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Abstract: Activation-induced cytidine deaminase (AID) produces immune-diversity by inducing somatic hypermuta-
tions and class-switch recombinations in human immunoglobulin genes. This role of AID in causing genomic muta-
tions, also can potentially cause somatic mutations in various host genes of non-lymphoid tissues, and contribute 
to tumorigenesis. The goal of the present study was to investigate whether AID expression was involved in the 
development or progression of colorectal cancer, and the nuclear expression of p53 protein in cancer cells. We 
examined the pattern of expression of AID and p53 proteins in 71 colorectal adenomas and 122 sporadic colorectal 
cancers by immunohistochemistry. AID and p53 expression was detected in 57 (46.7%) and 78 (63.9%) out of 122 
colorectal cancers, respectively. Statistically, the expression of the AID protein was not associated with the 5-year 
survival or clinical and pathological parameters, including tumor stage, location, size, and lymph node metastasis 
(P > 0.05). However, the expression of the AID protein was associated with tumor differentiation (P = 0.004). In ad-
dition, a significant association was observed between AID and the nuclear expression of p53 in colorectal cancers 
(P = 0.0357). Only 3 (4.2%) of the 71 colorectal adenomas showed immunopostivity for AID, resulting in a significant 
difference between total colorectal cancers and adenomas (P < 0.001). The p53 expression was detected in 7 
(9.9%) out of 71 colorectal adenomas. Statistically, AID protein was not associated with the degree of dysplasia and 
the nuclear expression of p53 in colorectal adenomas (P > 0.05). These results suggest that aberrant expression of 
the AID protein might play a role in the development of colorectal cancers.
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Introduction

Scientists have suspected that inflammation 
and cancer are correlated, with the former 
somehow involved in the development of the 
latter. There are clear links between chronic 
inflammation and cancer. For example, patients 
harboring Helicobacter pylori (H. pylori), a bac-
teria that causes gastritis and gastric ulcer, are 
much more likely to develop gastric cancer than 
those without this bacteria [1, 2]. Individuals 
with colitis have a lifetime risk of colon cancer 
that can exceed 40%, and anti-inflammatory 
medications have been shown to reduce this 
risk by at least three-quarters [3]. However, the 
mechanism by which inflammation causes can-
cer remains unknown. Recently, a study showed 
that proinflammatory cytokine-mediated aber-
rant expression of activation-induced cytidine 
deaminase (AID), in colon epithelial cells, was a 

genotoxic factor linking inflammation, somatic 
mutations, and colorectal cancer development 
[4].

AID, a member of the cytidine deaminase fami-
ly, is an enzyme that deaminates cytosine to 
produce uracil in DNA molecules [5]. Expression 
of AID is restricted to stimulated B cells, espe-
cially in germinal centers, and induces class 
switch recombination that replaces one immu-
noglobulin heavy chain constant region gene 
with another and somatic hypermutation [6, 7]. 
Ectopic expression of AID in nonlympoid cells is 
potentially dangerous to cells, and must be 
tightly controlled to avoid mutations in genes 
that could lead to cancer [8]. For example, H. 
pylori strains induced aberrant expression of 
AID and upregulation of AID protein resulted in 
accumulation of nucleotide alterations in the 
TP53 tumor suppressor gene in gastric cells in 
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vitro [9]. In our previous study, aberrant expres-
sion of AID has been observed in H. pylori-posi-
tive gastric mucosa and gastric cancer tissu- 
es in immunohistochemical analysis [10]. All  
of these findings suggest that aberrant AID 
expression can induce mutations in non-immu-
noglobulin genes including cancer-related ge- 
nes, and may play a role in the development of 
human malignancies.

