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Abstract CD105 is an ancillary receptor of transforming
growth factor beta (TGF-β), which has been suggested as a
suitable biomarker for cancer-related angiogenesis and neo-
vascularization (Nassiri et al. in Anticancer Res 31:2283–
2290, 2011). However, the clinical significance of CD105 in
WHO grade was rarely reported and the effects of CD105
signal transduction pathway on gliomas remain controversial
and unclear. To get a convincing conclusion, performing a
meta-analysis is essential. Relevant literature studies were in-
cluded via careful evaluation, and standard mean difference
(SMD) and hazard ratio (HR) with 95 % confidence intervals
(95 % CIs) was calculated. We also made funnel plots to test
the heterogeneity. In the present meta-analysis, a total of 11
eligible literatures involving 796 patients were incorporated.
They were all conducted in China, revealing that CD105 over-
expression in glioma tissues was strongly linked to highWHO
grading (III+IV) (SMD −1.785, 95 % CI −2.133, −1.437;
p=0.000). No significant associations between CD105 and
age (SMD −0.505, 95 % CI −1.054, 0.043; p = 0. 071),
CD105 and gender (SMD 0.101, 95 % CI −0.103, 0.305;
p=0.333), and CD105 and tumor size (SMD −0.433, 95 %
CI −1.326, 0.459; p=0. 341) were detected. Besides, CD105

expression was closely associated with glioma patients’ 3-
year overall survival (OS; n=2; HR=4.357, 95 % CI 1.412,
7.303; p=0.004). On the basis of Begg’s and Egger’s test or
funnel plot, no publication bias was detected. In a nutshell,
this meta-analysis demonstrated that CD105 overexpression
correlates to higher WHO grade and poor survival and could
be indicated as a helpful prognostic and diagnostic marker, or
a useful therapy target.

Keywords CD105 . Grade . Glioma . Prognosis .

Meta-analysis

Introduction

Glioma is a common primary cerebral tumor. Surgical resection
is the usual treatment for glioma in combination with chemother-
apy and radiotherapy. Gliomas are classified into four clinical
grades (I–IV) on the basis of tumor histopathology according to
the World Health Organization (WHO) [1]. Grade I glioma is
usually regarded as relatively benign lesions. Grades II, III, and
IV gliomas have an infiltrative and aggressive phenotype. They
also have poorly demarcated margins and directly invade the
adjacent cerebral parenchyma [2]. Since WHO grade can pro-
vide surgeons a chance to treat glioma patients as early as they
can, it is necessary to seek a helpful andmeaningful biomarker to
evaluate the grade and predict the prognosis.

CD105 was originally characterized more than two de-
cades ago [3]. It is classified as an accessory receptor for
TGF-β, a pleiotropic cytokine [4]. Prominently, its expression
is upregulated on actively proliferating endothelial cells [5, 6].
CD105 has thus been recommended as a proper biomarker for
tumor-related angiogenesis. The roles of CD105 in the diag-
nosis, prognosis, and treatment of tumors have been discussed
recently [6], including breast cancer [7], squamous cell
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carcinoma [8], and pancreatic ductal adenocarcinoma [9].
Studies also demonstrated that CD105 played a pivotal role
in controlling glioma angiogenesis by virtue of promoting
new vascular network and fueling further glioma development
through supplying elevated oxygen quantity and other essen-
tial metabolites, causing brain invasion and thus worsened
prognosis [10–12].

However, CD105’s precise effects on WHO grade and
prognosis of gliomas are not yet clear enough. We carried
out a meta-analysis to elucidate the practical significance of
CD105 and resolve the between-study heterogeneity. This is
possible partly because a meta-analysis can reduce the poten-
tial bias of sources such as with the selected populations and
study methodology. In the present analysis, we extracted data
from published articles and systematically evaluated CD105
regarding the WHO grades and prognosis of gliomas.

