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Abstract. The aim of this study was to investigate the relation-
ship between the expression of activating transcription factor 5 
(ATF5) and clinicopathological features in human rectal 
cancer. Relative quantitative real-time RT-PCR and immuno-
histochemical staining were used to detect ATF5 mRNA and 
protein expression in 92 paired samples of rectal cancer and 
distant normal tissues. Immunohistochemical staining of the 
matched rectal tissue samples revealed that the positive expres-
sion rate of the ATF5 protein in rectal cancer was significantly 
higher compared to that in the normal tissue. Furthermore, 
the expression of ATF5 in poorly differentiated cancers was 
higher compared to that in well to moderately differentiated 
cancers (P=0.013). However, there was no significant asso-
ciation between ATF5 protein expression and patient age, 
gender, histological tumor type, cell differentiation, invasive 
depth, lymph node metastasis or distant metastasis (P>0.05). 
However, to our surprise, there was no difference in the rela-
tive mRNA expression levels of ATF5 between normal tissues 
and rectal cancers. Our findings indicate that overexpression 
of ATF5 protein may be an important biomarker of the degree 
of malignancy, and increased expression may be related to the 
post-transcriptional regulation of ATF5 in rectal cancer tissues.

Introduction

Colorectal cancer is the third most common cancer and the 
third leading cause of cancer-related death in the world, and 
there are approximately 1,020,000 new cases and 530,000 
related deaths per year (1-3). In many Asian countries, 
including China, Japan, South Korea and Singapore, colorectal 

cancer morbidity has increased by 2-4 times during the past 
few decades (4). It has been proven that the carcinogenesis 
and development of colorectal cancer is a multi-step, multi-
stage and multi-gene genetic process. Due to normal gene 
dysregulation, abnormality in the signal transduction network 
leads to the process of carcinogenesis and development. Thus, 
the recognition of critical genes in biological pathways may 
undoubtedly provide a better understanding of the carcinogen-
esis and development of colorectal cancer.

Activating transcription factor 5 (ATF5; also referred to as 
ATFX) is a member of the ATF/CREB [cyclic AMP (cAMP) 
responsive element binding protein] family of transcription 
factors and plays an essential role in regulating CRE-dependent 
genes (5) which interact with a variety of proteins, including 
E2 ubiquitin-conjugating enzyme Cdc34 (6), HTLV-1 viral 
protein Tax (7), GABA-β receptor (8), cyclin D3 (9), DISC1 
and PRL-1 (10,11). ATF5 has been associated with cell 
differentiation, proliferation and survival in several tissues 
and cell types (12-23). It may be a potent repressor of p53 and 
its elevated expression may be related to enhanced malignant 
phenotypes (21). ATF5 has been found to be overexpressed 
in human glioblastomas and human and rat glioma cell lines 
(16,23,24). Interference of ATF5 expression in glioma cells 
leads to apoptotic cell death both in vitro and in vivo (16). 
Additionally, ATF5 overexpression in breast carcinoma cells 
has been detected (15,22), and interference of ATF5 expression 
selectively triggers their death. These observations suggest 
that ATF5 may be an attractive target for therapeutic interven-
tion in such tumor types. Consistent with these findings, ATF5 
is highly expressed in a wide variety of neoplasms, including 
renal cell cancer, lung cancer, lymphomas, seminomas, 
cervical cancer, prostate cancer, hematopoietic carcinoma and 
hepatocellular carcinoma (17,20,25,26).

Although ATF5 has emerged as an important cell survival 
factor and is highly expressed in various carcinomas, ATF5 
expression in human rectal cancer and its role in carcinogenesis, 
as well as the relationships between ATF5 expression and clini-
copathological factors remain unknown. In this study, mRNA 
and protein expression of ATF5 in matched rectal tissue samples 
was assessed by real-time RT-PCR and immunohistochemical 
staining, respectively, and the correlationship between ATF5 
expression level and clinicopathological features was further 
investigated.
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Materials and methods

Patients and tissue samples. Ninety-two paired samples of 
rectal cancer and distant non-tumoral rectum tissues were 
obtained from 92 inpatients undergoing surgery at West China 
Hospital of Sichuan University between March and October 
2009. No patient had received pre-operative chemotherapy or 
radiotherapy. The rectal cancer and paired normal tissues were 
allocated into the cancer and control groups. Certain parts of 
each sample were fixed by formalin and embedded in paraffin. 
The histological grade was assessed according to the WHO 
criteria by a pathologist (27). The clinical and pathological 
stages were defined according to TNM classification.

qRT-PCR
Total cDNA extraction. Total RNA from rectal cancer 

and adjacent non-tumoral rectum tissues was extracted using 
TRIzol (Beyozol Co. Ltd.) method. The concentration of RNA 
was detected spectrophotometrically. To generate total cDNA, 
reverse transcription was performed according to the manu-
facturer's protocol (Takara Biotechnology Co.).

