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Abstract. The apoptosis-stimulating protein of p53 (ASPP) 
family is a newly identified family protein including ASPP1, 
ASPP2 and inhibitor of ASPP (iASPP), by which the tumor 
protein 53 (TP53)‑mediated apoptotic process is selectively 
regulated. Downregulation of ASPP1/ASPP2 and upregulation 
of iASPP were revealed to be associated with a poor prognosis 
and metastasis in several types of cancer. However, to the 
best of our knowledge, the expression of ASPP in colorectal 
cancer (CRC) has not previously been investigated. The present 
study analyzed ASPP expression in human CRC tissues with 
multiple clinical and pathological profiles. A total of 41 patients 
diagnosed with CRC were enrolled in the present study. The 
expression of ASPP was detected by immunohistochemistry, 
immunofluorescence and reverse transcription‑quantitative 
polymerase chain reaction. In addition, the variation in ASPP 
expression was examined in a number of pathological groups. 
The associations among ASPP expression, and the expression 
of TP53, plasma carcinoembryonic antigen (CEA) levels and 
α‑fetoprotein (AFP) levels were also investigated. ASPP1 and 
ASPP2 expression was significantly reduced, while iASPP 
expression was elevated in CRC samples compared with expres-
sion in adjacent non‑cancerous tissues. Downregulation of 
ASPP1 was detected in the TP53‑positive group compared with 

the TP53‑negative group. The increase in iASPP expression was 
correlated with the grade of malignancy, but not with regional 
lymph node status or metastases. The expression of ASPP2 was 
negatively correlated with plasma CEA levels. The results of the 
present study, not only enrich CRC epidemic and pathological 
data, but also provide valuable indices for CRC clinical treat-
ment and prognosis.

Introduction

Colorectal cancer (CRC) is the third most common cancer 
with ~1.4 million cases (10% of all cancers) diagnosed every 
year globally (1). CRC is also the second leading cause of 
cancer‑associated mortality with ~700,000 mortalities every 
year (1). At present, the pathogenesis of CRC remains unclear; 
however, CRC is primarily associated with old age and certain 
lifestyle factors, including drinking and preserved food, whereas 
a small proportion of CRC is associated with underlying genetic 
disorders. Certain inherited genetic disorders, including inflam-
matory bowel disease (Crohn's disease and ulcerative colitis) and 
familial adenomatous polyposis, are considered risk factors for 
CRC (1). Furthermore, there are other factors that also increase 
the risk of CRC, including diet (consumption of preserved food), 
obesity, smoking and a lack of physical activity (2).

As with other types of cancer, the mechanism of patho-
genicity in CRC is fundamentally a disorder of uncontrolled 
cellular proliferation. In general, the inactivation of tumor 
suppressors, combined with the alteration of DNA repair 
genes, results in proto‑oncogene mutations to produce onco-
genes, which give rise to abnormal cellular proliferation and 
invasion (3). Tumor protein p53 (TP53) serves a crucial role 
in multicellular organisms in the prevention of tumor forma-
tion through regulating apoptosis, cell cycle and DNA repair 
processes (4‑6). Different cellular stresses, including hypoxia, 
ionizing radiation, DNA damage and chemotherapeutic drugs, 
are able to stimulate the activation of TP53. Conversely, TP53 
activity may be downregulated through TP53 gene mutations 
(loss of function mutations), alterations of upstream factors, 
or modifications of the downstream components that mediate 
TP53 signals (7). It has been reported that the TP53 mutational 
frequency is 5‑21% in patients with breast cancer depending 
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upon household income (8). High income patients may acquire 
fewer p53 mutations compared with low income patients (8). 
Approximately 50% of TP53 mutation result in TP53 losing its 
(antitumor) activity (9). Previous studies have demonstrated that 
the degree of TP53 gene mutation is directly associated with the 
Dukes' stage, a staging method prognostically relevant to CRC, 
which includes the differentiation grade, extent of local invasion, 
liver and lymph node metastasis, and the prognosis of patients 
with CRC (9,10).

