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Serum decoy receptor 3 is a diaghostic and prognostic
biomarker in patients with colorectal cancer
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Abstract: Background: Decoy receptor 3 (DcR3), a decoy receptor against Fas ligand belonging to the tumor necrosis
factor receptor super-family, is over-expressed in types of tumor. The aim of this study was to explore the expression
level of DcR3 and investigated its diagnostic value in colorectal cancer (CRC). Methods: Quantitative Real-time-
PCR (qRT-PCR) and western blot were performed to determine the expression of serum DcR3 at mRNA and protein
level in CRC samples and healthy controls, respectively. Chi-square test was used to analyze the relationship be-
tween DcR3 expression and clinical features. The receiver operating characteristics (ROC) curve was established
to evaluate the diagnostic value of DcR3 in CRC. Results: The relative expression of serum DcR3 was increased in
CRC patients compared with the matched healthy controls both at mRNA and protein level. The high serum DcR3
expression was associated with lymph node metastasis, distant metastasis, and TNM stage. ROC curve showed that
DcR3 had a high diagnostic value with an AUC of 0.912 corresponding with a sensitivity of 78.8% and a specificity
of 91.2%. Conclusion: The detection of DcR3 levels in the serum might serve as a new tumor biomarker in the diag-

nosis and assessment of prognosis of CRC.
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Introduction

Colorectal cancer (CRC) is currently the third
most common malignancy and the second
leading cause of cancer mortality worldwide
[1]. Approximately 60% of CRC patients present
with resectable disease when diagnosed, and
for these patients, curative surgical resection
followed by adjuvant chemotherapy is consid-
ered the standard treatment strategy. However,
20-30% of patients will ultimately develop
recurrent disease, and the prognosis after
recurrence is poor [2, 3]. Therefore, novel and
reliable biomarkers for CRC diagnosis and prog-
nosis are in urgent needed in clinical practice.

Decoy receptor 3 (DcR3), also named TRG, is a
member of the tumor necrosis factor (TNF)
receptor superfamily, is a soluble decoy recep-
tor with a pleiotropic immunomodulatory effect
via “decoy” and “nondecoy” functions [4, 5].
DcR3 could recognize three TNF-super-family
members, such as Fas ligand (FasL/CD95L/

TNFSF6), LIGHT (TNFSF14), and TNF-like mole-
cule 1A (TL1A/VEGI-L/TNFSF15) [6-8]. Thus,
inhibits the combination of the ligand and death
receptors competitively, and further blocking
the ligands induced apoptosis [9]. The overex-
pression of DcR3 has been observed in various
malignant tumors. For example, Zhou et al
showed that DcR3 was overexpression and pre-
dicted the prognosis and pN2 in pancreatic
head carcinoma [10]. Wang et al indicated that
serum DcR3 was increased in bladder transi-
tional cell carcinoma and correlated with TNM
stage and pathological classification of the
tumor [11]. Yang et al reported that serum DcR3
was up-regulated in patients with hepatocellu-
lar carcinoma and related to the prognosis [12].
However, the diagnostic and prognostic values
of serum DcR3 in CRC have not been fully evalu-
ated to date.

The aim of the present study was to evaluate
the clinical significance of serum DcR3 expres-
sion in CRC. The correlation between the serum
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Table 1. Correlation between the serum level
of DcR3 and clinicopathological features in 78
CRC patients

Clinicopathological serum D-CR3
features Total w value
Low High

Age (years) 0.488
<60 31 17 14
>60 47 22 25

Gender 0.255
Male 43 19 24
Female 35 20 15

Tumor size (cm) 0.496
<5 37 20 17
>5 41 19 22

Differentiation 0.157
Well 29 17 11
Moderate + Poor 50 22 28

Tumor location 0.645
Colon 32 15 17
Rectum 46 24 22

Lymph node metastasis 0.000
No 51 33 18
Yes 27 6 21

Distant metastasis 0.018
No 59 34 25
Yes 19 5 14

TNM stage 0.013
[+ 37 24 13
I+ 1v 41 15 26

level of DcR3 and clinicopathological features
was analyzed. In addition, the influence of
serum DcR3 on the diagnosis and prognosis of
CRC patients was also estimated.

