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Abstract
Background: Endoglin (CD105) has been considered a prognostic marker for hepatocellular carcinoma
(HCC), and widely used as an appropriate targeting for antiangenesis therapy in some cancers. Our aim
was to evaluate the distribution and expression of CD105 in the liver of patients with HCC, and to discuss
whether CD105 may be used as an appropriate targeting for antiangenesis therapy in HCC.

Methods: Three parts of liver tissues from each of 64 patients with HCC were collected: tumor tissues
(TT), adjacent non-tumor (AT) liver tissues within 2 cm, and tumor free tissues (TF) 5 cm far from the
tumor edge. Liver samples from 8 patients without liver diseases served as healthy controls (HC). The
distribution and expression of CD105 in tissues were evaluated by immunohistochemistry, Western
blotting analysis, and real-time PCR. HIF-1alpha and VEGF165 protein levels in tissues were analyzed by
Immunohistochemistry and Western blotting analysis or ELISA.

Results: CD105 was positively stained mostly in a subset of microvessels 'endothelial sprouts' in TT of all
patients while CD105 showed diffuse positive staining, predominantly on hepatic sinus endothelial cells in
the surrounding of draining veins in TF and AT. The mean score of MVD-CD105 (mean ± SD/0.74 mm2)
was 19.00 ± 9.08 in HC, 153.12 ± 53.26 in TF, 191.12 ± 59.17 in AT, and 85.43 ± 44.71 in TT, respectively.
Using a paired t test, the expression of CD105 in AT and TF was higher than in TT at protein (MVD, p =
0.012 and p = 0.007, respectively) and mRNA levels (p < 0.001 and p = 0.009, respectively). Moreover,
distribution and expression of CD105 protein were consistent with those of HIF-1alpha and VEGF165
protein in liver of patients with HCC. The level of CD105 mRNA correlated with VEGF165 level in TF (r =
0.790, p = 0.002), AT (r = 0.723, p < 0.001), and TT (r = 0.473, p = 0.048), respectively.

Conclusion: It is demonstrated that CD105 was not only present in neovessels in tumor tissues, but also
more abundant in hepatic sinus endothelium in non-tumor tissues with cirrhosis. Therefore, CD105 may
not be an appropriate targeting for antiangenesis therapy in HCC, especially with cirrhosis.
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Background
Endoglin (CD105) is a homodimeric transmembrane
glycoprotein highly expressed on activated endothelial
cells, and is involved in vascular development and remod-
eling [1,2]. In line with these findings, compared to the
conventional biomarker CD34, CD105 has been demon-
strated to be a superior angiogenesis marker in breast can-
cer [3], malignant melanoma [4], non-small cell lung
cancer [5], and colorectal carcinoma [6]. These findings
have provided supportive evidence to the usefulness of
CD105 targeting in antiangiogenetic therapy of cancer
[7,8]. Seon's studies have demonstrated long-lasting com-
plete abrogation of human breast tumors in SCID mice
using CD105 antibody with immunotoxins [9,10] and
growth suppression of human solid tumors using radiola-
beled antibody to CD105 [11]. In a clinical investigation,
Costello et al reported that 99Tcm-labeled antibody to
CD105 had the ability of the specific localization in the
tumor vasculature of the kidneys [12].

As a typical hypervascular tumor, hepatocellular carci-
noma (HCC) is the most common hepatic malignancy
worldwide, especially in South-east Asia. Approximately
80% of HCC patients have been associated with liver cir-
rhosis [13]. Even after comprehensive therapies with sur-
gical excision, chemotherapy, ethanol injection,
radiofrequency, or cryotherapy, this tumor shows a high
percentage of recurrence and metastasis, and the mean
survival of the patients is still short, compared to other
major solid tumors. It is assumed that such high vascular-
ity could be one of the reasons responsible for the poor
prognosis [14]. Innovative approaches, such as targeting
the non-transformed, less resistant, tumor supporting
endothelial cells, may change this outcome [15]. Our pre-
vious investigation demonstrated the superiority of
CD105 to CD34 as a marker of angiogenesis in HCC,
which was consistent with the investigation of Ho
[16,17]. Therefore, we hypothesized that CD105 might be
an appropriate targeting for antiangiogenesis therapy in
HCC.

To validate the specificity of targeting for antiangenesis
therapy with CD105 in HCC, we further evaluated the dis-
tribution and expression of CD105 in liver with HCC at
protein and mRNA levels. Moreover, two relevant factors
with the expression of CD105, hypoxia inducing factor
1alpha (HIF-1alpha) and the 165-amino acid form of vas-
cular endothelial growth factor (VEGF165), were also eval-
uated at protein level.

Methods
Patients and tissue specimens
Sixty-four HCC patients, hospitalized in the Department
of Hepatobiliary Surgery of Drum Tower Hospital
between January 2004 and August 2006, were enrolled in

the present study. None of the patients had received pre-
operative treatment, such as transarterial chemoemboliza-
tion, et al. Normal liver tissues from 4 donors for liver
transplantation and 4 patients with no evidence of liver
diseases severed as healthy controls (HC). The research
ethics committee of Drum Tower hospital approved this
protocol and verbal consent was obtained from all partic-
ipants.

Tumor tissues (TT), adjacent non-tumor tissues (AT)
within 2 cm, and tumor free tissues (TF) more than 5 cm
far from the tumor edge were collected immediately after
surgical resection from each of the 64 HCC patients as
described by Mathonnet [18]. Necrotic or hemorrhagic
tissues were excluded. Tissues were snap-frozen and kept
in liquid nitrogen until use (protein and RNA isolation),
or were fixed in 10% formalin and embedded in paraffin
for immunohistochemical study and Hematoxylin and
Eosin stain (H&E). Four μm thick sections were prepared
and stained with H&E for study of the pathological fea-
tures of HCC in accordance with the Classification of Car-
cinomas of the Liver proposed by UICC [19].
Histopathological examination was evaluated by a senior
pathologist (Prof. Zhang), who was unaware of the results
of this study. Serial sections of the tumors and surround-
ing tissues were examined to identify any tumor encapsu-
lation, microscopic venous invasion, and microsatellite
lesions.

