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ABSTRACT

Background/Aim: This study aims to explore the expression and significance of feces cyclooxygensae‑2 (COX‑2) 
mRNA in colorectal cancer and colorectal adenomas. Materials and Methods: The expression of feces COX‑2 
mRNA in colorectal cancer (n = 28), colorectal adenomas (n = 54), and normal control group (n = 11) were 
examined by reverse transcriptase polymerase chain reaction (RT‑PCR). The positive rate of fecal occult 
blood test (FOBT) were detected in colorectal cancer (n = 30), colorectal adenomas (n = 56), and normal 
control group (n = 11); the sensitivity of the two methods was also compared. Results: The positive rate of 
feces COX‑2 mRNA in colorectal cancer was 82.1% (25/28), which was significantly higher than colorectal 
adenomas 59.3% (32/54), and normal tissues 18.2% (2/11), the difference being significant between the 
three groups (χ2 = 13.842, P = 0.001). The positive rate of FOBT in colorectal cancer was 73.3% (10/30), 
which was significantly higher than colorectal adenomas 10.7% (6/56) and normal tissues 9.1% (1/11), 
the difference being significant between these three groups (χ2 = 7.525, P = 0.023). There was no significant 
association between feces COX‑2 expression and various clinical pathological features of colorectal cancer 
and colorectal adenomas (P > 0.05). The sensitivity of the RT‑PCR method is higher than FOBT, however, 
the specificity of FOBT is slightly higher than RT‑PCR. Conclusions: High expression of feces COX‑2 mRNA 
in colorectal adenomas and colorectal cancer is a common event; it is an early event in the development of 
colorectal adenomas to colorectal cancer. Feces COX‑2 mRNA has a high sensitivity for detect colorectal 
cancer; combination with FOBT will be the best alternative. Feces COX‑2 can be potentially used in the 
early diagnosis and screening of colorectal cancer.
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Colorectal cancer  (CRC) is one of the high incidence 
of malignant tumors worldwide, with the morbidity and 
mortality ranking third among malignant tumors in the 
Western world.[1] Owing to economic development, air 
pollution, and changing lifestyle to high protein and high 
fat diet, the incidence and mortality of CRC has been on a 
rising trend in China.[2] Since the symptoms are not obvious 
in the early stages of CRC and the rate of early dictation and 
diagnosis is low, it is easy to misdiagnosis or miss the diagnosis 
completely. It has been reported that it takes an average of 

19 years from normal to mucosa‑dysplasia‑adenoma‑cancer,[3] 
and hence there is sufficient time for early screening. 
Evidence‑based medicine statistics showed that the survival 
rate is as high as 90% in early staged of CRC, however, 5‑year 
survival rate is less than 5% in advanced stages.[4] Early 
diagnosis of precancerous lesions and early cancer is possible 
through early CRC screening; the mortality rate of CRC 
can be significantly reduced after appropriate treatment.[5] 
Therefore, it is very important to find a noninvasive method 
to screen early CRC.

Thus far, there are many methods of CRC screening, 
such as fecal occult blood test  (FOBT), colonoscopy and 
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sigmoidoscopy, fecal molecular biology‑related antigen and 
antibody detection, and colonoscopy plus pathological biopsy, 
the gold standard in the diagnosis of CRC,[6] however, these 
methods are invasive, expensive, require high technology 
equipment, and bowel preparation. Therefore, these methods 
have not yet become the preferred screening methods. So far, 
FOBT has been widely used as a screening test for CRC.[7,8] 
The introduction of FOBT in CRC screening reduced the 
morbidity and mortality associated with CRC.[9] The method 
has the advantages of being simple and inexpensive,[10] but 
is also associated with high false positive and false negative 
rate and low sensitivity and low specificity,[11] limiting its 
clinical diagnostic. Fecal tumor molecular biology detection 
is a noninvasive screening technology which will be widely 
applicable in the future. The method has the advantages of 
good patient compliance, convenience, repeated operation, 
and without bowel preparation. RNA‑based stool assay 
detection has become very popular recently; the method has 
good sensitivity and specificity and is inexpensive. In terms 
of experimental requirements, the method only requires an 
ordinary PCR amplifier, and can detect a variety of feces 
RNA gene at the same time. The sensitivity of the fecal 
cyclooxygensae‑2 COX‑2 is 80–90%[12,13] and the specificity 
is 100%.[14] Research shows that more than 80% of CRC have 
high COX‑2 expression compared with normal mucosa.[15,16] 
Thus, COX‑2 is a good candidate gene for an RNA‑based 
tool assay, and is a promising approach to detect feces COX‑2 
mRNA for CRC screening, however, it needs more clinical 
investigation.

