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Abstract
Background Damage-specific DNA binding protein 2 (DDB2) is implicated in the recognition of DNA damage and the 
initiation of nucleotide excision repair process. The aim of this study was to explore the role of DDB2 in the initiation, 
progression, and prognosis of colorectal cancer (CRC).
Methods Totally tissues of 300 CRC and 300 adjacent, 267 colorectal adenoma (CRA) and 214 normal (NOR) were col-
lected. The expression of DDB2 protein was detected by immunohistochemical staining.
Results DDB2 protein was highly expressed in CRC and CRA compared with NOR (P < 0.001, respectively) in the dynamic 
sequence of NOR → CRA → CRC; CRC tissue demonstrated increased DDB2 expression compared with non-tumor adjacent 
tissues (P < 0.001). DDB2 expression was higher in T1–T2 than that in T3–T4 in CRC (P = 0.023); cloddy/nested CRC dem-
onstrated increased DDB2 expression than infiltrative CRC (P = 0.007). Survival analysis showed that high DDB2 expression 
was associated with favorable survival in colon cancer (adjusted HR 0.20, 95% CI 0.06–0.72, P = 0.014) and female CRC 
patients (adjusted HR 0.27, 95% CI 0.08–0.92, P = 0.036).
Conclusion DDB2 protein expression was associated with the initiation, progression, and prognosis of CRC, and might 
function as a tumor biomarker for the diagnosis and prognosis of CRC.
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Introduction

DDB2 (damage-specific DNA binding protein 2) gene, 
mapped to chromosome 11p11.2, encodes a protein impli-
cated in the recognition of DNA damage and the initiation of 
NER process [1]. DDB2 gene was first found to reflect radia-
tion, whose mutation would lead to defect of DNA damage 
repair, appearance of Xeroderma pigmentosum E type and 
finally progress to skin cancer [2, 3]. Subsequently, over-
expression of DDB2 gene was found to not merely decrease 
the motility and invasion, but also inhibit the implantation 
metastasis of tumor at the lung of nude mice [4]. Using 
Kaplan–Meier plotter tool, Gyorffy et al. [5] suggested a 
favorable relapse-free survival and overall survival in breast 
cancer patients with high DDB2 mRNA expression. As for 
colon cancer, Roy et al. indicated that DDB2 expression 
could significantly suppress the implantation metastasis 
of tumor cells in liver and lung of mice. In addition, they 
observed that DDB2 decreased invasion of cancer mainly 
through inhibiting epithelial-mesenchymal transition (EMT) 
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of colon cells [6]. Similarly, the tumor suppressor function 
of DDB2 was then confirmed in ovarian cancer [7]. As a 
result, DDB2 might be involved in carcinogenesis and pro-
gression of different types of cancer.

Colorectal cancer (CRC) is one of the most common 
malignant tumors in digestive tract. According to the global 
cancer statistics, CRC new cases ranked the third in males 
and the second in females; CRC related death was the fourth 
in males and the third in females [8]. Until now, the role 
of DDB2 in the occurrence, development of CRC is still 
elusive, neither is clear concerning the relation of DDB2 
expression with clinical biological behavior and prognosis of 
CRC. In the present study, we therefore investigated DDB2 
protein expression in normal (NOR) intestinal mucosa, colo-
rectal adenoma (CRA), and colorectal cancer (CRC) tissues 
to elucidate the variation tendency of intestinal mucosa 
cells in the dynamic sequence of NOR → CRA → CRC. The 
expression difference of DDB2 in CRC tissue and its cor-
responding non-tumor adjacent tissue was also detected. In 
addition, we investigated the association of DDB2 expres-
sion with clinicopathological parameters and survival of 
CRC patients in order to shed light on the effect of DDB2 in 
colorectal carcinogenesis, progression, and prognosis.

