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Quantitative analysis of TEM-8 and CEA tumor markers
indicating free tumor cells in the peripheral blood
of colorectal cancer patients
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Abstract
Background Colorectal cancer (CRC) remains the third most
common cancer in the world. Approximately in 50 percent of
patients, metastatic disease is a major cause of death.
Therefore, early diagnosis of CRC is crucial for a successful
outcome. For the detection of circulating cancer cells, this
study applied a sensitive method that employed specific tumor
markers for early detection.
Methods A total of 80 blood samples from 40 CRC patients
and 40 age-matched healthy controls were collected for the

study. The circulating mRNA levels of two CRC tumor
markers, tumor endothelial marker 8 (TEM-8) and carcinoem-
bryogenic antigen (CEA) were evaluated using an absolute
quantitative real-time PCR assay in a Stratagene Mx-3000P
real-time PCR system. GAPDH was used as the endogenous
control.
Results TEM-8 and CEA were primarily detected more in
the CRC patients rather than in the controls: 22/40 vs 9/40,
p = 0.009 and 30/40 vs 11/40, p = 0.00054, respectively.
In the CRC patients, the mRNA level of these markers
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was significantly higher in comparison to the normal
controls (p = 0.018 and 0.01). The overall sensitivity of
this panel was 65% with a specificity of 75%. Statistical
analysis for demographic variants did not reach significant
values.
Conclusions TEM-8 and CEA markers were detected more
frequently and in significantly higher levels in the blood
samples of patients compared with samples from age-
matched healthy controls. The copy number of CEA and
TEM-8 mRNA, as detected by a real-time quantitative
PCR, appears to be a promising marker for evaluating the
risk of tumor spread.

Keywords Colon cancer . Real-time PCR . Tumor
markers . TEM-8 . CEA . TEM-8 . Q-PCR . Colorectal
cancer

Introduction

Nearly 400,000 lives are lost annually to colorectal
cancer (CRC), the third most prevalent tumor type in
the world [1, 2]. Throughout the past two decades, in spite
of trifling diminution in the incidence and mortality of
cancer in developed nations, such as the USA, CRC
remains the third most common cancer in these countries
with 50,000 deaths per year [3]. In Iran, CRC is also
reported as one of the most frequent malignancies, with an
incidence rate of eight per 100,000 in both sexes and a
mortality rate of 1.3 in females and 1.8 in males per
100,000 [4]. As several researchers have reported, out of
approximately 40–50% of CRC patients who undergo
tumor resection, there is a subsequent metastasis through
the bloodstream or lymphatic circulation to other organs
which decreases the 5-year survival of patients with CRC
[5]. Therefore, early detection with accurate methods is
absolutely vital [6].

The best therapeutic method is the elimination of the
tumor in its early stages. The feasibility of a successful
treatment after tumor resection depends on the tumor
stage. The TNM staging system is a conventional method
for tumor stage investigation. Although this system can
determine tumor prognoses, it has some treatment failures [7].
Consequently, several sensitive methods for molecular
staging using high-throughput techniques have been
developed to distinguish micrometastasis [7]. Molecular
staging can now be evaluated in the lymph nodes, bone
marrow, and blood of patients [8]. Real-time PCR
monitoring systems have also been introduced to identify
the mRNA of circulating tumor cells in cancer patients [9].
This approach allows the precise quantification of the
initial template copy number, based on conversely

correlating the cycle number, at which the sample
fluorescence exceeds the background level, with the
starting copy number [10]. Markers used for the PCR
detection of tumor cells are dependent upon the particular
traits of the tissue, from which the tumor originates. For
instance, carcinoembryonic antigen (CEA) described as a
protein with an oncofetal expression pattern, may act as a
hemophilic and heterothallic cell adhesion molecule when
expressed on the tumor cell surface. CEA also performs a
significant function throughout embryogenesis as well as
tumor development [11]. Another marker, the tumor
epithelial marker 8 (TEM-8) is a type I transmembrane
protein with 564 amino acids in length. It may play a role
in the interaction of cells with the surrounding extracel-
lular matrix and angiogenesis [12]. TEM-8 is unique
among other cell surface TEMs as its expression is tumor
specific and has not been discerned in physiologic
angiogenesis in adults [13]. In this study, a quantitative
real-time reverse transcription-polymerase chain reaction
(RT-PCR) was applied to detect CEA and TEM-8 mRNA
expression in the peripheral blood of CRC patients for the
purposes of investigating the sensitivity of these markers
in detecting microinvasion.