According to the above research background, our study 
was aimed at detecting the expression and significance of 
feces COX‑2 mRNA in CRC and colorectal adenomas by 
reverse transcriptase polymerase chain reaction (RT‑PCR), 
and compare the sensitivity between RT‑PCR and FOBT, 
in search of a noninvasive screening method for early CRC 
detection, allowing us to distinguish CRC from controls by 
feces COX‑2 mRNA.

MATERIALS AND METHODS

Patients and sample
All the fecal samples were collected from the Fifth Affiliated 
Hospital of Sun Yat‑Sen University between April 2009 
and April 2010. The patients were divided into colorectal 
cancer, colorectal adenoma, and normal control group. 
There were 30  patients with colorectal cancer (28 cases 
were extracted RNA) who were confirmed by pathology 
after surgery without radiation, chemotherapy, and other 
adjuvant treatment before the operation. According 
to the level of tumor, 10  cases of high level  (6  cases of 
moderately‑low differentiated adenocarcinoma, 3  cases 
of poorly differentiated adenocarcinoma, and 1  case of 
mucus gland carcinoma), 18  cases of low level  (14  cases 

of high‑differentiation adenocarcinoma and 4  cases of 
moderately differentiated adenocarcinoma), 10  cases of 
higher than 5c m and 18 cases of less than 5 cm according 
to the size, 18 cases of negative metastasis and 10 cases of 
positive metastasis, and 22 cases of no distant metastasis and 
6 cases of distant metastasis; according to Dukes stage, there 
were 3, 8, 11, and 8 cases in stage A, B, C, and D respectively. 
Fifty‑six patients of colorectal adenomas  (54  cases were 
extracted RNA), who were confirmed by pathology after 
polypectomy. The average age of the 54  patients was 
59.8 years (range: 28–75), including 35 males and 19 females; 
32  cases of more than 50  years and 22  cases of less than 
50 years; 40 cases of colon adenomas and 14 cases of rectum 
adenomas; 28 cases of tubular adenoma, 11 cases of villous 
adenoma, and 15 cases of villous tubular adenoma. A total 
of 13 control patients  (11  cases extracted RNA) with no 
obvious pathological changes through electronic colonoscopy 
biopsy and no colorectal cancer and colorectal polyps.
They were mainly irritable bowel syndrome and colorectal 
inflammation.

All the feces samples (approximately 4g) were collected 2 or 
3 days before colonoscopy examination or surgery (within 1 
hour after bowel movements). The patients were required 
to follow a vegetarian diet 3 days before collection of feces 
samples. Thirty cases of colorectal cancer feces, 56 cases of 
colorectal adenomas feces, and 11 cases of normal controls 
feces were detected by FOBT immediately. Twenty‑eight cases 
of colorectal cancer feces, 54 cases of colorectal adenomas 
feces, and 11  cases of normal controls feces were stored 
at −80°C for 3 hours after collection for total RNA extraction.

This study was conducted in accordance with the declaration 
of Helsinki. This study was conducted after obtaining 
approval from the Ethics Committee of Sun Yat‑Sen 
University. Written informed consent was obtained from 
all participants.

Reverse transcriptase–polymerase chain reaction
Total RNA was extracted in feces samples by Trizol reagent 
(Takala, Dalian, China) following the manufacturer’s 
instructions, and its concentration and purity were measured 
by ultraviolet spectrophotometry. A total of 1.0 μg fecal RNA 
was reverse transcribed in complementary DNA (cDNA) by 
Avian Myeloblastosis Virus  (AMV) Reverse Transcriptase 
Kit  (Takala, Dalian, China). The cycling conditions were 
as follows: 42°C for 1 h and 99°C for 4 min. cDNA was 
used as the template in PCR amplification with primers for 
COX‑2  (Forward: 5'‑CCACCTCTGCGATGCTCTTC‑3', 
and Reverse: 5'‑ACATTCCCCACGGTTTTGAC‑3') 
and β‑actin  (Sangon Bitotech, Shanghai, China). PCR 
reaction system  (50 μl): ddH2O 39 μl, l0  ×  Reaction 
Buffer 5 μl, dNTP 1 μl, Taq polymerase 1 μl  (2.5U), 
template cDNA 2 μl, upstream and downstream primer of 
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COX‑2 per 1 μl (or upstream and downstream primer of 
COX‑2 per 1 μl). The PCR cycle consisted of the following 
steps: initial denaturing at 94°C for 5 min, denaturing at 
94°C for 30 s, annealing at 55°C for 45 s, and elongation at 
72°C for 45 s, which was repeated for 35 cycles. The relative 
expression level of COX‑2 mRNA were interpreted by agarose 
electrophoresis analysis.