The transcription factor p53 is involved in di- 
verse cellular stresses including DNA damage, 
apoptosis, and senescence and may serve as a 
‘guardian of the genome’ [11]. Once activated, 
the p53 protein can either induce the expres-
sion of p21 (Waf1, Cip-1), which participates in 
the cellular arrest between G1-S transition, or 
the expression of bax, Fas, and DR5 [12]. Thus, 
inactivation of this protein contributes to ge- 
nomic instability, the accumulation of muta-
tions, and tumorigenesis. Over 6,000 papers 
have described somatic and germline muta-
tions in p53 in the International Association of 
Cancer Registries (IARC) database (http://www.
iacr.fr/p53). The frequency of p53 mutations in 
colorectal carcinomas has been consistently 
reported to be around 50% [13]. The p53 pro-
tein has a very short half-life and therefore can 
be hard to detect in normal tissue. However, 
longer expression or nuclear accumulation of 
the p53 protein can result from mutations in 
the p53 gene, upregulated expression of the 
wild-type p53 protein to allow repair of dam-
aged DNA, and a defect in the degradation 
pathway [14]. Since aberrant AID expression in 
non-B cells can cause mutations of non-Ig 
genes [15] and the development of human 
malignancies [16, 17]. It is likely that aberrant 
AID expression may be one of the mutagens in 
colorectal cancer and induce nuclear accumu-
lation of the p53 protein. 

Therefore, to investigate whether aberrant AID 
expression is involved in the development or 
progression of colorectal cancers and the nu- 
clear accumulation of p53 protein, in colorec- 
tal cancer cells, we analyzed AID and p53 
expression in 71 colorectal adenomas and 122 
colorectal cancers by immunohistochemistry.

Materials and methods 

Tissue samples

Seventy one colorectal adenomas and 122 
sporadic colorectal cancers were obtained 

from the Binzhou Medical University of Shan- 
dong. The colorectal cancers stage was clas- 
sified according to Dukes’ criteria [18]. There 
were 12, 46, 56, and 8 cases with stages A,  
B, C, and D disease, respectively. Two patholo-
gists screened the histological sections and 
selected areas of representative tumor cells. 
Three and one tissue cores from each cancer 
sample (0.5 mm in diameter) were obtained 
and placed in a new recipient paraffin block 
using a commercially available microarray in- 
strument (Beecher Instruments, Micro-Array Te- 
chnologies, Silver Spring, MD, USA), according 
to established methods [19]. One cylinder of 
normal colon mucosa adjacent to each tumor 
was also transferred to the recipient block. 
Colorectal adenomas was taken by biopsy and 
electrocoagulation.

Immunohistochemistry for AID and p53

For the immunohistochemical analysis, 2 μm 
sections were cut the day before use and 
stained according to standard protocols. To 
maximize the signal on the immunohistochem-
istry, two strategies were used: antigen retriev-
al in citrate buffer, and signal amplification wi- 
th biotinylated tyramide. For the former, heat-
induced epitope retrieval was performed by 
immersing the slides in Coplin jars filled with 10 
mmol/L citrate buffer (pH 6.0) and boiling the 
buffer for 30 min in a pressure cooker (Nordic 
Ware, Minneapolis, MN, USA) inside of a micro-
wave oven at 700 W; the jars were then cooled 
for 20 min. For the latter, the Renaissance TSA 
indirect kit (NEN Life Science, Boston, MA, 
USA), which included streptavidin-peroxidase 
and biotinylated tyramide, was used. After rin- 
sing with PBS, the slides were treated with 1% 
H2O2 in PBS for 15 min at room temperature  
to eliminate the endogenous peroxidase activi-
ty. After washing with TNT buffer (0.1 mol/L 
Tris-HCl, pH 7.4, 0.15 mol/L NaCl and 0.05% 
Tween 20) for 20 min, the slides were treated 
with TNB buffer (0.1 mol/L Tris-HCl, pH 7.4, 
0.15 mol/L NaCl and 0.5% blocking reagent). 
The sections were incubated overnight at 4°C 
with the antibodies (1/100 dilution) to the AID 
(BD Bioscience, Franklin Lakes, NJ, USA) and 
p53 proteins (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA). Detection was carried out using 
biotinylated goat anti-rabbit antibody (Sigma, 
St. Louis, MO, USA), followed by incubation wi- 
th a peroxidase-linked avidin-biotin complex. 
Diaminobenzidine was used as a chromogen, 
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and the slide was counterstained with Mayer’s 
hematoxylin. The specificity of the anti-AID anti-
body was confirmed in our previous study [10]. 
Staining for the AID antigen was considered 
positive when > 5% of the cytoplasm stained 
positively. For p53, the presence of nuclear 
staining was considered a positive result. The 
results were reviewed independently by two 
pathologists. For the negative controls, the sli- 
de was treated by replacement of the primary 
antibody with non-immune serum. 

