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Prognostic significance of discoidin domain receptor 2 
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Abstract: Increasing evidence has suggested that discoidin domain receptor 2 (DDR2) plays an important role in 
cancer development and metastasis. However, the correlation between DDR2 expression and clinical outcome 
in ovarian cancer has not been investigated. In this study, DDR2 expression was examined by Real-time PCR in 
surgically resected ovarian cancer and normal ovary tissues. Besides, DDR2 expression was analyzed immunohis-
tochemically in 103 ovarian cancer patients, and the correlation between DDR2 expression with clinicopathologic 
factors was analyzed. The result showed that DDR2 mRNA expression was upregulated in ovarian cancer tissues 
compared with normal ovary tissues. Statistical analysis revealed that DDR2 expression correlated with tumor stage 
(P = 0.008) and peritoneal metastasis (P = 0.009). Patients with high DDR2 expression showed poorer 5-year over-
all survival (P = 0.005), and DDR2 remained an independent prognostic marker for OS (P = 0.013) in multivariate 
analysis. Our results suggest that DDR2 might be closely associated with ovarian cancer progression and metasta-
sis. Its high expression may serve as a potential prognostic biomarker in human ovarian cancer.
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Introduction 

Despite a decrease in deaths in recent 
decades, ovarian cancer is still one of the most 
leading cause of cancer-related death world-
wide, with more than 225,000 new cases and 
nearly 142,000 deaths annually [1]. For 
patients with advanced stages with metastatic 
lesions, the clinical outcome remains rather 
poor, with a 5-year survival rate of <30% [2]. As 
clinicians move towards personalized cancer 
medicine, it is therefore crucial to understand 
the molecular mechanisms involved in the 
tumor progression, not only to predict ovarian 
cancer outcome, but also to select subset of 
population for potential targeted therapeutic 
strategies before tumor progression.

Discoidin domain receptor 2 (DDR2) belongs to 
the family of receptor tyrosine kinases (RTKs) 
that binds to and is activated by collagen in the 
extracellular matrix [3]. RTKs are important for 

the communication of cells with their microenvi-
ronment and are involved in the regulation of 
cell growth, differentiation and metabolism [4]. 
The DDR2 gene is located on chromosome 
1q23.3, and the DDR2 protein is expressed in 
epithelial cells, particularly in the kidney, lung, 
gastrointestinal tract, and brain [5]. Using an 
exon sequencing assay, DDR2 was first identi-
fied as a potential oncogenic target in lung 
squamous cell cancer (SCC). The authors 
reported a 3.8% incidence of DDR2 point muta-
tions in lung SCC samples [6]. Depletion of 
mutant DDR2 using RNA interference in lung 
SCC cells demonstrated oncogene addiction. In 
addition, DDR2 has been implicated to exhibits 
crosstalk with other cell surface receptors such 
as the integrins and RTKs resulting in diversifi-
cation of downstream signal transduction net-
works [7]. Moreover, DDR2 has been shown to 
function as an adhesion receptor, which is acti-
vated by collagen, although there is limited 
information available on the signaling pathways 
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activated by DDR2 upon collagen engagement. 
Rather, Payne et al. showed that these signal-
ing events are independent of integrin activa-
tion by collagen and are specific to the DDR2 
pathway [8]. Recently, DDR2 has been impli-
cated in a number of cancer types to play a role 
in driving proliferation and metastasis. How- 
ever, the biological roles of DDR2 in human 
ovarian cancer remain unknown.

In the present study, we first detected DDR2 
expression in primary ovarian carcinoma using 
real-time PCR and immunohistochemistry. The 
aim was to evaluate the association between 
DDR2 overexpression and clinical pathological 
factors and analyze its impact on clinical sur-
vival. Then the association of DDR2 overex-
pression and the clinicopathological signifi-
cance was investigated to clarify the role of 
DDR2 in ovarian cancer development and 
metastasis.