Fecal occult blood test
Approximately 5–10  mg fecal samples were mixed with 
0.15 ml distilled water. Then, a test paper (Yikang Biological 
Technology Co., China) was inserted for 1–5 min and observed 
to be positive or negative result according to the instruction.

Statistical analysis
Statistical analyses were performed with the Statistical 
analyses were performed with SSPS 19.0 (Statistical Package 
for the Social Sciences company) software, and qualitative 
data was described as frequency and rate; the comparison 
between groups of qualitative data was made using the χ2 
test and χ2 test with Yates’ continuity correction; P < 0.05 
was considered significant.

RESULTS

The results of reverse transcriptase–polymerase 
chain reaction and fecal occult blood test
The positive rate of feces COX‑2 mRNA in normal control 
group, colorectal adenoma, and CRC was 18.2%  (2/11), 
59.3%  (32/54), and 82.1%  (25/28) respectively. It showed 
that feces COX‑2 mRNA is expressed in CRC, colorectal 
adenomas, and normal control group, which showed 
an increasing trend; the difference was statistically 
significant (χ2 = 13.842, P = 0.001) [Table 1].

The positive rate of FOBT in normal control group, 
colorectal adenoma, and CRC was 9.1% (1/11), 10.7% (6/56), 
and 33.3% (10/30), respectively, which showed an increasing 
trend; the difference was statistically significant (χ2 = 7.525, 
P = 0.023) [Table 1].

The relationship between feces COX‑2 mRNA and 
clinical pathological factors
There was no significant association between feces COX‑2 
mRNA expression with clinical pathological factors in 
CRC, including differentiation, tumor size, Dukes stage, 
and distant metastasis  (P  >  0.05)  [Table  2]. There were 
also no significant association between feces COX‑2 
mRNA expression with clinical pathological factors in 
colorectal adenoma, such as age, gender, tumor location, 
and histological type (P > 0.05) [Table 3], which indicated 
that is a common event of feces COX‑2 mRNA in colorectal 
cancer and colorectal adenomas.

Table 2: Relationship between COX‑2mRNA and 
clinical pathological parameters of colorectal cancer

Clinical pathological 
parameters

Case FecesCOX‑2mRNA (%) P (χ2)
(−) (+)

Differentiation
Well 10 2 8 80.0 1.000*
Poor 18 3 15 83.3

Tumor size
≥5 cm 10 1 9 90.0 0.626*
<5 cm 18 4 14 77.8

Dukes stages
A + B 11 2 9 81.8 1.000*
C + D 17 3 14 82.4

Lymphatic metastasis
Positive 10 3 7 70.0 0.315*
Negative 18 2 16 88.8

Distant metastasis
Positive 22 3 19 86.4 0.285*
Negative 6 2 4 66.7

*Represent Fish exact probability test, no statistic difference (P>0.05)

Table 3: Relationship between COX‑2mRNA and 
clinical pathological parameters of colorectal 
adenomas

Clinical pathological 
paramters

Case Feces COX‑2 mRNA (%) P (χ2)
(−) (+)

Gender
Men 35 15 20 57.1 0.0667 

(0.185)Females 19 7 12 63.1
Age

≥50 32 11 21 55.6 0.251 
(1.318)<50 22 11 11 50.0

Location
Colon 40 19 21 52.5 0.735 

(2.920)Rectum 14 3 9 78.6
Histological type

Tubular adenoma 28 11 17 60.7 0.399 
(1.836)Villous adenoma 11 3 8 72.7

Tubulovillous adenoma 15 8 7 46.7
RXC continuity correction Chi‑square test, no statistically difference (P>0.05)

Table 1: The result of RT‑PCR and FOBT
Group Feces 

COX‑2mRNA
P (χ2) Positive rate of 

FOBT
P (χ2)

(+) (−) % (+) (−) %
Colorectal 
cancer

23 5 82.1 0.001 
(13.842)

10 20 33.3 0.023 
(7.525)

Colorectal 
adenomas

32 22 59.3 6 50 10.7

Normal 
control group

2 9 18.2 1 10 9.1

RXC continuity correction Chi‑square test, statistical significance difference 
(P<0.05)
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literature, low temperature and short time to collect sample 
is associated with a large number of exfoliated cells.[18] Our 
experience is that stool collection is the key step before 
fecal RNA extraction, and low temperature  (0–4°C) and 
shortening acquisition time (less than 3 hours) can reduce 
the number of exfoliated cell death and degradation of 
RNA. At the same time, wearing sterile gloves during the 
testing avoids RNA degradation and pollution; the room of 
extraction, separation, and amplifying RNA must be kept 
separate.