Methods and materials
Patients and specimens

Serum samples were obtained from the 78
patients who underwent surgery in the De-
partment of General Surgery, Hainan General
Hospital between January 2012 and November
2014. Control serum samples were collected
from 60 healthy volunteers. Blood samples
were drawn from all patients and healthy con-
trol subjects at the beginning of treatment. A5
ml sample of peripheral venous blood was
drawn from all study participants after an over-
night fast and placed at room temperature for
60 min. Then the blood samples were centri-
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fuged at 1000 g for 10 min at 4°C to spin down
the blood cells. All serum samples were stored
at -80°C prior to use. Clinicopathological infor-
mation of each patient was obtained from the
medical records and surgical pathological
reports, and the characteristics of the patients
were summarized in Table 1.

The selection criteria for patients with CRC
were as follows: (1) pathologically confirmed
patients with CRC; (2) the patients had no his-
tory of other cancers. None of the patients
received preoperative treatment, such as radio-
therapy or chemotherapy. The study protocols
were approved by the Ethics Committee of
Southern Medical University, and written infor-
med consent was obtained from each patient.

RNA extraction and gRT-PCR

Total RNA was severally extracted from the
serum of patients with CRC and healthy con-
trols using TRIzol (Invitrogen) according to the
manufacturer’s protocol. Reverse transcription
was conducted to synthesize the first-strand of
cDNA using TagMan Reverse Transcription Kit
(Applied Bio-systems). RT-PCR reaction was
performed in an ABI 7900HT real-time PCR sys-
tem (Life Technologies). GAPDH was taken as
an internal control. The relative mRNA expres-
sion of serum DcR3 was calculated using the
comparative threshold cycle (224°) method.
Each sample was in triplicate.

Western blot analysis

Total protein was isolated from the serum of
patients with CRC and healthy controls, respec-
tively. Then the protein was separated by SDS-
PAGE and the brands were transferred onto
nitrocellulose membranes. The membranes
were incubated with primary antibody blocked
after being blocked by 5% non-fat milk for over-
night at 4°C. Subsequently, the secondary anti-
body anti-DcR3 mAb was added and incubated
with the membranes at room temperature.
Target protein was detected by an enhanced
chemiluminescence substrate kit (Pierce Bio-
technology).

Statistical analysis
The mean serum DcR3 levels in the different
groups were compared using students’ t-test.

The relationship between the serum DcR3
expression and clinicopathological features of
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Figure 1. Relative expression of DcR3 in CRC patients (n=78) and healthy volunteers (n=60). DcR3 expression was
significantly higher in CRC patients than that in healthy controls both at mMRNA (A) and protein (B) level. *P<0.05.

CRC patients were using x? test. ROC curve was
established to determine the diagnostic value
of serum DcR3 in distinguishing patients with
CRC from healthy controls. All P values are two-
tailed and were regarded as significant when
less than 0.05. All statistical analyses were
conducted using SPSS software.

Results

DcR3 expression in the serum of CRC patients
versus control

The expression of serum DcR3 at mRNA and
protein level were detected by qRT-PCR and
western blot assays in 78 CRC patients and 60
healthy controls, respectively. Figure 1 showed
that serum DcR3 expression level on average
was upregulated in CRC patients compared
with the healthy controls both at mRNA and
protein levels (P<0.05).

Relationship between DcR3 expression and
clinicopathological features of CRC patients

To explore the function of DcR3 in the develop-
ment of CRC, the patients were divided into two
groups according to the median expression of
DcR3: CRC patients who express DcR3 at levels
less than the cut-off value were assigned to the
low expression group (n=39), and those with
expression above the cut-off value were ass-
igned to the high expression group (n=39). We
then investigated the associations between
DcR3 expression level and the clinicopatholog-
ic features of the CRC patients, and we found
that high serum DcR3 expression level was cor-
related with lymph node metastasis, distant
metastasis, and TNM stage (P<0.05, Table 1).
However, high serum DcR3 expression was not
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associated with other clinicopathological fac-
tors of patients, including age, gender, tumor
size, differentiation, as well as tumor location
(P>0.05, Table 1).