Primers and probes. As shown in Table I, specific primer 
and probes for ATF5 and β-actin genes were designed. The 
gene specificity of the nucleotide sequences was confirmed 
by BLAST searches. The primers and probe were placed at 
the junction between two exons and were purchased from 
Invitrogen Biotechnology Co. (Shanghai, China).

Real-time RT-PCR. Real-time PCR was performed using 
relative quantification protocol on an iCycler iQ System 
(Bio-Rad, USA). The optimum annealing temperature was 
51˚C and the following iCycler iQ run protocol was used: 
denaturation program (94˚C, 2 min), amplification and quan-
tification programs repeated 40 times (94˚C for 20 sec, 51˚C 
for 30 sec, 72˚C for 30 sec). In addition, a no-template control 
(ddH2O) was analyzed for each template. Equation 1 (28), as 
shown below, was applied to calculate the relative expression 
ratio of the target gene (ATF5) in the sample vs. a control in 
comparison to a reference gene (β-actin). Equation 1:

Ratio = (Etarget)∆CTtarget (control - sample)/(Ereference)∆CTref (control - sample)

∆CT is the CT (threshold cycle) deviation of the control minus 
the sample of the target or reference gene transcript. The PCR 
efficiency (E) was calculated using the iCycler iQ fluorescence 
PCR machine automatically from the slope of the line using 

Equation 2 (29): E = 10-1/slope. A ratio >1 for mRNA expression 
of ATF5 in the rectal cancer tissues designated up-regulation.

Immunohistochemical staining. Specimens were formalin-
fixed, paraffin-embedded and consecutively sliced in 4-µm 
sections, which were dewaxed in xylene and then rehydrated in 
alcohol. The endogenous peroxidase activity was suppressed by 
3% hydrogen peroxide for 15 min. After being washed twice in 
phosphate-buffered saline (PBS), the sections were incubated 
at 37˚C for 30 min with normal goat serum, and then at 4˚C 
overnight with rabbit polyclonal antibody against ATF5 (Santa 
Cruz Biotechnology) which was diluted to 1:400. PBS was 
used as a negative control. After rinsing three times in PBS, the 
sections were treated with biotinylated goat anti-rabbit immu-
noglobulin at 37˚C for 40 min and then, after a washing with 
PBS, the sections were treated with horseradish peroxidase 
streptavidin complex at 37˚C for 40 min, which were diluted as 
recommended by the manufacturer. Finally, the sections were 
washed three times in PBS and visualized in DBA coloration 
fluid. The sections were counterstained in hematoxylin.

Stained sections were reviewed and scored by two 
researchers, including a pathologist. Consensus between the 
two researchers was achieved in all cases. ATF5 expression 
was evaluated by an immunoreactive score (IRS) system (30). 
According to the staining intensity of tumor cells, the immu-
noreactive scores were graded as 0 (negative), 1 (faint yellow 
staining), 2 (brown staining) and 3 (dark brown staining). At 
the same time, the scores were graded as 0 (0%), 1 (0-10%), 
2 (11-50%) and 3 (51-100%) according to the percentage of the 
positive cells. Finally, a total score was obtained by multiplying 
the two scores. Eight visual fields from different areas in every 
section were randomly selected for IRS evaluation, and the 
mean value of the IRS was calculated. The final extent of ATF5 

Table I. Sequences of the primers and probes.

 Sequence Length (bp)

Target gene/ATF5  262
  Forward 5'-ACCTTCTTTCTTCAGCCGA-3'   19
  Reverse 5'-GAGTTTCCCATAGTCTACGA-3'   20
  Probe 5'-FAM-CTCCTGTTGCCATCAGTGCCCA-TAMRA-3’   22
Reference gene/β-actin  166
  Forward 5'-AAGGCCAACCGCGAGAA-3'   17
  Reverse 5'-CCTCGTAGATGGGCACA-3'   17
  Probe 5'-FAM-TCAACACCCCAGCCATGTACGT-TAMRA-3’   22

Table II. Ct value of mRNA expression in the two groups.

mRNA No. Cancer group Ct Control group Ct P-value
  (mean ± SD) (mean ± SD)

β-actin 92 21.2±3.5 21.2±3.9
ATF5 92 32.6±8.7 31.5±9.1 0.363

SD, standard deviation.
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immunohistochemical staining was categorized as negative and 
positive, corresponding to IRS values of ≤1 and >1, respectively.