Immunohistochemical staining for CD105, HIF-1alpha and 
VEGF165
Consecutive paraffin sections from HC, TF, AT, and TT
were immunoassayed with the antibodies to human
CD105 (1:400, H-300, Santa Cruz, CA), HIF-1alpha
(1:400, Chemicon, CA), and VEGF165 (1:100, Santa Cruz).
A subsequent reaction was performed with biotin-free
HRP enzyme labeled polymer from an En Vision plus
detection system (DAKO, CA). Positive reactions were vis-
ualized with diaminobenzidine (DAB) solution followed
by counterstaining with hematoxylin. Negative controls
were performed using non-immune goat serum instead of
the primary antibodies.

Microvessel density (MVD) was evaluated according to
Gasparini's criteria by two independent investigators as
described in previous reports [20,21]. The mean microves-
sel count of the five most vascular areas was taken as the
MVD, which was expressed as the absolute number of
microvessels per 0.74 mm2 (×200 field) on an Olympus
microscope (CX-31) with an Olympus camera (C-5050Z).
For HIF-1alpha and VEGF165 analysis, 10 areas were ran-
domly selected and counted under a microscope at a mag-
nification of 200. According to the degree of distribution
of immunoreactive cells, HIF-1alpha and VEGF165 expres-
sion were graded into three levels: negative when the
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stained cells were present in less than 10% of the entire
area; weakly positive when the stained cells were present
in 10% to 50%; and positive when the stained cells were
present in 50% or more.

Western blotting analysis
Tissues were ground to power with a mortar and pestle as
rapidly as possible in liquid nitrogen, washed with cold
PBS, and lysed with equal volumes of RIPA lysis buffer (50
mM Tris-HCl pH 8.0, 150 mM NaCl, 0.02% NaN3, 1%
Triton X-100, 1% SDS) with Cocktail protease inhibitor
(1:200, Sigma, St Louis) on ice for 30 min, and then son-
icated four times for 5 s each. Tissue lysates obtained fol-
lowing centrifugation (12,000 × g, 4°C, 10 min), were
subjected to Western blotting analysis.

Protein was quantified using the Coomassie plus protein
assay reagent (Pierce Chemical Co, IL) and adjusted to an
equal concentration for each sample before electrophore-
sis. The lysates were heated in Laemmli buffer at 95°C,
resolved by 8% SDS-PAGE gel (Amresco, Ohio), trans-
ferred to PVDF membrane (Roche, IN), which was then
incubated with 3% BSA in Tris Buffered Saline, followed
by incubation with the primary antibody against CD105
(C-20, 1:100, Santa Cruz), HIF-1alpha (1:1000, Chemi-
con), or beta-actin (1:1000, Boshide), and then with AP-
labeled secondary antibody (1:2000, goat anti-rabbit or
goat anti-mouse IgG, Santa Cruz). The signals were deter-
mined using the enhanced chemiluminance assay (NBT/
BCIP Array, Huemei Bio, China).

Measurement of tumor cytosolic VEGF165 protein 
concentration
The isolation of tumor cytosolic proteins was performed
by homogenization of tissues as described by Poon [22].
Homogenates were lysed with equal volumes of RIPA lysis
buffer with Cocktail protease inhibitor (1:200, Sigma) on
ice for 30 minutes, and centrifuged at 12,000 rpm at 4°C
for 10 minutes. VEGF165 in the supernatants was quanti-
fied in duplicate by ELISA Kits (Lifekey Corp.) based on a
standard curve generated for each set of samples assayed.
The total protein concentration was determined as
described above. To correct variation caused by the differ-
ent total protein concentrations, the relative level of
VEGF165 was calculated by dividing VEGF165 concentra-
tion by the total protein concentration in each sample.

Real-time PCR
Acid guanidine thiocyanate-phenol-chloroform extrac-
tion was used to isolate total RNA from tissues. With ran-
dom hexamer primers, 1 μg RNA was reverse transcribed
to cNDA with ExScript™ RT reagent Kits (TaKaRa, Japan).
One μg RNA without reverse transcription served as nega-
tive controls. Primers and probes for human CD105 and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were

designed with Primer Express 2.0 software (Applied Bio-
systems, Foster City, CA) and synthesized by Genecore
(Shanghai, China). The basic information on the primers
and probes including gene name, NCBI reference, forward
primer, reverse primer, probe and its location between
two exons, product size (bp) were as followings respec-
tively: CD105, NM_000118, CATCCTTGAAGTCCATGTC-
CTCTT, GCCAGGTGCCATTTTGCTT, FAM-
TCCCAACGGGCCCGTCACAG-MGB, 7 and 8, 95;
GAPDH, NM_002046, GGGCTGCTTTTAACTCTGG-
TAAAG, CCATGGGTGGAATCATATTGG, FAM-CCT-
CAACTACATGGTTTAC-MGB, 1 and 2, 103.

Real-time PCR was performed in triplicate for each sample
in a 20-μL-reaction mixture, which consisted of template
DNA (2-μL), and primers (900 nM), probe (250 nM),
Mg2+ (5 mM), and Ex Taq HS (0.1 U/μL, ExScript™ real-
time PCR Kit, TaKaRa). PCR was performed on Stratagene
Mx3005P instrument using the following thermal set-
tings: one cycle of 20 seconds at 95°C, and 55 cycles of 5
seconds at 95°C and 20 seconds at 60°C. Amplification
efficiency (Eff) of each individual sample was calculated
by LinRegPCR program version 7.0 (a gift from Prof.
Pfaffl, Academic Medical Centre, University of Amster-
dam, Amsterdam, the Netherlands). According to the
method tested by Tichopad [23], the relative expression
ratio (RR) of CD105 gene was calculated based on Eff and
the Ct comparative with a reference gene (GAPDH) in a
sample.

