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Abstract
AIM: To explore the molecular events taking place 
during human colon cancer development and progression 
through high-throughput tissue microarray analysis. 

METHODS: We constructed two separate t issue 
microarrays containing 1.0 mm or 1.5 mm cylindrical 
samples acquired from 112 formalin-fixed and paraffin-
embedded blocks, including carcinomas (n  = 85), 
adenomatous polyps (n  = 18), as well as normal para-
cancerous colon tissues (n  = 9). Immunohistochemical 
staining was applied to the analysis of the consecutive 
tissue microarray sections with antibodies for 11 different 
proteins, including p53, p21, bcl-2, bax, cyclin D1, PTEN, 
p-Akt1, β-catenin, c-myc, nm23-h1 and Cox-2.

RESULTS: The protein expressions of p53, bcl-2, bax, 
cyclin D1, β-catenin, c-myc, Cox-2 and nm23-h1 varied 
significantly among tissues from cancer, adenomatous 
polyps and normal colon mucosa (P  = 0.003, P  = 0.001, 
P  = 0.000, P  = 0.000, P  = 0.034, P  = 0.003, P  = 0.002, 
and P  = 0.007, respectively). Chi-square analysis showed 
that the statistically significant variables were p53, 
p21, bax, β-catenin, c-myc, PTEN, p-Akt1, Cox-2 and 
nm23-h1 for histological grade (P  = 0.005, P  = 0.013, P  
= 0.044, P  = 0.000, P  = 0.000, P  = 0.029, P  = 0.000, P  
= 0.008, and P  = 0.000, respectively), b-catenin, c-myc 
and p-Akt1 for lymph node metastasis (P  = 0.011, P  = 

0.005, and P  = 0.032, respectively), b-catenin, c-myc, 
Cox-2 and nm23-h1 for distance metastasis (P  = 0.020, 
P  = 0.000, P  = 0.026, and P  = 0.008, respectively), 
and cyclin D1, β-catenin, c-myc, Cox-2 and nm23h1 for 
clinical stages (P  = 0.038, P  = 0.008, P  = 0.000, P  = 
0.016, and P  = 0.014, respectively). 

CONCLUSION: Tissue microarray immunohistochemical 
staining enables high-throughput analysis of genetic 
a l terat ions contr ibut ing to human colon cancer 
development and progression. Our results implicate 
the potential roles of p53, cyclin D1, bcl-2, bax, Cox-2, 
β-catenin and c-myc in development of human colon 
cancer and that of bcl-2, nm23-h1, PTEN and p-Akt1 in 
progression of human colon cancer.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is one of  the most frequent 
cancers in the Western world. At present time, with the 
development of  living conditions and changes of  life 
behaviors, CRC has become more and more frequent 
in China. The prognosis in advanced cases is poor, 
and more than one-third of  the patients will die from 
progressive disease because the overall survival is about 
40% (15%-65%) after 5 years[1]. The development and 
progression of  CRC, like others cancers, are results of  
multiple genetic alterations, so investigation of  molecular 
changes in tumors representing the entire disease spectrum 
may enhance our understanding of  mechanism involved in 
CRC tumorigenesis. Because CRC is one of  the first major 
epithelial cancers in which molecular alterations were 
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described to occur in a systematic fashion during disease 
progression, studies of  single molecular markers have not 
been successful in defining the biology of  this disease[2]. 
This has prompted investigators to explore multiple 

molecules regulating the tumorigenesis in an effort to 
identify biologically aggressive tumors and appropriately 
select patients for adjuvant systemic or targeted therapies. 
However, with the progression of  molecular biology and 
the development of  oncogene research, the cancer-related 
genes and genetic alterations have been found rapidly. The 
evaluation of  the clinical utility of  each of  these genes 
would require multiple consecutive experiments with 
hundreds of  tumors. This would be both time-consuming 
and labor-intensive.

As a new biological technique which allows rapid 
visualization of  molecular targets in thousands of  
tissues specimens at a time, either at the DNA, RNA, 
or protein level, tissue microarray (TMA) can facilitate 
rapid translation of  molecular discoveries to clinical 
applications[3]. So it brings us a high-throughput and 
rapid technique which can help us complete the time- 
and people-consuming work. Here, we constructed two 
tissue microarrays containing samples from different 
stages of  human colon cancer, adenomatous polyps and 
corresponding normal para-cancerous colon tissues to 
survey the gene alterations that may contribute to clinical 
behaviors of  the colon cancer. We decided to investigate 
the role of  protein expressions which had been shown 
correlated with the development and progression as 
well as metastases of  colon cancer in previous studies. 
In this study, 11 different proteins (p53, p21, cyclin 
D1, bcl-2, bax, β-catenin, c-myc, PTEN p-Akt1, Cox-2 
and nm23-h1) expressions were assayed by using 
immunohistochemical (IHC) staining to consecutive 
formalin-fixed tissue microarray sections. The aim was to 
obtain a comprehensive survey of  the frequency of  the 
target molecular alterations and the relationship between 
the alterations and the clinicopathological features in 
human colon cancer.