Materials and methods

Patients and tissue specimens

A total of 103 ovarian cancer patients who 
underwent surgical resection from January 
2006 to February 2010 at Guangzhou Women 
and Children’s Medical Center were analyzed. 
The records of patients were reviewed in the 
context of clinicopathological and follow-up 
information. The stage of ovarian cancer was 
classified according to the latest International 
Federation of Gynecology and Obstetrics crite-
ria [9]. The overall survival time and recurrence-
free survival time was calculated starting from 
the date of the initial surgery to the time of 
death or recurrence, counting death from any 
cause as the end point or the last date of fol-

low-up as the end point, if no event was docu-
mented. None of the patients received preop-
erative chemotherapy or radiation therapy. 
After surgery, resected specimens were pro-
cessed routinely for macroscopic pathological 
assessment. Prior informed consent was obta- 
ined from each patient and this study was 
approved by the Research Ethics Committee of 
Guangzhou Medical University.

Real-time polymerase chain reaction (PCR)

The expression levels of DDR2 in ovarian can-
cer and normal ovary tissues were determined 
by Real time RT-PCR. A total of 2 ug of tissue 
RNA was reverse transcribed to cDNA with a 
high-capacity cDNA reverse transcription kit 
(Applied Biosystems) according to the manu-
facturer’s instructions. For the quantitative 
analysis of specific mRNA expression, CT val-
ues were calculated by 7500 SDS software, 
and each PCR reaction was repeated at least 
three times. The primers used are as follows: 
DDR2: 5’-CTCCCAGAAT TTGCTCCAG-3’ (sense), 
5’-GCCACATCTT TTCCTGAGA-3’ (antisense); 
β-actin, 5’-AATCTGGCAC CACACCTTCT ACAA-3’ 
(sense) and 5’-TAGCACAGCC TGGATAGCAA CG- 
3’ (antisense). The expression ratio of DDR2 to 
β-actin in every sample was considered as the 
relative mRNA level.

Immunohistochemistry

Immunohistochemical staining was performed 
to assess the protein expression of DDR2 in 
ovarian cancer specimens. Formalin-fixed tu- 
mor tissues were embedded in paraffin, and 
serial sections (4 μm) were dewaxed in toluene, 
rehydrated in an alcohol gradient, permeabi-
lized in citrate buffer (pH 6.0), quenched with 
3% H2O2 for 5 min to eliminate endogenous per-
oxidase activity, washed in PBS, incubated 
overnight at 4°C with monoclonal rabbit anti-
body against DDR2 (Abcam, Cambridge, USA; 
1:200). Then the tissue sections were incubat-
ed with biotinylated goat anti-rabbit IgG anti-
body for 15 min. After washing, sections were 
incubated with streptavidin-peroxidase, lightly 
counterstained with hematoxylin, and observ- 
ed under a photomicroscope. Immunostaining 
was separately reviewed and scored by two 
independent pathologists who were blinded  
as to the patients. All tissue samples were 
assessed in a consecutive analysis to ensure 
maximal internal consistency. The analysis was 

Figure 1. Expression of DDR2 mRNA in 10 freshly 
frozen ovarian cancer tissues and 10 normal ovary 
tissues through real-time PCR. Bars represent the 
means of three independent experiments; *P<0.05.
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assessed according to both the proportion and 
intensity of positively stained cancer cells. The 

SPSS 16.0 software was used to perform sta-
tistical analyses. Statistical comparisons of the 

Figure 2. Representative images of DDR2 from immunohistochemistry assays in ovarian cancer specimens (high 
expression for A and B; low expression for C and D) (200x for A and C, 400x for B and D). 

Table 1. Correlation between DDR2 expression and clinico-
pathologic characteristics of in 103 ovarian cancer patients

Variables n
DDR2 expression

P
High Low

Age (y) ≤55 36 20 16 0.392
>55 67 43 24

FIGO stage I-II 42 16 16 0.008
III-IV 61 47 14

Grade 1/2 70 42 28 0.724
3 33 21 12

Tumor size ≤5 cm 55 33 22 0.352
>5 cm 57 39 18

Histological type Serous 67 42 25 0.677
Others 36 21 15 

Peritoneal metastasis No 45 21 24 0.009
Yes 58 42 16

LN metastasis No 83 47 36 0.054
Yes 20 16 4

extensional standards taken were as 
follows: (1) number of positive 
stained cells ≤5%, scored 0; 6-25%, 
scored 1; 25-50%, scored 2; 51-75%, 
scored 3; and >75%, scored 4; and 
(2) intensity of stain: colorless, 
scored 0; pallideflavens, scored 1; 
yellow scored 2; and brown, scored 
3. The extensional standards (1) and 
(2) were multiplied, and the staining 
grade was stratified as absent (0 
score), weak (1-4 score), moderate 
(5-8 score) or strong (9-12 score). 
Intensity and fraction of positive cell 
scores were multiplied and thus the 
scoring system was defined as low 
expression for scores of 0-3, and as 
high expression for scores of 4-12. 