Statistical analysis
Data were expressed as mean ± standard deviation with
the range given in parentheses. Statistical analysis was per-
formed using the t tests, ANOVA and linear regression
when data were normally distributed. The Pearson χ2 test
was used to compare the results of two or more sub-
groups. All statistical procedures were performed using
SPSS (Version 11.5 SPSS Inc, Chicago). Values of p < 0.05
were considered as statistically significant.

Results
Characteristics of the HCC patients
In 64 patients (53 males and 11 females, median age 51
yrs) who underwent curative resection (57 cases for regu-
lar hepatectomy and 7 for orthotopic liver transplanta-
tion), the average tumor size was 6.65 ± 4.17 cm (range:
0.8–20 cm). There were 40 patients with large tumor
(maximum diameter > 5 cm), 24 with small tumor (max-
imum diameter ≤ 5 cm), and 22 with multiple tumors
(more than two lesions). Liver cirrhosis was detected in 60
patients, and the remaining 4 patients had chronic hepa-
titis. The etiologies of underlying liver diseases were hep-
atitis B in 56 patients, hepatitis C in 1, mixed viral
infection in 1, alcoholic cirrhosis in 4, and cirrhosis of
unidentified etiology in 3 patients. According to UICC
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recommendations (2002) [19], 25 patients were classified
as stage I, 12 patients as stage II, 26 patients as stage III,
and 1 patient as stage IV. Fifty-two patients were in Child's
class A, 11 in class B, and 1 in class C.

Distribution and expression of CD105 in liver with HCC: 
CD105 rich in non-tumor tissues
In normal liver tissues, expression of the CD105 antigen
was restricted to only a few hepatic sinus endothelial cells
(HSECs) located in the direct vicinity of portal tracts (Fig-
ure 1A). Similar to Ho's report [17], highlighted microves-
sels by CD105 showed three patterns of expression in the
tumor tissue sections: sinusoid-like, branching, and small
without apparent lumina (endothelial sprouts, Figure 1B
and 1C). However, the expression pattern of CD105 in AT
and TF was different from that in TT in the following
aspects. First, CD105 showed a diffuse pattern of staining
in most cases (51/64), predominantly on HSECs in the
surrounding of draining veins (Figure 1C and 1D). Sec-
ond, there were no CD105 positive cells in portal veins,
hepatic arteries or biliary ducts (Figure 1E). Third, besides
in HSECs, some CD105 positive cells, such as on septal
fibroblasts, existed in the surrounding of pseudolobules
in focal nodular hyperplasia (Figure 1F). Furthermore, the
mean score of MVD-CD105 (mean ± SD/0.74 mm2) was
19.00 ± 9.08 in HC, 153.12 ± 53.26 in TF, 191.12 ± 59.17
in AT, and 85.43 ± 44.71 in TT, respectively. MVD-CD105
in HC was significantly lower than in TF, AT, and TT (One-
Way ANOVA, p < 0.001). Paired t test showed that MVD-
CD105 in TF and AT was significantly higher than in TT (p
= 0.012 and p = 0.007, respectively) while there was no
significant difference between TF and AT (Figure 2A).

Previous investigations reported that all antibodies
against CD105 did not show the same specificity [1]. To
examine whether different antibodies to CD105 resulted
in varied immunohistochemical staining, we evaluated
the mRNA level of CD105 in 64 paired specimens by real-
time PCR and CD105 antigen in 16 paired samples by
Western blots with another CD105 antibody (C-20). The
relative level of CD105 mRNA (CD105/GAPDH, mean ±
SD) was 0.0045 ± 0.0009 in HC, 0.076 ± 0.011 in TF,
0.088 ± 0.021 in AT, and 0.029 ± 0.005 in TT, respectively.
CD105 mRNA in HC was significantly lower than in TF,
AT, and TT (One-Way ANOVA, p = 0.001). Paired t test
showed that the CD105 mRNA in AT and TF was signifi-
cantly higher than in TT (p < 0.001 and p = 0.009, respec-
tively) and there was no significant difference between TF
and AT (Figure 2B). Moreover, Western blotting analysis
revealed that the CD105 levels in TF, AT, and TT were
5.02-, 6.98- and 2.14-fold higher than that in HC (n = 8,
p < 0.001), respectively, and CD105 in TF and AT were sig-
nificantly higher than in TT (p = 0.038 and p = 0.027,
respectively; Figure 3).

Consequently it was demonstrated at protein and mRNA
levels that the CD105 was expressed mostly on HSECs
and microvessels, more abundantly in AT and TF than in
TT.

Coincident distribution and expression of HIF-1alpha with 
CD105
The levels of CD105 protein, mRNA and promoter activity
can be up-regulated by hypoxia via the HIF-1 complex,
which binds a functional consensus HRE in the endoglin
promoter [24]. The distribution and expression of HIF-
1alpha in liver tissues with HCC were evaluated by Immu-
nohistochemistry and Western blotting analysis. The pos-
itive staining was located in the cytoplasm and/or the
nuclei of tumor cells and hepatocytes (Figure 4B–D). In
general, the intensity of HIF-1alpha staining in the non-
tumor tissues (TF and AT) was higher than in tumor tis-
sues (Figure 4C). In the portal area of cirrhosis, the expres-
sions of HIF-1alpha in the bile duct and the vessels were
negative (Figure 4D). Among the 64 paired specimens,
HIF-1alpha was expressed in 88.13% of TT, which was
lower than in AT (96.46%) and TF (92.39%), but was
higher than that in normal hepatic tissues (zero, Figure
4A). In accordance with the results of immunohistochem-
ical staining, Western blotting analysis revealed that the
HIF-1alpha levels in TF, AT, and TT were 22.82-, 23.81-,
and 14.79-fold higher than that in HC, respectively (n = 8,
p < 0.001), and the HIF-1alpha levels in TF and AT were
significantly higher than in TT (p = 0.006 and p = 0.001,
respectively; Figure 3).

