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ABSTRACT

Background: Efficient screening for detection of colorectal cancer (CRC) at earlier stages reduces its mortality.
The purpose of this study was to investigate expression of carcinoembryonic antigen (CEA) and human telomerase
reverse transcriptase (W\TERT) mRNA in peripheral blood of CRC patients and to present strategies for early
detection screen test. Methods: Twenty seven patients in non-metastatic stage and 27 healthy individuals were
studied. Expression of CEA, hTERT mRNA and 18srRNA (18s subunit of ribosomal RNA, as reference gene)
were determined based on real-time RT-PCR on 3 pg of total RNA from blood in 3 separate vials (1 pg per vial).
Results: Positive expression rate of CEA mRNA (78%) and hTERT mRNA (81%) were higher in patient group
(P<0.001). These rates were meaningfully higher than the results of individual vials containing only 1 ug of total
RNA. Difference between Ct values of markers with 18srRNA (ACt) was higher in healthy group than patient one.
Therefore, a ACt cut-off value was determined for distinguishing between true- and false-positive results.
Concurrent expression of both markers was found in 67% of the patients, which was higher than healthy cases
(11%). Combination of concurrent marker expression with cut-off point strategy increased specificity to 100%.
Conclusion: These results showed that concurrent evaluation of marker expression and performing the test on 3
pg of samples in 3 separate vials may increase specificity and sensitivity of real-time RT-PCR for early detection
of non-metastatic CRC. However, more investigations with larger numbers of samples are needed to verify these
results. Iran. Biomed. J. 17 (1): 15-21, 2013
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INTRODUCTION

olorectal cancer (CRC) is the third most
‘ commonly diagnosed cancer in males and the

second in females, with over 1.2 million new
cases and 608,700 deaths estimated to have occurred in
2008 [1]. Patient prognosis depends on stage of CRC at
the time of diagnosis. Range of 5-year survival of
patients varies from 90% for localized cancer [2] to
68% and 10% for regional and metastatic cancer,
respectively [2, 3]. As indicated in a study by Japanese
Society for Cancer of the Colon and Rectum following
a curative surgery, overall 5-year survival of patients is
nearly 81% in stages O to III [4]. Since more than 60%
of CRC is diagnosed at the symptomatic stages with

lower rate of long-term survival [5], efficient screening
for detection of the disease at earlier asymptomatic
stages is very important. CRC mortality can be reduced
by screening all men and women aged 50 years and
older for CRC [6]. Although common endoscopic
methods for CRC screening find adenomas in
precancerous stage [2], peoples are unwilling to them
because of invasive nature and serious complications.
Therefore, non-invasive tests with high sensitivity and
specificity must be designed for screening the disease.
Detection of CRC blood markers is one of the most
interesting ideas. An important source of blood
biomarkers in cancer is circulating cancer cells (CTC).
By determination of mRNA expression of specific
tumor markers, real-time RT PCR could indirectly
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detect cancer cells in peripheral blood of cancer
patients compared with healthy subjects [7]. The main
advantages of real-time RT-PCR are high sensitivity,
reliability and specificity [8]. Statistical characteristics
of the assay, which might be affected by tumor cell
heterogeneity, could be improved by multiple
molecular marker analyses [9, 10].

Carcinoembryonic antigen (CEA) is one of the
reliable target genes for detection of CTC [10]. CEA
mRNA can be detected in the peripheral blood of
patients with colorectal carcinoma by means of RT-
PCR [11]. CEA mRNA in combination with other
RNA markers has been detected in peripheral blood of
patients with postoperative relapse of disease before
CEA antigen raising [12]. A wide range of sensitivity
and specificity of CEA mRNA detection tests have
been reported in several studies [13, 14].

Telomerase activation has been detected during
development of colorectal adenomas from low- to
high-grade and eventually carcinoma [15]. Expression
of human telomerase reverse transcriptase (hTERT)
mRNA in the peripheral blood of CRC patients has
been also investigated in several studies. Result of
several studies showed that levels of hTERT mRNA
expression were increased in CRC [16-18].

The 18srRNA (18s subunit of ribosomal RNA) is a
reliable house-keeping gene which has been used in a
similar previous study [17] and therefore was chosen
as reference gene of this study.