Materials

Patients and Tissue Specimens

A total of 300 CRC patients were included from the Depart-
ment of Anorectal Surgery of the First Affiliated Hospital 
of China Medical University who underwent surgical resec-
tion between October 2012 and July 2015. The correspond-
ing non-tumor adjacent tissues of CRC patients were also 
collected. We also enrolled 267 colorectal adenoma (CRA) 
from Endoscopic submucosal dissection (ESD) or surgical 
operation in our hospital. As for the normal group (NOR), 
214 individuals with non-tumor benign anal disease (inter-
nal hemorrhoid, mixed hemorrhoid, prolapse of rectum, 
rectocele) were enrolled. The samples of CRC and CRA 
were diagnosed based on histological results according to 
World Health Organization criteria. TNM staging of CRC 
was performed according to International Union Against 
Cancer (UICC)/American Joint Committee on Cancer 
(AJCC) (7th edition, 2010) after postoperative pathological 
diagnosis. Exclusion criteria for CRC patients: (1) with XP 
disease, (2) with Hereditary nonpolyposis colorectal cancer 
(HNPCC), (3) receiving preoperative chemotherapy or radi-
ation. Our follow-up ended in August 2016. Among the 300 
CRC cases, intact survival information was acquired from 
274 cases patients (mean survival time was 39.9 months; the 
time of follow-up ranged from 13 to 46 months; 52 of them 
had died). Overall survival (OS) was calculated for the time 

from the date of operation to death. History of smoking is 
defined as at least one cigarette daily for at least 1 year. His-
tory of drinking was considered as the average alcohol intake 
per day for at least 50 g, and duration for at least 1 year. 
The study was approved by the Institute Research Medical 
Ethics Committee of the First Affiliated Hospital of China 
Medical University. We began our study in June, 2016. All 
the participants provided their written informed consent and 
consented to participate in our study and have their tissue 
used for research.

Immunohistochemistry

A 4-μm-thick tissue sections from paraffin-embedded tis-
sues were cut into the poly-l-lysine-coated glass slides and 
then baked in oven at 70 °C overnight. After deparaffiniz-
ing in xylene and rehydrating in graded ethanol, tissue sec-
tions were immersed in citrate buffer for antigen retrieval. 
Endogenous peroxidase was quenched using 3% hydrogen 
peroxide for 30 min. In order to decrease the nonspecific 
staining, 10% normal goat serum was subsequently used 
to block tissue collagen for 30 min. Tissue sections were 
then incubated with rabbit polyclonal antibody anti-DDB2 
(ab77765, 1:1000 dilution; Abcam, Cambridge, UK) for 
60 min at room temperature (24–27 °C). After that, bioti-
nylated secondary antibody and streptavidin–biotin–peroxi-
dase were used to incubate tissue sections for 10 min each 
in turn. Slides were stained with DAB (DAB-0031, Maixin 
Inc., Fujian, China) chromogenic reagent for 60 s, afterward 
counterstained with hematoxylin. As a negative control, PBS 
buffer replaced the antibody against DDB2. UltraSensitive™ 
SP (Mouse/Rabbit) IHC Kit (KIT-9720, Maixin Inc., Fujian, 
China) were used in our experiment.

Evaluation of Immunohistochemical Staining

Because DDB2 is a nuclear protein [9], we calculated the 
nuclear staining in our study. The immunohistochemical 
results were evaluated and scored independently by two 
experienced pathologists who were blinded to the patients’ 
clinicopathological characteristics. And if the differences 
between the results of the pathologists were more than one 
grade, more scopes would be selected and the final scores 
would be discussed and concluded by the two pathologists. 
We used a semiquantitative scoring criterion to evaluate the 
expression of DDB2 in positive nucleus. Scoring criterion: 
(1) staining intensity was classified into 0 (no staining), 
1 (light brown), 2 (brown staining), and 3 (heavy brown 
staining); (2) percentage of stained cells (0, 0–5; 1, 6–25; 2, 
26–50; 3, 51–75; 4, 76–100%). Finally, we multiplied stain-
ing intensity by percentage of stained cells to get immu-
noreactivity score (IS), which was classified as: score = 0, 
negative (-); score = 1–4, weak positivity (+); score = 5–8, 
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moderate positivity (++); score = 9–12, strong positivity 
(+++). We used IS = 6 (half of the strongest score 12) as 
cutoff value to distinguish high or low expression of DDB2 
protein.