Methods

Search Strategy

A literature search was conducted through databases of
PubMed, Google Scholar, Embase, Wanfang, and Cnki up to
April 2015. No restrictions about languages and sources were
set. Search key terms were BCD105 (endoglin)^ or BCD105,^
Bgliomas [MeSH],^ Bexpression,^ Bgrade,^ etc. we also
reviewed the references in retrieved articles to identify other
potentially available studies.

Study Selection

Eligible studies were selected by two reviewers independent-
ly. If there were disagreement in the process, a third reviewer
would help. The inclusion criteria were as follows: (1) The
diagnoses of gliomas were confirmed by pathologists; (2) the
principle outcomes in literatures focused onWHO grade, gen-
der, age, and overall survival (OS); (3) the level of CD105
expression was identified by virtue of immunohistochemistry
(IHC), real-time quantitative PCR (qPCR), reverse transcrip-
tion PCR (RT-PCR), or western blot (WB); (4) the hazard ratio
(HR) value and 95 % confidence interval (CI) of CD105 ex-
pression level on survival status could be extracted directly
from articles or calculated according to the figures or tables
given; and (5) to avoid duplicated studies, only the most re-
cently published and/or the most complete ones were
included.

Data Extraction

Through a purpose-designed form, two reviewers indepen-
dently extracted the following data: The first author name,
country, publication year, study methods, histology, WHO

grading, patient number, patient age, and positive percentage.
Disagreements between the two reviewers, if any, would be
solved by discussion with a third reviewer.

Quality Assessment

The publications were read and scored, and a quality assess-
ment was conducted for the eligible studies by the independent
reviewers according to the quality scale for biologically prog-
nostic factors established by ELCWP [13]. The scientific de-
sign, laboratory methodology, generalizability, and results anal-
ysis were evaluated on this scale. Themaximum points for each
category were 10, and therefore the maximumwas 40 points. If
necessary, a consensus score was obtained for each category
after comparison of the initial scores for the two investigators.
The final scores for the categories indicate the percentage of the
maximum achievable scores, which ranged from 0 to 100 %.
Higher scores represented better methodological quality.

Data Synthesis and Analysis

Differences were expressed as standard mean differences
(SMDs) with 95 % CIs. We synthesized the survival outcome
data by means of the time-to-event HR as operational mea-
sure. If HR and 95 % CI were not directly given in the article,
data in tables or/and figures were extracted and HRs with
95 % CI were recalculated by virtue of SPSS19.0, Engauge
Digitizer version 4.1, and methods described by Tierney et al.
[14] and Parmar et al. [15].

Differences are indicated as SMDs (95%CI). STATA 12.0
(StataCorp LP, College Station, TX, USA) was used for all
statistical analyses. Cochran’s Q test, the I2 test (variation in
SMD attributable to heterogeneity), and a Galbraith figure
were used to judge heterogeneity among the included studies
[16, 17]. If the circles in the Galbraith figure are all distributed
in a region bounded by the upper and lower lines, then there is
evidence for homogeneity. Also, if p<0.05 for the Q statistic,
then heterogeneity was considered to be significant [18]. I2

values of 25, 50, and 75 % were used as evidence of low,
moderate, and high heterogeneity, respectively [16]. A fixed-
effects model was used if there was no evidence of statistical
heterogeneity among the studies. A random-effects model
(DerSimonian and Laird) was used otherwise [18].

A sensitivity analysis was conducted to determine whether
or not the pooled outcomes were stable, and the analysis was
done one after another at a time. When assessing one study,
another one was neglected for the purpose of meta-analysis. It
indicated that the outcomes were not stable if the ignorance of
one study affected the process. The funnel plot was used to
conduct visual assessment to review any possible publication
bias. If the asymmetric plot appeared, the publication bias
existed [19]. The publication bias could also be indicated by
another method called the Egger linear regression test, which
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should be run at the p<0.05 level of significance [20]. Meta
regression was not conducted in the research because there
were not enough reference sources used.

