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Abstract

AIM: To investigate the role of bone marrow-derived
endothelial progenitor cells (EPCs) in the angiogenesis
of hepatocellular carcinoma (HCC).

METHODS: The bone marrow of HCC mice was re-
constructed by transplanting green fluorescent protein
(GFP) + bone marrow cells. The concentration of circu-
lating EPCs was determined by colony-forming assays
and fluorescence-activated cell sorting. Serum and tis-
sue levels of vascular endothelial growth factor (VEGF)
and colony-stimulating factor (CSF) were quantified by
enzyme-linked immunosorbent assay. The distribution
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of EPCs in tumor and tumor-free tissues was detected
by immunohistochemistry and real-time polymerase
chain reaction. The incorporation of EPCs into hepatic
vessels was examined by immunofluorescence and im-
munohistochemistry. The proportion of EPCs in vessels
was then calculated.

RESULTS: The HCC model was successful established.
The flow cytometry analysis showed the mean percent-
age of CD133CD34 and CD133VEGFR2 double positive
cells in HCC mice was 0.45% % 0.16% and 0.20% =
0.09% respectively. These values are much higher than
in the sham-operation group (0.11% = 0.13%, 0.05%
+ 0.11%, n = 9) at 14 d after modeling. At 21 d, the
mean percentage of circulating CD133CD34 and CD-
133VEGFR2 cells is 0.23% + 0.19%, 0.25% % 0.15%
in HCC model vs 0.05% % 0.04%, 0.12% + 0.11% in
control. Compared to the transient increase observed
in controls, the higher level of circulating EPCs were
induced by HCC. In addition, the level of serum VEGF
and CSF increased gradually in HCC, reaching its peak
14 d after modeling, then slowly decreased. Consecu-
tive sections stained for the CD133 and CD34 antigens
showed that the CD133+ and CD34+ VEGFR2 cells
were mostly recruited to HCC tissue and concentrated
in tumor microvessels. Under fluorescence microscopy,
the bone-marrow (BM)-derived cells labeled with GFP
were concentrated in the same area. The relative lev-
els of (D133 and CD34 gene expression were elevated
in tumors, around 5.0 and 3.8 times that of the tumor
free area. In frozen liver sections from HCC mice, cells
co-expressing CD133 and VEGFR2 were identified by
immunohistochemical staining using anti-CD133 and
VEGFR2 antibodies. In tumor tissue, the double-pos-
itive cells were incorporated into vessel walls. In im-
munofluorescent staining. These CD31 and GFP double
positive cells are direct evidence that tumor vascular
endothelial cells (VECs) come partly from BM-derived
EPCs. The proportion of GFP CD31 double positive
VECs (out of all VECs) on day 21 was around 35.3%
* 21.2%. This is much higher than the value recorded
on day 7 group (17.1% =+ 8.9%). The expression of
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intercellular adhesion molecule 1, vascular adhesion
molecule 1, and VEGF was higher in tumor areas than
in tumor-free tissues.

CONCLUSION: Mobilized EPCs were found to partici-
pate in tumor vasculogenesis of HCC. Inhibiting EPC
mobilization or recruitment to tumor tissue may be an
efficient strategy for treating HCC.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
vascular solid tumors, and neovascularization plays an
important role in HCC development. In HCC, neovas-
cularization status is correlated with disease progression
and patient prognosis. Endothelial progenitor cells (EPCs)
have been proved to be the main source of adult neo-
vascularization. Until now, there has not been any data
regarding the role of EPCs in HCC neovascularization.
This study is the first to prove that EPCs incorporate
into vessels directly and play an important role in HCC
neovascularization.

It has been confirmed that neovascularization is vi-
tal to further multiplication, metastasis, and recurrence
in malignant tumors. Without exogenous blood vessels,
tumors stop growing and enter a state of suspended ani-
mation at about 2-3 cubic millimeters. The acquisition of
angiogenic capacity is considered a sign of tumor devel-
opment and of metastasis' .