Materials and methods

Study subjects

Between March 2008 and February 2011, 80 blood samples
were collected, consisting of samples from 40 CRC patients,
before having surgery or other therapeutic procedures
including preoperative chemotherapy or radiotherapy, and
from 40 healthy volunteers with normal colonoscopy reports.
In accordance with the MUMS ethical guidelines, all of the
CRC patients and healthy volunteers were informed about the
study and gave their written consent for the investigation.

RNA extraction and cDNA synthesis

Five milliliters of blood samples were diluted with 5 mL
of phosphate-buffered saline. Peripheral blood mononu-
clear cells were collected using a lymphocyte separation
medium. Total RNA was extracted from the cells by
conventional methods using a Trizol reagent (Roche,
Applied Sciences, Indianapolis, IN) according to the
manufacturer’s instructions. RNA quality and quantity
were evaluated at an absorbance of 260 and 280 nm
using an ultraviolet spectrophotometer. First-strand
cDNA was synthesized from 1 μg total RNA and oligo
(dT)18 as amplification primers applying a RT-PCR kit
(Fermentas, Vilnius, Lithuania).
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Construction of standards

MAD-MB231 and HT29 cell lines were grown in a RPMI-
1640 medium supplemented with 10% fetal bovine serum
at 37°C in a 5% CO2 air environment. When grown to a
confluent monolayer, MAD-MB231 and HT29 cells were
harvested. The RNA from these cell lines were used for the
TEM-8 and CEA standard curve, respectively. To prepare
the standard curve, cDNAs were amplified and inserted into
the pTZR/57 vector (Fermentas, Vilnius, Lithuania). After
cloning, recombinant vectors were extracted, linearized
with SacΙ, and serially diluted. Copy numbers were
calculated for all standards with the following formula [14].

Number of copies ml :

6:022� 1023 molecules
mole

� �� DNA concentration g
ml

h i

660 Daltons � number of bases pairs
:

6.022 × 1023 [molecules/mole] Avogadro’s number
660 Da Average weight of a single base pair

The cloning and real-time RT-PCR primers for CEA, TEM-
8, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH),
as an internal control, and the fluorogenic probe for TEM-
8 were designed by AlleleID software 6.0, as shown in Table 1.

Quantitative real-time RT-PCR

Real-time PCR was performed in a Stratagene Mx-3000P
(Stratagene, La Jolla, CA) thermocycler. SYBR green was
used for the amplification of the CEA, and TaqMan probes

were utilized for TEM-8 in a total volume of 20 μl using
absolute quantitative, ΔCt method [15]. For CEA, each
reaction consisted of: 10 μl SYBR green, 2 μl cDNA, 0.5 μl
of each primer (10 pmol/μl), and 7 μl RNase-free water.
Thermal cycling conditions were 10 min at 95°C 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 reaction contained 10 μl Maxima probe
master mix, 2 μl cDNA, 0.2 μl probe, 0.6 μl of each primer
(10 pmol/μl), and 7.2 μl RNAse-free water. The thermal cycle
program was as following: 10 min at 95°C followed by 45
cycles at 95°C for 30 s, 62°C for 40 s, and 72°C for 30 s.
GAPDH was employed as an endogenous control to
normalize the data. All samples were analyzed in duplicate.

Statistical analysis

All data were analyzed using SPSS version 11.1 (SPSS Inc,
Chicago, IL), and P < 0.05 was considered statistically
significant. The Kruskal–Wallis, Mann Whitney U, and
Spearman’s test were used to investigate the association of
the copy number with sex, tumor location, stage and grade,
and also lymph node involvement. The t test was utilized to
compare the copy number of each target between cases and
controls. Pearson’s correlation was used to classify age, age
of onset, and tumor size.

Results

A total of 40 patients with primary colorectal cancer (male/
female, 30:10; mean age, 57.4 ± 18.76 years) and 40

TEM-8, CEA, and GAPDH Sequence [5′→3′]

TaqMan probes

TEM-8 forward GCCAGGAGGAGACACTTACATG

TEM-8 reverse AGTTCTCCATCAGTCAAAGCAATG

TEM probe [FAM] ACGCTGGCTGTCCTGTACCCTTGT [TAMRA]

GAPDH forward GAAGGTGAAGGTCGGAGTC

GAPDH reverse GAAGATGGTGATGGGATTTC

GAPDH probe [FAM] CAAGCTTCCCGTTCTCAGCC [TAMRA]

SYBR green primers

CEA forward GGGCCACTGTCGGCATCATGATTGG

CEA reverse TGTAGCTGTTGCAAATGCTTTAAGGAAGAAGC

GAPDH forward GGAAGGTGAAGGTCGGAGTCA

GAPDH reverse GTCATTGATGGCAACAATATCCACT

Cloning primers

TEM-8 forward GCTCACAAATTCATCAGCC

TEM-8 reverse CTCGAGACCTATTAGCCTCC

CEA forward GTCAAGAGCATCACAGTCTC

CEA reverse TGGTCTCGATCTCTGGTC

Table 1 Primer and probes
sequences
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healthy controls (male/female, 24:16; mean age,
57.3 ± 7.4 years) were recruited for the study. As shown
in the Table 2, the majority of the tumors were adenocar-
cinoma located on the distal colon, with stage IIA in the
TNM staging system and varied between 1 to 5 cm in size.
Most patients (75%) had intact lymph nodes representing
localized tumors.

