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Abstract
Purpose: Guanylyl cyclase C (GCC) is one of the most frequent tumor markers to
detect the circulating tumor cells (CTCs) in peripheral blood of colorectal cancer
(CRC) patients. It has been proposed as a new marker for the molecular staging of
CRC. The level of GCC mRNA expression in peripheral blood of CRC patients was
evaluated to explore its probable correlations with the clinicopathological features.
Methods: Relative quantitative expression analysis of GCC mRNA was performed
on 80 blood samples (40 patients and 40 normal) using the Real-time RT-PCR.
Results: GCC mRNA expression was detected in 70% of the CRC blood samples.
The level of GCC mRNA expression in peripheral blood of patients was significantly
higher than that in the normal cases (p = 0.031). Moreover, there was a significant
correlation between the GCC copy number and advanced stages of tumor (p =
0.041). Furthermore, we have observed a significant correlation between tumor
sizes and GCC copy numbers (p = 0.050). Conclusion: GCC can be a useful marker
not only for detection of CTCs in CRC blood samples, but also for the molecular
staging of colorectal cancer.
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1. Introduction

Colorectal cancer (CRC) is the fourth common cancer in
the world with almost one million new cases annually
and mortality rate of almost 50%.1,2 CRC incidence is
varied in different areas in which there is a higher
prevalence in Western countries (North America,
Northern and Southern Europe) in comparison with the
other regions. Although, CRC is more common in
developed countries, its prevalence is growing in
developing countries.3 The age-standardized rate (ASR)
Ϯ means authors contributed equally.

of CRC in Iran is 7.5/105 in females and 8.1/105 in
males, ranking the third and fourth common cancers in
Iran, respectively.4-7 More than 30% of cases have
developed metastasis and approximately 20% of
patients have unresectable tumors. Although, Surgery
has the highest impact on survival, it only removes
efficiently the tumors, which are in the early stages. Rate
of tumor relapses ranges from approximately 10% to
more than 60% for the tumors in stages of I and III,
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respectively.8, 9 CRC is poorly diagnosed in the initial
stages of tumor and the symptoms usually appear in the
advanced stages of tumorigenesis. The first sign of CRC
progression appears in the lymph nodes, which is an
important criterion for the histopathological staging.
The efficiency of different therapeutic modalities after
the surgery is directly related to the proper tumor
staging.10 Since circulating free tumor cells can cause
micro metastasis 11, 12, detection of such cells in the
patients’ blood can be an important way for the
metastasis prediction to provide a non-invasive, faster,
and accurate diagnostic method in comparison with the
histopathological analysis. Molecular staging of CRC
includes analysis of tumor cells in lymph nodes,
peripheral blood, and bone marrow of patients to get the
complete and accurate information 13. Although,
Carcino-embryonic antigen (CEA) and carbohydrate
antigen19-9 (CA19-9) are currently applied as clinical
markers for the diagnosis and screening of CRC2, 14, CEA
expression is reported in a variety of cancers and is not
specific for the CRC patients 15-17. One of the main
approaches to identify and evaluate the presence of
blood CTCs is assessment of tissue-specific biomarkers
such as Guanylyl cyclase C (GCC) in CRC patients by
RT-PCR based methods 18-20. GCC is a receptor for the
paracrine intestinal hormones such as guanylyl,
uroguanylylin, and heat-stable entrotoxin (ST). It is
expressed specifically in the apical surface of intestinal
epithelial cells from duodenum to rectum, and was
introduced as a special marker for the CRC 10, 21. Despite
of GCC expression in CRC tissues and its role in tumor
metastasis, it has been shown that GCC protein and
mRNA were not found in extra gastrointestinal tissues
and tumor microenvironments22, 21. Moreover, this
receptor is continuously expressed during and after
neoplastic transformation of normal epithelial cell to
CRC cell. Since GCC expression has been identified in all
primary and metastatic colorectal tumors, it may be
deserved as a suitable prognostic and predictive marker
to identify the CRC micro metastasis 21, 23. Due to the lack
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of specific and universal markers for CRC detection 24, in
the present study we assessed the diagnostic efficiency
and importance of GCC copy number variation in the
peripheral blood samples of Iranian CRC patients using a
quantitative real time PCR technique.

2. Methods and Materials

2.1. Study subjects
Forty consecutive histologically confirmed CRC patients
were enrolled in the present study who were undergone
the tumor resection between 2009 to 2011 in Imam
Reza and Omid Hospitals (Mashhad, Iran) and
Baqiatallah Hospital (Tehran, Iran). Clinicopathological
features of tumors were defined according to the
American Joint Commission on Cancer (AJCC) criteria 25.
In addition, forty healthy volunteers who had normal
colonoscopy reports were served as the control cases.
Peripheral blood of selected cases was collected before
the surgery and any chemo-radio therapeutic
treatments. All the patients and healthy volunteers were
informed about the study and approved the consent
forms, which were confirmed by the ethic committee of
Mashhad University of Medical Sciences.

