (3, 4). Cancer cells should (i) detach
from the primary tumor, (ii) invade through the basement
membrane, (iii) undergo epithelial-to-mesenchymal transition
(EMT) and local invasion, (iv) enter the bloodstream or
lymphatic system, (v) resist anoikis (detachment-induced
apoptosis), (vi) evade immune surveillance, (vii) exit
circulation, (viii) undergo mesenchymal to epithelial
transition (MET), (ix) persist host tissue microenvironment
and (x) eventually colonize a distal site (5).

The detection of circulating tumor cells (CTCs) in cancer
patients holds tremendous promise for the identification of
the potential for metastatic disease at very early stages,
managing risk stratification in the adjuvant setting,
monitoring response to treatment, assessing disease
recurrence and the prospective development of more
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effective and better tailored anticancer therapies for
individual breast cancer patients (6-8). The identification
and molecular characterization of CTCs remain technically
challenging and require extremely sensitive and specific
analytical methods, which are usually a combination of
complex enrichment and detection procedures. CTCs occur
at very low concentrations of one tumor cell in the
background of millions of normal blood cells and the
epithelial-mesenchymal plasticity of CTCs can hamper
their detection by the epithelial markers used in current
CTC assays. Over the past few years different approaches
have been developed, prior to the detection of CTCs in
different tumors. Each of these approaches has distinct
advantages and disadvantages, with the most notable being
sensitivity and specificity (3). The major methodologies
involved in the CTCs detection is the CellSearch System
the polymerase chain reaction (PCR)-based methods and
the cytometric methods, such as fluorescence, in situ
hybridization (FISH), fluorescence-activated flow
cytometry (FACS) (3, 4).

Reverse transcription (RT)-PCR is the method most
widely used and most extensively studied, thus far, for the
identification of CTCs. This technique is a practical,
simple, cost-effective and a full automation-amenable
alternative to traditional methods of diagnosing disease
recurrence and systemic spreading (9, 10). Herein, we
analyzed the positive detections of cytokeratin protein 19
(KRT19), an epithelial marker, parathyroid hormone-related
protein (PTHRP), a mesenchymal marker involved in EMT
of cancer cells particularly in those destined for bone
metastasis (11, 12) and mammaglobin (MGB), a breast cell
specific marker.

KRT19 is a filamentous cytokeratin protein that is
abundantly expressed in the majority of epithelial tumor cells
(13) but, interestingly, not expressed by lymph-node
lymphocytes, peripheral blood cells or bone marrow cells
(14, 15). KRT19 expression has also been detected in
endothelial cells and fibroblasts (15). 

PTHRP was first discovered as a systemic tumor-derived
adenylate cyclase–stimulating factor mediating humoral
hypercalcemia of malignancy, which is associated with the
EMT of several cancers (16, 17), including 60% of breast
cancers (18). 

The MGB gene (MGB) was initially identified by Watson
and Fleming in 1996 using the differential display PCR
technique as a gene transcriptionally up-regulated in breast
carcinoma (19, 20). MGB is a highly specific marker for
breast tissue since its expression is restricted to the adult
mammary gland and to mammary tumor cell lines (20). The
aim of this study was to establish a multiplex PCR assay
targeting the detection of KRT19, PTHRP and MGB mRNAs
in a single PCR reaction and to evaluate its possible clinical
use in breast cancer patients.

Patients and Methods

Subjects. Fifty four newly-diagnosed patients (all females) with
biopsy-proven breast cancer were enrolled in our study. Patients’
samples were referred to us from the University Oncology Clinic
having signed an informed consent, while the study protocols were
approved by the Athens University “ethics committee” at “Attikon
Hospital”, Athens, Greece. Informed consent was obtained from all
breast cancer patients and healthy volunteers. The study conformed
to the ethical standards of the Helsinki Declaration. The mean age
was 53 (range, 30-76). The clinicopathological features of patients
with breast cancer are listed in Table I. 

Six ml of blood were collected from each patient using a venous
catheter into three ml EDTA-containing vacutainers after discarding
the first two ml of blood to avoid possible contamination with
epidermal cells. Peripheral blood samples were also collected from
20 healthy volunteers (20 men), which were used as controls.