Statistical analysis. Group-wise comparison and statistical 
analysis in mRNA relative expression was performed by 
the Relative Expression Software Tool (31). The categorical 
data were analyzed by the Chi-square test, and P<0.05 was 
considered statistically significant. All of the test results were 
analyzed using software SPSS 16.0.

Results

Clinicopathological features of the specimens. The 92 total 
specimens of rectal cancer tissues consisted of 85 tubular or 
papillary adenocarcinomas and 7 myxoadenocarcinomas. 
The cases included 53 men and 39 women with a mean age of 
58.3 years (range 25-89). The histological differentiation of the 
samples consisted of 54 well to moderate and 38 poor differ-
entiated tumors. Thirty-five samples were invasive through the 
muscularis and 57 through the serous membrane. More than 
12 lymph nodes were obtained in every case, and 40 cases with 
lymph node metastasis were noted by pathologists. There were 
27 cases with distant metastases.

ATF5 expression in the human rectal cancer tissues
ATF5 mRNA expression in the two tissue groups. Determining 

the speciality of the amplified product with 1% agrose electro-
phoresis and ethidium bromide (EB) staining showed the single 
lines of 166 and 262 bp for β-actin and ATF5 genes, respectively.

Among the 92 paired samples, the ratio of ATF5 mRNA 
expression was >1 for 33 (35.9%) cases and <1 in 59 (64.1%) 
cases. REST software analysis showed that mRNA expression 
of ATF5 in the cancer group was not different from that in the 
control group (P>0.05); thus, ATF5 mRNA expression was not 
up-regulated in comparison to the control group. The Ct value 
data are shown in Table II.

Relationship between ATF5 mRNA expression and clinico-
pathological features. As shown in Table III, the comparisons 
indicated that the expression levels were not significantly 
associated with the factors of age, gender, histological type of 
the tumor, grade of differentiation, depth of invasion, lymph 
node metastasis and distant metastasis.

Immunohistochemical staining for ATF5 in the human rectal 
cancer tissues

Immunohistochemical staining for ATF5 in the human rectal 
cancer and normal tissues. Representative staining of ATF5 
protein expression in the normal tissues, the well and poorly 
differentiated cancer tissues, as well as the negative control are 
shown in Fig. 1. The nuclei of cells in the rectal cancer tissues 
were positively stained, while the cell membranes and stromal 
components were not. Of the 92 paired samples, 59 (64.1%) 
cancer tissues and 29 (31.5%) normal tissues showed positive 
staining, achieving significant difference (P=0.000) (Table IV).

Relationship between ATF5 protein expression and 
clinicopathological features. The intra-group comparison by 
clinicopathological features indicated that the ATF5 protein 
expression level was associated with the grade of differentiation 

Table III. Relationship between ATF5 gene expression and clinicopathological features.

Clinicopathological Total no. Ratio ≤1.0 Ratio >1.0 P-value IRS ≤1.0 IRS >1.0 P-value
features of patients n (%) n (%)  n (%) n (%)

Age (years)    0.124   0.879
  ≤60 52 30 (57.7) 22 (42.3)  19 (36.5) 33 (63.5)
  >60 40 29 (72.5) 11 (27.5)  14 (35.0) 26 (65.0)
Gender    0.382   0.996
  Male 53 32 (60.4) 21 (39.6)  19 (35.8) 34 (64.2)
  Female 39 27 (69.2) 12 (30.8)  14 (35.9) 25 (64.1)
Histological type    0.675   0.222
  Adenocarcinoma 85 54 (63.5) 31 (36.5)  29 (34.1) 56 (65.9)
  Mucinous carcinoma   7 5 (71.4) 2 (28.6)    4 (57.1)   3 (42.9)
Differentiation grade    0.246   0.013
  Poor 38 27 (71.1) 11 (28.9)    8 (21.1) 30 (78.9)
  Well-moderate 54 32 (59.3) 22 (40.7)  25 (46.3) 29 (53.7)
Invasive depth    0.274   0.517
  Ia 35 20 (57.1) 15 (42.9)  14 (40.0) 21 (60.0)
  IIb 57 39 (68.4) 18 (31.6)  19 (33.3) 38 (66.7)
Lymph node metastasis    0.879   0.142
  Negative 52 33 (63.5) 19 (36.5)  22 (42.3) 30 (57.7)
  Positive 40 26 (65.0) 14 (35.0)  11 (27.5) 29 (72.5)
Distant metastasis    0.530   0.744
  Negative 65 43 (66.2) 22 (33.8)  24 (36.9) 41 (63.1)
  Positive 27 16 (59.3) 11 (40.7)    9 (33.3) 18 (66.7)