Apoptosis‑stimulating protein of p53 (ASPP) has recently 
been identified as a family of proteins with three members, 
ASPP1, ASPP2 and iASPP, which selectively regulate the 
TP53‑mediated apoptotic process. These proteins commonly 
share an ankyrin repeat domain, a SRC Homology 3 domain 
and a poly‑proline‑rich domain at the C‑terminus. ASPP1 
and ASPP2 are pro‑apoptotic factors, whereas iASPP has an 
anti‑apoptotic effect (4). ASPP2 was revealed to be downregu-
lated in several types of cancer, including choriocarcinoma (11), 
human acute leukemia (12), pancreatic cancer cells (13), 
pituitary adenoma, gastric cancer (14), lung cancer (15,16) and 
diffuse large B‑cell follicular center lymphoma (17). It was 
reported that patients with cancer in which ASPP2 is down-
regulated exhibit metastasis and a poor prognosis (11-13,17). 
Furthermore, iASPP expression is increased in non‑small cell 
lung cancer, hepatocellular carcinoma and cervical adenocar-
cinoma, and is associated with a poor prognosis in these types 
of cancer (15,18,19).

Although several reports have studied the role of ASPP 
in cancer prognosis (11‑13,15,17‑19), studies investigating the 
association between ASPP and CRC prognosis are limited. The 
present study investigated the expression profiles of ASPP1, 
ASPP2 and iASPP in 41 samples collected from CRC patients 
with different pathological conditions. The results of the present 
study will provide valuable pathological evidence to evaluate 
the prognosis of CRC in the clinic and to improve the treatment 
options for CRC.

Materials and methods

Clinical samples. Samples were collected from 41 patients 
pathologically diagnosed with CRC, including 20 males and 
21 females, with a median age of 64 years (range, 41-86 years) 
at the First Hospital of Jilin University (Changchun, China). 
CRC tissue samples and adjacent non‑cancerous tissue 
samples (>5 cm from the edge of tumor) were obtained by 
surgical resection between June 2014 and April 2015. One part 
of the resected tumor and adjacent non‑cancerous tissue was 
quickly frozen in liquid nitrogen and stored in a ‑80˚C freezer, 
while the other part was fixed with formalin for immunohisto-
chemical analysis. The study research proposal was approved 
by the Medical Ethics Committee of the First Hospital of 
Jilin University, and written informed consent was obtained 
from each patient. The pathological classifications of these 
41 samples are summarized in Table I.

According to the experimental results, the experimental 
data were divided into two groups: A TP53‑positive group 
and a TP53‑negtive group. Patients were additionally clas-
sified into early (Stage I+II) and advanced (Stage III+IV) 
groups, as well as N0/Nx (x≠0) groups, M0/M1 groups, 
good/moderate/poor histological grade groups and 

colon/rectal groups based upon the Tumor‑Node‑Metastasis 
staging criteria of the American Joint Cancer Committee (20).

Immunohistochemistry (IHC). The TP53 and ASPP expres-
sion levels of the 41 patient tissue samples were detected by 
immunohistochemical staining. Briefly, the CRC and adjacent 
non‑cancerous tissue samples were fixed with 10% formalin for 
24 h at room temperature, embedded in paraffin and sliced into 
4 mm thick sections, which were used for IHC and immunofluo-
rescence (IF) staining analyses. The paraffin‑embedded sections 
were deparaffinized by heating for 1 h at 60˚C, then washing with 
xylene for 15 min twice, and rehydrated in a descending alcohol 
series (100, 100, 95, 85 and 75%). Antigen retrieval was performed 
by boiling, followed by incubation with citrate buffer (0.01 M, 
pH 6.0) at room temperature for 2 min (repeated 5 times). Then, 
it was cooled to room temperature and the sections were washed 
with PBS for 5 mins 3 times. Subsequently, the endogenous 
peroxidase activity was inactivated with 3% hydrogen peroxide 
for 40 min at room temperature. Following blocking with 5% 
donkey serum obtained from healthy animals for 40 min at 
room temperature, the sections were incubated with a 1:200 
diluted mouse TP53 monoclonal antibody (cat. no. ZM‑0405; 
Beijing Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing, 
China), a 1:800 diluted mouse ASPP1 monoclonal antibody 
(cat. no. A4355; Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany), a 1:800 diluted mouse ASPP2 monoclonal antibody 
(cat. no. A4480; Sigma‑Aldrich; Merck KGaA) or a 1:800 
diluted rabbit iASPP polyclonal antibody (cat. no. ab34898; 
Abcam, Cambridge, MA, USA) overnight at 4˚C. The next day, 
sections were washed twice with phosphate‑buffered saline 
(PBS), and then the pre‑stained slice was incubated with the 
appropriate biotinylated secondary antibody for 1 h at room 
temperature. Biotin‑labeled goat anti‑mouse secondary antibody 
(cat. no. SP‑0024; Beijing Biosynthesis Biotechnology Co., Ltd., 
Beijing, China; ready‑to‑use dilution) was used for TP53, ASPP1 
and ASPP2 and biotin‑labeled goat anti‑rabbit secondary anti-
body (cat. no. SP‑0023; Beijing Biosynthesis Biotechnology Co., 
Ltd.; ready‑to‑use dilution) was used for iASPP. The sections 
were washed three times with PBS. Streptavidin‑peroxidase was 