A number of  proteins have been associated with 
human carcinogenesis and may be relevant to CRC. 
Among these molecules, we chose 11 cancer-related genes 
(p53, p21, cyclin D1, bcl-2, bax, β-catenin, c-myc, PTEN 
p-Akt1, Cox-2 and nm23-h1) which are altered during 
the development and progression of  CRC according to 
the previous study reports[4-11]. Among these molecules, 
p53, p21, cyclin D1, bcl-2 and bax play pivotal roles in 
cell cycle regulation and apoptosis. Akt/protein kinase 
B (PKB), which is included in phosphatidyl inositol-3-
OH kinase (PI3K) signaling, controls many intracellular 
processes, such as the suppression of  apoptosis and 
the promotion of  the cell cycle[12]. PTEN on 10q23.3 
encodes a dual-specificity phosphatase that negatively 
regulates the phosphoinositol-3-kinase/Akt pathway and 
mediates cell-cycle arrest and apoptosis[13,14]. β-catenin is 
a member of  the cadherin-catenin complex that mediates 
homotypic cell-cell adhesion[15]. It also plays a role in the 
Wnt signaling pathway through regulating target genes 
like c-myc. Cox-2 was elevated in human colon cancers, 
and the Cox-2 inhibitor, celecoxib, inhibited intestinal 

tumor multiplicity in a mouse model and reduced the 
number of  adenomatous polyps in a familial adenomatous 
polyposis patient[16,17]. The human nm23 gene, a candidate 
metastatic suppressor gene, consists of  two genes, nm23-h1 
and nm23-h2. Nm23-h1 aberration has been shown to be 
correlated with the metastatic potential of  colorectal cancer 
in some studies[9,18]. More of  these molecules were studied 
previously by conventional pathological or molecular 
biological technologies and the numbers of  selected target 
molecules were lesser, but in this study we would assay 11 
proteins at a time by IHC staining on TMA.  

Many investigators and clinicians consider cancer of  
the colon and rectum to be two distinct diseases, thus, 
we chose to evaluate only the patients with colon cancer 
treated with surgery alone in an effort to optimize the 
homogeneity of  the study population. In addition, all the 
tumor specimens selected according our data were from 
sporadic colon cancer patients.

MATERIALS AND METHODS
Materials
Demographic and clinical data were collected retro-
spectively. None of  the patients received radiotherapy 

or chemotherapy before surgery. Formalin-fixed and 
paraffin-embedded tumors, adenomatous polyps and para-
cancerous tissues specimens were from the archives of  
the Department of  Gastroenterology, the First Affiliated 
Hospital of  Soochow University and National Engineering 
Center for Biochip at Shanghai. All specimens were 
viewed by one pathologist (Jing Fang). The specimens 
that were interpretable for IHC included: (1) Eighty-five 
cancers including different grades, such as high (n = 11), 
moderate (n = 50), low differentiated (n = 24); (2) eighteen 
adenomatous polyps removed at colonoscopy; (3) nine 
para-cancerous colon tissues resected from colon tissues at 
least 5 cm apart from the corresponding cancer tissues. 

Construction and sectioning of tissue microarray
The colon cancer microar ray was constructed as 
previously described[3]. Briefly, fresh sections were cut 
from the donor block and stained with hematoxylin-eosin 
(HE), these slides were used to guide the samplings from 
morphologically representative regions of  the tissues. 
A tissue array instrument (Beecher Instruments, Silver 
Spring, MD) was used to create holes in a recipient paraffin 
block and to acquire tissue cores from the donor block by 
a thin-walled needle with an inner diameter of  1.0 mm or 
1.5 mm, held in an X-Y precision guide. The cylindrical 
samples were retrieved from the selected regions in the 
donors and extruded directly into the recipient blocks with 
defined array coordinates. After the construction of  the 
array block, multiple 4-µm thick sections were cut with a 
microtom using an adhesive-coated tape sectioning system 
(Instrumedics, Hackensack, NJ) (Figure 1).

Tissue loss was a significant factor for tissue array-
based analysis with previously reported rates of  tissue 
damage ranging from 15% to 33%[19-21]. In our analysis the 
rates of  lost cases attributable to tissue damage were less 
than 5% for the different markers and damaged tissues 
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were excluded from clinicopathological analyses of  the 
respective markers.