The main purpose of the present study was to detect
blood CEA mRNA and hTERT mRNA by real-time
RT-PCR method and compare their single and
combined sensitivity and specificity in CRC patients.
As a secondary goal, using simple and practical plans
for increasing sensitivity and specificity of these
markers was also considered. Our findings may enable
this method to be used for early detection of the non-
metastatic disease in the future if more widespread
studies with enough sample sizes verify the results.
The term "early" used above as concept of the study
does not exclusively mean the short time after
beginning of tumor formation, but it might be
considered as having enough time for complete cure of
disease [19].

MATERIALS AND METHODS

Study group. The study group consisted of 27
patients (13 males and 14 Females) with colorectal
carcinoma from stages I, II and III (9, 10 and 8
patients, respectively), who were admitted at
Gastrointestinal Department of Beheshti Hospital
(Hamadan) and General Surgery Department of Imam
Khomeini Hospital (Tehran). The control group

consisted of 27 healthy volunteers (13 males and 14
females), who were referred to Colonoscopy Unit of
Beheshti Hospital of Hamadan and the results of the
exams for the disease were negative. The patients were
diagnosed by pathologic examination of specimens
after colonoscopy from June 2011 until August 2012.
Exclusion criteria of the patients were: 1) undergoing
curative surgery, chemotherapy and/or radiotherapy
before blood sampling and 2) presence of known
second neoplastic disease. The protocol was approved
by ethical committee of Hamadan University of
Medical Sciences prior to the study. The research was
carried out according to the principles set out in the
Declaration of Helsinki 1964 and all subsequent
revisions.

Blood sampling. Following a brief explanation of
study purpose and taking an informed consent, 12 ml
peripheral venous blood was obtained at the time of
admission. The first 2 ml of blood was discarded to
avoid false-positive results due to contamination with
with skin epithelial cells. Afterward, 10 ml blood was
collected in tubes containing sodium EDTA, kept on
ice, transferred to the laboratory and processed within
1 hour after collection.

Lysis of red blood cells. Erythrocyte lysis buffer
(Tris-HCI + saccharose + MgCl, ; Triton X-100) was
made and 40 ml solution was added to 10 ml blood
sample, held on ice for 30 min and then centrifuged at
3000 xg for 20 minutes. Precipitated WBC pellet was
washed by PBS solution. The second step of lysis (with
20 milliliters of the buffer) and wash by PBS solution
was applied for complete elimination of hemoglobin.

RNA extraction. The RNeasy Midi Kit (Qiagen,
Hilden, Germany) was used for RNA extraction
according to the manufacturer's instructions. The entire
isolated RNA was dissolved in 300 pl RNase-free
water. Integrity of RNA was assessed by 1% agarose
gel electrophoresis. RNA purity and concentration
were evaluated by optical density measurement
applying a Nano-Drop spectrophotometer (Bio-TeK,
USA) and 3 pg of RNA in 3 aliquots (1 pg per vial)
underwent reverse transcription.

Reverse  transcription.  QuantiTect  Reverse
Transcription Kit (Qiagen, Hilden, Germany) was used
for reverse transcription. Integrity of produced cDNA
was confirmed by 2.5% agarose gel electrophoresis.
Purity and concentration of cDNA were evaluated by
optical density measurement as mentioned above.
Quality of cDNA as template of real-time RT-PCR was
confirmed by detection of reference gene (18s rRNA)
expression.
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Tablel. Properties and amounts of primers used in real-time RT-PCR assays of marker and reference genes.

Property CEA hTERT 18srRNA
NCBI accession number M29540 NM_198253 X03205
Forward primer accctggatgtcctctatgg tgtcacagcctgtttctgga gtaacccgttgaaccccatt
(primer length) (20) (20) (20)
(amount of use) (10 pmol) (15 pmol) (10 pmol)
Reverse primer caggcataggtccegttatta gttcttggetttcaggatgg ccatccaatcggtagtageg
(primer length) 21 (20) (20)
(amount of use) (10 pmol) (15 pmol) (10 pmol)
Amplicon length 209 210 152
Optimized annealing temperature 51.2°C 48°C 53.5°C

CEA, carcinoembryonic antigen; hTERT, human telomerase reverse transcriptase; 18srRNA, 18s subunit of ribosomal RNA

Primers. Design of primers was done by AlleleID 7
software (Premier Biosoft Corporation, USA). Primer
properties have been shown in Table 1. Primer efficacy
was checked by preliminary tests on positive and
negative controls.