Real-time PCR analysis of the circulating mRNA levels
of the two tumor markers, TEM-8 and CEA, revealed a
significantly higher presence of both markers in the
peripheral blood of the CRC patients than in that of the
controls, 22/40 vs 9/40, p = 0.0054 for TEM-8 and 30/40
vs 11/40, p = 0.009 for CEA, respectively. The mRNA
level of these markers in patients was significantly higher in
comparison to normal controls (p = 0.018 and 0.01,
respectively) (Fig. 1). These two markers produced an
overall sensitivity of 65% with a specificity of 75% from
circulating tumor cells.

Discussion

Before metastasis becomes obvious, some tumor cells dissent
from a tumor and spread through the lymph nodes and blood
to distant organs [7]. Although most tumor cells are not
viable, a few remaining tumor cells have the capability to

form metastasis [16].Therefore, monitoring these cells in the
blood and lymph nodes should be an appropriate approach
for metastasis prediction and as a new staging method. To
date, not many sensitive techniques have been available for
the detection of disseminated tumor cells in the blood
samples of CRC patients, involving flowcytometery [17],
immunohistochemistry [18], and RT-PCR [19]. In contrast,
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Fig. 1 Quantification of TEM-8 and CEA RNA in patients and
controls. Copy number of each marker is shown in 1 mL of peripheral
blood

Parameter Frequency (percentage)

Sex Male 29 (72.5)

Female 11 (27.5)

Tumor location Proximal 14 (35)

Distal 23 (57.5)

Unknown 3 (7.5)

Tumor size 1–5 cm 23 (57.5)

5–10 cm 13 (32.5)

Unknown 4 (25)

Stage (TNM) Ι 5 (12.5)

ΙΙA 16 (40)

ΙΙΙA 1 (2.5)

ΙΙB 1 (2.5)

ΙΙΙB 7 (17.5)

ΙΙΙC 4 (10)

Unknown 6 (15)

Pathology Well differentiated adenocarcinoma 15 (37.5)

Moderately differentiated adenocarcinoma 19 (47.5)

Poorly differentiated adenocarcinoma 1 (2.5)

Mucinous 1 (2.5)

Signet cell 1 (2.5)

Unknown 3 (7.5)

Lymph node involvement Positive 10 (25)

Negative 30 (75)

Table 2 Demographic and clini-
copathological data of patients
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qRT-PCR integrates the high efficiency of PCR and the high
sensitivity and accurate quantification of spectral analysis.
The efficacy of the qRT-PCR assay in the detection of CTCs
in blood depends on a balance of sensitivity and specificity.
In other words, the assay must be sensitive enough to detect
very small numbers of tumor cells and must also be specific
enough to detect transcripts for those derived from tumor
cells [20]. There are tumor markers detectable in CRC
patients, which can predict the early stage of metastasis;
some of these markers are detectable in lymph nodes while
others are present in the peripheral blood [21]. The detection
rate of CTCs in the peripheral blood of CRC patients ranges
from 27% to 88% [6, 22–24].

Although many markers have been investigated alone or in
several panels, such as CK20, Survivin, and GCC in CRC
patients, the absence of both sensitivity and specificity was
shown in these experiments. Therefore, many investigators
have studied different genetic alternations in the tissue and
stool DNA of CRC patients in order to determine sensitivities
and specific markers as a diagnostic tool [25]. To date, the
lack of a single specific tumor marker for reliable detection
of CRC patients remains a fundamental problem.

These experimental results shows that tumor cells are more
frequently present in the circulation of colorectal cancer
patients which can predict development of metastasis. There-
fore, this method may be utilized to detect wide spreading of a
tumor and distant metastasis earlier than any other imaging or
pathology approach. Perhaps, future investigations on tumor
signaling pathways and cancer stem cells will assist in
developing a single marker or a panel of markers for early
detection of CRC. Another issue under debate is the clinical
application of this method. Future cohort studies monitoring
larger number of patients seems to be necessary in order to
evaluate the prognostic value of each marker and to determine
the subgroup of patients with a high level of a specific tumor
marker. Such patients would require more aggressive treatment
including more potent chemotherapeutic regimens.
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