IHC on formalin-fixed tissue microarray sections
IHC staining for the target genes to sections of  the for-
malin-fixed samples on the tissue microarray was carried 
out by using the Envision ready-to-use methods. Slides 
were deparaffinized in xylene and rehydrated through 
graded concentrations of  ethanol to distilled water, and 
endogenous peroxidase activity was blocked by incuba-
tion with 30 mL/L H2O2 in methanol for 10 min at room 
temperature. Then sections were submitted to antigen 
retrieval in a pressure cooker containing 0.01 mmol/L na-
trium citricium buffer for 10 min. Slides were subsequently 
incubated in 100 mL/L normal goat serum for 20 min at 
room temperature. Sections were permeabilized in PBS-
Triton and incubated overnight with primary antibody at 
4℃. The antibodies were used in PBS-Triton with variable 
dilution. Mouse anti-human monoclonal antibodies to p53 
(clone Do-7; 1:50 dilution; Beijing Zhongshan Golden 
Bridge Biotechnology Co. Ltd.), p21 (clone DCS-60.2; 
1:50 dilution; Beijing Zhongshan Golden Bridge Bio-
technology Co. Ltd.), bcl-2 (clone 100/D5; 1:50 dilution; 
Shanghai Chang-Do Biotechnology Co. Ltd), bax (clone 
2D2; 1:50; Beijing Zhongshan Golden Bridge Biotechnol-
ogy Co. Ltd), β-catenin (clone CAT-5H10; 1:50 dilution; 
Beijing Zhongshan Golden Bridge Biotechnology Co. 
Ltd), c-myc (clone 9E11; 1:50 dilution; Shanghai Chang-
Do Biotechnology Co. Ltd), Cox-2 (clone COX229; 1:50 
dilution; Beijing Zhongshan Golden Bridge Biotechnol-
ogy Co. Ltd), nm23-h1 (1:50 dilution; Shanghai Chang-Do 
Biotechnology Co. Ltd) and rabbit anti-human antibody to 
PTEN (FL-403; 1:100 dilution; Santa Cruz Biotechnology 
Inc, USA), p-Akt1 (1:50 dilution; Upstate, USA), cyclin D1 
(clone SP4; 1:50 dilution; Shanghai Chang-Do Biotechnol-
ogy Co. Ltd ) were used. Each section was then incubated 
with Envision+TM, peroxidase, mouse or rabbit (GeneTech) 
for 30 min. Finally, the sections were reacted with 0.02% 
3, 3’-diaminoberzidine and 0.005% H2O2 in 0.05 mmol/L 
Tris-Hcl buffer and counterstained by hematoxylin.

The evaluation of  the immunohistochemical stain-
ing was performed independently by two authors without 
knowledge of  the clinicopathological information. P53, 
p21 and cyclin D1 immunoreactivities were observed in 
the nuclei of  the cells, while bcl-2, bax, PTEN, p-Akt1, 
c-myc, Cox-2 and nm23-h1 in the cytoplasm. Only the im-

munoreactivity in the nucleus or cytoplasm of  β-catenin 
was seemed as positive. The immunoreactive scores be-
sides β-catenin and c-myc were determined by the sum of  
extension and intensity as reported previously[22] and were 
modified for some markers according to clinicopathologi-
cal correlations. The intensity of  the staining was scored 
using the following scale: 0, no staining of  the tumor 
cells; +, mild staining; ++, moderate staining; and +++, 
marked staining. The area of  staining was evaluated and 
recorded as a percentage: 0, less than 5%; +, 5%-25%; ++, 
26%-50%; 3+, 51%-75%; and ++++, more than 75%. 
The combined score was recorded and graded as follows: 
-, 0-1; +, 2; ++, 3-5; +++, 6-7. More than 10% of  the 
cancer cells showing elevated β-catenin labeling in the cy-
toplasm was recorded as positive expression. According to 
the immunostaining of  c-myc in our study, we considered 
less than 40% cells expressed c-myc as negative. 

Statistical analysis
Computerized statistical analyses were performed using the 
Statistical Package for the Social Sciences (SPSS), version 
13.0. Clinical and histopathologic information and the re-
sults from the immunohistochemical studies of  the tissue 
microarray were entered into a database. The variances of  
molecular expressions among different tissues and associa-
tions between molecular variables and clinicopathological 
data were analyzed with χ2 test, but when the numbers of  
the cells in crosstables which had expected count less than 
5 exceeded 25% or the minimum expected counts were 
less than 1, the Fisher’s exact test was used. The relations 
among these molecules were analyzed by Spearman’s bivar-
iates correlation test. In all statistical analyses, a two-tailed 
P value ≤ 0.05 was considered statistically significant. 

RESULTS
Clinicopathological data
Complete histological and clinical data of  the patients were 
collected from patients’ records. The median age for the 
study population was 58 years (range, 30-86 years). There 
were 24 patients with median age less than 58 years. There 
was a male predominance in the cancer patients (male:
female ratio = 48:37). Thirty-two patients had positive 
lymph node metastasis, whereas 53 had negative. Fourteen 
patients had distant metastasis, and 71 had no distant me-
tastasis. The clinical stages of  these patients were strictly 
identified as A (n = 15), B (n = 33), C (n = 23) and D (n = 
14) according to Dukes stage. After the second diagnostic 
assessment, there were 24 low, 50 moderately and 11 high 
differentiated tissues in these cancer tissue blocks accord-
ing to the histological grades, while 18 tissues were diag-
nosed as adenomatous polyps and 9 were normal colon 
mucosa epithelium tissues.