Correlated distribution and expression of VEGF165 with 
CD105
Previous clinical investigations reported that CD105 cor-
related with VEGF165 in some tumors, such as non-small
cell lung cancer [5], HCC [25], and breast cancer [26]. The
distribution and expression of VEGF165 in liver tissues
with HCC were evaluated by Immunohistochemistry and
ELISA. The positive staining of VEGF165 mainly existed in
cytoplasm of tumor cells and hepatocytes (Figure 5B–D).
In general, the intensity of VEGF165 staining in the non-
tumor tissues (TF and AT) was higher than in tumor tis-
sues (Figure 5C). VEGF165 signals were also present in
endothelial cells (Figure 5D). Among the 64 paired speci-
mens, VEGF165 was positively stained in 37.12% of TT,
which was lower than in AT (56.23%) and TF (47.91%),
but was higher than in normal hepatic tissues (zero, Fig-
ure 5A). In addition, ELISA analysis also revealed that
VEGF165 protein in HC was significantly lower than in TF,
AT, and TT (One-Way ANOVA, p = 0.017). Paired t test
showed that VEGF165 protein in TF and AT was signifi-
cantly higher than in TT (n = 36, p = 0.025, and p = 0.024,
respectively; Figure 6A). Paired correlation analysis
showed that CD105 mRNA correlated with VEGF165 in TF
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(r = 0.790, p = 0.002), AT (r = 0.723, p < 0.001), and TT (r
= 0.473, p = 0.048), respectively (Figure 6B).

Discussion
Previous reports of Ho's and ours have demonstrated that
CD105 is a better prognostic marker for HCC than MVD
assessed by a pan-endothelial cell marker CD34 [16,17].
However, our present study showed that CD105 had
lower expression in tumor tissues than in non-tumor tis-
sues with cirrhosis, in which the expression of CD105
antigen was found mostly in HSECs, especially in outflow
area of AT and TF. In agreement with our findings,
Theuerkauf et al [27] revealed the common character of
the distribution of CD105 in liver with three different
pathological conditions (localized increased perfusion,
chronic congestion, decreased portovenous or arteriohe-
patic perfusion): CD105 immunoreactivity was mostly
restricted to HSECs while that in portal blood vessels was
negative. An increased CD105 expression on HSECs and
septal fibroblasts in non-tumor tissues of patients with
chronic liver diseases has been observed [28]. Moreover,
Ho's investigation showed that the disease-free survival in
patients with a diffuse pattern of CD105 staining in AT
was statistically worse than that in patients without a dif-
fuse pattern of CD105 expression [17]. However, Yang et
al reported that CD105 was not expressed in the vascular
endothelial cells of the paracarcinomatous liver tissues in
any of the 113 specimens [25]. Although different anti-

Distribution of CD105 antigen in normal, non-tumor (TF and AT), and tumor tissuesFigure 1
Distribution of CD105 antigen in normal, non-tumor (TF and AT), and tumor tissues. A, Immunostaining for 
CD105 in normal tissues. B, Highlighted microvessels by CD105 in tumor tissues. C, Diffuse positive sinusoidal segments found 
in the surrounding of tumor. D, Diffuse positive HSECs in the surrounding of draining veins (CV, central vein) in non-tumor tis-
sues. E, Distribution of CD105 in portal area (PV, portal vein) in non-tumor tissues. F, CD105-positive septal fibroblasts (black 
arrows) in periphery of pseudolobules in non-tumor tissues. The signals were detected by DAB staining. Magnification: ×200.

MVD-CD105 and CD105 mRNA level in normal, non-tumor (TF and AT), and tumor tissuesFigure 2
MVD-CD105 and CD105 mRNA level in normal, non-
tumor (TF and AT), and tumor tissues. A, MVD-CD105 
in HC (n = 8), TF, AT, and TT (n = 64); B, Relative level of 
CD105 mRNA in HC (n = 8), TF, AT, and TT (n = 64) (* = p 
< 0.05, ** = p < 0.01, versus HC; # = p < 0.05, ## = p < 0.01, 
versus TT); Columns, mean; bars, SD.
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bodies to CD105 antigen may result in varied expression
of CD105 in liver with HCC, as well as some other types
of cancer [29-33], the discrepancy of our findings and
Yang's may not be caused by the different antibodies to
CD105 antigen (see below).

To clarify whether above discrepancy was caused by differ-
ent antibodies, we evaluated the protein level of CD105 in
three parts of the specimens from HCC by two different
CD105 antibodies (H-300 and 4C11) and mRNA level by
real-time PCR in the present investigation. All of the
above results showed the similar distribution and expres-
sion. To validate the specificity of antibodies, we further
evaluated the distribution and expression of CD105 in
ductal infiltrative breast cancer, colon cancer, renal cancer,
and their surrounding tissues using above two antibodies.
Of note, there was a significant correlation between
microvessel counts stained by two CD105 antibodies in

breast, colon and renal cancer samples (Figure 3, 4, 5 in
Supplementary Data). In addition, we studied the distri-
bution and expression of CD105 by H-300 and 4C11 anti-
bodies in our own HCC tissue arrays developed in 2006.
The results displayed the same distribution and expres-
sion of CD105 in two tissue array sections (Figure 6 in
Supplementary Data). Therefore, the discrepancy in
immunohistochemical staining with different antibodies
was excluded.