Recently, increasing amounts of data have revealed
that bone-marrow (BM)-derived EPCs can foster the
initiation and maintenance of angiogenic processes by in-
tegrating into developing vasculature under hypoxic con-
ditions and into tumors. In 1997, EPCs were first isolated
using anti-CD34 monoclonal antibodies. CD34-antigen,
however, could not distinguish immature EPCs from ma-
ture circulating endothelial cells (CECs) because CD34
is expressed on both. With the discovery of CD133,
an antigen restricted to immature EPCs, distinguishing
between EPC and CECs has become easier™. VEFGR2
is another marker of EPCs. VEFGR2 signaling causes
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EPCs to differentiate. EPCs resemble embryonic angio-
blasts, which characteristically migrate, proliferate, and
differentiate into mature endothelial cells”. In general,
EPCs can be identified as cells that simultaneously ex-
press the cell surface markers CD133, CD34, and VEG-
FR2™. Santarelli ¢ 4/ used mouse tumor models to
demonstrate that BM-derived EPCs are greatly mobilized
into the bloodstream, and home specifically to tumor
tissues. In the tumor microenvironment, the recruited
EPCs merged with the walls of a growing blood vessel,
where they differentiated into endothelial cells and so
promoted tumor growth. It has been reported that, dur-
ing cancer proliferation, the number of circulating BM-
derived progenitor cells increases dramatically. Circulating
BM-derived EPCs have been used to determine the op-
timal dose of anti-angiogenic drugs, most successfully in
breast cancer'”. In addition, Taylor proved that high levels
of circulating BM-derived progenitor cells are correlated
with tumor metastatic status. Recently, the contribution
of EPCs to tumor angiogenesis has also been reported
in clinical tumor samples from 6 patients who received
bone marrow transplants from donors of the opposite
sex. The endothelial cells within the tumor vessels were
of donor origin, as shown by the mismatched sex chro-
mosomes' .

At present, the significance of circulating EPCs and
the contribution of EPCs to tumor vessels have been
confirmed in only a few solid malignancies, such as ma-
lignant gliomam, lung cancer”, and mammal tumors'”.
However, the extent to which EPCs conttibute to the
generation of the tumor vessels varies significantly across
different studies, from substantial to zero!"'?. The role
of EPCs in neovascularization has been the subject of
great debate.

Tumor microvessel density is closely related to tumor

rowth, invasion, and metastasis and to patient progno-
sis!"™'*. Tt has been confirmed that the formation of new
capillaries is essential to tumor development, and the
status of angiogenesis is an important prognostic indica-
tor in hepatocellular carcinoma'™'". There are only three
papers in PUBMED, including our previous study"”,
that compare the circulating EPC levels of HCC patients
to those of healthy controls or those of liver cirrhosis
patients"®"”. We established an orthotropic hepatic can-
cer model, observed the dynamic changes of circulating
EPCs, and determined whether BM-derived EPCs con-
tributed to tumor vessels directly. We also calculated the
incorporation rate of the EPCs in vessels. All this infor-
mation is extremely important to evaluating the role of
EPCs in neovascularization in HCC.