Expression of p53, p21, cyclin D1, bcl-2 and bax
Owing to the short half-life of  p53 protein, and its low ex-
pression levels in normal cells, wild-type p53 levels cannot 
be detected by IHC. In cancer cells, most p53 mutations 
lead to products that accumulate in the nuclei and can 
easily be detected by IHC. Positive immunostaining most 

Figure 1  HE staining of 4-µm thick section 
of the tissue microarray.

Chen WC et al . Molecular events involving in human colon carcinogenesis                                                             701

www.wjgnet.com



commonly represents accumulation of  the stable protein 
product of  a mutated p53 gene that has lost its cell cycle-
regulatory function. In this study, expression of  p53 was 
identified in 46 of  85 (54%) colon cancer cell nuclei and 3 
of  18 (16.66%) adenomas but absent in normal colon mu-
cosa. Positive stainings of  p21 and cyclin D1 were also lo-
cated in the cell nuclei, while bcl-2 and bax were in the cy-
toplasm (Figure 2). The expression profiles of  p21, cyclin 
D1, bcl-2 and bax are summarized in Table 1, which shows 
differences among these various tissues (cancer, adenomas, 
normal mucosa) regarding the IHC results of  the cell cycle 
and apoptosis-associated protein. The relation between the 
immunohistochemical pattern and clinicopathological fea-
tures is presented in details in Table 2. We found positive 
correlation between p53 and bcl-2 (r = 0.245, P = 0.010), 
while no significant correlation between p53 and bax (r = 
-0.081, P = 0.395).

Expression of Cox-2 and nm23-h1
Cox-2 and nm23-h1 were all correlated with the colon 

cancer progression as previously reported[8,9]. The protein 
expression of  Cox-2 was detected in 81 of  85 (95%) co-
lon cancer cytoplasm and 16 of  18 (88.88%) adenomas, 
and 6 of  9 (66.66%) normal mucosa (Figure 3). Sixty-two 
colon cancer patients showed a strong positive staining 
of  nm23-h1 (score ++~+++) in the cell cytoplasm. The 
details of  the two genes expression profiles are shown in 
Table 3 and the relations with clinicopathological param-
eters are presented in Table 4.

Expression of PTEN, p-Akt1, β -catenin, c-myc
Expressions of  PTEN, p-Akt1, β-catenin, c-myc proteins 
were detected in the cell cytoplasm (Figure 4). Immuno-
histochemical results of  PTEN, p-Akt1No showed no 
significant difference among the different tissues (data 
not shown). Significant difference in the expressions of  
β-catenin and c-myc was found among the benign mu-
cosa, adenomas and malignant tissues (Table 5). β-catenin 
protein expression had a positive correlation with c-myc 
expression (r = 0.483, P = 0.000), thereby suggesting their 

Figure 2  Immunophenotype of the investigated antigens (p53, p21, cyclin D1, bcl-2 and bax) in colon cancer (original magnification x 200). Positive stainings of p53, p21 
and cyclin D1 were located in the cell nuclei, while those of bcl-2 and bax were in the cytoplasm.

p53 p21 bcl-2

bax cyclin D1

Table 1  Comparison of IHC results (p53, p21, cyclin D1, bcl-2 and bax) among varying tissues

Groups	        n 	      p53	               P            p21               P            Cyclin D1          P                 bcl-2               P                bax              P
 - + ++ +++  - + ++ +++  - + ++ +++ - + ++ +++ - + ++ +++

Cancer   85 39 6 19 21 19 9 28 26 17 16 30 22 5 1 46 32 21   9 39 16  
Adenomas   18 15 2   1   0

0.0032   8 5   4   1
0.0001   3   7   8   0

0.0001 1 1   7   8
0.0012   0   0   9   9

0.0001

Benign tissue     9   9 0   0   0   9 0   0   0   8   1   0   0 2 3   3   0   0   1   1   7
Total 112 63 8 20 21 36 14 32 27 28 24 38 22 8 5 56 40 21 10 49 32

1Chi-square test; 2Fisher’s exact test. 
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potent roles in Wnt pathway during the colon carcinogen-
esis. Correlations of  the protein expression profiles with 
the clinicopathological features are shown in Tables 6 and 7.

DISCUSSION
Colon carcinogenesis is characterized by distinct morpho-
logical, genetic and cellular events. Development and pro-
gression of  colon cancer to metastasis and lethal state are 
believed to be driven by multiple genetic alterations, the 
nature of  which has remained poorly understood. Several 
pathways, such as cell cycle and apoptosis regulation, Wnt 
and PI3K/Akt pathways and so on, have been suggested 
to be involved in the progression[5,22,23]. However, the spe-
cific molecular alterations are largely dependent on the 
genetic background of  the individual tumor. Therefore, 
investigations of  molecular changes in tumors representing 
the entire disease spectrum may enhance our understand-
ing of  mechanisms involved in colon tumorigenesis.