The molecular basis for CD105 up-regulation is not com-
pletely defined, but there is increasing experimental evi-
dence that hypoxia can stimulate CD105 mRNA
expression in vascular endothelial cells via the HIF-1 com-
plex, which binds a functional consensus HRE in the
endoglin promoter [24]. As a key transcript factor under
hypoxia, HIF-1alpha had higher expression in non-tumor
cirrhotic tissues than in tumor tissues in this study (Figure
3 and 4B–D). The distribution and expression of CD105
in liver with HCC was consistent with those of HIF-
1alpha. In a further investigation in 13 cirrhotic liver tis-
sues (CT), the expression pattern of CD105 in CT was sim-
ilar to that in AT and TF (Figure 2 in 1). In this regard,
cirrhosis might induce hypoxia condition in liver tissues.
The non-tumor tissues themselves have precancerous
changes with angiogeneses [34]. During liver cirrhosis,
fibrogenesis induces intrahepatic shunts and the barrier
between the sinusoids and the hepatocytes [35]. Fibrous
pseudo lobes form as discrete hypoxia unit to induce ang-
iogenesis [34]. Furthermore, hepatitis B virus X protein
increases the transcriptional activity and protein level of

Distribution of HIF-1alpha antigen in normal, non-tumor (TF and AT), and tumor tissuesFigure 4
Distribution of HIF-1alpha antigen in normal, non-
tumor (TF and AT), and tumor tissues. Immunostaining 
for HIF-1alpha in HC (A), tumor tissues (B), the surrounding 
of tumor (C), and portal area of non-tumor tissues (D). The 
signals were detected by DAB staining. Magnification: ×200.Relative Expression of CD105 and HIF-1alpha antigens in normal, non-tumor (TF and AT), and tumor tissuesFigure 3

Relative Expression of CD105 and HIF-1alpha anti-
gens in normal, non-tumor (TF and AT), and tumor 
tissues. CD105 and HIF-1alpha antigens were detected by 
Western blotting analysis in 16-paired samples, and the rep-
resentative data were presented. A, Proteins in lanes 1–3 
were extracted from TF, AT, and TT of patient 155, respec-
tively; lanes 4–6 from TF, AT, and TT of patient 167, and 
lanes 7 and 8 from normal tissues of two healthy controls. B, 
Fold of CD105 and HIF-1alpha represented the mean of the 
relative fold from 8 independent experiments (HC, n = 8; TF, 
AT, and TT, n = 16). Relative fold refers to the ratio of 
CD105 or HIF-1alpha intensity in TF, AT, and TT to that in 
HC (* = p <0.05, ** = p < 0.01, versus HC; # = p < 0.05, ## = 
p < 0.01, versus TT). Columns, mean; bars, SD.
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HIF-1alpha, and thereby promote angiogenesis during
hepatocarcinogenesis [36]. Therefore cells in cirrhotic
liver are under a sustained, mechanically reduced blood
flow, which induces angiogenesis in cirrhotic tissues [14].

It has been documented that CD105 correlates with
VEGF165 in some tumors, such as non-small cell lung can-

cer [5], HCC [25], and breast cancer [26]. In this study, we
found that intrahepatic CD105 correlated with VEGF165 in
both tumor tissues and non-tumor tissues (Figure 6). The
fact that decreased oxygen pressure is a strong stimulus for
VEGF transcription and protein synthesis may explain the
up-regulation of the VEGF in the cirrhotic liver [37,38].
Moreover, VEGF expression is also modulated by
cytokines released from the infiltrating inflammatory cells
in surrounding cirrhotic liver tissues [39]. Therefore it is
widely accepted that pro-angiogenic factors, such as
VEGF165 [14,18,39] and HGF [40], have higher expression
in the surrounding tissues than in tumor tissues. We fur-
ther evaluated the distribution and expression of CD105
in 13 cirrhotic liver tissues (CT). The expression pattern of
CD105 in CT was similar to that in TF and AT from HCC
(Figure 2 in Supplementary Data). Taken together, cirrho-
sis might induce hypoxia and the expression of some pro-
angiogenic factors in cirrhotic tissues, and modulate the
expression of CD105 in turn. Of note, MVD in AT is
higher than that in any of HC, CT, TF, and TT. Therefore,
the CD105 over-expression in the tumor free tissue may
be a reflection of both cirrhosis and a "field effect" rele-
vant to the tumor. It is worthy investigating the relevant
mechanism further.

Because of the particular distribution and expression of
CD105 in liver with HCC, targeting for antiangenesis ther-
apy with CD105 antibodies in HCC should be considered
cautiously. Because (1) increased CD105 expression was
not only on endothelial cells in tumor neovessels, but also
on HSECs and septal fibroblasts in non-tumor tissues; (2)

Relative level of VEGF in normal, non-tumor (TF and AT), and tumor tissues and the correlation of VEGF and CD105Figure 6
Relative level of VEGF in normal, non-tumor (TF and AT), and tumor tissues and the correlation of VEGF and 
CD105. A, Relative level of VEGF in HC (n = 8), TF, AT, and TT (n = 36, * p < 0.05 versus HC; # p < 0.05 versus TT). Col-
umns, mean; bars, SD. B, Correlation between VEGF and CD105 mRNA in TF, AT, and TT (n = 36).