Table I. Pathological classification of human colorectal cancer.

Clinical and pathological profile Patient number

Early/advanced (TNM I+II/III+IV)a 11+7/14+9
Tumor topography (T1/T2/T3/T4)b  5/9/16/11
Regional lymph node metastasis 19/22
(N0/Nx, x≠0)c

Distant metastasis (M0/M1)d 10/31
TP53 expression (Positive/negative)e 15/26

The colorectal cancers samples were classified based upon the TNM 
staging system (32). aClassification based on the clinical course; 
bclassification based on the size and/or extent of the primary tumor; 
cclassification based on whether (Nx) or not (N0) the cancer has 
migrated to the regional lymph nodes; dclassification based on whether 
(M1) or not (M0) the CRC exhibited distant metastases. eClassification 
based on the TP53 expression. TNM, Tumor‑Node‑Metastasis; TP53, 
tumor protein p53.
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reacted for 5 min at room temperature. Subsequently, the target 
protein was developed by freshly prepared 3,3'‑diaminobenzi-
dine reagent (Beijing Zhongshan Jinqiao Biotechnology Co., 
Ltd.). Finally, the sections were counterstained with hematoxylin 
for 2 min at room temperature, dehydrated through an ethanol 
gradient (50, 70, 80, 90, 95, 100 and 100%) and sealed with 
neutral gum. The target protein was subsequently observed at a 
x200 magnification under a BX51 optical microscope (Olympus 
Corporation, Tokyo, Japan).

Immunofluorescence (IF). The paraffin‑embedded sections 
were deparaffinized by heating for 1 h at 60˚C, then washing 
with xylene for 15 min twice, rehydrated in a descending alcohol 
series (100, 100, 95, 85 and 75%) and antigen retrieval was 
performed by boiling, followed by incubation with citrate buffer 
(0.01 M, pH 6.0) and at room temperature for 2 min (repeated 
5 times). Following retrieval, the slides were maintained at room 
temperature and were treated with 0.1% protease K to expose 
the antigen. The sections were subsequently blocked using 5% 
bovine serum albumin for 60 min at room temperature and were 
incubated with the appropriate primary antibodies (same as those 
used for IHC) overnight at 4˚C. Following rewarming at 37˚C for 
1 h, the sections were washed in PBS for 5 min three times and 
were further incubated with fluorescence‑conjugated secondary 
antibodies (donkey anti‑mouse‑A488, cat. no. ab150105 and 
donkey anti‑rabbit‑Tritc, cat. no. ab6799; both Abcam) at a 1:800 
dilution for 30 min at room temperature. Following washing 
with PBS three times, the sections were stained with 0.001% 
4',6‑Diamidino‑2‑phenylindole dihydrochloride (Sigma‑Aldrich; 
Merck KGaA) for 10 min at room temperature to stain the 
nuclei. The fluorescence‑stained target protein was visualized 
using an Olympus FV1000 fluorescent microscope (Olympus 
corporation; magnification, x200 and x400). The omission of 
the primary antibodies was used as a negative control in all IF 
experiments. Quantification of the ASPP1, ASPP2 and iASPP 
expression was performed by measuring the total fluorescence 
intensity of the positively stained area.