Statistical analysis

The correlation between AID and p53 expres-
sion, and various clinicopathologic parameters 
was assessed using the Chi-square test. Sur- 
vival curves were constructed using the Kaplan-
Meier method and compared using the log rank 
test. A p value less than 0.05 was considered 
the limit of statistical significance.

Results

A moderate-to-strong immunopositive respon- 
se was obtained for AID in the cytoplasm of 
cancer cells (Figure 1). However, the corre-
sponding normal colon mucosa and surround-
ing stromal cells, e.g. fibroblasts, were negative 
or focal weak positive for AID. Aberrant expr- 
ession of the AID protein was detected in 57 

(41.4%) out of 58 cases with lymph node me- 
tastasis. Statistically, there was no significant 
relationship between AID expression and the 
clinical and pathological parameters, including 
clinical stage, tumor location, tumor size, and 
lymph node metastasis (Chi-square test, P > 
0.05) (Table 1).

Moderate-to-strong nuclear staining for the 
p53 protein was found in 78 (63.9%) out of  
the 122 cancer cases (Table 1). Interestingly, 
42 cases were immunopositive for both AID 
and p53 proteins. Thirty-six cases with p53 
nuclear staining were negative for AID, and 29 
cases demonstrated negative staining for both 
proteins. Statistically, the expression of the AID 
protein was significantly associated with p53 
immunostaining (Chi-square test, P = 0.0357). 

The 5-years survival rate of patients with AID 
positive tumors was 29.6%, while that of pa- 
tients with AID negative tumors was 51.7% 
(Figure 2). Statistically, no significant associa-
tion between AID, p53 expression and 5-year 
survival was found (P > 0.05).

In colorectal adenomas, only 3 of the 71 co- 
lorectal adenomas showed immunopostivity for 
AID, resulting in a significant difference betwe- 
en total colorectal cancers and adenomas (Chi-
square test, P < 0.001). Nuclear staining for the 

Figure 1. Aberrant AID and p53 expression in colorectal cancer cells. 
Normal colonic mucosa exhibited focal weak positive staining for AID (A). 
Colorectal cancers displayed cytoplasmic staining for AID (B, C) and nuclear 
accumulation of p53 protein (D). Original magnification, ×200.

(46.7%) out of 122 colorectal 
cancers. Based on the differ-
entiation grade of the cancer 
cells, expression was detect- 
ed in 100% (6/6), 45.9% (51/ 
111), and 0% (0/5) of well, 
moderately, and poorly differ-
entiated colorectal cancers. 
Statistically, AID expression 
was associated with the differ-
entiation of tumor cells (Chi-
square test, P = 0.004) (Table 
1). AID expression was obser- 
ved in 5 (41.6%) out of 12 
cases corresponding to stage 
A, 24 (52.2%) out of 46 stage 
B, 25 (44.6%) out of 56 stage 
C, and 3 (37.5%) out of 8 stage 
D disease. AID expression was 
found in 52.6% (30/57) of tu- 
mors that were ≥ 5 cm among 
the colorectal cancers. In addi-
tion, AID was expressed in 24 
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the development of colorectal cancers. Seve- 
ral proinflammatory cytokines, including TNF-α 
and IL-1β, play an important role in the patho-
physiology of CIBD [22, 23]. The findings of a 
recent study suggested that TNF-α induces 
aberrant AID expression via IκB kinase-depen-
dent nuclear factor (NF)-κB-signaling pathways 
in human colon epithelial cells. Moreover, aber-
rant activation of AID in colon cells preferen-
tially induced genetic mutations in the TP53 
and c-myc genes [4]. Similar results were found 
in another study with cag PAI-positive H. pylori 
induced aberrant expression of the AID protein 
in human gastric epithelial cells that resulted in 
multiple mutations in the TP53 tumor suppres-
sor gene and the CTNNB1 oncogene [9]. AID is 
a key enzyme in the initiation of class switch 
recombination and somatic hypermutation [6, 
7]. There is evidence that AID is expressed not 
only in lymphoid cells but also in non lymphoid 
cells, including breast cancer cells and hepa- 
tocytes [24, 25]. In one study, inappropriate 
expression of AID was induced by proinflam- 
matory cytokine stimulation that was linked to 
hepatic inflammation and the development of 
hepatocellular carcinoma [14]. All of these find-
ings suggest that aberrant AID expression may 
be an important factor involved in the develop-
ment of colorectal cancer.

