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Background: DcR3 (decoy receptor 3) has been proposed be involved in development and prognosis of female reproductive
cancers, including cervical cancer, ovarian cancer, and breast cancer. The purpose of this meta-analysis was to
explore the evidence for the correlation between DcR3 and the clinicopathological characteristics, as well as
the overall survival time, in female reproductive cancers.

Material/Methods: Relevant studies were searched for in PubMed, Wiley Online Library, Web of Science, Science Direct, Cochrane
Central Register of Controlled Trials, Google Scholar, EMBASE, Ovid, LILACS, Chinese CNKI, Chong Qing VIP, Wan
Fang, and China Biology Medicine disc up to 30 September 2015. Data on the relationship between DcR3 ex-
pression and TNM stage, differentiation, lymph node metastasis, age, and overall survival time were extract-
ed. Pooled odds ratios (ORs) and 95% Cls (confidence intervals) were estimated by forest plot.
Results: Twelve studies with 1127 patients met the inclusion criteria for this meta-analysis. Overexpression of DcR3
was significantly related to the risk of female reproductive cancers (OR=10.69, 95% Cl: 6.33-18.05), TNM stage
(OR=5.51, 95% Cl: 2.83-10.71), differentiation (OR=4.16, 95% Cl: 2.28-7.60), lymph node metastasis (OR=5.89,
95% Cl: 3.16-10.9), age (OR=0.85, 95% Cl: 0.51-1.44), and overall survival time (OR=1.84, 95% Cl: 0.58-5.83).
Subgroup analyses showed that overexpression of DcR3 in cervical, ovarian, and breast cancer all had similar
relationships with these clinicopathological parameters.

Conclusions: Our meta-analysis suggests that overexpression of DcR3 may play vital roles in the tumorigenesis and dete-
rioration of female reproductive cancers. However, the relationship between DcR3 expression and prognosis
needs further investigation.
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Background

Decoy receptor 3 (DcR3) — also referred to as TR6, M68, or
TNFRSF6B — is a family member of the tumor necrosis factor
receptor (TNFR) superfamily. DcR3 acts as a binding partner
in multiple apoptotic ligands inhibiting apoptosis. DcR3 has
been described in many malignant tumors, such as gastric [1],
hepatocellular [2], colon [3], lung [4], cervical [5], ovarian [6],
and breast cancer [7]. A gastrointestinal cancer meta-analy-
sis [8] reported that overexpression of DcR3 was closely related
with clinicopathological features, including TNM stage, grade
of differentiation, lymph node metastasis, infiltration degree,
and distant metastasis. The present study is the only meta-
analysis on the relationship between DcR3 and malignancies.

Female reproductive cancers are among the most common
causes of cancer-related death, including breast cancer, ovar-
ian cancer, uterine corpus cancer, and cervical cancer. Some
genes and molecules are particularly useful as tracking, iden-
tifying, and validating biomarkers for diagnosis and treatment
of female reproductive cancers [9-11]. Although some studies
have explored the role of DcR3 overexpression in cervical can-
cer, ovarian cancer, and breast cancer, there is still no summary
evidence for the association between DcR3 and overall female
reproductive cancers. Therefore, we conducted the present me-
ta-analysis to explore the relation between the level of DcR3,
clinicopathological characteristics, and survival of female re-
productive cancer patients.

Material and Methods

Search strategy and data extraction

PubMed, Wiley Online Library, Web of Science, Science Direct,
Cochrane Central Register of Controlled Trials, Google Scholar,
EMBASE, Ovid, LILACS, Chinese CNKI, Chong Qing VIP, Wan
Fang, and China Biology Medicine disc were searched up to
30 September 2015 with a random combination of the terms:
‘DcR3 or TR6 or M68 or TNFRSF6B’, ‘cervical or ovarian or ovary
or oophoro* or uterine or breast or endometrial or choriocar-
cinoma or fallopian tube’ and ‘cancer or tumor or carcinoma
or neoplas* or malignan®'. All of the relevant literature, includ-
ing review articles and potential references, were searched
for additional pertinent studies. Articles were searched and
screened by 2 investigators independently. In the meta-anal-
ysis, studies that met the following criteria were eligible: (1)
Patients in studies were clearly diagnosed with cervical can-
cer, ovarian cancer, or breast cancer, as well as other female
reproductive cancers; (2) Studies included were case-control
studies and evaluated the relationship between DcR3 expres-
sion and clinicopathological features or prognosis in female
reproductive cancers; (3) The definition of DcR3-positive was
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Articles identified by searching
PubMed (18), ISI Web of Science (35),
(NKI (342), WanFang (74) (n=469)

