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Abstract
Background: Colorectal cancer (CRC) is strongly associated with colorectal polyps, which has
become the third most common cancer in China. In the present study, we revealed the susceptible
population and risk factors of colorectal polyps, and analyzed the expression of Ki−67, p53 and
K−ras in the intestinal mucosa of patients with colorectal polyps in order to explore their
significance in the detection and prognosis of CRC at an early stage.
Materials and Methods: Total 801 cases of colorectal polyps were collected during endoscopic
resection including endoscopic mucosal resection (EMR) and endoscopic submucosal dissection
(ESD). Expression of Ki−67, p53 and K−ras in the intestinal mucosa was detected by
immunohistochemistry and quantitative real−time polymerase chain reaction (qRT−PCR),
respectively. Histological analysis was performed by Hematoxylin and eosin (HE) staining.
Categorical variables were compared by one−way ANOVA, Pearson test, Spearman test,
Kruskal−Wallis test and analysis of regression.
Results: Of all patients with colorectal polyps, 90.76% of patients (n = 727) were ≥ 50 years old.
530 cases (66.17%) were males compared with 271 females (33.83%) in all 801 cases. More
importantly, 1.03% patients (n = 7) underwent polypectomy and histological examination was
confirmed to be the early stage of CRC. The expression of p53 was found to be significantly
decreased, while K−ras was increased in tumor tissues of CRC compared with that in hyperplastic
polyps and healthy controls.
Conclusions: 1.03% patients (n = 7) underwent polypectomy was confirmed to be the early stage
of CRC. Histological analysis for expression of p53 and K−ras can guarantee to screen the early
stage of CRC.
Key words: colorectal cancer, colorectal polyps, cancer prediction, histological analysis, clinical characteristics.

Introduction
It is becoming increasingly difficult to ignore the
increased prevalence of colorectal cancer (CRC)
during past decades, which has become the third
leading cause of cancer death worldwide [1, 2].
Although considerable progress has been made in
investigating the pathogenesis and clinical therapy of
CRC, tumor excision is the main treatment of choice
with a poor 5−year survival rate below 65% [2, 3].
Therefore, detection of CRC in early stage and
exploring the progression of CRC are urgent [4].

Colorectal adenoma (CRA) is broadly identified as the
pre−neoplastic lesion according to the adenoma–
colorectal cancer sequence; it takes decades to
transform adenoma into carcinoma after a stepwise
accumulation of genetic mutations [5-7]. Thus, CRA is
widely accepted as the most potential precursor lesion
of CRC [5-7]. As for the clinical view, it would be of
paramount significance to be able to detect any
precursor lesion of neoplasia as early as possible [8, 9].
With the technical progression of colonoscopy and the
http://www.medsci.org
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pervasive
application
of
clinicopathological
examination, evidence has demonstrated that the
adenoma–colorectal cancer sequence may be
generally defined as benign lesions with dysplastic
epithelia that have the malignant potential [10, 11].
Through years of research and practice, plenty of
screening techniques for colorectal polyps allow us to
choose, including digital rectal examination, barium
enema, colonoscopy and computed tomography
colonography [12-17]. Because colonoscopy allows the
detection and removal of polyps in only one−step
approach,
studies
have
revealed
that
population−based screening and removal of high−risk
adenomas have become the cornerstone of CRC
prevention [14, 15, 17]. Since screening colonoscopy is
an invasive procedure with potentially adverse
events, high−tech equipments are needed such as
computed tomography colonography, which has
excellent sensitivity compared to colonoscopy and
high levels of patient acceptability [12]. Even so,
colonoscopy is still one of the routine screening tools
for colorectal polyps screening and the key approach
which is widely utilized in the clinic [18, 19].
The protein antigen Ki−67, also named MKI−67,
is a nucleoprotein coded by MKI−67 gene and
generally used as an indicator of proliferation in
immunohistochemistry due to its restricted
expression between the S and the M phases of the cell
cycle in differentiating cells [20]. It is widely accepted
that Ki−67 is a crucial nucleoprotein for the
differentiated degree, infiltration, transfer and
prognosis of cancer because of its relationship with
rRNA transcription [21]. According to previous
studies, Ki−67 expresses both in normal colonic tissue
and in polyps [8]. However, its localization is reported
to move from the base of the crypts in the lower fifth
toward the upper part of the crypts in epithelia when
colon mucous membrane translates from normal
colon to hyperproliferative polyps [8]. p53 is one of
the tumor suppressor proteins and the mutation of
p53 gene plays an important role in the
adenoma–carcinoma sequence [22, 23]. It has
gradually become explicit that p53 inhibits
oncogenesis via its fundamental regulation of the cell
metabolism and the cellular response in physiological
settings [24]. On the contrary, K−ras oncogene (KRAS)
is one of the most important oncogenes in CRC, and
the correlation of its mutation with poor survival rates
of colorectal cancer patients may be ascribed to its
relationship with the progress of psychosocial distress
[25]. Previous reports have demonstrated that K−ras is
an independent prognostic factor in these patients
[26].
In the present study, we set out with the aim at
investigating the percentage of CRC and the
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clinicopathological characteristics of colorectal polyp
from a single center through colonoscopy,
polypectomy,
and
histological
examination.
Moreover, we expected to analyze the expression of
Ki−67, p53 and K−ras in the intestinal mucosa of
patients with colorectal polyps in order to explore
their significance in the detection and prognosis of
colorectal polyp adenomas.