Primer design. Primers for the three selected molecular markers
were designed using the FastPCR software (http://
primerdigital.com/fastpcr.html) and their sequences were tested on
NCBI Nucleotide Blast (http://blast.ncbi.nlm.nih.gov/blast) to verify
that all transcript variants of the selected genes would be amplified.

Each primer is located at different exons of the gene to avoid
detecting genomic sequences at the same size as the desired product.
Furthermore, the primers were designed so that they would have
PCR products that would differ at least 20 base pairs from another,
thus being easily analyzed using gel electrophoresis. The sequences
of the 3 primer pairs used are listed in Table II. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used to evaluate the
performance of cDNA synthesis (housekeeping gene).

Cell cultures. MCF-7 human breast cancer cells are known to
express the 3 molecular markers (18) used in our work for spiking
experiments for the definition of the sensitivity of the assay, as
previously described for other cancers (10, 21, 22). MCF-7 cells
were cultured in Dulbecco’s modified Eagle’s medium/F-12
(Cambrex, Walkerville, MD, USA), supplemented with 10% heat-
inactivated fetal bovine serum (Biochrom, Berlin, Germany) and
100 U/ml penicillin/streptomycin (Cambrex), at 37˚C in a
humidified atmosphere of 5% CO2.

RNA isolation. All blood samples were processed within 6 h of
collection. Erythrocyte Lysis Buffer (ELB, address of supplier) was used
to lyse by osmosis all erythrocyte cells and enrich the samples in
nucleated leucocytes. Each blood sample was added to 7.5 ml ELB
(containing 155 mmol/L NH4Cl, 10 mmol/l KHCO3 and 0.1 mmol/l
EDTA –pH 7). The samples were kept on ice for 45 min with occasional
mixing by inversion every 5 min so as to allow erythrocyte lysis. The
samples were then centrifuged at 2,300 rpm for 10 min at 4˚C. The
supernatant was discarded and in case red blood cells still remained in
the sample, 5 ml of ELB were added to the pellet. The cells were
resuspended, kept on ice for additional 10 min and the centrifugation
step was repeated. The pellet of the cells was homogenized in 1ml Tri-
Reagent RT-118 (MRC Inc., city, county, USA). Total RNA was then
extracted according to the manufacturer’s instructions.
Diethylpyrocarbonate water (depc-treated H2O) was used for RNA pellet
dilution. Total RNA concentration and quality were determined after
ultra-violet spectophotometry (Biospec-nano, Shimadzu Biotech, Kyoto,
Japan) as previously described (9-11, 21, 22).
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cDNA synthesis. cDNA was synthesized using Moloney Murine
Leukemia Virus (M-MLV) Reverse Transcriptase (Invitrogen). A
mixture containing 2 μg total RNA, 0.5 μg oligodT18 primer
(Fermentas), 0.5 mM deoxynucleotides (HT Biotechnology LTD) and
depc-treated water up to 12 μl, was heated at 65˚C for 5 min and then
chilled on ice for additional 5 min. A second mixture containing
reverse transcriptase buffer (50 mM Tris-HCL/pH=8.3, 75 mM KCl, 
3 mM MgCl2), 10 mM dithiothreitol DTT, 20 units Rnase OUT
Recombinant Ribonuclease Inhibitor (Invitrogen), was added to the

first mixture and then incubated at 37˚C for 2 min. Then, 150 units of
M-MLV Reverse Transcriptase was added up to a final volume of 20
μl and the incubation continued at 37˚C for 50 min. The reaction was
completed by an inactivation step at 70˚C for 15 min. The
complementary DNA produced was then ready for multiplex PCR
reaction as previously described (9-11, 21, 22).