To efficiently investigate the various molecules poten-

tially relevant for colon tumor biology and to determine 
their potential clinical significance, large-scale analysis of  
multiple molecules in the same tumor tissues is required. 
The newly evolved and recently validated tissue microarray 
technique allows such molecular profiling of  cancer speci-
mens by immunohistochemistry[24,25]. In 1998, Kononen 
et al[24] introduced tissue microarrays (TMAs) as a powerful 
technology to rapidly visualize molecular targets such as 
genes and gene products in thousands of  tissue specimens 

at a time. Furthermore, the use of  TMAs for immunophe-
notyping of  malignant tumors has recently been validated 
by Hoos et al[25] who demonstrated immunohistochemical 
analysis to characterize the significance of  alterations in 
the p53 pathway and other cell cycle-related molecules in 
a histopathologically well-characterized cohort of  patients 
with Hurthle cell (HC)  neoplasm. In this study, two tumor 
tissue microarrays were constructed that allowed us to 
investigate the pattern of  protein expressions of  multiple 
genes and the relationships between the gene alterations 
and biological behaviors of  colon cancer. We found that 

Figure 3   Immunophenotype of  the 
investigated antigens (Cox-2 and nm23-h1) 
in colon cancer (original magnification x 
200). The protein expressions of Cox-2 and 
nm23-h1 were detected in the cytoplasm.

Cox-2 nm23-h1

Figure 4   Immunophenotype of  the 
investigated antigens (PTEN, p-Akt1, 
β-catenin and c-myc) in colon cancer 
(original magnification x 200). Expressions 
of PTEN, p-Akt1, β-catenin and c-myc were 
detected in the cell cytoplasm. 

PTEN p-Akt1

β-catenin c-myc
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Table 2  p53, p21, cyclin D1, bcl-2 and bax status in relation to clinicopathological parameters

Clinicopathalogical        
parameters	                Total          p53	        P 	        p21	          P 	       cyclin D1        P               bcl-2             P                bax             P

 - + ++ +++  - 1+ 2+ 3+   - 1+ 2+ 3+ - + ++ +++ - + ++ +++

Age < 58 39 17 5   8   9 0.3011 10 4 13 12 0.9661   8   6 13 12 0.7521 3 1 21 13 0.6542 11 3 17   8 0.7721

≥ 58 46 22 1 11 12   9 5 15 14   9 10 17 10 2 0 25 19 10 6 22   8
Gender Male 48 24 2 10 12 0.6081 12 1 17 16 0.0401 11   9 16 12 0.8911 5 1 26 16 0.1392 14 6 20   8 0.5791

Female 37 15 4   9   9   7 8 11 10   6   7 14 10 0 0 20 16   7 3 19   8
Histological 
grade

Low 24 18 0   3   3 10 4   3   6   9   4   8   3 3 1 16   4 11 3   9   1

Moderate 50 17 3 13 17 0.0052   6 3 21 18 0.0132   5   9 20 16 0.0822 2 0 24 23 0.0752   8 6 25 11 0.0442

High 11   4 3   3 1   3 2   4   2   3   3   2   3 0 0   6   5   2 0   5   4
Lymph node 
metastasis

Negative 53 19 4 16 14
0.0671

  9 4 19 19
0.1991

11 11 20 11
0.5751

2 0 29 21
0.4072

10 6 26 11
0.4571

Positive 32 20 2   3 7 10 5   9   7   6   5 10 11 3 1 17 11 11 3 13   5
Distant 
metastasis

Negative 71 30 6 18 17
0.2922

14 8 23 23
0.6442

12 16 24 19
0.1002

3 0 39 29
0.0522

17 7 32 15
0.6942

Positive 14   9 0   1 4   5 1   5   3   5   0   6   3  2 1   8   3   4 2   7   1
Dukes stage A 15   5 2   6 2   3 2   5   5   2   7   4   2 0 0   9   6   2 2   8   3

B 33 10 2   9 12
0.0612   3 2 13 13

0.2862   7   4 15   7
0.0382 1 0 18 14

0.4872   6 3 16   8
0.7162

C 23 15 2   3 3   8 4   5   5   3   5   5 10 2 0 12   9   9 2   8   4
D 14   9 0   1 4   5 1   5   3   5   0   6   3 2 1   8   3   4 2   7   1

1 Chi-square test; 2 Fisher’s exact test.

Table 3  Comparison of IHC results of Cox-2 and nm23-
h1among varying tissues 

Histology	        n 	     Cox-2	        P 	        nm23-h1	 P
	             -	  +  ++ +++            -   +   ++ +++	

Cancer   85 4 4 30 47   5 7 33 29
Adenomas   18 2 0 13   3

0.002
  2 1 13   2

0.007
Benign tissue     9 3 0   1   5   4 1   2   1
Total 112 9 4 44 55 11 9 48 32

Fisher’s exact test.