Materials and Method
Patients
8089 patients have undertaken colonoscopy
screening between January 2015 and December 2015
at the Endoscopy Center for Digestive Diseases from
the Shanghai Tenth People’s Hospital of Tongji
University (Shanghai, China), including 2261 cases
who were diagnosed colorectal polyps. Among these
2261 cases, 74 were performed by endoscopic
submucosal dissection (ESD) and 616 were performed
by endoscopic mucosal resection (EMR), 466 cases
received argon plasma coagulation (APC), while the
rest were just performed piecemeal resection. We
chose the specimens of 801 cases of colorectal polyps
with intact clinical data. According to the analysis,
66.17% (n = 530) of the cases were males compared
with 33.83% (n = 271) females in total 801 cases. The
ages of these cases were from 24 to 91 years old, the
average value was 61.24 years old. Details of these
cases were shown in Table 1. The polyps were
removed by polypectomies like EMR, ESD, and APC.
Of all 801 cases, 85.89% (n = 688) were carried out
pathologic examination according to the Fourth
Edition of the WHO Classification of Tumors of the
Digestive System to distinguish their pathological
types [27], while leiomyoma, squamous metaplasia,
neuroendocrine tumor and follicles presented were
excluded, leaving 677 cases for us to detect in order to
prevent selection bias (Figure 1). Pathologists from the
Shanghai Tenth People’s Hospital of Tongji
University examined all samples with double blind.
HE−stained sections of each sample were employed
for pathological examinations.
The ethics committee of the Shanghai Tenth
People’s Hospital of Tongji University approved all
protocols, and informed consent for tissue
procurement was obtained from all patients. Samples
used in this study were materials obtained for
diagnosis or treatment, but not for research purpose.
Participation in this study did not increase
disadvantage or risk for patients.

EMR, ESD and APC
EMR has been reported as the first-line therapy
for large colorectal lesions. ESD has gained acceptance
http://www.medsci.org
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to be associated with higher rates of en bloc resection
and less risk of short-time recurrence, but with an
increased risk of adverse events [28, 29]. While APC
was directly applied to relatively bigger pedicellated
and sessile polyps or adenoma in order to treat with
the residue tissues after the first snare [30].
Table 1. Clinicopathological features
Items
Patients
Gender
Male
Female
Age
<30
30-39
40-49
50-59
60-69
70-79
80-89
>90
Total lesions resected
Histology of resected lesions
CRC
Conventional adenoma
Tubular adenoma
Villous adenoma
Villoustublar adenoma
Serrated adenoma
Specific type not classified
Hyperplastic polyp
Biopsy specimen not taken or not retrieved
Site of the colorectal polyps
Multiple located
Single located
Rectum
Sigmoid colon flexure
Descending colon
Hepatic flexure of colon
Transverse colon
Ascending colon
Ileocecus
Differentiation of resected lesions
Low-grade intraepithelial neoplasia
Mild dysplasia
Moderate dysplasia
Moderately severe atypical
High-grade intraepithelial neoplasia
Severe dysplasia
CRC
Detailed type not determined
Differentiation type not determined
Biopsy specimen not taken or not retrieved