TCGA Data of DDB2

TCGA (The Cancer Genome Atalas) generated comprehen-
sive and multi-dimensional maps of the critical genomic 
changes in 33 types of cancer. In this study, we analyzed 
TCGA data to investigate the association of DDB2 mRNA 
expression with clinicopathological parameters and prog-
nosis of CRC.

Statistical Analysis

The differences of age between groups were assessed using 
the analysis of variance test. The χ2 test was applied to assess 
differences between categorical variables such as gender. 
The difference of DDB2 expression in NOR-CRA-CRC 
sequence and the difference between CRC and non-tumor 
adjacent tissues were assessed by nonparametric test. Sur-
vival analysis was assessed by Kaplan–Meier method, and 
log-rank test was used to compare the differences between 
groups. To evaluate whether the expression of DDB2 is an 
independent prognostic factor, multivariate Cox proportional 
hazards model was used. Two-sided P values < 0.05 were 
considered to be statistically significant. Statistical analysis 
was performed by SPSS 18.0 software (SPSS, Chicago, IL, 
USA).

Results

DDB2 Protein Expression in Different Colorectal 
Diseases

The baseline characteristics and clinicopathological param-
eters of NOR, CRA, CRC are listed in Table 1. The expres-
sion profile of DDB2 protein in NOR, CRA, and CRC is 
summarized in Table 2. High positive rate of DDB2 protein 
expression was detected in NOR (94.9%), CRA (99.3%), 
and CRC (99.7%). According to the results of Mann–Whit-
ney U test between two different groups, DDB2 protein 
expression was significantly higher in CRC than that in 
NOR (P < 0.001); DDB2 protein expression was also sig-
nificantly increased in CRA than that in NOR (P < 0.001); 
but no significant difference was found between CRC and 
CRA, (P = 0.563) (Fig. 1). In addition, DDB2 was signifi-
cantly highly expressed in CRC tissue than that in non-tumor 
adjacent tissue (P < 0.001) (Table 2; Fig. 2). Four different 
grades of immunoreactivity score (IS) including negative (-), 

weak positivity (+), moderate positivity (++), and strong 
positivity (+++) are displayed in Fig. 3.

We then performed subgroup analysis based on age and 
gender and got similar results: in both males and females, 
age > 60 and age < 60, DDB2 protein expression was all 
increased in CRC or CRA than that in NOR; DDB2 was 
significantly highly expressed in CRC tissue than that in 
non-tumor adjacent tissue.

Association Between DDB2 Protein Expression 
and Individual Clinicopathological Parameters 
of CRC 

We classified 300 CRC individuals based on age, gender, 
smoking, drinking, TNM stage, tumor invasion, lymph node 
metastasis and so on. The difference between each group 
was detected by Mann–Whitney U test (Table 3). The results 
indicated that DDB2 expression was higher in T1–T2 CRC 
patients than that in T3–T4 (P = 0.023); cloddy/nested CRC 
demonstrated increased DDB2 expression than infiltrative 
CRC (P = 0.007). As for other clinicopathological factors, 
no significant result was found.

Correlation Between DDB2 Expression and Survival 
of CRC 

Immunoreactivity score (IS) = 6 was used as cutoff value to 
distinguish high or low expression of DDB2 protein. Log-
rank test was adopted to describe the survival status of CRC 
patients in different groups (Table 1). Cox regression was 
used to assess the relation of DDB2 protein expression with 
CRC overall survival. According to the univariate survival 
analysis, DDB2 expression was not significantly associ-
ated with prognosis of CRC (HR = 0.60, 95% CI 0.34–1.09, 
P = 0.093) (Table 4). After multivariate survival analysis 
adjusted by age, gender, TNM stage, and differentiation 
degree, there was still no significant relation between DDB2 
protein expression and CRC survival (adjusted HR = 0.64, 
95% CI 0.35–1.17, P = 0.147). In the subgroup of chemo-
therapy, DDB2 expression showed no significant relation 
with CRC prognosis; in the subgroup of no chemotherapy, 
high DDB2 expression demonstrated significant relation 
with better CRC prognosis in both univariate (HR = 0.43, 
95% CI 0.19–1.00, P = 0.049) and multivariate models 
(adjusted HR = 0.40, 95% CI 0.16–0.97, P = 0.043). Sub-
group analysis based on gender indicated that CRC patients 
with high DDB2 expression had favorable overall survival 
(OS) than individuals with low DDB2 expression in females 
(adjusted HR = 0.27, 95% CI 0.08–0.92, P = 0.036). As for 
the subgroup analysis of colon cancer and rectal cancer, 
high DDB2 expression was related with longer OS than low 
expression in colon cancer (adjusted HR = 0.20, 95% CI 
0.06–0.72, P = 0.014) (Fig. 4).
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Table 1  Clinicopathological parameters of NOR, CRA, CRC and survival in CRC 