RNA preparation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). Total RNA was extracted 
from the frozen tissue specimens using Total RNA Extractor 
(Sangon Biotech Co., Ltd., Shanghai, China). The RNA was 
reverse transcribed into cDNA using an AMV First Strand cDNA 
Synthesis kit (Sangon Biotech Co., Ltd.). The mixture of total 
RNA, random Primer p(dN)6 and rnase‑free ddH2O was bathed 
at 70˚C for 5 min, and then placed in an 0˚C ice bath for 10 sec. 
Then 5X reaction buffer, dNTP mix (10 mmol/l), Rnase inhibitor 
(20 U/l) and AMV reverse transcriptase (10 U/l) were added 
into the mixture at 37˚C for 5 min, 42˚C for 60 min and 70˚C 
for 10 min in order to synthesize the cDNA. RT‑qPCR analysis 
was performed in a Light Cycler 480 (Roche Diagnostics, Basel, 
Switzerland) using SG Fast qPCR Master mix (BBI Solutions, 
Cardiff, UK). The GAPDH cDNA was employed as an internal 
control for each sample. ASPP expression was normalized using 
the 2‑∆∆Cq method (21). The 40 cycles thermocycling conditions 
were: 95˚C for 7 sec, 55˚C for 10 sec and 72˚C for 15 sec. All 
the primers used in RT‑qPCR are as follows: GAPDH forward, 
5'‑TGG GTG TGA ACCATG AGA AGT‑3' and reverse, 5'‑TGA 
GTC CTT CCA CGA TAC CAA‑3'; ASPP2 forward, 5'‑GTG CTG 
CCT CAT GTA ACA ACG‑3' and reverse, 5'‑GTA GCC TTC CTC 

CAT TTC CTC‑3'; ASPP1 forward, 5'‑CAG TGT ATG GTA AGC 
CCG TTTT‑3' and reverse, 5'‑TGG ACA GTG ACC CGT GAA 
GA‑3'; and iASPP forward, 5'‑TGC CTA CCA CCA TCA TCA 
CAT‑3' and reverse, 5'‑GAC CAA TGT TTC CCA CCCA‑3.

Carcinoembryonic antigen (CEA) and α‑fetoprotein (AFP) 
assay. The concentrations of plasma CEA and AFP in patient 
samples were determined using an ADVIA Centaur XP immu-
noassay system (Siemens AG, Munich, Germany).

Statistical analysis. Two independent variables were analyzed 
using the Mann‑Whitney U test, comparisons among multiple 
groups were performed using the Kruskal-Wallis test, and 
Pearson's correlation analysis was used to compare the asso-
ciations. Statistical analyses were performed using the SPSS 
Version 16.0 statistical software package (SPSS, Inc., Chicago, 
IL, USA). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Altered ASPP expression in human CRC tissues. The protein 
expression of ASPP1, ASPP2 and iASPP was detected in human 
CRC specimens using IHC (Fig. 1A). The corresponding adja-
cent non‑cancerous tissues were used as controls (Fig. 1A). The 
expression of ASPP proteins was detectable in normal epithe-
lium, lamina propria and glands tissues in the CRC tissues, as 
well as the corresponding adjacent non‑cancerous tissues. The 
results of the present study demonstrated that ASPPs are distrib-
uted in the nucleus and cytoplasm; however, they were more 
abundant in the cytoplasm. Quantification analysis of ASPPs 
in the IHC samples revealed that ASPP1 and ASPP2 proteins 
were expressed at significantly low levels (P<0.05), while iASPP 
protein expression was significantly upregulated (P<0.05) in the 
CRC samples compared with the adjacent non‑cancerous tissues 
(Fig. 1A). In order to confirm these observations, the human CRC 
samples and the adjacent non‑cancerous tissues were further 
analyzed using IF staining (Fig. 1B). IF staining results were 
consistent with the IHC data, whereby the expression of ASPP1 
and ASPP2 was considerably downregulated and the expres-
sion of iASPP was significantly upregulated in CRC samples, 
compared with the adjacent non‑cancerous controls (P<0.05). In 
order to further evaluate whether alteration in the protein levels 
of ASPPs in CRC is associated with RNA deregulation, the 
mRNA levels of ASPPs in human CRC samples were examined 
using RT‑qPCR. As demonstrated in Fig. 1C, mRNA levels of 
ASPP1 and ASPP2 were decreased in CRC samples compared 
with expression adjacent non‑cancerous tissues, whereas iASPP 
RNA expression was elevated in CRC tissues (P<0.05).