Traditionally, an observed HR >1 indicated a poor survival
for patients with increased CD105 expression. There were two
sides for all p values, and it was seen as an extremely large
number when p < 0.05. The STATA 12.0 (StataCorp LP,
College Station, TX, USA) and Review Manager 5.3 (The
Cochrane Collaboration) were both used to conduct data
analyses.

Results

Search Results and Characteristics of Studies

The article searches were carried out as shown in Fig. 1. At
first, a literature search from multiple databases generated
93 articles. Of the relevant studies, 73 articles were exclud-
ed by the title and abstract, that is, 27 for no correlation
with gliomas, 30 for no correlation with CD105 studies,
and 16 for in vitro and in vivo studies. Subsequently, the

rest of the 20 articles underwent another assessment, among
which 9 articles were excluded owing to no CD105 data,
reviews, and insufficient data. Interestingly, all included
articles were conducted in China. Eventually, 11 articles
that met the criteria were included. The general character-
istics of 11 studies are summarized in Table 1. A total of
785 patients were included with the mean age of 43.5 and
352 cases of low-grade gliomas (I+II). All 11 studies were
conducted in Chinese populations. CD34 staining was
counted as microvascular density (MVD), which was ob-
tained by manually counting the positive foci for slides
counterstained with hematoxylin. The MVD with positive
CD105 stain (CD105-MVD) varies from 8.13 to 45.96.
HRs and 95 % CIs were obtained from Kaplan–Meier
curves merely in only two studies. All the 11 studies of-
fered WHO grade data, 5 studies analyzed the correlation
between CD105 and age/gender, and 4 included the factor
of tumor size. CD105 protein in glioma tissues was inves-
tigated by the method of IHC in all the 11 studies, among
which 3 also adopted qPCR and 1 adopted WB. To reduce
the potential bias caused by heterogeneity, we only incor-
porated the IHC data.
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Fig. 1 Literature search and
selection of articles. PRISMA
2009 Flow Diagram (Moher et al
22)
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Study Quality

The putative ELCWP was used to evaluate the quality of all
research studies. Table 2 presents the research results. The
mean score for all studies was 80.66 %. Across all studies,
results analysis obtained a high mean score of 8.28, compared
with design (8.02), method (8.07), and generalizability (7.89).
The mean global scores in terms of age/gender and tumor size
were 82.45 and 82.31 %, respectively. Because the two-sided
p values were greater than 0.05 when Student’s t test was used,
there was not possible heterogeneity existing between the fea-
tures of study baseline.

Meta-analysis About CD105 and WHO Grade
and Prognosis

We divided WHO grade into low and high grade (III+IV) for
the crosstable. Information of WHO grade was available in all
the 11 studies which were all continuous data (Table 1). From
the Galbraith figure (Fig. 2a), we can see three points fall
outside the appointed region, which can be taken as evidence
of heterogeneity among these studies (Q= 36.7, d.f.= 10,
I2 = 72.8 %). As showed in Fig. 3a, using a random effect
model, SMDs revealed a significant association between
CD105 expression and high WHO grade (SMD −1.785,

95 % CI −2.133, −1.437; p= 0.000) suggesting that high
CD105 expression in postoperative glioma tissues could pre-
dict a high-grade glioma, and high CD105 expression is rec-
ommended as a clinical biomarker for diagnosis. The hetero-
geneity was not significant upon gender (Fig. 2b, Q=1.73,
d.f. = 4, I2 = 0.0 %) rather than age (Q = 24.53, d.f. = 4,
I2 =83.7 %) and tumor size (Q=30.65, d.f.=3, I2=90.2 %)
(figures not shown). There were no significant associations
between CD105 and age (Fig. 3b, SMD −0.505, 95 % CI
−1.054, 0.043; p= 0. 071), CD105 and gender (Fig. 3c,
SMD 0.101, 95 % CI −0.103, 0.305; p=0.333), and CD105
and tumor size (Fig. 3d, SMD −0.433, 95% CI −1.326, 0.459;
p=0. 341). Three articles analyzed the value of CD105 over-
expression in 3-year overall survival. On the basis of this
meta-analysis, CD105 expression level was obviously associ-
ated with 3-year OS (HR=4.357, 95 % CI 1.412, 7.303;
p=0.004) (Fig. 3e) in glioma patients, suggesting CD105 is
able to effectively predict the prognosis and provide a helpful
hint for early treatments.