Polymerase chain reaction conditions. The PCR reaction was
performed using the Qiagen Multiplex PCR Kit (Qiagen, Hilden,
Germany) in a final reaction volume of 25μl. The reaction mixture
contains 1X Qiagen Multiplex PCR Mix (HotStarTaq DNA pol,
Multiplex PCR Buffer with 6mM MgCl2/pH=8.7, dNTP mix), 0.125
μM KRT19 primers, 0.125 μM PTHRP primers and depc-treated
water up to 23 μl. Two μl of complementary DNA is added to the
reaction volume. Cycling conditions were: 95˚C for 15 min (1 cycle),
94˚C for 30 s, 57˚C for 90 s, 72˚C for 60 s (36 cycles), 72˚C for 10
min (1 cycle). For the mammaglobin detection, Nested RT-PCR was
performed using Qiagen Taq PCR Mastermix. Both PCR reactions
were performed in a total volume of 25 μl. The first reaction mixture
contains 1X Qiagen PCR buffer (2.5 units Taq DNA pol, PCR buffer
with 1.5 mM MgCl2, 200μ dNTP mix), 0.4 μΜ primers and depc-
treated water up to 23 μl. Complementary 2 μl DNA were added to
the reaction volume. The second reaction mixture contains 1 X
Qiagen PCR buffer (2.5 units Taq DNA pol, PCR buffer with 1.5 mM
MgCl2, 200 μ dNTP mix), 0.4 μΜ primers, depc-treated water up to
24 μl and 1 μl of the first PCR product. Cycling conditions were the
same for both PCR reactions: 94˚C for 3 min (1 cycle), 94˚C for 30
s, 57˚C for 60 s, 72˚C for 60 s (36 cycles), 72˚C for 10 min (1 cycle).
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Table I. Clinicopathological features of patients with breast cancer.

Parameters Number of cases (%)
Total cases 54

Age (based on median value) (n=52)
<57 22 (42.3%)
≥57 30 (57.7%)

Histologogical type (n=52)
Ductal 40 (76.9%)
Lobular 8 (15.4%)
Others 4 (7.7%)

Maximum tumor size (n=40)
<3cm 20 (50%)
≥3cm 20 (50%)

Estrogen receptor (ER) (n=52)
(+) 32 (61.5%)
(–) 20 (38.5%)

Progesteron receptor (PR) (n=52)
(+) 19 (36.5%)
(–) 33 (63.5%)

HER2 (n=52)
(+) 22 (42.3%)
(–) 30 (57.7%)

Ki 67 (n=33)
Low 19 (57.6%)
High 14 (42.4%)

Grade (n=47)
Low grade (1,2) 12 (25.5%)
High grade (3) 35 (74.5%)

T (Tumor) (n=40)
T1 (<2mm) 10 (25%)
T2 (>2mm but ≤5mm) 29 (72.5%)
T3 (>5mm) 1 (2.5%)

N (lymh nodes) (n=42)
N0 (regional lymph node metastasis) 17 (40.5%)
N1 (Metastases in 1-3 axillary lymph nodes) 16 (38.1%)
N2 (Metastases in 4-9 axillary lymph nodes) 7 (16.7%)
N3 (Metastases in ≥10 axillary lymph nodes) 2 (4.7%)

M (Distant metastasis) (n=54)
M0 38 (70.4%)
M1 16 (29.6%)

Stage (n=53)
I 3 (5.7%)
II 28 (52.8%)
III 6 (11.3%)
IV 16 (30.2%)

Vascular- lymphovascular invasion (n=42)
Yes 18 (42.9%)
No 24 (57.1%)

Table II. Sequence of primers.

Gene Product size Sequence

PTHRP 186 bp F: CTGGTTCAGCAGTGGAGC
R: TTCTGCGATCAGATGGTG

KRT19 159 bp F: CGACTACAGCCACTACTACACGA
R: CTCATGCGCAGAGCCTGT

MGB 367 bp Fin: TGAACACCGACAGCAGCAG
Rin: TCCGTAGTTGGTTTCTCACC 

GAPDH 471 bp F: CATCACTGCCACCCAGAAGA 
R: TCCACCACCCTGTTGCTGTA

Table III. Expression patterns of PTHRPPTHRP, KRT19KRT19 and
MGBMGB mRNAs in breast cancer patients and healthy controls.