Characteristics Categories P Cases of events MST P

NOR(214) CRA(267) CRC(300)

Gender < 0.001 0.071
 Male 75 148 176 37 38.79
 Female 139 119 124 15 40.61

Age (years) < 0.001 0.359
 > 60 58 137 160 32 38.51
 ≤ 60 156 130 140 20 40.62

Smoking 0.916
 Yes 79 13 39.95
 No 219 39 38.96

Drinking 0.893
 Yes 36 6 39.40
 No 249 46 38.79

Tumor location 0.888
 Colon 85 15 39.04
 Rectum 214 36 39.53

TNM stage < 0.001
 I 75 2 44.00
 II 75 8 42.06
 III 129 33 36.75
 IV 21 9 26.61

Invasive extent 0.003
 T1–2 90 6 42.78
 T3–4 210 46 38.22

Lymph node metastasis < 0.001
 Positive 143 40 35.57
 Negative 157 12 43.11

Distant metastasis < 0.001
 Positive 21 9 26.61
 Negative 279 43 40.73

Tumor deposit < 0.001
 Positive 33 15 24.27
 Negative 191 24 36.42

Perineural invasion 0.026
 Positive 150 32 33.21
 Negative 79 8 41.06

Lymphatic/venous invasion 0.002
 Positive 70 20 33.53
 Negative 230 32 41.18

Growth pattern 0.001
 Infiltrative 171 40 36.68
 Nested/cloddy 128 12 42.86

Differentiation degree < 0.001
 Poor/mucinous 84 29 32.59
 Well/moderate 203 20 42.83

Maximum diameter (cm) 0.033
 > 4 142 32 37.41
 ≤ 4 157 19 41.69
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Table 1  (continued)

Characteristics Categories P Cases of events MST P

NOR(214) CRA(267) CRC(300)

Family history 0.600
 Positive 63 12 38.31
 Negative 237 40 40.07

NOR normal, CRA  colorectal adenoma, CRC  colorectal cancer, MST median survival time

Table 2  DDB2 expression in 
NOR, CRA, CRC and non-
tumor adjacent tissues

P1–CRA versus NOR, P2—CRC versus NOR, P3—CRC versus CRA, P4—CRC versus adjacent
− negative, + weak, ++ moderate, +++ strong staining, PR positive rate

Group Cases (−) (+) (++) (+++) PR (%) P
n (%) n (%) n (%) n (%)

NOR 214 11 (5.1) 113 (52.8) 63 (29.4) 27 (12.6) 94.9 Ref.
CRA 267 2 (0.8) 63 (23.6) 75 (28.1) 127 (47.6) 99.3 P1 < 0.001 Ref.
CRC 300 1 (0.3) 61 (20.3) 109 (36.3) 129 (43.0) 99.7 P2 < 0.001 P3 = 0.563
Adjacent 300 19 (6.3) 77 (25.7) 147 (49.0) 57 (19.0) 93.7 P4 < 0.001

Fig. 1  Representative photomicrographs of immunohistochemical staining of DDB2 expression in different colorectal tissues. Low nuclear 
expression of DDB2 was found in NOR (a). DDB2 expression level in CRA (b) and CRC (c) were higher than in NOR. Magnification ×200

Fig. 2  DDB2 expression in CRC and non-tumor adjacent tissue. Representative matched CRC tissue and non-tumor adjacent tissue showed that 
DDB2 was significantly highly expressed in CRC tissue (a) than that in non-tumor adjacent tissue (b). Magnification ×200
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No significant result was observed in other subgroup 
analysis on the basis of TNM stage, tumor invasion, lymph 
node metastasis, growth pattern, differentiation degree, and 
the maximum diameter of tumor.