Irrelevant studies were excluded
(n=393)

Title and abstracts screened for relevant
studies (n=76)

Abstracts excluded (n=26)

Secondary screen after full text reading
(n=50)

Exclused duplicated and articles
didn’t give eligible
clinicopathological or survival
data (n=38)

12 eligible studies included for
meta-analysis

Figure 1. Flow diagram of study identification.

tested by immunohistochemistry (IHC) method; (4) Sufficient
information of the correlation of DcR3 with clinicopathologi-
cal features or overall survival time was provided to estimate
odds ratio (OR) and hazard ratio (HR); and (5) Articles were
written in English or Chinese. Letters, reviews, conference ab-
stracts, and duplicated studies were excluded. Two reviewers
screened all information independently to exclude irrelevant
studies. Disagreements were resolved by a third reviewer. Two
independent reviewers read full texts of all eligible studies and
extracted relevant data, including author, year, country, can-
cer type, patient number, test method, clinicopathological pa-
rameters (age, TNM stage, grade of differentiation, and lymph
node metastasis), and overall survival time.

Statistics

Stata 12.0 was used for statistical analysis. ORs with 95% con-
fidence intervals (Cls) were calculated with a forest plot. The
heterogeneity between the studies was evaluated by I* test.
According to the results of heterogeneity analysis, a random-
effects model was used. Potential causes of statistical het-
erogeneity were explored by subgroup analysis. The software
Engauge Digitizer 4.1 was used to extract the survival data
from a K-M curve in some articles. Publication bias was ana-
lyzed by Begg’s funnel plot test. P<0.05 was considered sta-
tistically significant.

Results

Eligible studies

With the aforementioned search strategies, 469 articles were
retrieved initially. Of these, 393 were excluded after review-
ing the titles and abstracts because these articles described
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Table 1. Characteristics of studies included in the meta-analysis.

Lymph node
metastasis
Metastasis (+/-)
Non-metastasis (+/-)

Differentiation
Low (+/-)
High (+/-)

Expression Age TNM
Country Organ Number Cancer (+/-)

Overall survival

old (+/-) time (month)

Young (+/-)

3,4 (+/-)

Control (+/-) 1,2 (+/-)

1 2013 China Cervical 84 NA NA NA NA NA

[5] 15/27

Lu JH . 27/3
2 2012 China Cervical 101 NA NA NA NA NA

[12] 37/34

Cao YX . 42/15 14/3 28/11 15/2 10/0 (+) 66.10+2.78
3 2011 China Cervical 93

[13] 10/26 21/2 8/12 22/18 11/8 (=) 77.79+2.22

Breast 126

non-human experiments or other cancer types. Then, due to
duplication or no report of any relevant outcomes, 26 of the
remaining articles were excluded (Figure 1). Finally, a total of
12 eligible studies [5-7,12-20] with 1127 participants were in-
cluded in this meta-analysis. The characteristics of all 12 arti-
cles are summarized in Table 1. The test method of all includ-
ed studies was only IHC.

Meta-analysis

In this meta-analysis, we assessed the correlation between
DcR3 expression and cancer risk, clinicopathological features,
and overall survival time of patients with female reproductive
cancers. As shown in Figure 2, overexpression of DcR3 was as-
sociated with female reproductive cancer risk (OR=10.69, 95%
Cl: 6.33-18.05). Furthermore, subgroup analysis showed a con-
sistent trend; for example, cervical cancer (OR=7.97, 95% Cl:
4.70-13.49), ovarian cancer (OR=14.03, 95% Cl: 3.16-62.01),
and breast cancer (OR=19.35, 95% Cl: 4.46-84.03).

In analysis of female reproductive cancer patients regardless
of subtype, 3 clinicopathological parameters were found to

be significantly associated with overexpression of DcR3 as
compared to controls: advanced TNM stage (OR=5.51, 95%
Cl: 2.83-10.71), poor grade of differentiation (OR=4.16, 95%
Cl: 2.28-7.60), and lymph node metastasis (OR=5.89, 95% Cl:
3.16-10.96).