Feces RNA detection technology is based on PCR detection 
technology, mainly including RT‑PCR, real‑time fluorescence 
quantitative RT‑PCR technique, and nested RT‑PCR. 
Over the past 20 years, some researchers have successfully 
extracted fecal RNA. Leung et al.[22] analyzed the expression 
of fecal COX‑2 in CRC by RT‑PCR, 10  cases detected 
COX‑2 mRNA in 20 cases of CRC, only 1 case was detected 
COX‑2 mRNA in 30 cases of advanced adenomas, 2 cases 
detected COX‑2 mRNA in 30 cases of normal control group. 
Takai et  al.[13] found that the expression of feces MMP‑7 
mRNA in CRC increased with RT‑PCR. Kanaoka et al.[14] 
detected the sensitivity and specificity of feces COX‑2 mRNA 
by nested RT‑PCR. Lagerholm et al.[19] used nested RT‑PCR 
methods to analyze the expression level of c‑myc gene. Yang 
et al.[21] examined the fecal cytokeratin CK19 and ribosomal 
protein RPL19 in CRC with real‑time quantitative RT‑PCR, 
and found that it were associated with distant metastasis. 
Atmar et al.[23] detected the fecal RNA calicivirus by real‑time 
RT‑PCR. Dkhil et al.[24] detected the expression of jejunum 
of miRNA in mice by quantitative RT‑PCR technologies. 
Koga et al.[25] reported that the sensitivity and specificity of 
feces miRNA were 74.1% and 79%, respectively, in patients 
with CRC. Therefore, on the basis of these studies, we 
further investigated feces COX‑2 mRNA expression and 
compared the sensitivity of RT‑PCR method and FOBT to 
provide the theoretical basis for fecal COX‑2 mRNA in early 
screening for CRC, as well as the mechanism of COX‑2 in 
the development of CRC.

Our study adopted the RT‑PCR method to detect feces 
COX‑2 mRNA expression. The positive rate of feces COX‑2 
mRNA in normal control group, colorectal adenoma, and 
CRC was 18.2% (2/11), 59.3% (32/54), and 82.1% (25/28), 
respectively. It indicated that fecal COX‑2 mRNA can 
be detected in CRC and colorectal adenomas, with high 
sensitivity (82.1%) in CRC. Our results are consistent with 
those of Hamaya et al.[26] There are also other authors[12] who 
detected fecal COX‑2 mRNA in exfoliated cells with nested 
RT‑PCR, evaluating the analysis application efficiency of 
feces COX‑2 mRNA; the results showed that the positive 
rate of feces COX‑2 mRNA was 80.9%. The positive rate 
of our study was higher than this research; the reason may 
be related to different research methods or that the sample 

Comparison of reverse transcriptase–polymerase 
chain reaction with fecal occult blood test
The positive rate of COX‑2 mRNA in CRC, colorectal 
adenomas, and normal control group by RT‑PCR were 
higher than the positive of FOBT [Table 1]. The sensitivity 
and specificity in colorectal cancer was 82.1% and 81.8% by 
RT‑PCR and 33.3% and 90.9% by FOBT, respectively, which 
show that the sensitivity of RT‑PCR was higher than FOBT 
but specificity was a slightly lower than FOBT [Table 4].

DISCUSSION

CRC is a common malignant tumor in the digestive system, 
and its mortality is ranked third in malignant tumors. 
Because its symptoms are not obvious in the early stage, early 
diagnosis rate is low. During its progress from adenoma to 
carcinoma, if we can detect precancerous lesions and cancer 
early, we can prevent the progress of precancerous lesion and 
reduce the incidence of CRC, because a large number of 
patients can be treated successfully when metastasis does 
not occur.[17] Hence, it is very important to find an early 
screening method to enable an early diagnose.