Distribution of VEGF antigen in normal, non-tumor (TF and AT), and tumor tissuesFigure 5
Distribution of VEGF antigen in normal, non-tumor 
(TF and AT), and tumor tissues. Immunostaining for 
VEGF in HC (A), tumor tissues (B), the surrounding of tumor 
(C), and portal area of non-tumor tissues (D). The signals 
were detected by DAB staining. Magnification: ×200.
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CD105 immunoreactivity was mostly restricted to the
endothelium of draining veins; (3) CD105 is a cell surface
antigen widely expressed on vascular endothelium, syncy-
tiotrophoblast, some tissue macrophages, and progenitor
cells [41]. Even though the staining in normal mucosa was
weaker than in tumor tissues, all tissues were found to be
positive, at least in microvessels, except for normal breast.
Moreover, a positive reaction was observed in the stroma
of some tissues (glands and reproductive tract) [42].
Because of above concerns, targeting with CD105 in HCC
lacks of specificity, may result in fetal side effects, such as
hemorrhage, liver dysfunction, and interfere with physio-
logical angiogenesis.

Conclusion
Our data showed that the expression of CD105 at mRNA
and protein levels was higher in tumor tissues than in nor-
mal liver, but was lower than in non-tumor tissues with
cirrhosis. Noticeably, CD105 showed a diffuse pattern of
staining predominantly on HSECs in non-tumor tissues.
Therefore, CD105 might not be an appropriate targeting
for antiangenesis therapy in HCC with liver cirrhosis. In
addition, the presence of well-diffuse patterns of CD105
expression in the adjacent non-tumor tissues could pre-
dict its key role during cirrhosis. Further studies are mer-
ited to clarify the mechanisms involved in cirrhosis.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
DCY participated in its design, carried out real-time PCR
and Western blotting analysis, and wrote the paper. LYZ
collected all of specimens and clinical database, and car-
ried out Western blotting analysis. XTS participated in the
design of the study and helped to draft the manuscript. JC
and KM carried out the immunoassays and analyzed the
results. YZY participated in its design. YTD conceived of
the study, participated in its design, and give final
approval of the version to be published. All authors read
and approved the final manuscript.

Additional material

Acknowledgements
This work was supported by the 135 grants for key departments from the 
Public Health Bureau of Jiangsu Province, P. R. China (SK200215) and grants 
for young researchers from Drum Tower Hospital. The authors were 
grateful to Drs. Lihua Zhang and Yihua Zhou in Drum Tower Hospital, Drs. 
Chuanjun Wen and Ping Xue in Nanjing Normal University for technologi-
cal support and discussion.

References
1. Duff SE, Li C, Garland JM, Kumar S: CD105 is important for ang-

iogenesis: evidence and potential applications.  FASEB J 2003,
17:984-992.

2. Fonsatti E, Maio M: Highlights on endoglin (CD105): from basic
findings towards clinical applications in human cancer.  J
Transl Med 2004, 2:18.

3. Beresford MJ, Harris AL, Ah-See M, Daley F, Padhani AR, Makris A:
The relationship of the neoangiogenic marker, endoglin,

Additional file 1
Supplementary Data. The data represent all annotation, results, and leg-
ends of the supplementary data referred in Disscussion section.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2407-7-122-S1.doc]

Additional file 2
CD105 expression in cirrhotic liver tissues (Figure 1 in Supplementary 
Data). This figure shows the distribution and expression of CD105 
expression in cirrhotic liver tissues.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2407-7-122-S2.jpeg]

Additional file 3
CD105 expression in breast cancer tissues (Figure 2 in Supplementary 
Data). This figure shows the representative data on the expression of 
CD105 in tumor tissues and tumor free tissues from breast cancer samples 
stained by 4C11 and H300 CD105 antibodies.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2407-7-122-S3.jpeg]

Additional file 4
CD105 expression in colon cancer tissues (Figure 3 in Supplementary 
Data). This figure shows the representative data on the expression of 
CD105 in tumor tissues and tumor free tissues from colon cancer samples 
stained by 4C11 and H300 CD105 antibodies.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2407-7-122-S4.jpeg]

Additional file 5
CD105 expression in renal cancer tissues (Figure 4 in Supplementary 
Data). This figure shows the representative data on the expression of 
CD105 in tumor tissues and tumor free tissues from renal cancer samples 
stained by 4C11 and H300 CD105 antibodies.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2407-7-122-S5.jpeg]

Additional file 6
CD105 expression in HCC tissue arrays (Figure 5 in Supplementary 
Data). This figure shows the representative data on the expression of 
CD105 in normal tissues, cirrhotic tissues, tumor free tissue, and tumor 
tissues dotted on two pieces of HCC tissue array.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2407-7-122-S6.jpeg]
Page 8 of 10
(page number not for citation purposes)

http://www.biomedcentral.com/content/supplementary/1471-2407-7-122-S1.doc
http://www.biomedcentral.com/content/supplementary/1471-2407-7-122-S2.jpeg
http://www.biomedcentral.com/content/supplementary/1471-2407-7-122-S3.jpeg
http://www.biomedcentral.com/content/supplementary/1471-2407-7-122-S4.jpeg
http://www.biomedcentral.com/content/supplementary/1471-2407-7-122-S5.jpeg
http://www.biomedcentral.com/content/supplementary/1471-2407-7-122-S6.jpeg
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12773481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12773481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15193152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15193152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17160082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17160082


BMC Cancer 2007, 7:122 http://www.biomedcentral.com/1471-2407/7/122
with response to neoadjuvant chemotherapy in breast can-
cer.  Br J Cancer 2006, 95:1683-1688.

4. Bodey B, Bodey B Jr, Siegel SE, Kaiser HE: Immunocytochemical
detection of endoglin is indicative of angiogenesis in malig-
nant melanoma.  Anticancer Res 1998, 18:2701-2710.

5. Tanaka F, Otake Y, Yanagihara K, Kawano Y, Miyahara R, Li M,
Yamada T, Hanaoka N, Inui K, Wada H: Evaluation of angiogen-
esis in non-small cell lung cancer: comparison between anti-
CD34 antibody and anti-CD105 antibody.  Clin Cancer Res 2001,
7:3410-3415.