Sensitivity Analysis and Publication Bias

The effects of each single study on pooled OR or SMD were
evaluated using the sensitivity analysis, in which each study
was taken out of consideration during the assessment. The

Table 1 Characteristics
of 11 included studies Year Author Country Number Patient Mean age Male Grade (I+II) Method Data type

2004 Yao DX China 58 Glioma 41.5 37/58 24/58 IHC Continuous

RT-PCR Continuous

WB Continuous

2005 Liu ZZ China 46 Glioma 37.4 27/46 24/46 IHC Continuous

2007 Wang YF China 70 Glioma 42.6 35/70 32/70 IHC Continuous

2008 Chen S China 50 Glioma 46.82 34/50 27/50 IHC Continuous

qPCR Continuous

2008 Wang YF China 45 Glioma 42.6 25/45 19/45 IHC Continuous

2010 Xu S China 22 Glioma NA NA 7/22 qPCR Continuous

2010 Xu GZ China 62 Glioma 43.5 35/62 31/62 IHC Continuous

2011 Xiao CW China 110 Glioma 41.3 78/110 57/110 IHC Continuous

2011 Jiang XF China 155 Glioma 44.4 92/155 27/155 IHC Continuous

2012 Sun SA China 62 Glioma NA NA 12/62 IHC Continuous

2013 Sun DB China 54 Glioma 49.4 25/54 22/54 IHC Continuous

2013 Fang YW China 62 Glioma 45.02 NA 12/62 IHC Continuous

IHC immunohistochemistry, RT-PCR reverse transcription PCR, WB western blot, qPCR quantitative PCR

Table 2 Clinical and
methodological
characteristics of 11
included studies

Number of studies Design Method Generalizability Results analysis Global score (%)

WHO grade 11.00 8.02 8.07 7.89 8.28 80.66

Age/gender 5.00 8.28 8.16 8.12 8.42 82.45

Tumor size 4.00 8.25 8.175 8.125 8.375 82.31
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outcome showed that the pooled SMDs of CD105 and WHO
grade, suggesting a statistically robust result (Fig. 4).
Publication bias analysis of these 11 literatures was conducted
through the type of funnel plot with the result of symmetric
distribution (Fig. 5). Also, Begg’s and Egger’s test were con-
ducted, showing no statistical evidence of publication bias
(p=0.932, 95 % CI −4.42, 4.48).

Discussion

Recent movements toward antibody-based therapeutic strate-
gies in neoplasms have led to the characterization of some
potential antigens. CD105, also called Endoglin, is just one
such antigen with widespread popularity. CD105 is a co-

receptor of TGF-β, a pleiotropic cytokine controlling cellular
proliferation, migration, adhesion, and differentiation [7, 9,
10]. In recent years, studies have demonstrated that CD105-
positive vessels play a pivotal role in the biology of gliomas
and have an influence in prognosis [10–12]. One of the pos-
sible explanations for its prognostic influence is via its role in
developing the microvascular niche where stem-like
oncocytes preferentially inhabit [22]. Few reports, however,
discussed the comprehensive clinical significances of CD105
in glioma patients, and the accurate roles of CD105 in WHO
grade and glioma prognosis were not well known. As such, it
remains unclear whether or not CD105 can be used as a
criteria of gliomas’ WHO grade. Herein, we combined
PubMed, Google Scholar, Embase, Wanfang, and Cnki to
comprehensively analyze the clinical effects of CD105.