It is evident that the p53 tumor suppressor 
gene acts as a policeman that prevents the 
propagation of genetically damaged cells. The 

Table 1. Correlation of AID and p53 protein 
expression with clinicopathological parameters in 
the colorectal cancers

Parameters
AID protein expression

p value
+ -

Adenoma 3 68
    Differentiation 0.7021
        Low 1 27
        High 2 41
    P53 expression 0.6861
        +  1 6
        - 2 62
Colorectal cancer 57 65
    Differentiation† 0.004
        Well 6 0
        Moderately 51 60
        Poorly 0 5
    L/N metastasis†† 0.2603
        + 24 34
        - 33 31
    Stage†† 0.7908
        A 5 7
        B 24 22
        C 25 31
        D 3 5
    Side†† 0.098
        Right 8 17
        Left 49 48
    Size†† 0.7603
        < 5 cm 27 29
        ≥ 5 cm 30 36
    P53 expression† 0.0357
        +  42 36
        - 15 29
†, Chi-Square test, P < 0.05. ††, Chi-Square test, P > 0.05.

Figure 2. Kaplan-Meier analysis of survival of 
colorectal cancer patients. Comparative survival 
analysis of immunohistochemically classified tumors 
demonstrating negative and positive staining of AID 
protein showed no significant correlation between 
AID, p53 overexpression and 5-years survival (P = 
0.0899).

p53 protein was found in 7 (9.9%) out of the  
71 colorectal adenomas (Table 1). Statistically, 
AID protein was not associated with dysplasia 
and the nuclear expression of p53 in colorectal 
adenoma cases (Chi-square test, P > 0.05).

Discussion

Colorectal carcinogenesis has been described 
as a multistep genetic process, where muta-
tions within several genes, including p53, ac- 
cumulate during the progression from normal 
epithelium to adenoma to invasive cancer [20, 
21]. Chronic inflammatory bowel disease (CIBD) 
is an important etiologic factor associated with 
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fact that p53 mutations are common in a vari-
ety of human tumors suggests that the p53 
protein serves as a critical gatekeeper against 
the formation of cancer [11]. Since aberrant 
AID expression can induce genetic mutations, 
including p53 and c-myc genes, in human colon 
cells [4], we hypothesized that mutations were 
caused by aberrant expression of AID stabilize 
nuclear p53 protein in the cancer tissues. In 
the present study, we identified nuclear stain-
ing for the p53 protein in 63.9% of the colorec-
tal cancers. There was a statistically significant 
correlation between AID and the nuclear p53 
expression. Generally, nuclear accumulation of 
the p53 protein can be detected in the cancer 
cells with or without p53 mutations, or decre- 
ased p53 protein degradation in response to 
various cellular stresses, including DNA dam-
age [14]. Although p53 mutations does not 
account for all the nuclear p53 protein positi- 
ve cases, our findings suggest that AID-induc- 
ed DNA damage may lead to mutations in the 
p53 gene or nuclear accumulation of the p53 
protein in the cancer cells with damaged DNA.

In the present study, we examined AID expr- 
ession in colorectal adenomas and sporadic 
colorectal cancers. The immunohistochemical 
studies showed that aberrant AID expression 
was present 46.7% of the 122 sporadic colo- 
rectal cancers. When we evaluated the corre- 
lation between aberrant AID expression and 
colorectal cancer, the expression of the AID 
protein was not associated with the 5-year sur-
vival or the clinical and pathological parame-
ters, including tumor stage, size, location, and 
lymph node metastasis. The expression of the 
AID protein was only associated with tumor dif-
ferentiation. Interestingly, there was a signifi-
cant difference in AID expression between to- 
tal colorectal cancers and adenomas. Thus, all 
of these findings suggest that aberrant expres-
sion of the AID protein might play a role in the 
development of colorectal cancers.

Even though only a small number of cases were 
evaluated here, our results suggest that aber-
rant AID expression may play an important  
role in colorectal cancer carcinogenesis by the 
accumulation of mutations in tumor-associated 
genes. Additional studies with a larger patient 
cohort are needed to verify these initial obser-
vations. Functional analysis will certainly broad-
en our understanding not only of the patho- 
genesis of colorectal cancer, but also of the 

mechanisms involved in AID expression in 
colon epithelial cells.
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