MATERIALS AND METHODS

Orthotropic hepatic cancer mouse model

For BM reconstruction, C57BL/6 male mice aged 8-10
wk were lethally irradiated (10 Gy) and transplanted with
BM cells collected from green fluorescent protein (GFP)-
C57BL/6 transgenic mice!”. Four weeks later, the HCC
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model showed a GFP positive rate of circulating nucle-
ated cells of over 90%, suggesting full BM recovery. The
mice were then used to construct an orthotropic hepatic
cancer mice model by intra-hepatic injection of 1 X 10°-2
X 10° H22 hepatoma cells (given to us by Dr. Ru-Tian Li
of the Nanjing University Institute of Oncology, China).
Sterile extract H22 hepatoma cells, normal saline to ad-
just the number of cancer cells to 106/mL for use. Intra-
peritoneal injection of sodium pentobarbital anesthesia
C57BL/6 mice, disinfection shop towel, in the middle
upper abdomen about the xiphoid mainly as a 1 cm inci-
sion into the abdominal cavity. Gently press out part of
the lobe with bilateral costal arch, wet gauze pad in the
bottom lobe to protect, and then with 1 mL medical sy-
ringe needles inserted along the long axis of lobe about
0.5 cm, the slow injection of H22 hepatoma cells 0.1 mL
(cell number 1 X 10°-2 X 10°). Pull out the needle at the
same time, rapidly at the pressure in the eye of a needle,
and gently press on it with a cotton for 1 min to stop
bleeding, Carefully place the liver back into the abdomi-
nal cavity. The control group received same volume of
phosphate buffered solution (PBS). All mice were from
the national genetically engineered mouse resource bank

of China.

Degree of hepatocellular carcinoma mobilization

Flow cytometry (FCM) was used to evaluate the degree
of EPC mobilization. Three hundred microliters of pe-
ripheral blood was obtained from the retroorbital plexus
at 3d, 7 d, 14 d, and 21 d after the establishment of the
orthotropic HCC model. Erythrocytes were split by red
blood cell lysis buffer. Mononuclear cells were incubated
for 30 min at 4 C with Alexa Fluor488 conjugated anti-
CD133, Alexa Fluor647 conjugated anti-CD34, PE-
conjugated anti-VEGFR2 (eBioscience, United States).
Appropriate fluorochrome-conjugated isotypes were used
as controls. In addition, serum concentration of vascu-
lar endothelial growth factor (VEGF), platelet-derived
growth factor [colony-stimulating factor (CSF)] was
tested by enzyme-linked immunosorbent assay kit (ADL,
United States) following the collection of serum at the
same times.

Identification of BM-derived CD133+CD34+VEGR2+ cells
in tissue

Liver tissue was obtained from the GFP labeled BM-
HCC model on day 14. After paraformaldehyde perfu-
sion and gradient dehydration, consecutive frozen liver
tissue sections 2 um in thickness were cut in a cryostat,
fixed, blocked, and incubated at 4 ‘C overnight with pri-
mary antibody rabbit anti-mouse CD133 (1:200), VEG-
FR2 (1:100, Abcam, United States), rat anti-mouse CD34
(1:250, ebioscience, United States) respectively. Secondary
antibody was horseradish peroxidase. Positive reactions
were visualized with diaminobenzidine solution followed
by counterstaining with hematoxylin. Negative controls
were obtained by substituting the primary antibodies with
PBS.
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Contribution of BVl derived EPCs to vessels
Consecutive 2 um frozen liver tissue sections were cut as
stated above. Sections were blocked and then incubated
overnight with rat anti-mouse CD31(1:800, eBiosicence,
United States). After washing in PBS, slices were incubat-
ed with secondary antibodies Alexa Fluor 488-conjugated
rabbit anti-rat IgG antibody (1:1000, molecular probes).
4',6'-diamidino-2-phenylindole hydrochloride was used
to dry the nucleus. Normal mice given PBS-substituted
for antibodies as a negative control. Double-labeled im-
munofluorescence staining sections were evaluated using
fluorescence microscopy.

Proportion of EPCs in vessels

Mouse livers were obtained at 7 d or 21 d after the estab-
lishment of the GFP-BM HCC model. Two-microliter
frozen anti-CD31 immunofluorescence staining sections
were created as stated above. Specimens were analyzed
microscopically by two independent observers who
counted the number of BM-derived vascular ECs (VECs)
co-expressing GFP, CD31, and total VECs in 15 random
high-power fields. The quantitative contribution of EPCs

to total VECs is expressed as percentages[zol.