Results Based on TCGA Data

According to the data from TCGA, DDB2 mRNA expres-
sion was significantly associated with TNM stage (N, M) 
of colon cancer. No significant relation was found between 
DDB2 mRNA expression and clinicopathological param-
eters of rectal cancer (Supplementary Table 1). In addition, 
DDB2 mRNA expression showed no significant association 
with prognosis of CRC (Supplementary Table 2).

Discussion

As a key protein implicated in the recognition step of NER 
pathway, the alternation of DDB2 might change the DNA 
repair capacity of organism, thus influencing the develop-
ment and outcome of a variety of cancers including CRC. 
In order to elucidate the role of DDB2 in colorectal carcino-
genesis, we detected the protein expression of DDB2 in the 
dynamic sequence of NOR → CRA → CRC as well as the 
expression difference between CRC tissue and non-tumor 

adjacent tissues by immunohistochemical staining. In addi-
tion, the relation of DDB2 protein expression with clinico-
pathological parameters and survival of CRC patients was 
also explored. To the best of our knowledge, this is the first 
investigation about DDB2 expression covering the dynamic 
developing sequence of CRC. Besides, the association of 
DDB2 expression with CRC clinical biological behaviors 
and prognosis has not been studied previously. The results 
indicated that DDB2 protein was highly expressed in CRC 
and CRA tissues compared with normal colorectal tissues; 
high DDB2 expression was associated with longer survival 
time in colon cancer and female CRC patients.

Mice deficient in DDB2 have been proved to develop 
spontaneous malignant tumors at a high rate [10], which 
indicated probable effect of DDB2 in cancer development. 
Previously, DDB2 protein expression has been studied in 
skin cancer, ovarian cancer, and colon cancer, which was 
mainly expressed in cell nucleus. Using tissue microarrays, 
Stoyanova et al. [11] observed a significant loss of the DDB2 
protein expression in basal cell carcinoma (BCC). In ovarian 
cancer, normal ovary epithelial cells (n = 16) displayed high 
DDB2 staining, whereas ovarian carcinoma cells (n = 43) in 
most of tumor tissue exhibited low DDB2 expression [7]. 
Roy et al. [6] found that DDB2 was down-regulated in colon 
cancer. In our study, DDB2 protein was highly expressed 
in CRC and CRA tissues compared with normal colorectal 

Fig. 3  Four different expression levels of DDB2 in CRC tissue. a Negative (−), b weakly positive (+), c moderately positive (++), d strongly 
positive (+++). Magnification ×200
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Table 3  Association between 
DDB2 expression and 
clinicopathological parameters 
of CRC 

Statistically significant results are given in bold
PR positive rate

Variables Cases (−) (+) (++) (+++) PR (%) P
n n n n

Gender 0.724
 Male 176 0 40 57 79 100.0
 Female 124 1 21 52 50 99.2

Age (years) 0.950
 > 60 160 1 30 62 67 99.3
 ≤ 60 140 0 31 47 62 100.0

Smoking 0.978
 Yes 79 0 21 21 37 100.0
 No 219 1 40 87 91 99.5

Drinking 0.991
 Yes 36 0 10 8 18 100.0
 No 249 1 48 96 104 99.6

Tumor location 0.706
 Colon 85 0 20 31 34 100.0
 Rectum 214 1 41 77 95 99.5

TNM stage 0.275
 I 75 0 9 28 38 100.0
 II 75 0 21 28 26 100.0
 III 129 1 25 49 54 99.2
 IV 21 0 6 4 11 100.0

Invasive depth 0.023
 T1–2 90 0 9 36 45 100.0
 T3–4 210 1 52 73 84 99.5

Lymph node metastasis 0.572
 Positive 143 1 26 52 64 99.3
 Negative 157 0 35 57 65 100.0

Distant metastasis 0.593
 Positive 21 0 6 4 11 100.0
 Negative 279 1 55 105 118 99.6