Fig. 2 Galbraith figure of
included studies focusing on the
correlation between CD105 and
WHO grade a and CD105 and
gender b If the circles are all
distributed within the region
bounded by the upper line and the
lower line, it can be taken as an
evidence of homogeneity. The
farther away from the region, the
more obvious the heterogeneity is
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In the present study, we investigated CD105 expression
in 11 glioma studies and its association with WHO grade in
796 patients. Here, quality assessment was subjected to the
published ELCWP, and there was no sign of marked differ-
ences across all studies. If significant heterogeneity was ob-
served among studies, a random effect model, which pro-
vides a more conservative standard error and a larger

confidence interval, was chosen to determine the pooled
SMD/HR estimates. Our analysis showed that CD105 over-
expression in glioma tissues was closely associated with
high WHO grade (III+IV) (SMD −1.785, 95 % CI −2.133,
−1.437; p=0.000) and there were no significant correlations
between CD105 and age (p=0. 071), gender (p=0.333), or
tumor size (p=0. 341).

3508 Mol Neurobiol (2016) 53:3503–3512

Fig. 3 Individual and pooled SMD with 95 % CI about CD105 and
WHO grade, age, gender, tumor size, and 3-year OS. A random-effect
model revealed an association between CD105 and WHO grade (n = 11,
SMD −1.785, 95 % CI −2.133, −1.437; p = 0.000) a No significant
associations exist between CD105 and age (SMD −0.505, 95 % CI

−1.054, 0.043; p = 0. 071) b gender (SMD 0.101, 95 % CI −0.103,
0.305; p = 0.333) c and tumor size (SMD −0.433, 95 % CI −1.326,
0.459; p = 0. 341) d A fixed effect model revealed an association
between CD105 and 3-year OS (HR= 4.357, 95 % CI 1.412, 7.303;
p= 0.004) e



Fig.3 (continued)
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These findings are of potential clinical importance. First, as
considering the specific overexpression of CD105 on glioma
vasculature, it seems to be a promising target for
antiangiogenic therapy. Several approaches targeting CD105
have already been evaluated: (1) CD105-Fc constructs.
CD105-Fc, as a chimeric protein, is consisted of the extracel-
lular part of CD105 fused to Fc tail of human IgG. This mol-
ecule works like a ligand trap for CD105 ligands including
BMP-10 and BMP-9 [23, 24]. Castonguay et al. showed that
in BALB/c mice subcutaneously injected with colon
denocarcinoma cells, CD105-Fc greatly reduced tumors’ an-
giogenesis, and thus tumor growth [24]. (2) CD105 vaccines.
One research explored the use of a CD105 protein vaccine
with low-dose cisplatin. Liver or lung cancer cells were sub-
cutaneously inoculated in mice treated with this protein

vaccine, cisplatin, or their combination. Both monotherapies
restrained tumor growth, while combination therapy synergis-
tically reduced tumor volume, led to the biosynthesis of auto-
antibodies against CD105, and induced endothelia cell apo-
ptosis in vivo [25]. More recently, CD105-based DNA vac-
cines were also developed and studied in pre-clinical
models [26]. (3) CD105 neutralizing antibodies. In vivo,
anti-CD105 monoclonal antibody has been observed in
mice to inhibit tumor growth and metastasis. This effect
is either by destruction of tumor vasculature or by inhibi-
tion of tumor angiogenesis [27]. Currently, multiple phase
II clinical studies are being carried on, assessing the ther-
apeutic efficacy of TRC105 (an anti-CD105 monoclonal
antibody that binds CD105with high avidity and exhibits
anti-angiogenic and antitumor effects) treatment alone and
in combination with bevacizumab and other anti-tumor
agents [28]. These strategies cause specific inhibition of
the tumor angiogenesis by either inducing cell death
(CD105 vaccine) or blocking CD105 signaling (CD105-
Fc and neutralizing antibodies).