Marker Breast cancer Healthy 
patients (n=54) controls (n=20)

PTHRP 37 (68.5%) 2 (10%)
KRT19 34 (63%) 0 (0%)
MGB 12 (22.2%) 2 (10%)
PTHRP plus KRT19 30 (55.5%) 0 (0%)
PTHRP plus MGB 10 (18.5%) 0 (0%)
KRT19 plus MGB 10 (18.5%) 0 (0%)
PTHRP plus KRT19 plus MGB 9 (16.6%) 0 (0%)



For the GAPDH detection, the PCR reaction was performed using
Qiagen Taq PCR Mastermix (Qiagen, Germany) in a final reaction
volume of 15 μl. The reaction mixture contains 1X Qiagen PCR
buffer (2.5 units Taq DNA pol, PCR buffer with 1.5 mM MgCl2, 200μ
dNTP mix), 0.06 μM GAPDH primers and depc-treated water up to
14μl. Complementary 1 μl DNA was added to the reaction volume.
Cycling conditions were the same as for multiplex PCR. PCR
products were analyzed by electrophoresis to a 2% agarose gel
(ethidium bromide stained) and then were captured under UV light
in a KODAK EDAS 290 Imaging System (CareStream Health,
Rochester NY, USA) as previously described (9, 10, 21, 22).

Statistics. Statistical analysis was performed using the Statistical
Package for the Social Sciences Predictive Analytics Software
(SPSS PASW statistics, version 20.0, Inc., Chicago, IL, USA). A
comparison between subgroups based on demographic, clinical and
pathological characteristics for the expression of the KRT19,
PTHRP, MGB and their combinations was performed with the
statistical tests χ2 and Fisher’s exact test. For comparisons of more
than two groups the Kruskal-Wallis test was performed. The results
were considered statistically significant at p<0.05.

Results

The sensitivity of our multiplex PCR-based detection method
was defined using spiking experiments of the MCF-7 cell
line in the peripheral blood of healthy blood samples. The

sensitivity was set at 10 cancer cells per 3 ml of peripheral
blood (PB) using our experimental conditions. This cut-off
limit has been shown to present tumor volume of clinical
significance in previous studies with prostate cancer patients
(10). The detection of each marker in MCF-7 cells was
followed by digestion of the PCR product using restriction
enzymes (Figure 1).

The specificity of the method employed was estimated
according to the analysis of 20 healthy volunteer samples.
We obtained positive detections in 2 of 20 controls samples
for PTHRP and MGB. KRT19 positive detections and any of
possible their combinations were absent in healthy samples.
However, no healthy samples expressed any combination of
the above markers.

The analysis of the 54 breast cancer patient samples
(Tables II and III) revealed that 37 (68.5%) were positive for
PTHRP transcripts; 34 (63%) were positive for KRT19
transcripts and 12 (22.2%) were positive for MGB transcripts.
Furthermore, we found 30 combined PTHRP plus KRT19-
positive detections (55.5%), while we detected 10 combined
positive detections for PTHRP plus MGB and KRT19 plus
MGB (18.5%). Finally, we found 9 triple-positive detections
for PTHRP plus KRT19 plus MGB (16.6%). Examples of
such detections are presented in Figures 2 and 3. 
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Figure 1. Spiking experiments at densities of 0, 1, 10, 102, 103, 104 and 105 MCF-7cells in 3 ml of peripheral blood of normal healthy volunteers.
Parathyroid Hormone-related peptide (PTHRP), cytokeratin protein 19 (KRT19) and mammaglobin (MGB) produce a product size of 186, 159 and
367 bp, respectively. The RT-PCR conditions were set at sensitivity of 10 MCF-7 cancer cells per 3 ml of peripheral blood.



The analysis of positive detections among the breast cancer
patients and the healthy controls revealed that the PTHRP
detections are positively correlated with the presence of breast
cancer (p=0.00001; odds ratio (OR)=18.5, 95% confidence
interval (CI)=3.865-88.54)). Similar analysis was obtained
from studying the positive detection of KRT19 (p=0.000002)
and from the combined detection of KRT19 with PTHRP
(p=0.00002). However, the detections of MGB did not appear
to correlate with the diagnosis of breast cancer (p=0.328). 