Statistical analysis
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clinicopathological characteristics were per-
formed by the χ2 test. Differences in mRNA lev-
els between groups and the association 
between clinicopathological factors were ana-
lyzed by the Student t test. The data were 
expressed as mean ± standard deviation (SD). 
Overall survival and recurrence-free survival 
curves were obtained by the Kaplan-Meier 
method and were compared with the log-rank 
test. Multivariate analyses were performed by 
Cox proportional hazard models. P<0.05 was 
considered statistically significant.

Results

DDR2 is highly expressed in ovarian cancer

In order to explore the role of DDR2 in ovarian 
cancer, we selected 10 freshly frozen ovarian 
cancer tissues and 10 normal ovary tissues 

randomly to detect the expression level of 
DDR2 using real-time quantitative PCR (qPCR) 
analysis. It was found that the expression level 
of DDR2 in cancer tissues was higher than in 
normal ovary tissues (Figure 1).

Association of DDR2 expression and clinico-
pathological factors

DDR2 expression in 103 primary ovarian tumor 
specimens was determined by immunohisto-
chemistry. As shown in Figure 2, DDR2 protein 
mainly localized at cytomembrane systems. 
Statistical analysis further showed positive 
associations of DDR2 expression with tumor 
stage (P = 0.008) and peritoneal metastasis (P 
= 0.009). However, DDR2 expression showed 
no significant relation with age, tumor size, his-
tological type, or differentiation (Table 1).

Figure 3. Kaplan-Meier survival analysis stratified according to DDR2 expression in ovarian cancer patients. (A) 
DDR2 expression and patients’ overall survival and (B) patients’ recurrent-free survival.

Table 2. Multivariate Cox regression analysis of survival in all population

Prognostic variables
OS RFS

HR (95% CI) P HR (95% CI) P 
Age (>55 vs ≤55) 1.843 (0.084-4.548) 0.674 1.407 (0.296-5.315) 0.709
FIGO Stage (III-IV vs I-II) 2.535 (0.897-6.593) 0.063 2.776 (0.526-7.621) 0.345
Grade (3 vs 1/2) 1.075 (0.037-4.893) 0.529 1.058 (0.171-4.613) 0.442
Tumor size (>5 cm vs ≤5 cm) 2.274 (1.042-5.457) 0.075 2.638 (1.077-6.001) 0.219
Histological type (Serous vs others) 1.347 (0.319-2.727) 0.739 1.265 (0.358-3.473) 0.527
Peritoneal metastasis (+ vs -) 2.949 (0.071-7.705) 0.065 2.504 (0.662-7.833) 0.156
LN metastasis (+ vs -) 3.395 (0.115-13.362) 0.014 3.463 (0.230-10.931) 0.028
DDR2 expression (high vs low) 3.463 (0.375-7.602) 0.013 3. 405 (0.181-9.905) 0.148
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DDR2 expression predicted worse overcome in 
ovarian cancer

The 5-year disease-specific survival rate was 
50.0% in the whole population. In a univariate 
analysis, DDR2 expression was associated 
with clinical outcome. Patients with a high level 
of DDR2 exhibited a lower 5-year overall sur-
vival rate than patients with a low level of DDR2 
(P = 0.005 Figure 3). A multivariate analysis 
showed that DDR2 expression was an indepen-
dent prognostic marker with regard to overall 
survival (HR 3.463, P = 0.013, Table 2).