N (%)
801(100)
530(66.17)
271(33.83)
5(0.63)
19(2.37)
50(6.24)
218(27.22)
378(47.19)
113(14.11)
17(2.12)
1(0.12)
677(84.52)
7(0.87)
506(63.18)
233(29.09)
2(0.25)
144(17.98)
16(2.00)
111(13.86)
164(20.47)
124(15.48)
370(46.19)
431(53.81)
86(10.74)
132(16.48)
72(8.98)
10(1.25)
86(10.74)
27(3.37)
18(2.25)
375(46.82)
159(19.86)
213(26.59)
3(0.37)
34(4.24)
2(0.25)
7(0.87)
25(3.12)
268(33.46)
124(15.48)

Immunohistochemical staining for Ki−67
Immunohistochemical staining for Ki−67 was
performed using LSAB−2 kit (Ventana Medical
Systems, Inc; Tucson, Arizona, USA) as described
previously [20, 31, 32]. The 4−μm thick sections were
placed on slides, deparaffinized, and dehydrated.
They were then treated by microwave heating 95°C

for 8 min and 100°C for 4 min to facilitate antigen
retrieval. The sections were then pretreated with
inhibitor at room temperature to quench endogenous
peroxidase activity for 4 min. This was followed by
incubation with one drop of PREP KIT 1 primary
(antibody) for 36 min. Thereafter, the sections were
incubated with one drop of secondary antibody HRP
UNIV MULT for 8 minutes and then washed with
phosphate−buffered saline. Finally, the sections were
visualized by incubating in DAB with 0.05% H2O2 for
8 minutes and counterstained with hematoxylin.
Immunostained sections were evaluated by the
authors and pathologists, and Ki−67 positivity was
evaluated by the percentage and the asymmetrical
staining pattern [20]. In our first evaluation, briefly,
the nuclear staining intensity was assessed using
microscopy (Leica) under ×400 magnification, the
proportion of Ki−67 positive cells was calculated as
the percentage of positive cells from epithelial cells. In
the second step, we evaluated these statistics by
computer software and found out the relationship
between the percentage of positive cells and
clinicopathological characteristics.

Quantitative real−time polymerase chain
reaction (qRT−PCR)
Fresh−frozen biopsies, stored in −80°C before the
study, were obtained from 34 healthy controls (HC),
37 hyperplastic polyp patients (HP), 32 low−grade
intraepithelial neoplasia patients (L−IN), 25
high−grade intraepithelial neoplasia patients (H−IN),
and 7 CRC patients to verify the mRNA expression of
p53 and K−ras. The quantity and quality of RNA
isolated were assessed using a Nanodrop2000
spectrophotometer, with a 260/280 ratio of > 1.8 for
the majority of the samples. The complementary DNA
was synthesized with the TaKaRa SYBR PrimeScript
reverse RT reagent kit, according to the
manufacturer’s instructions. Reverse transcription−
PCR reactions were performed using the following
conditions: 25°C for 10 min, 42°C for 15 min, then
85°C for 5 min. The synthesized cDNA was stored in
refrigerator at −20°C. qRT−PCR was performed in the
ABI Prism 7900 HT sequence detector (Applied
Biosystems, Foster City, CA, USA) using SYBR green
methodology. GAPDH was used as the endogenous
reference gene. PCR reactions were performed with 40
cycles using the following conditions: 95°C for 30s,
followed by 40 cycles at 95°C for 5s and 60°C for 30s,
ending by 95°C for 15s and 60°C for 1 min. All PCR
was performed in duplicate wells. The relative levels
of target gene expression were calculated as a ratio
relative to the GAPDH reference mRNA. The specific
primers were synthesized as follows: p53 (sense, 5’−
ACAAGGTTGATGTGACCTGGA−3’, antisense, 5’−
http://www.medsci.org
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TGTAGACTCGTGAATTTCGCC−3’); K−ras (sense, 5’
−AGCGTCACTGGCACTTTCAAA−3’, antisense, 5’−
CACCCACATAGAAGACCTGGT−3’);
GAPDH
(sense, 5’−TCCTCATGCCTTCTTGCCTCTTGT−3’, an
tisense, 5’−AGGCGCCCAATACGACCAAATCTA−
3’).