CRC is developed from the intestinal mucosa; the 
exfoliated cells contain cancer cells and are abundant in 
the mucocellular layer overlying the CRC lesion.[18] Because 
feces are in direct contact with the early lesions of CRC, we 
believe that it can be detected early by testing the exfoliated 
cells from the feces during the early stage. Feces examination 
has the advantage of being convenient and simple and is 
easily accepted by patients. At present, molecular biological 
detection technology is continuously improving; RNA‑based 
stool assay is a promising application in the early diagnosis 
of CRC, although RNA related genes can exist in conditions 
other than CRC, such as breast cancer, bladder cancer, lung 
cancer, oral cancer. But it is difficult to find a tumor cell in the 
feces of those paitents the exfoliated cells from esophageal 
cancer and gastric carcinoma are almost destroyed by gastric 
acid and pepsin before discharge, the morbidity of duodenum 
carcinoma, pancreas cancer, gallbladder carcinoma, bile 
duct cancer, and small intestinal tumors is extremely low. 
Therefore, RNA‑based stool assay has high specificity in 
the detection of CRC. At present, fecal RNA gene includes 
COX‑2, MMP‑7,[13] c‑myc,[19] CD44v6, miRNA,[20] RPL27A, 
CK19,[21] etc. Fecal RNA can be extracted in theory, however, 
it contains large amounts of impurities, such as bacteria, 
mucus, food, that can lead to RNA degradation. According to 

Table 4: Sensitivity and specificity of RT‑PCR and 
FOBT

RT‑PCR FOBT
Sensitivity 82.1% (25/28) 33.3% (10/30)
Specificity 81.8% (9/11) 90.9% (10/11)
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size was not sufficient. The methods and results mentioned 
above were not completely consistent with ours but showed 
that fecal COX‑2 expression was high in CRC, and has good 
value in the early diagnosis of CRC.

We also compared the sensitivity and specificity between 
the two methods. The sensitivity of RT‑PCR and FOBT was 
82.1% and 33.3%, respectively, in the CRC group, 59.3% and 
10.7%, respectively, in the colorectal adenomas group, and 
18.2% and 9.1%, respectively, in the normal control group. 
The specificity of RT‑PCR and FOBT were 81.8% and 90.9%, 
respectively, in the CRC group. Our results showed that the 
sensitivity of RT‑PCR method was obviously higher than 
FOBT, however, the specificity of FOBT was slightly higher 
than RT‑PCR. Hence, we can detect feces COX‑2 mRNA 
expression by RT‑PCR for early CRC detection, diagnosis, and 
treatment, and combined with FOBT will offer better utility.

We found that the level of feces COX‑2 mRNA had 
no obvious correlation with gender, age, location, and 
histology in colorectal adenomas group  (P  >  0.05). No 
significant correlation was noted between the level of fecal 
COX‑2 mRNA and clinical pathological parameters in 
CRC (P > 0.05), including differentiation, lymphatic and 
distant metastasis, Dukes stage, etc., which is consistent 
with Kanaoka’s research, who found that COX‑2 mRNA 
was not correlated with tumor size, tumor location, and 
Dukes stage.[14] However, some studies have shown that 
the expression feces COX‑2 in colorectal adenomas were 
associated with the clinical pathological parameters. Hamaya 
et al.[26] examined the factors that affect feces COX‑2 
mRNA expression, they found that the expression of feces 
COX‑2 mRNA was influenced by many factors, including 
the number of total exfoliated tumor cells, shedding of 
inflammatory cells, the size of tumor surface, and the amount 
of COX‑2 mRNA in the organization, but not with the part of 
the tumor. Thus far, the relationships between the expression 
of fecal COX‑2 mRNA and clinical pathological parameters 
in colorectal adenomas and CRC is still controversial, the 
reason may be related to the number of the sample, testing 
methods and test reagents, the evaluation criteria, etc., thus 
necessitating large number of samples for further research. 
In conclusion, these studies (including ours) suggest that 
the expression of feces COX‑2 mRNA in CRC and colorectal 
adenomas is increased, and our study found that the level of 
fecal COX‑2 mRNA in CRC were obviously higher than that 
of colorectal adenomas. Maybe, it is an important early event 
in the process of colorectal adenomas to adenocarcinoma 
evolution.

In future, preparing a storage reagent which can keep stool 
samples at room temperature is needed, which will not only 
favor the collection and preservation of feces samples but 
also increase the purity and reduce the degradation of stool 

RNA, increasing the practicability of stool RNA detection. 
Further, stool RNA detection can be combined with gene 
chip technology to improve the sensitivity and specificity. 
In addition, continue to screening diagnosis indicators with 
high sensitivity and specificity, and searching a convenient 
and rapid reagent which can detect a variety of gene for 
clinical use.
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