aThrough the muscularis; bthrough the serous membrane. IRS, immunoreactive score.
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of the rectal cancer cases (P=0.013) (Table III). Regarding the 
differentiation, 29 (53.7%) out of the 59 positive cancer samples 
were well to moderately differentiated tissues and the remaining 
30 (78.9%) were poorly differentiated. IRS of the poorly differ-
entiated tumors was significantly higher than that of the well to 
moderately differentiated (P<0.05) cases. The results indicate 
that the lower the grade of differentiation, the higher the expres-
sion rate was. Representative staining of ATF5 protein expression 
in the poorly and well to moderately differentiated tumor tissues 
is shown in Fig. 1. Additionally, there were no significant differ-
ences stratified by age (P=0.879), gender (P=0.996), histological 
type (P=0.222), invasive depth (P=0.517), lymph node metas-
tases (P=0.142) and distant metastases (P=0.744).

Discussion

Transcription factors play an important role in the control 
of cell proliferation, cell cycle modulation, differentiation 
and survival and are attractive targets for cancer therapy. 
Transcription factor ATF5, an ATF/CREB family member 
and bZIP protein, functions as a cancer-specific cell survival 
factor and promotes survival of cancer cells (22,32). Although 
evidence has been presented that ATF5 is involved in the 
onset and progression of cancer (20-26), no study, to the best 

of our knowledge, has reported whether ATF5 is related to 
rectal cancer.

In the present study, the ATF5 protein and mRNA 
expression in human rectal carcinoma and normal tissue 
was analyzed using immunohistochemistry and RT-PCR. 
Immunohistochemical analysis indicated that ATF5 protein 
expression was significantly increased in the rectal cancer rela-
tive to the normal tissues. Moreover, immunohistochemical 
analysis showed that nuclear expression was increased with 
differentiation in the poorly differentiated tissues vs. the well 
to moderately differentiated tissues, which is in accordance 
with the fact that ATF5 is related to cell differentiation (33,34). 
However, there was no significant association between ATF5 
expression and patient age, gender, histological type of tumor, 
depth of invasion, lymph node metastasis and distant metas-
tasis. These observations suggest that ATF5 plays a role in the 
differentiation of rectal cancer and that ATF5 overexpression 
may be a marker for the degree of malignancy as poorer differ-
entiation indicates a greater likelihood of malignant behavior.

Notably, there was no significant difference in the relative 
mRNA expression levels of ATF5 between the rectal cancer 
and normal tissues. Moreover, the ATF5 mRNA expression 
was not related to the clinicopathological features of the human 
rectal cancer cases. The different results obtained for mRNA 

Figure 1. Immunohistochemical staining for ATF5 in rectal cancer and normal tissue (SP, x400). (A) Negative control slide with PBS was not positively stained. 
(B) Positive expression of ATF5 in normal rectal tissue. (C) Positive expression of ATF5 in rectal adenocarcinoma with low differentiation. (D) Positive expres-
sion of ATF5 in rectal adenocarcinoma with well differentiation.

Table IV. Result of ATF5 protein expression in the normal and cancer tissues.

 Total no. of IRS ≤1.0  IRS >1.0  χ2-value P-value
 patients n (%) n (%)

    19.602 0.000
Normal tissue 92 63 (68.5) 29 (31.5)
Cancer tissue 92 33 (35.9) 59 (64.1)

  A   B

  D  C
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and protein expression in this study support the hypothesis that 
overexpression of ATF5 protein may be related to the up-regu-
lation of expression at the post-transcriptional level, increased 
protein stability and hence a longer half-life time or regulation 
by other related proteins in cancer tissues. These results also 
emphasis the importance of proteomics in the study of disease-
associated gene expression at the protein level.

According to our results, the expression of ATF5 in rectal 
cancer was higher than that in the normal tissues. Poorly 
differentiated tissues had a higher level of expression than the 
well to moderately differentiated tumors. This indicates that 
ATF5 plays a role in the carcinogenesis and differentiation of 
rectal cancer.

In conclusion, overexpression of ATF5 protein in rectal 
cancer cells may be a marker for the degree of malignancy. 
This overexpression may be related to post-transcriptional 
regulation of this gene. Therefore, the role of ATF5 in rectal 
carcinogenesis and the application of ATF5 in the therapeutic 
intervention of rectal cancer require further investigation.
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