Real-time gRT-PCR assay. To determine CEA and
hTERT mRNA, real-time qRT-PCR assays were
constructed using the QuantiTect® SYBR® Green
PCR Kit (Qiagen, Hilden, Germany) in a CFX96 real-
time PCR detection system (BioRad, USA). Positive
and negative controls were used as quality controls of
the process. Assessment of gene expression markers
were made in 3 separate vials. It seems probable that
the number of circulating tumor cells is very low,
particularly in earlier stages of the disease. On the
other hand, expression of gene markers is also low for
the same reason; therefore, detection of these mRNA
markers could be influenced by the mentioned
important factors. So, the possibility of markers’
detection may be increased by making more separate
vials of cDNA as template of real-time qRT-PCR assay
for each sample.

Statistical analysis. The sample size was calculated
based on difference between proportions of positive
ratios in two groups as reported in previous similar
studies [7, 20, 21]. All statistics were calculated using
the SPSS software (version 10.0). Student's t-test was
applied for comparison of two means. Two-sample
binomial test was used to compare the positivity rate
between 2 study groups. A P value <0.05 was
considered significant. For calculation of marker
sensitivity and specificity, results of pathological
examination of sample tissues were considered as a
gold standard.

RESULTS

In total, 48% of the patients were men and 52% were
women. The mean of age in patient and healthy groups
were respectively 61.6 (range: 26-87 years, standard

deviation: 17.68) and 62.1 years (range 25-88: years,
standard deviation: 18.76), with no significant
statistical difference (P = 0.911). The same results
were found when this variable was compared between
men and women in patient (P = 0.772) and healthy (P
= 0.143) groups. Therefore, both patient and healthy
groups were similar in age and sex variables and none
of the factors were confounding. Location of tumor
was colon (17 patients, 63%) and rectum (10 patients,
37%). Ten out of 13 male patients and 7 out of 14
female patients suffered from colon cancer and the
others had rectal cancer.

Expression levels of reference gene. In order to
evaluate the reference gene expression in patient and
healthy groups, Ct value of the marker was determined
in each sample in triplicate assays and an average of 3
values was considered as 18srRNA Ct value, which
could be an index of 18srRNA gene expression. The
average of calculated 18srRNA Ct values was 22.7 +
2.85 in patient and 21.9 + 4.61 in healthy groups. There
was no significant statistical difference between the
two study groups in 18s gene expression (P = 0.479).
The same results were found when this index was
compared between men and women and also among
individuals who were older and younger than median
age (64 years) in both main groups of the study.
Therefore, this marker could be assumed as a reference
for normalization of our biomarker expression in blood
samples.

Expression of carcinoembryonic antigen and
hTERT mRNA in peripheral blood of colorectal
cancer patients and healthy volunteers and combined
marker analysis. CEA and hTERT mRNA expressions
were studied in 3 separated vials and the results were
considered as positive if at least one of three vials
showed typical signals. According to the findings,
sensitivity of the each marker was calculated. Final
results of statistical parameters were calculated for two
markers (including combined analysis) compared with
pathologic findings as a gold standard test (Tables 2
and 3). Statistical analysis showed the significant
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Table 2. Results of real-time RT-PCR assay of carcino-
embryonic antigen (CEA), human telomerase reverse
transcriptase (hTERT) mRNA and combination markers in
peripheral blood of 27 CRC patients and 27 healthy volunteers
in comparison to pathologic results as gold standard diagnostic
test.

Gold standard

Marker results

Positive Negative
positive 21+ 3

CEA mRNA negative (i 24wk
positive 22 Uk

hTERT mRNA negative S ] oo
CEA + hTERT positive 25% 9#x

mRNA negative Qwxx 1 8xxxx

Numbers of *true positives; **false positives; *+**false negatives;
*++x{rue negatives

differences between positive ratios of patient and
healthy groups in CEA, hTERT and combination
markers  (P<0.001). However, no significant
differences were found between sensitivity of
combination marker assay and single CEA (P = 0.139)
or hTERT (P = 0.226) assay. Comparison of single and
combined markers positive ratios between male and
female patients, between older (age > 64) and younger
(age < 64) patients, between colon and rectal cancer
patients and between different stages of disease have
been presented in Table 4.