Second, improved detection of high-grade glioma will
greatly improve standard practice of care for these patients.
For those gliomas whose pathological grade is hard to con-
firm, the expression level of CD105 can indeed provide more
additional information to help determine the cellular or mo-
lecular pathological nature. Unlike low-grade gliomas, for
high-grade ones, it is better to perform more aggressive and
more vigorous treatments to expect to improve the quality of
life and prolong survival time. The common treatment choices
include timely and appropriate chemotherapy, radiotherapy,
and molecular targeted therapy against specific antigen like
CD105. So to determine the WHO grade and related patho-
logical features of the gliomas is of vital importance to im-
prove therapeutic schedules individually and rationally. Third,

Fig. 4 Sensitivity analysis of
included studies. Results were
computed by omitting each study
in turn. Meta-analysis random-
effect estimates (exponential
form) were used. The two ends of
the dotted lines represent the 95%
CI

Fig. 5 Funnel blot was designed to visualize a potential publication bias.
Funnel plots’ shape of all studies did not reveal obvious evidence of
asymmetry, suggesting that publication bias was also not observed
among studies with pathological indicators
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CD105 is expressed not only in vascular endothelium,
chondrocytes, and blast cells of term placenta but also in early
stage or activated blood cells, hence making CD105 also a
potential blood biomarker that would be potentially predictive
of high-grade gliomas.

Subsequently, we analyzed three articles involving CD105
expression and 3-year overall survival and observed that
CD105 expression was significantly associated with 3-year
OS (HR=4.357, 95 % CI 1.412, 7.303; p=0.004) (Fig. 3) in
patients. Thus, it is plausible that CD105 antagonist may be a
potential adjuvant therapy for treating gliomas following sur-
gical resection, radiotherapy, and chemotherapy.

Galbraith figure, Cochran’s Q test, and I2 test (variation in
OR attributable to heterogeneity) were all performed to judge
the heterogeneity between included studies. When p<0.05
and/or I2>50%, the heterogeneity was considered statistically
significant. In this meta-analysis, there did exist heterogeneity
among studies about WHO grade, age, and tumor size. So, a
random effect model was recommended in the analysis. On
the other hand, several limitations of this study should be
considered as many as possible. CD105 expression in includ-
ed studies was utterly investigated in Chinese populations and
tested by different methods and criteria. Particularly, IHC
depended largely on the methodological factors such as pri-
mary and secondary antibody titer. However, it was very hard
to conduct subgroup analyses by different antibodies to ex-
plore the potential bias of method on the pooled results. In
addition, most studies did not offer complete data, although it
may not affect the bias.

Publication bias can affect the meta-analysis quite a lot
[29]. Research studies with negative outcomes were all aban-
doned, leaving only positive ones for the public. Recently, no
publication bias contented Egger’s and Begger’s p value test
or funnel plot. The publication bias may occur because the
sources were English and Chinese only. Another limitation
of this meta-analysis is that it remains unconfirmed whether
CD105 represents an independent prognostic indicator be-
yond predicting glioma grade. It would be of meaningfulness
to analyze the subgroup of isocitrate dehydrogenase (IDH)-
mutated gliomas since their biology is completely different
from IDH-wide type. On the basis of a study by Popov
et al., IDH1-positive glioblastomas were associated with a
glomeruloid vascular proliferation in the absence of arcade-
like structures which was confirmed by CD105 staining [30].
And, an unexpected finding in a current study is a statistically
significant association between diffuse and strong CD105 ex-
pression by acute myelocytic leukemia blasts and the IDH2
mutation. The authors’ sense is that the CD105 data are stron-
ger than the grading data in predicting, but it is difficult to be
sure unless this is specifically addressed [31]. Unfortunately,
the included papers do not have IDH status stated for the
tumors; thus, the correlation between CD105 and other well-
known glioma biomarkers such as IDH, O6-methylguanine-

DNAmethyltransferase (MGMT) gene promoter methylation,
and 1p/19q co-deletion is one of the further research
directions.

In conclusion, our meta-analysis demonstrates that
CD105 is significantly associated with high grade and func-
tions as an essentially prognostic factor for glioma patients.
Moreover, accurate prediction and early regimen of patients
who were given surgical resection were possible with path-
ological CD105 gene or protein assessment. In addition,
more evidence is still in demand to support the current re-
search results.
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