In the sub-analysis, a stronger association was found between
TNM stage and patients with overexpression of DcR3 in ovari-
an cancer (OR=6.80, 95% Cl: 2.50-18.50) than in cervical can-
cer (OR=4.76, 95% Cl: 1.74-13.01) or breast cancer (OR=3.73,
95% Cl: 0.73-19.09, Figure 3).

As shown in Figure 4, for each type of cancer, a concordant
relationship was also observed between DcR3 expression and
grade of differentiation: cervical cancer (OR=7.70, 95% Cl:
1.89-31.38), ovarian cancer (OR=4.32, 95% Cl: 1.71-10.92),
and breast cancer (OR=3.56, 95% Cl: 0.79-16.00).

In sub-analysis of association between patients with different
cancers with overexpression of DcR3 and lymph node metas-
tasis, cervical cancer had the highest rank (OR=14.64, 95%
Cl: 2.41-89.04), ovarian cancer was second (OR=5.79, 95% Cl:
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Figure 5. Forest plot of odds ratios (ORs)
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Figure 8. (A) Begg’s publication bias plot of publication bias for studies regarding overexpressed DcR3 and female reproductive
cancers risk in the meta-analysis. (B) Begg’s publication bias plot of publication bias for studies regarding overexpressed
DcR3 and TNM stage in the meta-analysis. (C) Begg’s publication bias plot of publication bias for studies regarding
overexpressed DcR3 and differentiation in the meta-analysis. (D) Begg’s publication bias plot of publication bias for studies
regarding overexpressed DcR3 and lymph node metastasis in the meta-analysis.

1.13-29.80), and breast cancer was third (OR=5.10, 95% Cl:
2.25-11.59) (Figure 5) (all P<0.05).

However, as shown in Figures 6 and 7, there was no association
between DcR3 overexpression and the age of female reproduc-
tive cancer patients (OR=0.85, 95% Cl: 0.51-1.44, P=0.554) or
overall survival time (OR=1.84, 95% Cl: 0.58-5.83, P=0.300).

Publication bias

As shown in Figure 8, Begg’s test suggested that there was
no publication bias for risk of female reproductive cancers
(P=0.097), TNM stage (P=0.559), grade of differentiation
(P=0.156), lymph node metastasis (P=0.345), age (P=0.685),
or overall survival time (P=0.394).
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Discussion

Overexpression of DcR3 has been found in many malignant
tumors, but, as reported, DcR3 overexpression could not be
detected in non-tumor tissues. Studies have shown that DcR3
regulates the activity and differentiation of immune cells, and
regulates apoptosis. Therefore, DcR3 may be involved in inva-
sion and metastasis of tumor cells [18]. There are at least 5
possible specific mechanisms involved. First, DcR3 can act as
a functional FasL decoy receptor that can bind to Fas ligand
(FasL) and inhibit tumor cell killing [21,22]. Second, DcR3 might
promote tumor growth by attenuating the Th1 response and
suppressing cell-mediated immunity [23-25]. Third, DcR3.Fc
(DcR3 fusion protein with immunoglobulin Fc) is able to mod-
ulate the expression of a few macrophage markers, including
CD14, CD16, CD64, and human leukocyte antigen-DR, sug-
gesting that DcR3 Fc might have potent, suppressive effects
in down-regulating the host-immune system [26-28]. Fourth,
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DcR3 can inhibit stromal cell-derived factor 1 chemotaxis of
T lymphocytes, thus reducing the organization of CD4+ and
CD8+ T lymphocyte infiltration [29]. Fifth, DcR3 induces the
apoptosis of dendritic cell (DC) via activating PKC-delta and
INK, then up-regulates DR5 to recruit Fas-associated death do-
main (FADD) to propagate the apoptotic signals [30,31]. The
functions and mechanisms might not be completely the same
in these 3 types of female reproductive cancers.