ASPP1 expression was significantly decreased in the 
TP53‑positive CRC group. ASPPs are a protein family that 
regulates the apoptotic process; ASPP1 and ASPP2 activate 
apoptosis, while iASPP inactivates apoptosis. In order to 
investigate the association between ASPP and TP53 in human 
CRC tissues, the human CRC specimens were divided into 
TP53‑positive (n=15; Fig. 2A) and TP53‑negtive (n=26; Fig. 2B) 
groups by IHC staining. The TP53 level of the corresponding 
adjacent non‑cancerous tissues in IHC was used as a negative 
control (Fig. 2C). The ASPP levels were subsequently determined 
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using RT‑qPCR in both the TP53‑positive and ‑negative groups. 
The results of the present study demonstrated that, compared 
with the TP53‑negative group, only the levels of ASPP1 were 
declined in the TP53‑positive group (P<0.05; Fig. 2D). However, 
no significant difference was observed in the expression levels 
of ASPP2 and iASPP between the two groups (Fig. 2E and F).

iASPP expression is correlated with the clinical course, and 
the size and extent of the primary tumor. In order to investigate 
the association between ASPP expression and disease patho-
logical properties, the human CRC samples were classified into 
early (Stage I + II)/advanced (Stage III + IV) groups, as well 
as N0/Nx (x≠0) groups, M0/M1 groups, good/moderate/poor 
histological grade groups, and colon/rectal group based upon 
the Tumor‑Node‑Metastasis staging criteria of the American 
Joint Cancer Committee (22). T1, T2, T3 and T4 were based on 
the size and extent of the primary tumor (Table I). The ASPP 

mRNA expression was determined by RT‑qPCR in these 
groups (Fig. 1C). ASPP1 and ASPP2 expression did not exhibit 
any difference in the advanced stage group and the early stage 
group, however the iASPP level was markedly elevated in the 
advanced stage group compared with the early stage group 
(Fig. 3A-C). Furthermore, ASPP1 and ASPP2 expression also 
had no significant difference but the iASPP expression exhib-
ited a gradient increase along with the enhancement of the 
tumor size and extent, where iASPP expression levels in the 
T3 and T4 group were markedly higher than those in the T1 
or T2 group (Fig. 3D‑F). However, no considerable changes in 
ASPP1, ASPP2, and iASPP expression were observed when 
CRC patients were classified based on regional lymph nodes and 
distant metastasis (Fig. 3G-L).

Significant correlation was observed between plasma CEA 
levels and ASPP2 mRNA expression in CRC samples. Since 

Figure 1. Alteration in ASPP expression in human CRC and corresponding adjacent non‑cancerous tissues. (A) ASPP expression in CRC and corresponding 
adjacent non‑cancerous tissues was detected by immunohistochemistry using ASPP1, ASPP2 and iASPP antibodies. The average IOD of ASPP1 (cross), 
ASPP2 (open) and iASPP (slash) in IHC stains of CRC samples (T) and adjacent non‑cancerous controls (N) were statistically analyzed. (B) ASPP1, ASPP2 
and iASPP protein expression was analyzed by immunofluorescence with corresponding antibodies in CRC (T) and adjacent non‑cancerous controls (N). 
The average fluorescence intensity of the ASPP1, ASPP2 and iASPP proteins was examined. (C) ASPP1, ASPP2 and iASPP mRNA expression levels were 
investigated by reverse transcription‑quantitative polymerase chain reaction. *P<0.05; **P<0.01; ***P<0.001. ASPP, apoptosis‑stimulating protein of p53; CRC, 
colorectal cancer; iASPP, inhibitor of ASPP; IOD, integrated optical density.
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the levels of CEA and AFP in the plasma remain valuable 
biomarkers for evaluating CRC progression (23‑25), the potential 
association between ASPP mRNA expression and CEA or AFP 
concentrations in the samples was examined in the early and 
advanced groups (Fig. 4). No correlation was identified between 
the ASPP expression and AFP/CEA concentrations in the early 
or advanced groups (Fig. 4A‑F). However, the ASPP2 level was 
negatively correlated with CEA expression in all the samples 
(r=‑0.0419; P=0.0472; Fig. 4G). Although certain changes in 
ASPP expression were detected in other observations, these 
differences were not statistically significant (data not shown). 
The mean value of CEA and AFP concentrations from all CRC 
tissues were 3.64 (range, 0.74-43.28) and 2.2 (range, 0-7.1) ng/ml, 
respectively.