Table 3. Calculated statistical parameters of carcino-
embryonic antigen (CEA) mRNA, human telomerase reverse
transcriptase (WTERT) mRNA and combination markers tests
according to the data of Table 2.

Marker Sensitivity Specificity
(%) (%)
CEA mRNA 78 89
hTERT mRNA 81 67
CEA or hTERT mRNA 93 67

Comparison of positive rate of carcinoembryonic
antigen and hTERT mRNA in each vial with
calculated sensitivity of the markers. To analyze the
initial theory, comparison of positive rate of CEA and
hTERT mRNA in each vial with total calculated
sensitivity of the markers was performed. As shown in
Table 5, significant statistical differences were
revealed in patient group.

Evaluation of expression levels for the markers
between patient and healthy volunteers. To evaluate
the expression levels of markers in patients and healthy
volunteers whose assay results were positive, a simple
and practical plan was applied. The plan was based on
results of a previous study [22] which showed the
ratio  of marker/reference genes was significantly
different between true-positive results of the assay in
patients and false-positive results due to background
expression of marker in healthy individuals. Briefly,
we calculated ACt of both CEA and hTERT using the
following parameters: [Ct value of maker - Ct value of
reference] and then, mean of this value was calculated
in two study groups. It was found that means of ACt
were 8.79 + 3.2 (range: 3.78-13.23) for CEA and 7.30
+ 2.8 (range: 2.02-11.30) for hTERT in patient group.
In healthy group, these parameters were 16.85 + 0.28
(range: 16.52-17.02) and 12.27 £+ 1.5 (range: 9.46-
13.58) for CEA and hTERT, respectively. Then, a
range of mean of ACt for both markers was calculated
in healthy volunteers with 95% of confidence interval.
Lower limit of this range for each marker was
determined in healthy group and considered as a cut-
off point. Values lower and higher than the cut-off
points were assumed as true and background-induced
positive results, respectively. According to these
findings, all of three false-positive cases in CEA
mRNA assay and 7 out of 9 false-positive cases in
hTERT mRNA were distinguished in healthy group.

Table 4. Positive ratios of markers in patients according to sex, age and tumor location category.
In each fraction, denominator and numerator stand for total individuals in each subgroup and
number of persons with positive results, respectively.

- CEA hTERT CEA or hTERT
Clinical feature
! 5 positivity (%) positivity (%) Positivity (%6)
Sex
Male 11/13 (85) 13/13 (100) 13/13 (100)
Female 10/14 (71) 9/14 (64) 12/14 (86)
Age
>64 12/13 (92) 11/13 (85) 13/13 (100)
<64 9/14 (64) 11/14 (79) 12/14 (86)
Location
Colon 11/17 (65) 14/17 (82) 15/17 (88)
Rectum 10/10 (100) 8/10 (80) 10/10 (100)
Stage of disease
I 6/9 (67) 6/9 (82) 8/9 (89)
I 8/10 (80) 9/10 (90) 9/10 (90)
1 7/8 (88) 7/8 (78) 8/8 (100)
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Table 5. Comparison of positive rate of carcinoembryonic antigen (CEA) and human telomerase reverse transcriptase (hnTERT)
mRNA in each vial with calculated sensitivity of the markers in patient group.

Vial CEA mMRNA CEA_ mRNA P hT_E_RT mMRNA hTER_T_mRNA P
positive rate (%) sensitivity (%) value positive rate (%) sensitivity (%) value
1 33 <0.001 41 0.002
2 37 78 0.003 33 81 <0.001
3 26 <0.001 22 <0.001

Based on these results, specificity of CEA mRNA,
hTERT mRNA and combination markers were
increased to 100%, 93% and 93%, respectively.
Compared to primary calculations, specificity of CEA
mRNA was not meaningfully elevated (P = 0.077) but
in case of hTERT mRNA and combination markers,
specificity was meaningfully raised (P =0.018).

DISCUSSION

CTC markers might be considered as potential
biomarkers for detection of colorectal carcinoma [23].
Shedding of CTC from primary cancer into the
circulation begins at early stage of cancer development
process [24]. Therefore, finding tumor cells by
detection of their specific markers may result in early
diagnosis of CRC. Use of appropriate markers is very
critical, because tracking of rare tumor cells (about 1
tumor cell among more than 10° WBC of peripheral
blood) is the main challenge [25]. A few mRNA
markers have been studied as blood markers for early
detection of colorectal carcinoma [26]. Several studies
with different methods of sampling, assay protocols
and interpretation of results have been also performed
[11,13,21].