We calculated sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) of the
detections of these transcripts namely PTHRP for PTHRP,
KTR19 for KRT19 and their combination (PTHRP plus
KRT19) and the overall data are presented in Table IV. It is
notable that the specificity and the PPV of the detection of
KRT19 and KRT19 plus PTHRP correlated with the presence
of the disease, whereas the specificity and the PPV of
PTHRP was of 90% and 95%, respectively. 

Associations between the positive detection of the PTHRP,
KRT19 and MGB transcripts with various clinicopathological
parameters of breast cancer patients and tumors
characteristics. Age: Patients were divided into two categories
based on their median age (≤57 and >58) but no statistically
significant correlation between patient age and the detection
rate of the studied markers was recorded. Histological type,
maximum diameter, grade, vascular invasion: No statistically
significant correlation was detected between histological type
(ductal or lobular) of tumor and the positive detections of
KTR19, PTHRP, MGB and their combination. In addition,
when tumors were classified according the medium value of
their maximum diameter (≤3 cm and >3 cm), we did not obtain
any significant differences between the detection of transcripts

and the tumor size. Similar results were recorded from the
statistical analysis of the detection rates with grade of tumors
(low or high) and presence or absence of vascular and
lymphovascular invasion (p>0.5).

Analysis of the detection rates for KRT19, PTHRP, MGB and
their combinations against estrogen receptors (ER),
progesteron receptors (PR), HER2/neu receptors and Ki 67.
Our data revealed that only Ki 67 expression significantly
correlated with positive KRT19 detections in the peripheral
blood of breast cancer patients (p=0.011, OR=13.333, 95%
CI: 1.434-123.989).

TNM system and staging. Since our analysis between the size
of primary tumor (T) and positive detections of these markers
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Figure 2. Examples of positive detection for parathyroid hormone-related peptide-(PTHRP) and cytokeratin protein 19 KRT19 using polymerase
chain reaction in peripheral blood of patients with breast cancer. (–): Negative control; (+): positive control (MCF-7), pt: patient samples.

Figure 3. Examples of positive detections of mammaglobin (MGBMGB)
using polymerase chain reaction in peripheral blood of patients with
breast cancer. (–): Negative control; (+): positive control (MCF-7 cells);
pt: patient samples.



was negative, we attempted to compare tumors ≤2 cm in
greatest dimension (T1) with tumors>2cm but ≤5cm (T2) and
tumors>5cm (T3): no significant differences were obtained
following the above analysis (T1 vs. T2,T3: PTHRP;
p=0.457, KRT19; p=0.482, MGB; p=0.089, PTHRP plus
KRT19; p=0.465, PTHRP plus MGB; p=0.629, KRT19 plus
MGB; p=0.338, PTHRP plus KRT19 plus MGB; p=0.629).

Conserning the number of the infiltrated regional lymph
nodes (N0, N1, N2 or N3), we did not find any significant
differences with the rate of positive detections in breast
cancer patients (PTHRP; p=0.201, KRT19; p=0.222, MGB;
p=0.678, PTHRP plus KRT19; p=0.27, PTHRP plus MGB;
p=0.617, KRT19 plus MGB; p=0.465, PTHRP plus KRT19
plus MGB; p=0.617). 

The situation, however, was different with the presence of
distant metastasis (M1) as we detected significant differences
among the positive detections of PTHRP plus KRT19
(p=0.031, OR=4.444, 95% CI: 1.078-18.321) and presence
of metastasis in breast cancer patients, suggesting that a
breast cancer patient with metastatic disease has 4.4 times
increased probability to possess positive detections for
PTHRP plus KRT19 in the peripheral blood.

Finally our statistical analysis indicated that the advanced
stage disease was correlated with positive detections of
PTHRP, KRT19 and their combination (PTHRP plus KRT19)
in the peripheral blood of breast cancer patients. The positive
detections of MGB and its combination with other markers
did not correlate with disease stages and metastasis. In
addition, analysis of the early stages of breast cancer (stage
I, II) and advanced disease (stage III, IV) against positive
detections revealed that PTHRP and KRT19 positive
detection and their combination correlated with advanced
stage (III and IV) disease [(PTHRP: p=0.02, OR=4.941,
95% CI: 1.204-20.283), KRT19: p=0.031 (OR=3.984, 95%
CI: 1.089-14.578), (PTHRP+ plus KRT19: p=0.015,
OR=4.431, 95% CI: 1.293-15.186)].