Table 4  Cox-2 and nm23-h1 status in relation to
clinicopathological data

Groups	                     n        Cox-2	   P          nm23-h1	   P
		          -  + ++ +++	        -  + ++ +++	

Age (yr) < 58 39 3 1 17 18 0.239 4 3 21 10 0.272
≥ 58 46 1 3 13 29 1 4 22 19

Gender Male 48 1 2 17 28 0.628 5 5 24 14 0.157
Female 37 3 2 13 19 0 2 19 15

Histological 
grade

Low 24 3 3 12   6 3 6 13   2

Moderate 50 1 1 14 33 0.008 2 0 23 24 0.000
High 11 0 0   4   7 0 1   7   3

Lymph node 
metastasis

Negative 53 1 2 17 33
0.223

2 3 29 18
0.434

Positive 32 3 2 13 14 3 4 14 11
Distant 
metastasis

Negative 71 1 3 27 40
0.026

3 3 39 26
0.008

Positive 14 3 1   3   7 2 4   4   3
Dukes stage A 15 0 1   3 11 1 1 11   2

B 33 0 0 12 21
0.016

0 1 16 16
0.014

C 23 1 2 12 8 2 1 12 8
D 14 3 1 3 7 2 4 4 3

Fisher’s exact test. 

Table 5  Comparison of the IHC results of b-caternin and c-myc 
among varying tissues

Histological characteristics   Total	  b-caternin	    P 	 c-myc       P
		                   -      +	               -	     +	

Cancer   85 15 70 16 68
Adenomas   18   5 13

0.034
  4 14

0.003Benign tissue     9   5   4   6   2
Total 112 25 87 26 84

Fisher’s exact test.

Table 6  PTEN and p-Akt1 status in relation to 
clinicopathological data

Clinicopathological 
parameters	                Total	  PTEN	    P 	  p-Akt1	    P
		          -   +	 ++ +++         -  + ++ +++	

Age < 58 39 3 2 20 14 0.8602 10 0 16 13 0.4081

≥ 58 46 2 2 22 20   9 3 19 15
Gender Male 48 4 4 24 16 0.1672 14 0 19 15 0.0961

Female 37 1 0 18 18   5 3 16 13
Histological 
grade

Low 24 4 2 14   4 11 3   6   4

Moderate 50 1 2 24 23 0.0292   8 0 26 16 0.0002

High 11 0 0   4   7   0 0   3   8
Lymph node 
metastasis

Negative 53 3 2 22 26
0.1322

  7 1 26 19
0.0321

Positive 32 2 2 20 8 12 2   9   9
Distant 
metastasis

Negative 71 2 3 37 29
0.0602

13 3 31 24
0.2752

Positive 14 3 1   5   5   6 0   4   4
Dukes stage A 15 0 1   7   7   1 0   6   8

B 33 1 1 15 16
0.2812   4 1 17 11

0.1062

C 23 1 1 15   6   8 2   8   5
D 14 3 1   5   5   6 0   4   4

1 Chi-square test; 2 Fisher’s exact test. 
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the 1.0-1.5 mm cores used to create the arrays were easy to 
work with, included enough tumor tissue that histological 
relationships were easily evaluated, and focused attention 
on limited regions of  tumor, thus ensuring high reproduc-
ibility of  scoring. Furthermore, at the same time, we could 
study the morphous of  cells and protein expression paral-
lely and avoid the variance in results in different experi-
ment conditions as seen in the conventional technology.

The cell cycle-regulatory machinery is a complex system 
of  proteins regulating each other’s activity and controlling 
the division of  cells[26]. We selected p53, p21, cyclin D1 
and bcl-2/bax for analysis as target proteins participating 
in the regulation of  proliferation and apoptosis, which 
are known to be deranged in cancer cell cycles, and 
which have been shown to affect survival of  colorectal 
carcinomas. The p53 tumor suppressor plays a pivotal role 
in cell cycle regulation and apoptosis. Mutations in the p53 
gene are among the most common mutations encountered 
in human malignancy. Wild-type p53 along with other 

cellular growth factors activate p21 gene expression and 
the corresponding p21 protein triggers cell-cycle arrest 
in the G1 phase[27]. In colorectal cancer cells, mutated p21 
neither suppressed apoptosis nor affected cell survival[28]. 
In addition to cell-cycle control, p53 mediates programmed 
cell death through the bcl-2/bax apoptotic pathway[29]. 
In this study, we observed that p53 was undetectable in 
normal colon tissue and over-expressed in only three 
adenomas and 54% of  the adenocarcinomas. When the 
expression of  p53 with clinicopathological parameters was 
compared, only the significant relation with histological 
grade could be seen, thereby indicating that p53 may be 
involved in the late stage of  colon carcinogenesis and 
in the malignant progression of  colon cancer. As to the 
others genes, there were significant differences among 
the three groups (normal mucosa, adenoma and cancer) 