Tumor deposits 0.881
 Positive 33 0 10 7 16 100.0
 Negative 191 1 35 72 83 99.5

Perineural invasion 0.824
 Positive 150 1 32 52 65 99.3
 Negative 79 0 15 29 35 100.0

Lymphatic/venous invasion 0.686
 Positive 70 0 15 28 27 100.0
 Negative 230 1 46 81 102 99.6

Growth pattern 0.007
 Infiltrative 171 1 43 61 66 99.4
 Cloddy/nested 128 0 18 48 62 100.0

Differentiation degree 0.157
 Poor/mucinous 84 0 17 24 43 100.0
 Well/moderate 203 1 43 80 79 99.5

Maximum diameter (cm) 0.504
 > 4 142 0 33 50 59 100.0
 ≤ 4 157 1 28 58 70 99.4

Family history 0.168
 Positive 63 0 13 17 33 100.0
 Negative 237 1 48 92 96 99.6
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tissues. In addition, CRC tissues demonstrated increased 
DDB2 protein expression than non-tumor adjacent tissues. 
The controversies between results of our study and that in 
skin cancer and ovarian cancer might due to the different 
types of cancers. Roy et al.’s study included 41 normal 
colon and 206 colon cancer and found different results with 
ours. The reasons might be as follows: our study included 
more available sample size (300 CRC, 267 CRA, and 214 
NOR) of dynamic disease sequence. Besides, the ethnici-
ties and detecting methods between Roy et al.’s study and 
ours were different. In addition, the inclusion criteria and 
clinicopathological status of the patients might also con-
tribute to the difference. The phenomenon that DDB2 was 
highly expressed in CRC and CRA might due to significant 
increased DNA damages in CRC and CRA. Previous inves-
tigations have shown that expression levels of NER factors 
including ERCC1 and XPD correlated with DNA repair abil-
ity in various tissues [12–14]. Because high DDB2 expres-
sion was closely related to enhanced NER capacity [15, 16], 
colorectal carcinogenesis may arise more DNA damage and 
thereby induce the high expression of DDB2. DDB2 might 

therefore be a promising biomarker to predict the develop-
ment of CRC. Although DDB2 has been reported to sup-
press epithelial-to-mesenchymal (EMT) in colon cancer 
[6], the changing mechanism of DDB2 and NER capacity 
in colorectal carcinogenesis has not been investigated. Fur-
ther studies concerning the role of DDB2 expression profile 
in CRC development and its mechanism are still required.

It has been reported that high DDB2 expression could not 
only reduce the invasion and migration of breast cancer, but 
also inhibit the implantation metastasis of breast cancer cells 
at lung in nude mice [4]; in ovarian cancer cell line and nude 
mice, over-expression of DDB2 could suppress the growth 
of ovarian cancer [7]. Considering the influence of DDB2 
on multiple biological activities of tumor, we analyzed the 
relation between DDB2 expression and clinicopathological 
parameters of CRC patients. We did not found certain rela-
tion of DDB2 protein expression with lymph node metasta-
sis, distant metastasis, and differentiation degree. Significant 
decreased DDB2 expression was detected in deeper invasion 
and worse growth pattern: DDB2 was highly expressed in 
T1–T2 stage than that in T3–T4 stage; the expression of 

Table 4  Association between 
DDB2 expression and survival 
of CRC 

Statistically significant results are given in bold
MST median survival time

Cases Cases of events MSTa Univariate Multivariate

P HR 95% CI P HR 95% CI

DDB2 expression
Low 59 16 36.43 1 (ref) 1 (ref)
High 215 36 40.63 0.093 0.60 0.34–1.09 0.147 0.64 0.35–1.17
Stratification
Gender
 Male
  Low 39 11 36.37 1 (ref) 1 (ref)
  High 126 26 39.34 0.378 0.73 0.36–1.47 0.627 0.84 0.41–1.72

 Female
  Low 20 5 35.79 1 (ref) 1 (ref)
  High 89 10 41.56 0.125 0.43 0.15–1.26 0.036 0.27 0.08–0.92

Location
 Rectum
  Low 40 10 36.90 1 (ref) 1 (ref)
  High 155 26 40.03 0.293 0.68 0.33–1.40 0.408 0.73 0.34–1.55

