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itive method for the detection of circulating tumor cells
or markers for early detection. A total of 80 blood samples

ifculating mRNA levels of two tumor markers, tumor endothelial
(TEM-8) and carcinoembryogenic antigen (CEA) were evaluated
absolute quantitative real-time PCR assay in the Stratagene Mx-3000P
al-time PCR system. GAPDH was used to normalize the data. TEM-8
and CEA were detected in patients’ blood more than in controls, 22/40 vs
9/40, P = 0.005, and 30/40 vs 11/40, P = 0.008, respectively. The mRNA
level of these markers in patients was significantly higher in comparison to
normal controls (P =0.018, 0.01). This panel showed an overall sensitivity
of 64% and specificity of 73%. Statistical analysis for demographic variants
did not show any significant differences. Both markers were detected more
frequently and in significantly higher levels in blood samples of patients
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compared to samples from normal individuals. Copy number of CEA and
TEM-8 mRNA, as detected by real-time quantitative PCR, appears to be a
promising marker to evaluate the risk of tumor spread.

Key words: Gastric Cancer; Tumor markers; TEM-8; Real-time PCR,;
CEA

INTRODUCTION

Nearly 600,000 individuals die every year from the third most prevalent tumor type
in the world, gastric cancer (Burt et al., 1995; Pisani et al., 1999). Gastric cancer is also one
of the most frequent malignancies in Iran. As several researchers have reported, in about 40-
50% of gastric cancer patients who undergo tumor resection, there is a subsequent metastasis
through the bloodstream or lymphatic circulation to other organs, wiliich decreases the 5-year
survival of these patients (Yeh et al., 2006). Therefore, early deteétion with accurate methods
is significantly needed (Xu et al., 2006).

The best therapeutic method is elimination of the
of satisfactory treatment after tumor resection depends o
is the conventional method for tumor stage investigati

on of initial template copy number
uorescence exceeds the background

level is conversely correlated
for PCR detection of tumor

well as in tumo

cerned throughou
TEM-8 is a type | tra
the interaction of cells withghe surrounding extracellular matrix (Rmali et al., 2005).

In the present gfudy, we applied quantitative real-time RT-PCR to detect CEA and
TEM-8 mRNA expression in peripheral blood of gastric cancer patients to investigate the
sensitivity of these markers in detecting microinvasion.

MATERIAL AND METHODS

Study subjects

Between March 2010 and February 2012, 80 blood samples from 40 patients, before
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undergoing surgery or other therapeutic procedures including preoperative chemotherapy or
radiotherapy, and 40 healthy volunteers were collected. All patients and healthy volunteers
were informed about the study and gave written consent for the investigation in accordance
with ethical guidelines.

RNA extraction and ¢cDNA synthesis

Five milliliters of blood samples were diluted with 5 mL phosphate-buffered saline,
and peripheral blood mononuclear cells collected using lymphocyte separation medium. Total
cell RNA was extracted from the cells by conventional methods using Trizol reagent (Roche,
Applied Sciences, Indianapolis, IN, USA) according to manufacturer instructions. RNA qual-
ity was evaluated by an ultraviolet absorption characteristics, and concentration was deter-
mined spectrophotometrically on the basis of optical density (OD) at 260 nm. First-strand
cDNA was synthesized from 1 pg total RNA and oligo (dT) , as lification primers using
the RT-PCR kit (Fermentas, Vilnius, Lithuania).

Construction of standards

MAD-MB321 and HT29 cell lines were gr i m supplemented
with 10% fetal bovine serum at 37°C in a 5% COgfai grown to a conflu-
ent monolayer, the MAD-MB321 and HT29 ¢ sed for the TEM-8 and
CEA standard curves, respectively. To prep NAs were amplified and

inserted into the pTZR/57 vector (Ferm After cloning, recombinant
vectors were extracted, linearized wi i ilited. Copy numbers were calcu-
lated for all standards by the follo i and Livak, 2008):

where 6.022 x 10% gadro’s number and 660 Da = average weight of
a single base pai
Quantitative re

Cloning and real-ting€ primers for CEA, TEM-8 and GAPDH as an internal control, and
a fluorogenic probe for -8 were designed by the AlleleID software as described in Table 1.

To prepare the'standard curves, CEA and TEM-8 cDNAs were amplified and inserted
into the pTZR/57 vector (Fermentas). After cloning, recombinant vectors were extracted, lin-
earized with Sacl and serially diluted. Copy number of plasmid was calculated on the basis of
OD at 280 nm, length of recombinant vector and Avogadro’s number.