6. Li C, Gardy R, Seon BK, Duff SE, Abdalla S, Renehan A, O'Dwyer ST,
Haboubi N, Kumar S: Both high intratumoral microvessel den-
sity determined using CD105 antibody and elevated plasma
levels of CD105 in colorectal cancer patients correlate with
poor prognosis.  Br J Cancer 2003, 88:1424-1431.

7. Carmeliet P, Jain RK: Angiogenesis in cancer and other dis-
eases.  Nature 2000, 407:249-257.

8. Tanaka F, Otake Y, Yanagihara K, Kawano Y, Miyahara R, Li M,
Ishikawa S, Wada H: Correlation between apoptotic index and
angiogenesis in non-small cell lung cancer: comparison
between CD105 and CD34 as a marker of angiogenesis.  Lung
Cancer 2003, 39:289-296.

9. Seon BK, Matsuno F, Haruta Y, Kondo M, Barcos M: Long-lasting
complete inhibition of human solid tumors in SCID mice by
targeting endothelial cells of tumor vasculature with antihu-
man endoglin immunotoxin.  Clin Cancer Res 1997, 3:1031-1044.

10. Matsuno F, Haruta Y, Kondo M, Tsai H, Barcos M, Seon BK: Induc-
tion of lasting complete regression of preformed distinct
solid tumors by targeting the tumor vasculature using two
new anti-endoglin monoclonal antibodies.  Clin Cancer Res 1999,
5:371-382.

11. Tabata M, Kondo M, Haruta Y, Seon BK: Antiangiogenic radioim-
munotherapy of human solid tumors in SCID mice using
(125)I-labeled anti-endoglin monoclonal antibodies.  Int J Can-
cer 1999, 82:737-742.

12. Costello B, Li C, Duff S, Butterworth D, Khan A, Perkins M, Owens
S, Al-Mowallad AF, O'Dwyer S, Kumar S: Perfusion of 99Tcm-
labeled CD105 Mab into kidneys from patients with renal
carcinoma suggests that CD105 is a promising vascular tar-
get.  Int J Cancer 2004, 109:436-441.

13. Ikai I, Yamaoka Y, Yamamoto Y, Ozaki N, Sakai Y, Satoh S, Shinkura
N, Yamamoto M: Surgical intervention for patients with stage
IV-A hepatocellular carcinoma without lymph node metas-
tasis: proposal as a standard therapy.  Ann Surg 1998,
227:433-439.

14. El-Assal ON, Yamanoi A, Soda Y, Yamaguchi M, Igarashi M,
Yamamoto A, Nabika T, Nagasue N: Clinical significance of
microvessel density and vascular endothelial growth factor
expression in hepatocellular carcinoma and surrounding
liver: possible involvement of vascular endothelial growth
factor in the angiogenesis of cirrhotic liver.  Hepatology 1998,
27:1554-1562.

15. Semela D, Dufour JF: Angiogenesis and hepatocellular carci-
noma.  J Hepatol 2004, 41:864-880.

16. Yao YZ, Pan YM, Chen J, Sun XT, Qiu YD, Ding Yitao: Endoglin
(CD105) expression in angiogenesis of primary hepatocellu-
lar carcinoma: analysis using tissue microarray and compar-
ison with CD34 and VEGF.  Ann Clin Lab Sci 2007, 37:39-48.

17. Ho JW, Poon RT, Sun CK, Xue WC, Fan ST: Clinicopathological
and prognostic implications of endoglin (CD105) expression
in hepatocellular carcinoma and its adjacent non-tumorous
liver.  World J Gastroenterol 2005, 11:176-181.

18. Mathonnet M, Descottes B, Valleix D, Labrousse F, Denizot Y: VEGF
in hepatocellular carcinoma and surrounding cirrhotic liver
tissues.  World J Gastroenterol 2006, 12:830-831.

19. International Union Against Cancer (UICC): TNM Classification of
Malignant Tumors.  6th edition. Edited by: Sobin LH, Wittenkind
CH. New York: Wiley-Liss Publications; 2002:131-138. 

20. Gasparini G, Harris AL: Clinical importance of the determina-
tion of tumor angiogenesis in breast carcinoma: much more
than a new prognostic tool.  J Clin Oncol 1995, 13:765-782.

21. Poon RT, Ng IO, Lau C, Yu WC, Yang ZF, Fan ST, Wong J: Tumor
microvessel density as a predictor of recurrence after resec-
tion of hepatocellular carcinoma: a prospective study.  J Clin
Oncol 2002, 20:1775-1785.

22. Poon RT, Lau CP, Cheung ST, Yu WC, Fan ST: Quantitative cor-
relation of serum levels and tumor expression of vascular
endothelial growth factor in patients with hepatocellular
carcinoma.  Cancer Res 2003, 63:3121-3126.

23. Tichopad A, Dilger M, Schwarz G, Pfaffl MW: Standardized deter-
mination of real-time PCR efficiency from a single reaction
set-up.  Nucleic Acids Res 2003, 31:e122.

24. Sanchez ET, Botella LM, Velasco B, Langa C, Bernabeu C: Endoglin
expression is regulated by transcriptional cooperation
between the hypoxia and transforming growth factor-beta
pathways.  J Biol Chem 2002, 277:43799-43808.

25. Yang LY, Lu WQ, Huang GW, Wang W: Correlation between
CD105 expression and postoperative recurrence and metas-
tasis of hepatocellular carcinoma.  BMC Cancer 2006, 6:110.

26. Gomez-Esquer F, Agudo D, Martinez-Arribas F, Nunez-Villar MJ, Sch-
neider J: mRNA expression of the angiogenesis markers
VEGF and CD105 (endoglin) in human breast cancer.  Antican-
cer Res 2004, 24:1581-1585.