Discussion

Previously, the alteration of ASPP expression during cancer 
development was reported in a number of tumor types (17,26,27). 
However, few studies have focused on the role of ASPP in CRC 
development in either basic or clinical studies. Therefore, the 
present study aimed to investigate the role of ASPP in CRC 
progression and whether there is an association between ASPP 
and the pathology of the disease.

The preliminary data revealed that the protein and 
mRNA expression levels of ASPP1 and ASPP2 in human 
CRC specimens were significantly decreased compared with 
the corresponding adjacent non‑cancerous controls. These 

observations are consistent with the results of other studies that 
reported low levels of ASPP in several tumor types, including 
breast, lung, non‑small cell lung carcinoma, mesothelioma and 
leukemia (16,28‑31). Therefore, these results indicated that the 
decreased expression of ASPP1 and ASPP2 weakened their 
anti‑oncogene ability, causing the CRC cells to proliferate abnor-
mally. The results of the present study demonstrated that the 
iASPP level in CRC samples was markedly augmented compared 
with that in the control samples (Fig. 1). This result is similar to 
those of other studies, in that iASPP is upregulated in numerous 
different tumors, including human breast carcinomas (32) and 
acute leukemia (AL) (33). iASPP, as a pro‑tumorigenic factor, 
has been demonstrated to inhibit TP53 (34). Therefore, the 
abundant iASPP competed with the weakened ASPP1/ASPP2 
to bind to TP53, resulting in the inhibition of the pro‑apoptotic 
activity of TP53 and the promotion of CRC development (35). 
The detailed mechanism of the oncogenic cellular proliferation 
controlled by ASPPs is well established to be mediated through 
the TP53‑mediated apoptotic regulation, but not through the 
TP53‑involved cell cycle arrest (4,35).

TP53 has been reported to exist in wild-type and mutated 
forms in healthy mammals, which directly interferes with its 
tumor suppressing activity (36). Mutation of the amino acids, 
namely 178His, 181Arg, 243Met, 247Arg, 248Arg and 273Arg, 
in the ASPP2 binding area of TP53 abolished its anti‑oncogenic 
activity in a crystal structure analysis (36). In fact, these mutation 
sites are all frequently reported in human cancer (36). Notably, 
the mutated residues of 248Arg and 273Arg are involved in 

Figure 2. ASPP1 expression in TP53‑positive and TP53‑negative CRC samples. TP53 expression was verified by immunohistochemistry. Typical images of 
(A) TP53‑positive and (B) TP53‑negative human CRC group samples, and (C) an adjacent non‑cancerous sample. The mRNA expression level of (D) ASPP1, 
(E) ASPP2 and (F) iASPP were analyzed by reverse transcription‑quantitative polymerase chain reaction in TP53‑positive and TP53‑negative groups. *P<0.05, 
with comparisons shown by lines. ASPP, apoptosis‑stimulating protein of p53; TP53, tumor protein p53; CRC, colorectal cancer; iASPP, inhibitor of ASPP; 
n.s., no significant difference.
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DNA and ASPP2 binding. A total of 5‑21% of cancer patients 
harbor the mutated TP53 protein (8). Therefore, the presence 
and type of TP53 mutation is considered in patients with cancer, 
and whether it affects TP53 expression. It may be useful to deter-
mine whether or not ASPP expression is associated with the 
activity status of TP53 in human CRC. A study undertaken by 
Mori et al (17) was unable to identify any association between 
ASPP expression and TP53 status in lung cancer cell lines. 
Li et al (16) demonstrated that lower expression levels of ASPP1 
and ASPP2 in non‑small cell lung cancer (NSCLC) tumor tissues 
were more significantly associated with wild‑type TP53 than 