regarding the immunohistochemical results (cyclin D1, 
P = 0.000; bcl-2, P = 0.001; bax, P = 0.000). Comparing 
these markers with the clinicopathological features, we 
observed the correlation of  histological grades with bax, 
and Dukes stage with cyclin D1. Thus, we can speculate 
that cyclin D1, bcl-2 and bax aberrations may involve 
in the colon cancer development and the decreased 
expression of  bax can accelerate the cancer tissue further 
differentiate into advanced stage, and malignant colon 
tissue highly expressed cyclin D1 may acquire the invasive 
potent. In addition, though the difference of  this protein 
expression between distant metastasis-positive group and 
-negative group was not significant (P = 0.052) in this 
study, colon cancer with alteration of  bcl-2 expression 
may facilitate to metastasize to distance sites. In our study, 
p21 over-expression was found in 64 of  82 (78.04%) 
cancers and was correlated with advanced stage colorectal 
cancer, which is in agreement with a previous report[30]. 
Furthermore, IHC revealed that some cancer cells 
expressed both p21 and p53, suggesting that p21 can also 
be activated by a p53-independent mechanism. A previous 
study reported that p53 can inhibit bcl-2 gene expression 
by transcriptional activation of  the pro-apoptotic bax gene. 
But the relationship between p53 and bax in this cohort 
tissue was not established. However, our results showed 
that the expression of  p53 had positive correlation with 
bcl-2. The precise mechanism of  regulation of  bcl-2/bax 
pathway through p53 needs further study.

There are two distinct Cox isoenzymes, namely 
constitutive Cox-1 and inducible Cox-2. It was reported 
that Cox-2 elevated in human esophagus, skin, and colon 
cancers, and the Cox-2 inhibitor, celecoxib, inhibited 
intestinal tumor multiplicity in a mouse model and 
reduced the number of  adenomatous polyps in a familial 
adenomatous polyposis patient[16,17]. Enhanced Cox-2 
expression has been related to tumor differentiation, 
distant metastasis and Dukes stage[31,32]. In present study, 
Cox-2 immunoreactivity was increased in the colon 
carcinoma (91%) and adenomas (88%). However, the 
expression of  Cox-2 was correlated with less advanced 
grade, fewer distant metastases and lower Dukes stage in 
these cohort colon cancer tissues. These results indicate 
that Cox-2 over-expression might be an early event during 
the tumorigenesis in the colon and its role in progression 
of  colon cancer deserves further investigation. Although 
a reduced expression of  nm23-h1 has been shown to be 
correlated with a high metastatic potential in some human 
cancers, such as colorectal cancers, conflicting data have 
been reported[9,33]. In our study, expression of  nm23-h1 
was detected in 79 of  85 (92.94%) cancers, 16 of  18 
(88.88%) adenomas and 4 of  8 (50%) normal tissues. The 
decreasing tendency of  expression of  nm23-h1 was found 
to be associated with the aggravation of  differentiation, 
distant metastasis in the cohort patients. Therefore, the 
exact role of  nm23-h1 in development and progression of  
the colon cancer needs further studies.  

β-catenin is known to complex with E-cadherin to 
form intercellular junctions. It also participates in the 
Wnt-signaling pathway, which frequently is disrupted 
in colorectal carcinomas by adenomatous polyposis 

Table 7  b-catenin and c-myc status in relation to
clinicopathological data

Clinicopathological parameters  Total  b-caternin     P 	   c-myc	    P
		                        -     +	                  -    +	

Age < 58 39   6 33 0.9831   9 29 0.1171

≥ 58 46   7 39   5 41
Gender Male 48   8 40 0.6891 10 38 0.2371

Female 37   5 32   4 32
Histological 
grade

Low 24 10 14 11 13

Moderate 50   3 47 0.0002   3 46 0.0002

High 11   0 11   0 11
Lymph node 
metastasis

Negative 53   4 49
0.0111

  4 48
0.0051

Positive 32   9 23 10 22
Distant 
metastasis

Negative 71   8 63
0.0201

  6 65
0.0001

Positive 14   5   9   8   5
Dukes stage A 15   0 15   0 15

B 33   2 31
0.0082   2 31

0.0002

C 23   6 17   4 19
D 14   5   9   8   5

1Chi-square test; 2Fisher’s exact test.
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our study and a previous study[11] which reported that Akt 
over-expression occurred frequently during human colon 
carcinogenesis might be because the gene background (FAP, 
HNPCC or sporadic CRC) of  the patients studied were 
not strictly identified and the antibody used which was a 
polyclonal antibody in our study.

In summary, tissue microarrays (TMAs) combined 
with immunohistochemical staining for colon cancer, 
adenomas and normal mucosa showed that TMAs 
technology with 1.0 to 1.5 mm core tissue adequately 
represents the immunohistochemical pattern of  the colon 
tissue. It considerably reduces the cost and labor needed 
to process tissue slides and enrich the technical spectrum 
of  histopathology. The over-expressions of  p53, cyclin 
D1, bcl-2, Cox-2, β-catenin and c-myc and the low or 
no expression of  bax might be involved in the colon 
tumorigenesis and PTEN, p-Akt1 may contribute to 
the progression of  colon cancer at late stage. No or low 
expression of  nm23-h1 in colon cancer may contribute to 
the cancer cells acquired the invasion and distant metastasis 
potential. Further study needs to investigate the precise 
mechanism of  colon cancer development and progression.