Real-time PCR was performed in the Stratagene Mx-3000P (Stratagene, La Jolla, CA,
USA) machine. SYBR green was used for amplification of CEA and TagMan probes utilized
for TEM-8 in a total volume of 20 pL using absolute quantitative (by Act) module. For CEA,
each reaction consisted of the following: 10 pL SYBR green, 2 pL ¢cDNA, 0.5 pL 10 pL of
each primer, and 7 pL. RNAse-free water. Thermal cycling conditions were 10 min at 95°C
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followed by 45 cycles at 95°C for 40 s, 62°C for 40 s, and 72°C for 40 s. For TEM-8, the PCR
contained 10 uL TagMan master mix, 2 pL. cDNA, 0.2 puL probe, 0.6 uLL 10 uM of each primer,
and 7.2 uL RNAse-free water. The thermal cycle program was as follows: 10 min at 95°C fol-
lowed by 45 cycles at 95°C for 30 s, 62°C for 40 s and 72°C for 30 s. GAPDH was used as the
endogenous control to normalize the data.

Statistical analysis

All data were analyzed using SPSS version 14 (SPSS Inc, Chicago, IL, USA) and P <
0.05 was considered to be statistically significant. The #-test was used to investigate the association
of copy number with demographic features of gender, tumor location, stage and grade, and also
lymph node involvement. Pearson’s correlation was used for age and age of onset and tumor size.

RESULTS

A total of 40 patients with primary gastric cancer (male:fémale 530:10; mean age = 57.4

(Table 2).

Table 2. Demographic and clinicopathological data of p;

Parameter Frequency (percentage)

Gender
Female 11 (27.5%)
Male 29 (72.5%)
Tumor size
1-3 cm 23 (57.5%)
3-5cm 13 (32.5%)
Unknown 4 (25%)
Stage (TNM)
I 6 (15%)
A 16 (40%)
1A 3(7.5%)
1B 1(2.5%)
1B 7 (17.5%)
1Ic 6 (15%)
Pathology
WD 15 (37.5%)
MD 19 (47.5%)
LD 3(7.5%)
Unknown 3(7.5%)
Lymph node involvement
Positive 10 (25%)
Negative 30 (75%)

Real-time PCR analysis of circulating mRNA levels of the tumor markers TEM-8 and
CEA revealed the presence of these markers in peripheral blood significantly more in the patients
than in the controls, 22/40 vs 9/40 (P = 0.005) for TEM-8 and 30/40 vs 11/40 (P = 0.008) for CEA,
respectively. The mRNA level of these markers in patients was significantly higher in comparison
to normal controls (P=0.018, P=0.01, respectively) (Figure 1). These two markers showed over-
all sensitivity of 64% and specificity of 73% in circulating tumor cells. Furthermore, the TEM-8
copy number was also higher in cases with lymph node metastasis (Z = 1.831, P =0.069).
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Figure 1. Quantification of TEM-8 and CEA RNA in patients an S y h marker is shown

DISCUSSION

Before metastasis become evi eak away from the tumor and
spread through lymph nodes and blgod t ilva et al., 2002). Although most
circulating tumor cells are not vj 1Is have the capability to form me-
tastasis (Shen et al., 2008). i ingthe blood and lymph nodes should be an
appropriate approach for i i can be utilized as a new staging method.
To date, only a few sensi i n available for detection of disseminated tu-
mor cell in the blood s, involving flow cytometry (Shen et al., 2008),
immunohistoche , and RT-PCR (Ghossein et al., 1999). In contrast,
qRT-PCR inte of PCR and high sensitivity and accurate quantifica-

cells in blood de
must be sensitive to ect

nce of sensitivity and specificity. In other words, the assay
small numbers of tumor cells and must be specific enough
to detect transcripts for theSe derived from tumor cells (Zieglschmid et al., 2005). There are
tumor markers detectabl€ in gastric patients that can predict early stages of metastasis; some
of these markers are detectable in lymph nodes, while others are present in peripheral blood
(Zieglschmid et al., 2005; Ohlsson et al., 2006). The detection rate of circulating tumor cells
in peripheral blood from gastric cancer patients is in the range from 27 to 88% (Conzelmann
et al., 2005; Wang et al., 2006; Lloyd et al., 2006). Although many markers have been investi-
gated individually or in several panels, the lack of both sensitivity and specificity was shown
in these experiments. Therefore many investigators have studied different genetic alternations.
To date, the lack of a single specific tumor marker for reliable detection of gastric cancer pa-
tients remains a fundamental problem. The experimental results showed that tumor cells were
more frequently present in the circulation of gastric cancer patients, which can predict devel-
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oping metastasis in the near future. Therefore, this method may be utilized to detect the spread
of the tumor and distant metastasis before any other imaging or pathology approach. Perhaps,
future investigations on tumor signaling pathways and cancer stem cells will help us in devel-
oping a single marker or a panel of markers for early detection of gastric cancer. Another issue
under debate is the clinical application of this method. Future cohort studies monitoring larger
numbers of patients seem to be necessary to evaluate the prognostic value of each marker and
to determine the subgroup of patients with high levels of specific tumor marker, who require
more aggressive treatment, including more potent chemotherapeutic regimens.
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