Table IV shows the data of the sensitivity, specificity, PPV
and NPV for the detection of the PTHRP plus KRT19 for distant
metastasis and for early and advanced stages of the disease. 

Discussion

The outcome of breast cancer largely depends on the disease
stage and metastases. EMT is a process that, physiologically,
is used for wound healing in mature organisms and,
importantly, is essential during early embryogenesis (e.g.
gastrulation and neural crest migration), while the EMT model
has been proposed to describe the dynamic changes that
carcinoma cells experience during tumor metastasis (23). In
this model, carcinoma cells undergoing EMT adopt increased
cell motility because of loss of adhesive constraints and
enhanced invasive cell phenotypes that allow them to infiltrate
adjacent tissues, cross endothelial barriers, enter the circulation

through blood and lymphatic vessels and disseminate to distant
organs (23-25). Once those organs are reached, the
mesenchymal cells may need to reverse to a MET in order to
regain the ability to grow locally (26). Although this model is
still hardly proven, it is very plausible that all carcinoma cells
need to undergo partial or complete EMT, generate CTCs with
mesenchymal characteristics in order to migrate away from the
primary site, colonize distant organ sites and form microscopic
deposits (micrometastasis), which may ultimately lead to an
overt metastatic disease (27). Accordingly, the presence of
CTCs is a mandatory step in establishing distant metastasis
and, thus, these cells are rightfully named the “leukemic” phase
of solid tumors (28). Of the millions of CTCs that will be shed
during the course of a given cancer, some may remain dormant
for a number of years and only very few will be efficient in
generating metastasis (23). 

Given this vital importance of metastases, means to detect
and monitor their existence are continuously sought for. The
detection of CTCs by the RT-PCR-based methods is being
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Table IV. Sensitivity, specificity, positive predictive value, negative
predictive value of parathyroid hormone-related protein (PTHRP),
cytokeratin protein 19 (KRT19), mammaglobin (MGB) for the diagnosis
of breast cancer, distant metastasis, advanced stages and high
proliferation. 

Diagnosis of breast cancer

Marker Sensitivity Specifity PPV NPV

PTHRP 67% 90% 95% 50%
KRT19 62% 100% 100% 49%
PTHRP plus KRT19 54% 100% 100% 45%

Diagnosis of distant metastasis 
in breast cancer patients

Marker Sensitivity Specificity PPV NPV

PTHRP plus KRT19 80% 53% 40% 87%

Diagnosis of advanced stages (III-IV)

Marker Sencitivity Specificity PPV NPV

PTHRP 86% 45% 51% 82%
KRT19 81% 48% 52% 79%
PTHRP plus KRT19 76% 58% 55% 22%

Diagnosis of high proliferation 
rate tumor (high Ki67 protein)

Marker Sencitivity Specificity PPV NPV

KRT19 86% 36% 57% 71%

PPV, Positive predictive value; NPV, negative predictive value. 



recognized as a promising tool in oncology. This method can
detect metastatic disease earlier with a less invasive manner
than currently available conventional methods. Theoretically,
the detection of CTCs in peripheral blood can represent a
“liquid” biopsy that is able to identify earlier the metastatic
disease and disease recurrence during monitoring of
personalized therapies. Unlike the application of separate
PCR reaction for each marker, that can be time-consuming
and costly, the implementation of multiplex RT-PCR, which
allows the examination of multiple marker expression in a
single reaction, is rapid and cost-effective. Moreover, a
multiplex-PCR assay increases the sensitivity and specificity
of the method when is based on a controlled establishment
of the arrays using spiking experiments.

KRT19KRT19 mRNA for the KRT19 protein appears to be a
very sensitive tumor marker and has been widely used as an
index of the existence of malignant epithelial tumor cells in
blood, bone marrow and lymph nodes of patients with major
epithelial malignancies, including epithelial cancers of the
lung, pancreas, gastric tissues (29-32) and especially breast
(33, 34). Furthermore, KRT19 expression has been detected in
hematological malignancies such as chronic myelogenous
leukemia, chronic lymphocytic leukemia, and myeloblastic
syndrome (35). In breast cancer, KRT19 is the most frequently
used target to detect breast cancer cells. However, KRT19
expression is expected to be suppressed during EMT in breast
cancer cells, bone marrow or peripheral blood. 