Statistical analysis
Categorical variables were compared by
one−way ANOVA, Pearson test, Spearman test,
Kruskal−Wallis test and analysis of regression. A
P−value of ≤ 0.05 was considered to be significant.
SPSS Statistics version 20.0 (SPSS; Chicago, IL, USA)
was used for statistical analyses.
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adenoma (n = 16, 2.36%), villous adenoma (n = 2,
0.30%), and remaining 111 cases (16.40%) whose
specific types were not classified. In addition, we also
found 164 (24.22%) cases of hyperplastic polyp. Most
importantly, the proportion to 1.03% (n = 7) of all
single−polyp cases were CRC.
Table 2. Statistical analysis about the location of polyps

Valid

Results
Clinical characteristics
According to the analysis in Table 1, 530 (66.17%)
cases were males compared with 271 (33.83%) cases
females in all 801 cases. The mean ages of these cases
were 61.24 (range 24 to 91 years old). 727 (90.76%)
patients were older than 50 years old (Figure 2). As
shown in Table 2, 370 (46.19%) were multiple polyps,
and the rest of 431 cases (53.81%) were single polyp
dispersed in 7 locations, including rectum (n = 86,
19.95%), sigmoid colon flexure (n = 132, 30.63%),
descending colon (n = 72, 16.71%), hepatic flexure of
colon (n = 10, 2.32%), transverse colon (n = 86,
19.95%), ascending colon (n = 27, 6.26%), ileocecus (n
= 18, 4.18%) . Histological analysis was performed in
677 cases (Table 3). We found that 506 (74.75%) cases
of the resected lesions were conventional adenoma,
among them were tubular adenoma (n = 233, 34.42%),
villioustublar adenoma (n = 144, 21.27%), serrated

Deficiency
Summary

Rectum
Sigmoid colon
flexure
Descending colon
Hepatic flexure of
colon
Transverse colon
Ascending colon
Ileocecus
Sum

Number Percent
(%)
86
10.74
132
16.48

Valid
percent (%)
19.95
30.63

Cumulate
percent (%)
19.95
50.58

72
10

8.98
1.25

16.71
2.32

67.29
69.61

86
27
18
431
370
801

10.74
3.37
2.25
53.81
46.19
100.0

19.95
6.26
4.18
100.0

89.56
95.82
100.0

Table 3. Statistical analysis about the histological types

Valid

Deficiency
Summary

CRC
Conventioned adenoma
Tubular adenoma
Villous adenoma
Villioustublar adenoma
Serrated adenoma
Specific type not classified
Hyperplastic polyps
Sum

Number Percent
(%)
7
0.87
506
63.18
233
29.09
2
0.25
144
17.98
16
2.00
111
13.86
164
20.47
677
84.52
124
15.48
801
100.0

Valid
percent (%)
1.03
74.75
34.42
0.30
21.27
2.36
16.40
24.22
100.0

Figure 1. Patient selection flow chart. CRC, colorectal cancer; HP, hyperplastic polyp.
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As Table 4 shows that 375 (46.82%) cases were
low−grade intraepithelial neoplasia and that 34
(4.24%) cases were high−grade intraepithelial
neoplasia. The remaining 392 (48.94%) cases were
excluded for their non−resected specimen or
unconfirmed differentiation type. We further found
that there were 159 (19.86%) cases with mild
dysplasia, 213 (26.59%) cases with moderate dysplasia
and 3 (0.37%) cases with moderately severe atypical
belong to low grade intraepithelial neoplasia.
According to the Pearson test, Spearman test and
Kruskal−Wallis test, differentiated degree and the
detailed types of conventional adenoma were highly
related to the location of polyps (P < 0.05) (Table 5).
When we used regression to analyze these
relationships, another result indicated that polyps
located at distal colon (rectum, sigmoid colon flexure
and descending colon) were more likely to be
villioustublar adenoma and serrated adenoma, while
tubular adenoma and villous adenoma were more
likely to be located at proximal colon (transverse
colon, hepatic flexure of colon, ascending colon and
ileocecus) (P = 0.019) [33]. Meanwhile, polyps located
at distal colon were more likely to be high−grade
intraepithelial neoplasia, according to the analysis of
regression (P = 0.002). However, no correlation was
found between the location of polyps and patients’
age (P = 0.118).