Expression of intercellular adhesion molecule 1,
vascular adhesion molecule 1, and VEGF protein in
tissue

Liver tissue was obtained from the GFP-labeled BM-
HCC model on day 14. Conventionally processed and
embedded sections cut at a thickness of 3 um were depa-
raffinized, blocked, and incubated at 4 ‘C overnight with
primary antibody: rabbit anti-mouse intercellular adhesion
molecule 1 ICAM1) (1:50, Protein Tech Group, United
States), vascular adhesion molecule 1 (VCAM1) (1:200
Santa Cruz Biotech, Santa Cruz, CA, United States),
VEGF (1:1000 Abcam, City, State, United States). The
secondary antibody was horseradish peroxidase. Positive
reactions were visualized with diaminobenzidine solution
followed by counterstaining with hematoxylin. Negative
controls were obtained by substituting the primary anti-
bodies with PBS.

Levels of CD133 and CD34 genes in tissue

The levels of actin and CD133 mRNAs in the tumor
and tumor-free areas were measured by real-time quan-
titative polymerase chain reaction (PCR). RNA was ex-
tracted from the livers with Trizol (Invitrogen, United
States). cDNA was generated using Takara Primer
ScriptTM 1st stand cDNA synthesis kits (JP). The se-
quences of primers were designed and synthesized by
Takara. Primers for CD133 (5-AACGTGGTCCAGCC-
GAATG-3’, 5> TCCCAGGATGGCGCAGATA-3%),
CD34 (5-ACCCACCGAGCCATATGCTTAC-3’,
5-GATACCCTGGGCCAACCTCA-3), B-actin (5>-CAT
CCG TAA AGA CCT CTA TGC CAA C-3°, 5-ATG
GAG CCA CCG ATC CAC A-3’). The PCR reactions
were performed in the light of instruction of SYBR Pre-
mix Ex TaqTM Kit (Takara, Japan) using the Stratagene
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Figure 1 Mobilization of endothelial progenitor cells into circulation. A, B: Flow cytometry analysis of circulating endothelial progenitor cells in hepatocellular car-
cinoma (HCC) mice (day 14, n =7; day 21, n = 9) vs sham-operation group (day 14, n = 9; day 21, n = 11). Normal = normal mice; C, D: Dynamic changes in serum
levels of vascular endothelial growth factor and colony-stimulating factor in HCC mice (n = 8). °P < 0.05, °P < 0.01 vs normal control (n = 8). CSF: Colony-stimulating

factor; VEGF: Vascular endothelial growth factor.

Mx3000P QPCR System (Bioscience Corporation). Each
sample was measured in duplicate. The relative level of
expression was determined by DDCt normalized to en-
dogenous control (B-actin).

Statistical analysis

Statistical comparisons were performed using the test
and analysis of variance when data were normally distrib-
uted or with separate variance estimation #test or rank
sum test. All statistical procedures were performed using
SPSS 15.0. All data are presented as mean * SD. Values
of P < 0.05 were considered statistically significant.

RESULTS

Establishment of BM orthotopic hepatocellular
carcinoma model

The successful establishment of the HCC model was
confirmed by a pathological exam confirming classic
clinicopathological characteristics of HCC, intratumor
hemorrhage, intrahepatic metastasis, and tumor neovas-
culatization.

Mobilization of EPCs into circulation

The FCM analysis showed the mean percentage of cir-
culating CD133CD34 and CD133VEGFR2 double posi-
tive cells in HCC mice to be 0.45% £ 0.16% and 0.20%
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+ 0.09% (# = 7), respectively. These values are much
higher than in the sham-operation group (0.11% = 0.13%,
0.05% £ 0.11%, n = 9) at 14 d after modeling. At 21 d,
the mean percentage of circulating CD133CD34 and
CD133VEGFR2 cells is 0.23% =+ 0.19%, 0.25% * 0.15%
in HCC model »s 0.05% £ 0.04%, 0.12% * 0.11% in
control. The mobilization of BM cells may have been a
response to the operation. Compared to the transient in-
crease observed in controls, the higher level of circulating
EPCs were induced by HCC (Figure 1A, B). In addition,
the level of serum VEGF and CSF increased gradually in
HCC, reaching its peak 14 d after modeling, then slowly
decreased (Figure 1C, D).