In breast cancer, DcR3 may be regarded as a negative regu-
lator of cancer aggressiveness during development and pro-
gression of certain types of breast cancer by using anti-DcR3
monoclonal antibody and anti-DcR3 hammerhead ribozyme
transgenes in breast cancer cells [32,33]. Studies have reported
that lymphatic microvessel density (LMVD) was elevated in the
cancer tissue and lymph node with metastasis, and DcR3 may
promote lymph node metastasis of breast cancer by inducing
the formation of new lymphatic vessels and increasing oppor-
tunities for lymph node metastasis [17,20]. Wang et al. [7] re-
ported that after the treatment of DcR3 neutralized with DcR3
antibody, the effect on proliferation of breast cancer cell line
was decreased, while addition of Fas-L and DcR3 enhanced
proliferation. One of the main mechanisms may be that DcR3
blocks the Fas-L-induced apoptosis.

In cervical cancer, Peyre et al. [34] reported that the number
of T cells was significantly lower in peripheral blood of cervi-
cal cancer patients, and there was an obvious negative corre-
lation between DCR3 expression and CD3+, CD4+/CD8+T in pe-
ripheral blood. Therefore, they presumed that DCR3 is related
to tumor immune escape in patients with cervical cancer. The
expression and distribution of T cells in local tissues of cervi-
cal cancer can reflect immune status in the body.

In ovarian cancer, Lin et al. [35] reported that the prolifera-
tion of CAOV3 cells was significantly decreased by DcR3 siR-
NA in comparison with the normal control group and nega-
tive control group, indicating that DcR3 siRNA can inhibit the
proliferation of ovarian cancer cell line CAOV3 by recognizing
and degrading DcR3 mRNA. It has been reported that DcR3 is
expressed by epithelial ovarian cancers, concentrated in asci-
tes, and ovarian cancer with high levels of DcR3 is associated
with Fas-L-induced apoptosis and platinum resistance [15,36].

Several clinicopathological characteristics are known to be as-
sociated with poor prognosis, including large tumor size, ad-
vanced tumor stage, poor differentiation, deep invasion, lymph
node metastasis, perineural invasion, and lymphatic and vas-
cular invasion [37-41]. A previous meta-analysis [8] reported
that overexpression of DcR3 was closely related with some
clinicopathological features, including TNM stage, grade of dif-
ferentiation, lymph node metastasis, infiltration degree, and
metastasis in gastrointestinal cancer. Some researchers have
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reported close correlations between DcR3 expression and prog-
nosis of female reproductive cancer, but no clear evidence was
provided. Our analysis suggests that overexpression of DcR3
is related to risk of female reproductive cancer, advanced TNM
stage, poor differentiation, and worse lymph node metasta-
sis. After subgroup analysis, overexpression of DcR3 in cervi-
cal cancer, ovarian cancer, and breast cancer all had a consis-
tent relationship with these clinicopathological parameters.

To the best of our knowledge, the present meta-analysis is the
first to explore the potential relationship between DcR3 expres-
sion and female reproductive cancers. However, our study has
some limitations. First, we only included 12 studies (including
1127 female reproductive cancers patients), in which just 3 stud-
ies (including 290 female reproductive cancers patients) investi-
gated the correlation between DcR3 expression and overall sur-
vival time. Therefore, the association of DcR3 expression with
overall survival time still needs to be studied in a larger number
of samples. Second, there could be potential country bias in our
meta-analysis, because only 1 study was performed in the USA,
and the patients in the other 11 studies were Chinese. Third, al-
though we aimed to study the relationships between DcR3 ex-
pression and all female reproductive cancers, only 3 types of fe-
male reproductive cancers were recently eligible: cervical, ovarian,
and breast cancer. We will continue to study the relationship be-
tween DcR3 expression and other female reproductive cancer
types, such as ovary, endometrial, choriocarcinoma, and fallopian
tube cancer, and we will update our meta-analysis accordingly.

Conclusions

Our meta-analysis indicates a positive association between the
overexpression of DcR3 and carcinogenesis, deterioration, and
progression of female reproductive cancers. In conclusion, fe-
male productive cancer risk is strongly dependent on overex-
pression of DcR3, and DcR3 may be used as a biomarker to pre-
dict unfavorable cancer prognosis. In addition, our group has
previously proved that DcR3 neutralizing antibodies can sup-
press cell growth and induce apoptosis in glioma cells [42,43],
which suggests that DcR3 could be a target in molecular ther-
apy in cancers, including female reproductive cancers.
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