Discussion

Although there is limited information on the 
role of DDR2 and its molecular targets, it has 
been suggested to be crucial in driving cell pro-
liferation. The present study investigated that 
DDR2 is up-regulated in ovarian cancer tissues 
in comparison with that in normal ovarian sur-
face tissues. The expression level of DDR2 was 
significantly associated with tumor stage and 
peritoneal metastasis of ovarian cancer pati- 
ents. Moreover, we found that high DDR2 
expression was a significant indicator of poor 
clinical prognosis for patients with ovarian can-
cer. Together with our results, DDR2 represent 
a novel predicative marker for the prognosis of 
ovarian cancer patients.

DDR2 receptor belongs to a DDR family that 
shows tyrosine kinase activity. It is highly 
expressed in mesenchymal cells and is impor-
tant for a variety of developmental processes, 
in particular bone and cartilage formation [10]. 
It also contributes to disease progression, 
including hepatic fibrosis, osteoarthritis and 
cancer [11]. In recent years, DDR2 has been 
identified in several human cancers and cancer 
genome sequencing efforts have showed a 
series of oncogenic DDR2 point mutations that 
occur at low frequency in lung squamous cell 
carcinoma [12]. Moreover, DDR2 has also been 
identified as a potential therapeutic target of 
kinase inhibitors such as dastinib [13], sug-
gesting the potential use of DDR2 in drug resis-
tance that may arise in dasatinib trials. 
However, there is some controversy regarding 
the role of DDR2 in cancer. While Hammerman 
et al. demonstrated that a subset of the DDR2 
mutants are oncogenic [6], Wall et al. showed 
that the process of fibrillar collagen inhibited 
cancer cell growth is through a DDR2-depen- 
dent cell cycle arrest in melanoma and fibrosar-
coma cells, suggesting that DDR2 functions in 

a context-dependent manner and may act as a 
tumor suppressor in the presence of its natural 
ligand collagen [14]. Zhao et al. previously 
found that DDR2 expression is upregulated in 
ovarian cancer cells, and that DDR2 expression 
is reversely correlated with NDRG1 expression, 
which is an important gene regulating tumor 
cell adhesion, migration and invasion activities 
without affecting cell proliferation [15]. In this 
report, DDR2 expression is significantly upregu-
lated in ovarian cancer tissues compared with 
in normal ovary, implying that DDR2 may func-
tion as an oncogene in ovarian cancer.

In addition a direct role in regulating tumor cell 
growth, literature also exists for the role of 
DDR2 in supporting tumor metastasis. Ren et 
al. reported that DDR2 plays an indispensable 
role in a series of hypoxia-induced behaviors of 
breast cancer cells, including migration, inva-
sion, and epithelial-mesenchymal transition 
(EMT) [16]. Xu et al. found that DDR2 overex-
pression in head and neck squamous cell carci-
noma cells failed to alter cell proliferation but 
markedly accelerates cell invasion and migra-
tion as well as hypoxia-induced EMT, and that 
elevated expression of DDR2 speeds up the 
metastasis of cancer cells to the lung [17]. Xie 
revealed that DDR2 facilitates hepatocellular 
carcinoma cell invasion, migration and EMT via 
activating ERK2 and stabilizing SNAIL1 [18]. In 
the present study, we showed that the DDR2 
expression was significantly associated with 
tumor stage and peritoneal metastasis of ovar-
ian cancer patients. Thus, our present results 
are consistent with the previous findings in that 
DDR2 may play an important role in promoting 
cancer migration and progression.

In this study, we assessed DDR2 protein expr- 
ession in 103 ovarian cancer tissues by using 
immunohistochemistry. We showed that DDR2 
expression was significantly associated with 
clinical outcome; patients with DDR2-low tu- 
mors had substantially longer OS than did 
patients with DDR2-high tumors. Furthermore, 
multivariate analysis showed that high DDR2 
expression was an independent marker for OS 
in the ovarian cancer population. The present 
research provided the first evidence that 
increased DDR2 expression in primary human 
ovarian cancer might be a powerful, indepen-
dent predictor of clinical prognosis.

In conclusion, our study showed that DDR2 was 
identified as one of the overexpressed mole-
cules in ovarian cancer. DDR2 might be closely 
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associated with ovarian cancer progression 
and metastasis, and its strong expression had 
a negative impact on the prognosis of ovarian 
cancer patients. This study suggests that DDR2 
may be considered as a prognostic biomarker 
and may serve as a novel therapeutic target in 
ovarian cancer.
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