27. Theuerkauf I, Zhou H, Fischer HP: Immunohistochemical pat-
terns of human liver sinusoids under different conditions of
pathologic perfusion.  Virchows Arch 2001, 438:498-504.

28. Clemente M, Nunez O, Lorente R, Rincon D, Matilla A, Salcedo M,
Catalina MV, Ripoll C, Iacono OL, Banares R, Clemente G, Garcia-
Monzon C: Increased intrahepatic and circulating levels of
endoglin, a TGF-beta1 co-receptor, in patients with chronic
hepatitis C virus infection: relationship to histological and
serum markers of hepatic fibrosis.  J Viral Hepat 2006,
13:625-632.

29. Burrows FJ, Derbyshire EJ, Tazzari PL, Amlot P, Gazdar AF, King SW,
Letarte M, Vitetta ES, Thorpe PE: Up-regulation of endoglin on
vascular endothelial cells in human solid tumors: implica-
tions for diagnosis and therapy.  Clin Cancer Res 1995,
1:1623-1634.

30. Kumar P, Wang JM, Bernabe'u C: CD105 and angiogenesis.  J
Pathol 1996, 178:363-366.

31. Bodey B, Bodey B, Siegel SE, Kaiser HE: Overexpression of endo-
glin (CD105): a marker of breast carcinoma-induced neo-
vascularization.  Anticancer Res 1998, 18:3621-3628.

32. van de Kerkhof PC, Rulo HF, van Pelt JP, van Vlijmen-Willems IM, De
Jong EM: Expression of endoglin in the transition between
psoriatic uninvolved and involved skin.  Acta Derm Venereol
1998, 78:19-21.

33. Kumar S, Ghellal A, Li C, Byrne G, Haboubi N, Wang JM, Bundred N:
Breast carcinoma: vascular density determined using CD105
antibody correlates with tumor prognosis.  Cancer Res 1999,
59:856-861.

34. Akiyoshi F, Sata M, Suzuki H, Uchimura Y, Mitsuyama K, Matsuo K,
Tanikawa K: Serum vascular endothelial growth factor levels
in various liver diseases.  Dig Dis Sci 1998, 43:41-45.

35. Sherman IA, Pappas SC, Fisher MM: Hepatic microvascular
changes associated with development of liver fibrosis and
cirrhosis.  Am J Physiol 1990, 258(2 Pt 2):460-465.

36. Moon EJ, Jeong CH, Jeong JW, Kim KR, Yu DY, Murakami S, Kim CW,
Kim KW: Hepatitis B virus X protein induces angiogenesis by
stabilizing hypoxia-inducible factor-1alpha.  FASEB J 2004,
18:382-384.

37. Goldberg MA, Schneider TJ: Similarities between the oxygen-
sensing mechanism regulating expression of vascular
endothelial growth factor and erythropoitin.  J Biol Chem 1994,
269:4355-4359.

38. Ladoux A, Fretin C: Hypoxia is a strong inducer of vascular
endothelial growth factor mRNA expression in the heart.
Biochem Biophys Res Commun 1993, 195:1005-1010.

39. Deli G, Jin CH, Mu R, Yang S, Liang Y, Chen D, Makuuchi M: Immu-
nohistochemical assessment of angiogenesis in hepatocellu-
lar carcinoma and surrounding cirrhotic liver tissues.  World J
Gastroenterol 2005, 11:960-963.

40. Guirouilh J, Le Bail B, Boussarie L, Balabaud C, Bioulac-Sage P,
Desmouliere A, Schuppan D, Rosenbaum J: Expression of hepato-
cyte growth factor in human hepatocellular carcinoma.  J
Hepatol 2001, 34:78-83.

41. Barbara NP, Wrana JL, Letarte M: Endoglin is an accessory pro-
tein that interacts with the signaling receptor complex of
multiple members of the transforming growth factor-beta
superfamily.  J Biol Chem 1999, 274:584-594.
Page 9 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17160082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17160082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9703932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9703932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9703932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11705856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11705856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11705856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12778073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12778073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12778073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11001068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11001068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12609567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12609567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12609567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9815781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9815781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9815781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10037187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10037187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10037187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10417773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10417773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10417773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14961584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14961584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14961584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9527067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9527067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9527067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9620326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9620326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9620326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15519663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15519663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17311868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17311868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17311868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15633211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15633211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15633211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16521208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16521208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16521208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7533829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7533829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7533829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11919234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11919234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11919234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12810638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14530455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14530455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14530455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12228247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12228247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12228247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16650286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16650286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16650286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15274325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15274325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11407479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11407479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11407479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16907850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16907850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16907850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9815965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9815965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9815965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8691311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9858949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9858949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9858949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9498020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9498020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10029075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10029075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10029075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9508533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9508533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14688211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14688211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8308005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8308005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8308005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8373380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8373380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15742396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15742396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15742396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11211911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11211911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9872992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9872992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9872992


BMC Cancer 2007, 7:122 http://www.biomedcentral.com/1471-2407/7/122
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

42. Balza E, Castellani P, Zijlstra A, Neri D, Zardi L, Siri A: Lack of spe-
cificity of endoglin expression for tumor blood vessels.  Int J
Cancer 2001, 94:579-585.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/7/122/pre
pub
Page 10 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11745447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11745447
http://www.biomedcentral.com/1471-2407/7/122/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients and tissue specimens
	Immunohistochemical staining for CD105, HIF-1alpha and VEGF165
	Western blotting analysis
	Measurement of tumor cytosolic VEGF165 protein concentration
	Real-time PCR
	Statistical analysis

	Results
	Characteristics of the HCC patients
	Distribution and expression of CD105 in liver with HCC: CD105 rich in non-tumor tissues
	Coincident distribution and expression of HIF-1alpha with CD105
	Correlated distribution and expression of VEGF165 with CD105

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Additional material
	Acknowledgements
	References
	Pre-publication history