54.3% (range 40.0%−66.0%) in the CRC, 44.3% (range
24.0%−70.0%) in high−grade intraepithelial neoplasia,
45.2%
(range
23.0%−60.0%)
in
low−grade
intraepithelial
neoplasia,
and
41.8%
(range
21.0%−58.6%) in normal tissues, respectively, while no
significant difference was observed among them (P >
0.05) (figure 3).

Figure 2. The age distributions of these cases with colorectal polyps. The ages
of patients were from 24 to 91 years old, with the average at 61.24, and the
distribution of gender was shown with a different color.

Table 4. Statistical analysis about the differentiation degree

Valid

Expression of Ki−67 in colorectal polyps and
CRC
We collected colonic tissues from all CRC (n = 7)
and high−grade intraepithelial neoplasia whose
detailed types were undetermined (n = 25) in order to
analyze expression of Ki−67 by immunohistochemistry. 8 cases with the low−grade intraepithelial
neoplasia and 4 healthy donors were also selected as
controls. The percentage of Ki−67-positive cells was

Low-grade intraepithelial
Neoplasia
Mild dysplasia
Moderate dysplasia
Moderately severe atypical
High-grade intraepithelial
neoplasia
Severe dysplasia
CRC
Detailed type not determined
Differentiation type not
determined
Sum

Deficiency
Summary

Number Percent
(%)
375
46.82

Valid
percent (%)
55.39

159
213
3
34

19.86
26.59
0.37
4.24

42.40
56.80
0.80
5.02

2
7
25
268

0.25
0.87
3.12
33.46

5.88
20.59
73.53
39.59

677
124
801

84.52
15.48
100.0

100.0

Table 5. Univariable analyses of differentiation degree and the detailed types of conventional adenoma according to the location of polyps
Rectum

Sigmoid colon Descending
flexure
colon

Hepatic flexure
of colon

Transverse
colon

Ascending
colon

Ileocecus

Differentiation degree

P
0.019*
0.004**
0.006***

Low-grade intraepithelial neoplasia 31
High-grade intraepithelial neoplasia 10
Histology type-conventional
adenoma

60
5

Tubular adenoma
Villous adenoma
Villioustublar adenoma
Serrated adenoma

37
1
22
7

14
/
20
1

34
/

7
/

41
2

15
2

7
/
0.02*
0.001**
0.023***

24
/
9
2

6
/
1
/

26
/
9
/

10
/
7
/

7
/
1
/

Values in parentheses are sample size unless indicated otherwise. *Pearson test, **Spearman test, ***Kruskal-Wallis test
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Figure 3. Pathological morphology and Ki−67 staining of colorectal polyps with four different pathological patterns. High power field (magnification, ×400) of
colorectal cancer (A) showing a great proliferation of epithelium, and the percentage of Ki−67 staining positive cells is 66%. High power field (magnification, ×400) of
high−grade intraepithelial neoplasia (B) showing relatively complete crypt lumen and the proliferation of epithelium with 60% Ki−67 staining positive cells. High power
field (magnification, ×400) of low−grade intraepithelial neoplasia (C) showing its complete crypt lumen and the epithelia cells which array regularly, and the percentage
of Ki−67 staining positive cells was 53%. High power field (magnification, ×400) of hyperplastic polyps (D) shows that the percentage of Ki−67 staining positive cells
is 30%. High power field (magnification, ×400) of healthy intestinal tissue (E) showing a small amount of Ki−67 staining positive cells whose percentage is 23%.

Expression of p53 and K−ras in colorectal
polyps and CRC
Since p53 and K−ras have been found to involve
in the adenoma–carcinoma sequence [22, 23], we then
analyzed the mRNA expression in the intestinal
mucosa from 34 healthy controls (HC), 37 patients
with hyperplastic polyp (HP), 32 patients with
low−grade intraepithelial neoplasia (L−IN), 25
patients with high−grade intraepithelial neoplasia
(H−IN), and 7 CRC patients. As shown in figure 4,
expression of p53 was significantly decreased in
patients with CRC (P < 0.001) and high−grade
intraepithelial neoplasia (P < 0.01) compared with that
in patients with hyperplastic polyp and healthy
controls. We also found that expression of p53 was
markedly decreased in CRC patients compared with
that in patients with low−grade intraepithelial
neoplasia (P < 0.01). Moreover, expression of K−ras
was found to be increased in patients with CRC
compared with that in patients with hyperplastic
polyp and healthy controls (P < 0.001). When
compared with expression of K−ras in low−grade and
high−grade intraepithelial neoplasia patients, we also
drew a conclusion that expression of K−ras in patients
with CRC was significantly increased than in both
low−grade and high−grade intraepithelial neoplasia
patients (P < 0.001) (figure 5).