Diagnostic value of DcR3 in GC

Receiver operating characteristic (ROC) curves
was built to investigate the diagnostic value of
DcR3 in CRC. The outcome suggested DcR3
had a high diagnostic value with a areas under
the ROC curve (AUC) of 0.912 (95% confidence
interval 0.857 to 0.963, P<0.05, Figure 2). At
the cut-off value of 1.398, the optimal sensitiv-
ity and specificity were 78.8 and 91.2%, respec-
tively. These indicated that DcR3 could play a
key role in the distinction of the healthy people
from the CRC patients.

Discussion

Colorectal cancer (CRC) is a leading cause of
cancer mortality worldwide, and is the fifth
most common cause of cancer related deaths
in China [13]. Survival rates of patients with
CRC have increased in the past few years, pos-
sibly as a result of earlier diagnosis and
improved treatment regimens, nonetheless,
approximately 30% of patients who undergo
curative resection subsequently experience
local tumor recurrence or metastasis [14].
Therefore, it is necessary to look for some use-
ful accuracy biomarkers that will facilitate the
identification of patients with a poor prognosis,
and permit personalized treatment strategies
for patients with high risk of CRC recurrence.

Several studies have shown that various genet-

ic and epigenetic alterations including onco-
genes and tumor suppressor genes are involved
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Figure 2. Receiver operating characteristics (ROC)
curve analysis for the diagnostic value of DcR3 in
CRC. The AUC was 0.912 (95% confidence interval
0.857 t0 0.963, P<0.05).

in the course of carcinogenesis and progres-
sion of CRC [15]. For example, Wu et al investi-
gated the role of CXCL9 and found it could act
was a potential tumor oncogene as well as an
independent prognostic factor in CRC patients
[16]. Al-Maghrabi et al indicated that overex-
pression of PAK-1 was an independent predic-
tor of disease recurrence in CRC [17]. Mokutani
et al suggested that downregulation of miR-132
was associated with poor prognosis of CRC
patients [18]. Thus, identification of CRC-spe-
cific biomarkers involved in these procedures is
very important for diagnosis, therapy and prog-
nosis prediction in clinical.

DcR3 is located on chromosome position 20g-
13, and have demonstrated to be a regulator
of cell proliferation, apoptosis and immune
response by antagonizing FaslL-, LIGH- and
TLIA-mediated signals [19]. The over-expres-
sion of DcR3 in tumor cells can protect them
from apoptosis and has been detected in vari-
ous types of body fluid of cancers which make
it shows great potential to become a biomarker
for the early non-invasive diagnosis for malig-
nant tumors [20, 21]. DcR3 protein is closely
related to cell differentiation, tumor occur-
rence, progression and prognosis [22]. How-
ever, the diagnostic and prognostic values of
DcR3 in serum have not been fully evaluated in
CRC patients.

In the present study, we performed indepen-

dent validation experiments using a cohort of
samples from 78 patients with CRC and 60
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control subjects. Our results suggested that
serum DcR3 was over-expression in CRC which
indicated that it might be an oncogene in CRC
progression. Furthermore, we explored its
association with clinical factors. Our data indi-
cated that high serum DcR3 expression level
was correlated with lymph node metastasis,
distant metastasis, and TNM stage, indicating
that DcR3 might play a vital role in the develop-
ment of CRC by influencing the invasion and
metastasis. ROC curve analysis showed that
DcR3 was useful marker for discriminating
cases from healthy controls, with an AUC of
0.912. At the cut-off value of 1.398, the opti-
mal sensitivity and specificity were 78.8 and
91.2%, respectively. The results revealed that
the serum DcR3 could be used as an efficient
diagnostic biomarker for the detection of CRC
patients.

In conclusions, our studies indicated that the
increased expression of DcR3 might serve as a
new tumor biomarker in the diagnosis and
assessment of prognosis of CRC. However, as
the limitations of samples scales and other
unfavorable factors in the study, some further
researches are still need in the future.
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