Recruitment of EPCs to hepatocellular carcinoma tissue
Consecutive sections stained for the CD133 and CD34
antigens showed that the CD133+ and CD34+ VEGFR2
cells were mostly recruited to HCC tissue and concen-
trated in tumor microvessels (Figure 2A). Under fluores-
cence microscopy, the BM-derived cells labeled with GFP
were concentrated in the same area (Figure 2B). The
relative levels of CD133 and CD34 gene expression were
elevated in tumors, around 5.0 and 3.8 times that of the
tumor free area (Figure 2C, D). As determined by protein
and gene expression levels, EPCs in HCC mice were re-
cruited to tumors and tumor microvessels. The results of
each three trials were largely consistent with each other.
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Figure 2 Recruitment of endothelial progenitor cells to hepatocellular carcinoma tissue. A: Distribution endothelial progenitor cells (EPCs) in tumor and tumor-
free tissue in four consecutive 2 um sections (arrows: Cells expressing the indicated antigens and recruited to tumors and tumor vessels); B: Bone-marrow cells la-
beled by green fluorescent protein recruited to tumors and tumor vessels, occupying the same position as antigen positive cells [blue regions: Nuclei stained by DAPI
(frozen section, 2 um, magnification 200)]; C: Relative levels of CD133 mRNA in tumor tissue (n = 7) and tumor-free tissue (n = 6); D: Relative level of CD34 mRNA
in tumor tissue (n = 7) and tumor-free tissue (n = 7). TFT: Tumor-free tissues; TT: Tumor tissues; DAPI: 4',6'-diamidino-2-phenylindole hydrochloride; GFP: Green fluo-

rescent protein.

Contribution of BM-derived EPCs to tumor blood
vessels

In frozen liver sections from HCC mice, cells co-ex-
pressing CD133 and VEGFR2 were identified by immu-
nohistochemical staining using anti-CD133 and VEG-
FR2 antibodies. In tumor tissue, the double-positive cells
were incorporated into vessel walls (Figure 3C). In im-
munofluorescent staining, an antigen specific to mature
endothelial cells CD31"" was used to identify VECs.
The image data show that cells co-expressing CD31 and
GFP existed not only in sinusoid endothelial cells (Figure
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3A) but also in hepatic veins (Figure 3B). These CD31
and GFP double positive cells are direct evidence that
tumor VECs come partly from BM-derived EPCs. The
proportion of GFP CD31 double positive VECs (out of
all VECs) on day 21 was around 35.3% £ 21.2%. This
is much higher than the value recorded on day 7 group
(17.1% £ 8.9%) (Figure 3D).

Expression of ICAM1, VCAM1, and VEGF in tumor tissue

For further understanding the mechanism by which BM-
derived EPCs home to tumors, we detected the expres-
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Figure 3 Bone-marrow-derived endothelial progenitor cells were found to contribute to vessel formation in hepatocellular carcinoma tissues. A: Bone mar-
row derived endothelial progenitor cells (EPCs) incorporated into peritumoral vessels; B: Distribution of CD133 and VEGFR2 antigens in hepatocellular carcinoma (HCC)
liver vessels (Arrows: Double-positive cells, CD133+ VEGFR2+ cells incorporating into microvessels in the liver. Magnification, 400); C: Bone-marrow (BM)-derived
EPCs incorporated into hepatic veins [Red: Mature vascular endothelial cells (VECs) are marked by CD31; Green: BM derived cells expressing green fluorescent pro-
tein (GFP); Blue: Nuclei stained by DAPI; Arrows: VECs co-expressing GFP and CD31, frozen, HCC, 2 um, magnification 400]; D: The incorporation rate of the EPCs
in HCC blood vessels at 7 d vs that observed at 21 d. °P < 0.01 vs that observed at 21 d, n = 15. DAP!: 4',6"-diamidino-2-phenylindole hydrochloride.

sion of ICAM1, VCAM1, and VEGF in tumor tissues
and tumor-free areas using immunohistochemistry. The
results showed that the expression of ICAM1, VCAMI,
and VEGF was higher in tumor areas than in tumor-free
tissues (Figure 4).