with mutant TP53. In the present study, ASPP expression was 
analyzed in the TP53‑positive group (a sample was considered 
TP53‑positive if TP53 expression rate was >30% compared with 
the healthy control using IHC analysis) and the TP53‑negative 
group (TP53 expression rate ≤30% compared with the healthy 
control). The results demonstrated that the ASPP1 expression 
level was significantly lower in the TP53‑positive group than in 
the TP53‑negative group (Fig. 2D). This result was identical to 
the observations made by Li et al (16) in NSCLC tumor tissues. 
No notable changes were observed in the expression of either 
ASPP2 or iASPP (Fig. 2E and F). These data suggested that 

Figure 3. Associations between ASPP expression levels and the pathological grade of CRC malignancy, tumor topography, regional lymph node metastasis 
or distant metastases. The CRC samples were classified into multiple groups based on the different Tumor‑Node‑Metastasis staging system. The groups were 
classified as early or advanced groups based on the clinical course; T1, T2, T3 or T4 groups based on the on the size and/or extent of the primary tumor; 
N0 (negative) and Nx (positive) groups based on whether the cancer had migrated to the regional lymph nodes; and M0 (negative) or M1 (positive) based 
on whether there were distant metastases. The mRNA expression level of ASPP1, ASPP2 and iASPP were examined by reverse transcription‑quantitative 
polymerase chain reaction. (A‑C) The expression of ASPP1, ASPP2, iASPP in the early stage group and the advanced stage group. (D‑F) The expression of 
ASPP1, ASPP2, iASPP in the T1~T4 groups. (G‑I) The expression of ASPP1, ASPP2, iASPP in the N0 and Nx groups. (J‑L) The expression of ASPP1, ASPP2, 
iASPP in the M0 and M1 groups. *P<0.05; **P<0.01. ASPP, apoptosis‑stimulating protein of p53; CRC, colorectal cancer; n.s., no significant difference.
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the anti‑oncogenic capability of the patients with CRC was 
adjusted through the homeostatic system following the aberrant 
proliferation of the CRC cells. Therefore, the higher expression 
of ASPP1 in patients with negative TP53 may be triggered in 
order to resist the pro‑oncogenic forces. Since the antibody that 
was utilized in the IHC staining in the present study was unable 
to distinguish the wild-type from the mutated form of TP53, it is 
difficult to differentiate between the two and to analyze each one 
independently. However, the pro‑oncogenic activity of TP53 is 

controlled by ASPP1 or ASPP2; therefore, the declined ASPP1 
expression will primarily affect the pro‑oncogenic ability of 
TP53 in this type of CRC.

A study undertaken by Zhang et al (34) revealed that iASPP 
expression was markedly higher in the blood cells of patients 
with acute leukemia (AL) than in those of healthy donors or 
patients with AL who had achieved complete remission. This 
observation suggested that iASPP may be employed as a marker 
of disease progression in AL (33). In addition, increased iASPP 