Figure 4. Expression of p53 mRNA in intestinal mucosa. Biopsies were taken
from 34 healthy controls, 37 patients with hyperplastic polyp, 32 patients with
low-grade intraepithelial neoplasia, 25 patients with high-grade intraepithelial
neoplasia, 7 patients with CRC. The levels of mRNA of p53 were determined in
intestinal mucosa by qRT-PCR. Gene expression was normalized to GAPDH
mRNA levels in each sample. The expression of p53 was significantly decreased
in patients with CRC compared with that in healthy controls (P < 0.001) and
patients with hyperplastic polyps (P < 0.001) and low-grade intraepithelial
neoplasia (P < 0.05). The expression of p53 was decreased in patients with
high-grade intraepithelial neoplasia compared with that in healthy controls (P <
0.001) and patients with hyperplastic polyps (P < 0.01). (*P < 0.05, **P < 0.01, ***P
< 0.001.)

http://www.medsci.org
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Figure 5. Expression of K-ras mRNA in intestinal mucosa. Biopsies were taken
from 34 healthy controls, 37 patients with hyperplastic polyp, 32 patients with
low-grade intraepithelial neoplasia, 25 patients with high-grade intraepithelial
neoplasia, 7 patients with CRC. The levels of mRNA of K-ras were determined
in intestinal mucosa by qRT-PCR. Gene expression was normalized to GAPDH
mRNA levels in each sample. Expression of K-ras was increased in patients with
CRC compared with that in healthy controls (P < 0.001) and patients with
hyperplastic polyp (P < 0.001). Its expression in patients with CRC was also
increased when compared with that in patients with low-grade (P < 0.01) and
high-grade intraepithelial neoplasia (P < 0.01). (*P < 0.05, **P < 0.01, ***P < 0.001.)

We compared the expression of P53 and K−ras
between polyps located at colon and rectum, and
found that expression of p53 was observably
decreased in polyps located in colon compared with
that in rectum (p<0.01). But no significant differences
were found between polyps located in colon and
rectum when compared with the expression of K−ras
(p>0.05) (figure 6).

Discussion
In the current study, we deeply analyzed specific
information on colorectal polyps and provided
theoretical support for basic medical research and
clinical treatment. We found that 727 (90.76%)
patients with colorectal polyps were older than 50
years old, especially the age ranged from 50 to 70
(74.41%). At the same time, males were more
susceptible to illness, nearly twice as many female
patients, which is consistent with other previous
reports [13, 34]. As we have mentioned before that
colorectal adenomas are extensively identified as the
pre−neoplastic
lesion
according
to
the
adenoma–colorectal cancer sequence [5-8, 10, 11] and
usually diagnosed by endoscopy which was removed
simultaneously. Recent evidence has suggested that
the morbidity of colorectal cancer has been increasing
rapidly during the past decades which has become the