2.2. RNA extraction and cDNA synthesis
The peripheral mononuclear cells (PBMCs) were
isolated from the 5 ml of whole blood using a
lymphocyte separation medium (Lymphodex, Quest
Biomedical, UK). Total RNA was extracted from the CRC
cell line (HT29) and PBMCs using a Trizol reagent
(Roche, Applied Sciences, and Indianapolis, IN).
Extracted RNA was analyzed by the agarose gel
electrophoresis and its concentration was determined in
an absorbance of 260 and 280 nm using a
spectrophotometer. cDNA synthesis from the total RNA
was performed using the cDNA synthesis kit and oligo
(dT)18 as amplification primer (Fermentas, Vilnius,
Lithuania).

Standard curve of the GCC mRNA copy numbers.
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Figure 2: Quantification of GCC mRNA in blood of patients and healthy donors. Copy number is shown in 1 ml of the
peripheral blood.

Figure 3: Scatter plot represents descriptive analysis of the GCC quantitative gene expression in CRC patients and controls.
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2.3. Construction of standards
To prepare the standard curve, the GCC mRNA fragment
was amplified using the HT29 cDNA and primer
sequences which are presented in Table.1. PCR product
was purified using the DNA purification kit (Fermentas,
USA), and inserted into the pTZR/57 vector (Fermentas,
Vilnius, Lithuania). The recombinant vectors were
extracted and linearized with Mava I and diluted serially.
The concentration of linearized vector was determined
spectrophotometrically, and the copy numbers were
calculated as described before 26, 27. A standard curve
was prepared from 10-fold serial dilutions of linearized
plasmid containing the GCC gene fragment. Seven
standards (serial dilution) were included in each run of
real-time PCR. Each reaction was prepared and
performed in duplicate along with triplicates of 10-fold
serial dilutions of the plasmid. The GCC mRNA value was
calculated with a reference to the standard curve (Figure
1), whose slope was -3.04 indicating high PCR
amplification efficiency (98.4%).

2.4. Quantitative reverse transcriptionpolymerase chain reaction
Quantitative real-time polymerase chain reaction
(qRT-PCR) was performed in duplicate reactions based
on SYBR green (absolute quantitative ct) method
(Invitrogen, Carlsbad, CA, USA) in Stratagene Mx-3000P
real-time thermo cycler (Stratagene, La Jolla, CA, USA).
Each reaction mix was prepared by adding 10 µl SYBR
Green, 0.04 µl ROX, 0.6 µl of each primer (10 pmol/µl), 3
µl cDNA, and 5.76 µl DEPC water in a total volume of 20
µl. The thermal profile was applied as 10 min of initial
denaturation at 95ºC, followed by 45 cycles at 95ºC for
30s, 60ºC for 30s, and 72ºC for 30s. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used as the
endogenous control to normalize the data 28, 29.

2.5. Statistical analysis
The statistical analysis was performed using the SPSS
16.0 (SPSS, Chicago, IL, USA). The associations between
categorical data (lymph node involvement, tumor size,
location, grade, and stage) and GCC copy numbers were
examined using the Spearman, Mann–Whitney U, and
the Kruskal–Wallis H-tests. A value of p ≤ 0.05 was
considered statistically significant.
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3. Results
A total of 40 CRC patients consisting of 30 males and 10
females were recruited for the present study. The total
mean age was 59.117.6 years ranging between 25 to 86
years. The sex ratio for 40 control cases was 1.4 (23
males, 17 females) with mean age of 57.2  7.3 years.
Clinicopathological features of the patients are
summarized in Table.2. Most of cases were moderately
differentiated (22/40, 55%) and located in distal colon
(26/40, 65%). Only 9 out of 40 cases (22.5%) had lymph
node metastasis. Range of tumor sizes were between 1
to 10 cm with mean size of (4.90  1.98 cm). Majority
of cases were in tumor stages of B2 (18/40, 45%) and
C2 (11/40, 27.5%). Real-time PCR analysis of the
circulating GCC mRNA revealed that the levels of GCC
mRNA in the peripheral blood of the patients was
significantly higher than that in the controls (70% vs.
53%, p = 0.031) (Figures 2 and 3). The mean copy
number of GCC mRNA in peripheral blood of the patients
and normal cases were 2.17E3  5624.20 and 47.15 
42.95 copies, respectively. The level of GCC copy number
had significantly increased in advanced stages of tumor
(p = 0.041). This marker produced an overall sensitivity
of 70% and a specificity of 46%. Although there was
not any significant correlation between the tumor grade
and levels of GCC mRNA expression, moderately
differentiated tumors had higher levels of GCC
expression in comparison with the well differentiated
cases (2.52E3  1.29E3 Vs. 1.96  1.37E3, copy
numbers). In the case of lymph node status, there was
not also any significant correlation with the GCC copy
numbers. However, as we expected, levels of GCC mRNA
expression in patients with metastatic lymph nodes
were higher than that in the other cases (4.38E3 
2.48E3 vs. 1.53E3  8.89E2, copy numbers). Moreover,
patients with proximal tumors had shown higher GCC
copy numbers in their peripheral blood in comparison
with the cases with distal tumors (3.23E3  2.00E3 vs.
1.59E3  8.60E2, copy numbers). While, there was a
significant correlation between the GCC copy numbers
and tumor sizes (p = 0.050), there was not any
significant correlation between GCC copy number and
age of patients (p = 0.731).