 Colon
  Low 19 6 34.02 1 (ref) 1 (ref)
  High 59 9 40.50 0.131 0.45 0.16–1.27 0.014 0.20 0.06–0.72

Chemotherapy
 Yes
  Low 20 4 37.29 1 (ref) 1 (ref)
  High 82 7 42.59 0.163 0.42 0.12–1.42 0.409 0.55 0.13–2.30

 No
  Low 29 10 33.62 1 (ref) 1 (ref)
  High 77 12 40.82 0.049 0.43 0.19–1.00 0.043 0.40 0.16–0.97
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DDB2 was increased in cloddy/nested growth pattern than 
that in infiltrative growth. Roy et al.’s research in colon can-
cer suggested a tendency of decreased DDB2 expression in 
high-grade colon cancer [6], which was similar to our find-
ing of low DDB2 expression in T3–T4 stage and infiltrative 
growth type CRC. As the invasive depth and growth pattern 
are key factors to reflect the invasion and migration of tumor 
cells, DDB2 protein expression might indicate the different 
stages of CRC progression.

Previous investigations have reported the predic-
tive role of NER pathway genes in prognosis of various 
types of cancers [17–21]. In this study, we revealed for 
the first time the relation between DDB2 expression and 
CRC prognosis. Borderline relation was detected in uni-
variate survival analysis (P = 0.093) while no significant 
association was found in multivariate survival analysis 
(P = 0.147). After subgroup analysis based on gender 
and tumor location, high DDB2 protein expression was 
found to predict longer survival time in colon cancer and 
in female CRC patients. In the subgroup of no chemo-
therapy, high DDB2 expression demonstrated significant 
relation with better CRC prognosis while no significant 
result was found in the subgroup of chemotherapy. These 
results suggested that chemotherapy might influence the 
association between DDB2 expression and prognosis of 
CRC patients. Two studies in ovarian cancer and breast 
cancer also suggested similar results: Han et al. [7] dem-
onstrated association of low DDB2 mRNA expression and 
worse OS and progression-free survival (PFS) in ovarian 
cancer on the basis of publicly available Kaplan–Meier 
plotter tool. Using the same online survival analysis tool, 

Gyorffy et al. [5] revealed a favorable relapse-free survival 
(RFS) and OS in high DDB2 mRNA expression group of 
breast cancer. These findings all indicate a predictive role 
of high DDB2 protein for better prognosis of cancer, which 
is anticipated to be applied in the evaluation and treat-
ment of postoperative CRC patients. According the data 
from TCGA, DDB2 mRNA expression was significantly 
associated with TNM stage (N, M) of colon cancer but 
no significant relation was found between DDB2 mRNA 
expression and clinicopathological parameters of rectal 
cancer. In addition, DDB2 mRNA expression showed no 
significant associated with prognosis of CRC. The differ-
ences between TCGA data and our findings might arise 
from the different detecting levels that TCGA data only 
had mRNA expression profiles.

Several limitations should be acknowledged in the pre-
sent study. Although the immunohistochemical results 
were evaluated and discussed by two experienced pathol-
ogists, the semiquantification scoring system might still 
involve subjective factors. In addition, research based 
on only one ethnicity could not come up with persuasive 
results. Therefore, further large-scale studies base on dif-
ferent ethnicities as well as molecular investigations are 
required to confirm our findings.

Conclusion

In summary, DDB2 protein was highly expressed in CRC 
and CRA than benign colorectal diseases in the dynamic 
sequence of NOR → CRA → CRC; CRC tissue demonstrated 

Fig. 4  Association of DDB2 protein expression with CRC prognosis. a Female subgroup, b colon subgroup
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increased DDB2 expression compared with non-tumor adja-
cent tissues, which suggested that DDB2 is implicated in the 
pathogenic process of CRC. DDB2 expression was associ-
ated with invasion depth and growth pattern of CRC. High 
DDB2 expression was associated with favorable survival in 
colon cancer and female CRC patients. Therefore, DDB2 
might function as a tumor biomarker for the diagnosis and 
prognostic evaluation of CRC in the future.
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