COMMENTS
Background
Studies of single molecular marker have not been successful in defining the 
biology of the colon cancer, so we explored multiple molecules regulating the colon 
tumorigenesis by using tissue microarray combining with immunohistochemical 
staining which can help us complete the time- and people-consuming work.

Research frontiers
In this study, the most worthwhile hotspot I think was investigating 11 molecules 
expressions by using the tissue microarray which allows rapid visualization of 
molecular targets at a time in protein level. 

Innovations and breakthroughs
Firstly I should mention that in this study, we explored 11 molecular expressions 
at a time during colon carcinogenesis which was seldom found in our country. 
In addition, the expressions of these molecules were detected by using tissue 
micoarray which is a new high-throughput biological technique.

Applications
Tissue microarray can facilitate rapid translation of molecular discoveries to clinical 
applications used, so we can speculate that the tissue microarray technology 
which is fast, convenient and economic may have potential dominant position in 
macro-scale detection of tissue specimens in cancer studies.

Terminology
In 1998, Kononen and Kalloiniemi developed tissue microarrays (TMAs) whereby 
an ordered array of tissue samples are placed on a single slide. Once constructed, 
the TMA can be probed with a molecular target (DNA, RNA or protein) for analysis 
by immunohistochemistry, fluorescence in situ hybridization (FISH) or other 
molecular detection methods, enabling high-throughput in situ analysis of specific 
molecular targets in hundreds or even thousands of tissue specimens.

Peer review
In this study, the authors investigated the expressions of 11 cancer related genes 
involving cell proliferation, cell cycle, apoptosis, as well as signal pathway in 
human colon cancer, adenoma and para-cancerous mucosa by using tissue 
microarray, a new biological technique, combining with immunohistochemical 
staining at a time. The results from this study may manifest the colon cancer 
situation at some level and have some reference values in our country. 

coli (APC) or β-catenin mutations[15]. Translocation 
of  β-catenin to the nucleus with transcription start of  
cyclin D1 and metalloproteinase 7 could lead to more 
aggressive colorectal carcinomas[34]. C-myc was also 
found to be involved in the Wnt pathway and seemed as a 
target gene of  β-catenin/TCF[35]. It has been extensively 
documented that c-myc is over-expressed at RNA and 
protein levels at both early and late stages of  the colorectal 
tumorigenesis[36]. Previous immunohistochemical studies 
with β-catenin showed distinct subcellular expression 
patterns in the colorectal carcinomas, adenomas, and 
benign epithelium, whereas benign tissue almost universally 
expressed β-catenin on the plasma membrane only, 
adenomas and carcinomas expressed β-catenin to varying 
degrees in the cytoplasm and in the nucleus as well[6,36,37]. 
This finding is not surprising, given the intracellular 
pathway described above. However, correlations between 
alterations of  β-catenin expression in colorectal cancer 
and outcome variables have not been consistent[38-40]. In 
this study, different expressions of  these two molecules 
were found among the varying types of  tissues. β-catenin 
was expressed in 70 of  85 (82.83%) cancer tissues, 13 of  
18 (72.22%) adenomas and only 4 of  9 (44.44%) para-
cancerous normal mucosa. Similarly, positive expression of  
c-myc was detected in 68 of  84 (80.95%) colon cancers, 14 
of  18 (77.77%) adenomas as well as 25% benign tissues. In 
addition to the results which showed positive correlation 
between the β-catenin and c-myc in our study (r = 0.483, P 
= 0.000), we can assume that over-expression of  β-catenin 
in the cytoplasm and c-myc might be early events during 
the carcinogenesis in human colon via involving in the Wnt 
pathway which always distorts during colon tumorigenesis. 
However, the cancer tissues in the cohort with over-
expression of  β-catenin or c-myc exhibited less capacity 
to differentiate into advanced grade and invasive potential, 
which are contradicted to some previous reports[40,41]. 
The exact roles of  β-catenin and c-myc aberration in 
progression of  colon cancer requires further investigations. 

The phosphatidylinositol-3 kinase (PI3K)/Akt is an 
important survival signal pathway that has been shown 
to be crucial in the regulation of  balance between pro-
apoptotic and survival (anti-apoptotic) signal[42]. The 
phosphorylated Akt level can monitor cell growth and 
resistance to apoptosis, indicating that activation of  
Akt plays an important role during the progression of  
colorectal carcinomas by helping promote cell growth and 
rescue cells from apoptosis. PTEN is a phosphatase that 
negatively regulates the phosphoinositol-3-kinase/Akt 
pathway and mediates cell-cycle arrest and apoptosis[43]. 
One study reported that PTEN protein expression was 
abnormal when compared the cancer with benign tissue[44], 
but same phenomenon was not found among the cohort 
patients including in this study. However, at the same 
time, PTEN expression detected by us was found to be 
related to tumor histological grade and p-Akt1 was related 
to lymph node metastasis. In this study, the expression 
profiles demonstrated that though did not involve in 
the early development of  tumorigenesis, these two 
molecules may conduce to the lately progression of  colon 
cancer which showed lymph node or distant metastasis. 
Contradiction between the results of  p-Akt1 expression in 
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