Table 1: Primer Sequences which are used in cloning and qRT-PCR.
Primer
Sequence (5’ to 3’)
Size (bp)
GCC(Real time
F:GACCACAACAGGAAAAGCAATC
262
PCR)
R:AGGCAAGACGAAAGTCTCGTTT
F:AAACTGAGGACTGGTTCTGGTACC
GCC(Cloning)
510
R: GTCACTGGACCGTCATACCCT
F: GGAAGGTGAAGGTCGGAGTCA
GAPDH
101
R:GTCATTGATGGCAACAATATCCACT
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Table 2: Clinicopathological features of CRC patients.
Total
GCC mRNA
(mean copy number)
Patients
40
2.17E3±5624.20
Mean age (mean ± SD)
59.05±17.61
Size (mean ± SD)
4.90±1.98
Sex
Male
Female

Location
Proximal
Distal
Grade
P.D
M.D
W.D

30(75.0%)
10(25.0%)

2.62E3±1.17E3
8.25E2±4.25E2

14(35.0%)
26(65.0%)

3.23E3±2.00E3
1.59E3±8.60E2

2(5.0%)
22(55.0%)
16(40.0%)

13.50±0.00
2.52E3±1.29E3
1.96E3±1.37E3

5

P Value
0.731
0.050
0.390
0.387
0.594

4. Discussion
Despite different diagnostic methods, CRC is still one of
the leading cause of cancer related deaths in the world
and most of cases are detected in advanced stages of
tumor leading to an inefficient therapy 30. Therefore
finding a specific tumor marker is essential for the early
detection31. Although, surgery is one of the best
treatment strategies in early stages of CRC, between
30-50% of such patients face with the tumor relapse and
metastasis32, 27, 33. Micro metastasis plays a key role in
tumor relapse in which, the tumor cells spread from the
primary site to the other organs through the lymphatic
circulation or bloodstream 34. Molecular staging of CRC
using the specific molecular techniques allows detection
of CTCs which cannot be achieved by the histological
staging. Accuracy and fidelity of a tumor staging marker
is related to its frequency of expression and preferential
expression in a specific tumor when compared to the
other types of normal or tumor tissues 10. Although, CEA
is one of the main tumor markers for CRC detection, it
has some limitations such as poor specificity and
sensitivity. We have recently reported that Sall4 and
CEA can be used as sensitive serum markers for the
early CRC detection and screening26, 27. However, SALL4
had higher sensitivity in comparison with the CEA
(96.1% vs. 80%). Indeed, introducing more specific
markers prepares a complete panel of specific markers
for the CRC screening. Therefore, following our recent
studies, in the present study we assessed the levels of
GCC mRNA expression using the quantitative Real-time
PCR method in peripheral blood of CRC patients. The
GCC copy numbers were significantly higher in
peripheral blood of CRC patients in comparison with the
healthy control group. The results showed that there is a
significant correlation between the high copy numbers
of blood GCC mRNA and tumor stage and size. Low levels
of GCC expression has been reported in normal
intestinal mucosa cells, while it is over expression has
© Moghbeli et al.

been identified in colorectal cancer cells and all primary
and metastatic colorectal tumors 22, 35, 36, 37. GCC may
improve the criteria of a suitable prognostic and
predictive marker to identify the colorectal micro
metastasis21. It has been demonstrated that GCC over
expression in CRC patients is highly associated with
tumor relapse and may enhance the accuracy of staging.
GCC is also introduced as the most sensitive and specific
tumor marker for detection of metastatic CRC in
extra-intestinal tissues21, 37. It can be used as a
noninvasive tool for the micro metastasis diagnosis in
clinical testing and as an indicator of therapeutic
response. Therefore, GCC can be used as a suitable
marker for the monitoring of circulating tumor cells in
peripheral blood of CRC patients38, 39. Our data
confirmed the previous studies and suggested copy
number variation of GCC to improve monitoring
methods of prognosis in CRC patients.

5. Conclusion

In conclusion, regarding our recent reports and present
study, a panel of multiple specific markers such as Sall4,
CEA, and GCC can be a more accurate method in
comparison with the single markers for the
identification of CTCs in CRC peripheral bloods.
Moreover, there was a significant correlation between
the GCC copy numbers and stage of tumors which
introduced GCC as a selective non-invasive marker not
only for the measuring of free tumor cells in the
peripheral blood of CRC patients, but also for the
molecular tumor staging.
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