In this study, real-time PCR was applied to detect
CEA and hTERT mRNA in peripheral blood of CRC
patients. Sensitivity and specificity of CEA and
hTERT mRNA have been reported in a wide range in
different investigations [11, 13, 17, 27].

Increasing marker sensitivity and specificity have
been achieved by means of two essential strategies:
CTC enrichment techniques [7, 28, 29] and multi-
sampling methods [27, 30]. Since these two strategies
require high cost and long period of time, we attempted
to increase our detection possibility by producing of
cDNA from 3 pg of total mRNA in 3 separate vials.
Results of our study showed that this strategy might be
considered as a tool for increasing sensitivity.
Although sensitivity of marker combination (93%) is
not meaningfully higher than single marker sensitivity,
it may be presumed that similar studies with larger
sample size may result in considerable higher
differences. The calculated sensitivity of CEA mRNA
in the present study was similar to the results of a study
presented a 3-time sampling method and reported CEA
mRNA sensitivity equal to 74% [27]. Results of other

studies on CRC patients from all stages of disease
presented 36% [20] and 68% [31] of CEA mRNA
sensitivity. All of these rates were meaningfully lower
than our results.

False-positive results of tumor marker expression in
healthy group may be due to illegitimate transcription
or background expression [32] and result in a decrease
in specificity of marker test. To increase the specificity
of markers, we designed the mentioned cut-off point
strategy, which revealed false-positive results. Based
on this strategy, specificity of the method was raised to
93%, which was similar to the previous studies [20,
31].

By comparison with colonoscopy whose sensitivity
(95%) and specificity (100%) are more than the other
routine screening procedures of CRC [33, 34], our
primary findings showed relatively optimistic results.
Therefore, it may be considered as a tool for detection
of non-metastatic disease in people with no tendency to
invasive screening procedures; however, it should not
be considered as a substitution method for colono-
scopy.

An investigation has suggested a combined panel of
marker evaluation for finding of CTC in earlier stages
of CRC [7]. According to the previous studies, to
detect only a single marker gene in peripheral blood
indicates the presence of tumor cells in peripheral
blood of samples (of course under definite conditions
which distinguishes between true- and false-positive
results). This concept usually leads to more sensitivity
and perhaps less specificity in comparison to single
marker assays. The combined marker expression may
be judged as positive only if results of at least a couple
of markers were positive concurrently. Did this
assumption overcome the problem of background
expression of markers and decrease false-positive
findings of CTC detection? What about decreasing the
sensitivity? To answer the questions, we analyzed our
findings. Interestingly, we found that 18 out of 27
patients and 2 out of 27 healthy volunteers showed
concurrent expression of CEA and hTERT. Therefore,
sensitivity and specificity were calculated as 67% and
93%, respectively. Finally, if we combine concurrent
marker expression theory with cut-off point strategy,
sensitivity will be calculated as 67%. This finding is
similar to the reported values of studies which have
used CTC enrichment techniques [7] and multi-
sampling methods [27]; however, specificity will
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Fig. 1. Comparison of calculated sensitivity and specificity according to single marker and different
protocols of combined markers evaluation. CEA, carcino-embryonic antigen; hTERT, human telomerase

reverse transcriptase

increase to 100%. Summary of different calculated
sensitivities and specificities of our study has been
presented in Figure 1. To increase the sensitivity of
concurrent combination biomarker test, we suggest that
more than 3 vials to be considered as templates of real-
time RT-PCR in future studies. The rate of gene
expression of markers among the patient’s clinical
features implies that screening test for primary
detection of CRC could be designed based on tracking
of these markers in peripheral blood. Such a screening
test might be applied for this purpose regardless of
subjects' age, sex, tumor location and disease stage.
However, similar studies with enough sample sizes
should be done to confirm the statistical equality of
these probable confounding factors.

In conclusion, the results of this study suggest that
mRNA markers of peripheral blood may be considered
as useful tools to find non-metastatic CRC by real-time
RT-PCR. To improve the sensitivity and specificity of
the assay, we suggest performing combination marker
assays on at least 3 separate vials and interpretation of
results according to the mentioned protocols. However,
more widespread studies are required to confirm our
findings.
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