1160
third leading cause of cancer death in China as well as
worldwide [1, 2, 4]. Thus, it is of great importance to
screen out patients who have got colorectal polyps
from the susceptible population. From our current
study, we may confirmedly demonstrate that the
susceptible population of colorectal polyps is males
up to 50 years old, and that screening for the early
stage of CRC by colonoscopy is warranted.
A great attention has been paid to differentiated
degree and histological types when we screen
colorectal polyps. Except for those excluded cases for
their non−resected specimen or unconfirmed
differentiation type, 375 cases were low−grade
intraepithelial neoplasia, ten times as much as the
high−grade intraepithelial neoplasia (n = 34). When it
comes to histological types among the 677 cases
whose specimen were taken, 506 (74.75%) cases were
conventional adenoma, while 164 (24.22%) cases were
hyperplastic polyp. However, the most astounding
discovery was that CRC comprised of 1.03% (n = 7) of
whole specimen. Such a high proportion caught our
attention and arose a deeper discussion. Colorectal
polyp screening and removal in the early stage have
been reported to significantly influence on the
substantial reduction in the incidence and mortality of
CRC [14, 15, 17]. Our data revealed that 1.03% patients
of whom take polypectomy and histological
examination were CRC, which demonstrated the
transcendent status of histopathological examination
in order to prevent the adenoma–colorectal cancer
sequence and reduce CRC morbidity, consistent with
previous reports [35]. Thus, we may consider
colonoscopy as the routine screening tools for
colorectal polyps screening, together with polyps
removal and histopathology examination as the
secondary prevention routine test of CRC.
Further analysis has also found that 87.24% cases
have their polyps in the rectum, sigmoid colon
flexure, descending colon and transverse colon, which
belong to the predilection site. This result
demonstrates its guiding significance for endoscopists
to screen polyps.
As we have mentioned that differentiated
degrees and the detailed types of conventional
adenoma were highly related to the location of
polyps, consistent with the previous work [6]. Thus,
the location of polyps may preliminarily prompt the
histological types and differentiated degrees of
polyps, especially polyps located in distal colon being
more likely to be high−grade intraepithelial neoplasia.
Therefore, endoscopists and clinicians may take
endoscopy seriously, particularly those polyps in the
distal colon.

http://www.medsci.org
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Figure 6. The difference between polyps located in the colon and rectum regard to the expression of P53 and K-ras. Expression of p53 was significantly decreased
in polyps located in colon compared with that in rectum (Left, p<0.01). No significant differences were found between polyps located in colon and rectum when
compare the expression of K-ras (Right, p>0.05).

The protein antigen Ki−67 has been widely used
as an indicator of proliferation due to its restricted
expression between the S and the M phases of the cell
cycle in differentiating cells [20]. Previous study has
shown the proliferative activity of the colon
epithelium between sessile serrated adenoma/polyp
and HP using Ki−67 immunostaining, showing that
the proportion of Ki−67-positive cells is higher in
sessile serrated adenoma/polyp as compared with
that in HPs and HCs [20]. When compared to CRC
and other histological examination in our research,
however, they did not have a significant association
between the histological types and the proportion of
Ki−67. The large size of cases is required in order to
more explicitly understand whether there is any
association between CRC and other histological
examination such as expression of Ki−67, and whether
Ki−67 can be used as a proper marker for screening
out CRC. Therefore, further investigation is required
in order to explain our confusion.
Most importantly, we confirmed that expression
of p53 and K-ras in the intestinal mucosa was related
to the adenoma–carcinoma sequence closely. p53 is
one of the tumor suppressor proteins and mutation of
its gene plays an important role in the
adenoma–carcinoma sequence. The central role in the
cellular response and constitutive regulation of
cellular metabolism in physiological settings of p53
has progressively explicit the inhibiting effect in
oncogenesis [22-24]. According to our results, the
relative expression of p53 was decreased in patients
with high−grade intraepithelial neoplasia compared
with that in patients with hyperplastic polyps and
healthy controls. More attention should be paid that
the relative expression of p53 in patients with CRC is
significantly decreased compared with that in patients
with hyperplastic polyps and healthy controls.
On the contrary, K−ras oncogene (KRAS) is one

of the most important oncogenes, and K−ras mutation
is associated with poor survival of metastatic
colorectal cancer, which plays a vital role in the
progress of psychosocial distress [25, 26]. According
to our findings, the relative expression of K−ras was
markedly increased in CRC patients compared with
that in patients with hyperplastic polyps and healthy
controls (P < 0.001). Moreover, we also found that
expression of K−ras was increased in CRC patients
compared with that in patients with high−grade and
low−grade intraepithelial neoplasia. In this study, we
classified CRC as high−grade intraepithelial
neoplasia, and the delicate difference may be
attributed to the restriction by the case load.
In conclusion, our systematical analysis revealed
that 1.03% patients (n = 7) underwent polypectomy
and histological examination was confirmed to be the
early stage of CRC. Histological analysis for
expression of p53 and K−ras allows us to better
differentiate early stage of CRC from hyperplastic
polyp, low−grade intraepithelial neoplasia, and
high−grade intraepithelial neoplasia.
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