Figure 4. Pearson's correlation analysis of ASPP mRNA expression and the plasma concentration of CEA or AFP in early and advanced CRC groups. The 
mRNA expression of ASPP1, ASPP2 and iASPP were analyzed by reverse transcription‑quantitative polymerase chain reaction. (A) Correlations between the 
level of ASPP1 and the plasma CEA concentration in the early and advanced CRC groups. (B) Correlations between the level of ASPP1 and the plasma AFP 
concentration in early and advanced CRC groups. (C) Correlations between the level of ASPP2 and the plasma CEA concentration in the early and advanced 
CRC groups. (D) Correlations between the level of ASPP2 and the AFP concentration in the early and advanced CRC groups. (E) Correlations between the 
level of iASPP and the plasma CEA concentration in the early and advanced CRC groups. (F) Correlations between the level of iASPP and the plasma AFP 
concentration in the early and advanced CRC groups. (G) Correlations between the level of ASPP2 and the plasma CEA concentration in all CRC samples were 
examined by linear regression analysis. ASPP, apoptosis‑stimulating protein of p53; CEA, carcinoembryonic antigen; AFP, α‑fetoprotein; iASPP, inhibitor of 
ASPP; CRC, colorectal cancer.
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expression was also associated with a poor prognosis in FIGO 
IA2‑IIA cervical adenocarcinoma (19). Low ASPP2 expres-
sion was reported to correlate with a poor prognosis in patients 
with diffuse large B‑cell lymphoma (17) or breast cancer (26). 
Furthermore, metastatic breast cancer was revealed to be 
associated with a decreased ASPP2 expression compared with 
non‑metastatic breast cancer (37). In order to observe whether or 
not the alteration of ASPP expression was associated with prog-
nosis in patients with CRC, human CRC samples were divided 
into early and advanced groups based on the clinical course, 
N0/Nx (x≠0) groups, M0/M1 groups, good/moderate/poor 
histological grade groups, and colon/rectal groups based on 
TNM grading system, and the histological grade and tumor 
location. Notably, upregulated iASPP expression was revealed 
to be associated with the grade of malignancy in patients with 
CRC (Fig. 3C and F), but was not associated with metastasis to 
the regional lymph nodes (Fig. 3I), distant metastasis (Fig. 3L) or 
tumor location (data not shown). No significant association was 
observed between the expression of ASPP1 or that of ASPP2 in 
any of the groups.

In healthy patients, CEA is expressed at very low levels; 
however, certain types of cancer have been reported to 
have elevated levels of CEA in the serum. CEA, as a cell 
surface‑anchored glycoprotein, is a functional ligand in colon 
carcinoma L‑selectin and E‑selectin, which may be involved in 
the metastatic dissemination of colon carcinoma cells (38‑40). 
In the present study, no correlation was identified between 
plasma CEA concentration and APSS expression in early or 
advanced human CRC groups (Fig. 4). However, the alteration 
in the expression of ASPP2 in the entire CRC sample popula-
tion exhibited a negative correlation with CEA concentration 
(Fig. 4G). This observation indicated that ASPP2 may be a 
valuable biomarker for CRC progression and a novel biomarker 
for serological cancer. It may be possible to make a preliminary 
diagnosis by detecting the level of ASPP2 expression in the 
serum. Additionally, in FIGO IA2‑IIA cervical adenocarci-
noma, the increased expression of iASPP was associated with 
a poor prognosis (26) and, in gestational trophoblastic disease, 
the downregulation of ASPP1 was correlated with clinical 
outcome (41). However, it is unclear if ASPP2 is correlated with 
clinical outcome and further investigation is required.

AFP is a major plasma protein during fetal development. 
Since it was revealed to be abnormally increased in certain types 
of tumor, AFP is frequently used as a diagnostic marker for 
several cancer types, including hepatocellular carcinomas (42), 
hepatoblastoma (43) and yolk sac tumors (44). The majority of 
tumors with increased AFP originate from the stomach, bile 
duct or pancreas (45), and upregulation of AFP is extremely 
rare in CRC due to the fact that the colorectum is initiated from 
the hindgut endoderm. As of yet, only 11 cases of CRC with 
increased‑AFP have been reported in the early stages without 
distant metastases (45). The results of the present study demon-
strated no correlation between AFP concentration and ASPP 
expression in early or advanced cases of CRC (Fig. 4). This may 
be attributed to the small sample size but, in order to validate 
these observations, a larger sample size is required.

In conclusion, the results of the present study confirmed 
that ASPP1 and ASPP2 expression were reduced, while iASPP 
expression was elevated in human CRC specimens, compared to 
the corresponding adjacent non‑cancerous tissues. In addition, 

the upregulated iASPP may be used as a valuable biomarker for 
the grade of malignancy in human CRC. Finally, it was revealed 
that the upregulation of AFP is accompanied with an increase 
in iASPP expression in the early CRC group, compared with 
the advanced CRC group. These observations not only enrich 
the epidemic and clinical data of human CRC, but also provide 
valuable information for the development of novel drugs for the 
treatment of CRC, and for the improvement of CRC diagnosis, 
prognosis and therapy.
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