The human PTHRPPTHRP gene is located on
chromosome 12 and PTHRP is a polypeptide hormone that
shares N-terminal homology with parathyroid hormone
(PTH) (16), which allows both to bind to the same receptor
in bone and kidney, the PTH-1 receptor (36, 37), and share
identical biological actions (38). This hormone elevates
plasma calcium by promoting osteoclastic bone resorption
and decreasing renal and or intestinal calcium excretion.
PTHRP has a widespread expression in normal tissues such
as heart, skin, parathyroid, skeletal muscle, prostate, lung,
etc., under normal physiological conditions and several
actions in an autocrine or paracrine fashion have been
reported in normal embryogenesis and neonatal development,
cellular growth and differentiation, reproduction and
lactation, epithelial calcium transport, as well as smooth
muscle relaxation (39, 40). PTHRP expression in primary
breast cancer has been reported to correlate with the presence
of bone metastases and to an increased ability of tumor cells
to invade bones (11, 12, 41, 42). 

MGB is overexpressed in primary human breast tumors
compared to normal breast tissue, leading to its application
in the detection of lymph node metastasis of breast tumors
(20, 43). The 93–amino acid polypeptide encoded by the
MGBMGB gene predicts a secreted protein with a classic
hydrophobic leader sequence (19). Moreover, the predicted
protein is homologous to a family of proteins that includes

rat steroid-binding protein (prostatein) subunit C3 (rPSC3)
and rabbit uteroglobin (rUg). The human mammaglobin gene
family is localized to chromosome 11q13 and this family of
proteins has been designated secretoglobins to emphasize
their secreted nature and globin-like structural features (44). 

The specificity of our multiplex PCR-based detections of
PTHRPPTHRP, KRT19KRT19 and MGBMGB transcripts was
sufficient, since none of the 20 healthy samples was found
positive for the expression of KRT19 and any other
combinations only 2 control samples tested positive for
PTHRP and MGB.

In addition, the presented data revealed that the detections
of KRT19 and PTHRP and their combined positive detections
correlated significantly with the presence of the disease,
particularly with advanced-stage breast cancer.

Furthermore, combined positive detections of PTHRP plus
KRT19 in the peripheral blood of breast cancer patients
showed a significant correlation with the presence of distant
metastasis. The relatively high sensitivity of the expression
of this combined positive detection suggests that these
molecular markers could have an additive value to the
imaging analysis for detecting metastatic disease.

In addition, our statistical analysis revealed a significant
correlation of the positive detection PTHRP and KRT19 and
PTHRP plus KRT19 with disease stage (stage III and IV).
Patients with stage III and IV tumors have about 5-times
increased likelihood to express PTHRP when compared to
stage I and stage II tumors, 4-times increased likelihood for
KRT19 detections and 4.4-times for a combined PTHRP plus
KRT19 detection. 

However, our data did not reveal any correlation between
the positive detection of any marker with age, histology,
maximum diameter of the tumor, tumor grade and vascular
and lymphovascular invasion. In addition, there was no
association with the ER, PGR and HER2 positivity. This may
be caused by the relative small number of breast cancer
patients analyzed in our setting (44-46). Only the positive
detections of KRT19 are well correlated with the Ki-67
protein expression, which is an index for cell proliferation.
Although other investigators report a correlation between the
detection of CTCs and the infiltration of regional lymph
nodes, our data did not support these claims. 

We demonstrated that only the positive detection of
PTHRP and KRT19 as well as the combined positive
detections of PTHRP and KRT19 can be used for
evaluating the presence of distant metastasis in breast
cancer. Future larger-scale studies and longer follow-up
would confirm the significance of PCR detection of KRT19
for the KRT19 protein KRT19 and PTHRP for the
parathyroid hormone-related protein (PTHRP) PTHRP in
the peripheral blood of patients with breast cancer vis-a-
vis progression free survival and overall survival of breast
cancer patients. 
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