DISCUSSION

Enhanced neovascularization is the most obvious clinico-
pathological characteristic of HCC, and tumor microvas-
cular density is closely related to HCC progression and
patient prognosis®*. Although studies in some tumor
models have shown that EPCs are mobilized into pe-
ripheral blood and contribute to tumor vascularization,
to date, only Hong Kong University, our hepatic cancer
institute, and the Medical University of Vienna have suc-
cessively demonstrated that levels of circulating EPCs in-
crease significantly and ate correlated to clinical outcome
in patients with HCC. The role of EPCs in HCC neovas-
cularization is not currently clear. Based on our previous
clinical ﬁndingsm’m, we established an orthotopic HCC
model and used GFP as tracer to evaluate the role of
EPCs in HCC-related angiogenesis”**. According to
PUBMED search, this is the first article to show direct
visual evidence proving that EPCs promote angiogenesis
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by differentiating into vascular endothelia cells in HCC.
Thus far, the clinical significance of circulating EPCs
has been confirmed in only a few solid malignancies,
7P breast
and ovarian cancer™. Levels of circulating
BM-derived stem cells have been used to determine the
optimal dose of anti-angiogenic drugs, most successfully

. 25 .
such as neurosponglorna[ ], hepatic cancer
26,27
cancer”?"

in breast cancer patients'. In the current investigation,
which, unlike our previous clinical study, does not involve
any interference from cirrhosis, it is much clearer that
the mobilization of EPCs and the up-regulation of the
BM-mobilization-related factors VEGF and CSF are the
results of the development of HCC (Figure 1). Though
wounds and injuries also can mobilize EPCs into the
blood™, the controls in this study showed only transient
increases in, VEGF and CSEF, and levels of circulating
EPCs remained relatively low"”. In terminal stage of the
tumor, the decline in levels of serum cytokines and citr-
culating EPCs may be the result of a disordered environ-
ment and systemic failure.

Characterization of EPCs, proof-of-principle strate-
gies design to study the importance of vasculogenesis in
tumors are current impediments. CD34-antigen could not
distinguish immature EPCs from mature CECs. Recently,
scientists discovered an antigen restricted to immature
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Figure 4 Expression of intercellular adhesion molecule 1, vascular adhesion molecule 1, and vascular endothelial growth factor in tumor tissues and
tumor-free tissues as detected by immunohistochemistry (paraffin, liver, 2 um, magnification, 200).

EPCs named CD133 which can distinguish between
EPC and CECs. VEFGR2 is another marker of EPCs.
VEFGR2 signaling causes EPCs to differentiate. EPCs
resemble embryonic angioblasts, which characteristically
migrate, proliferate, and differentiate into mature endo-
thelial cells. Generally, EPCs can be identified as cells that
simultaneously express the cell surface markers CD133,
CD34, and VEGFR2.

In this study, we used GFP as a tracer because that
tumor growth is accompanied by the formation of tumor
blood vessels, we hypothesized that EPCs could home
to liver tumors specifically. To test this hypothesis. The
immunohistochemical image data of HCC tissue se-
rial frozen sections showed many cells expressing EPC-
specific antigens CD133, CD34, and VEGFR2, and these
were concentrated in tumor tissues and tumor vessels
(Figure 2A). Relative to tumor-free tissues, many BM-
derived cells labeled by GFP specifically homed to tumor
tissues and tumor vessels occupying the same positions
as the CD133-, CD34-, and VEGFR2-positive cells (Fig-
ure 2B). This indicates that these antigen-positive cells
come from bone marrow and co-express the specific
antigens CD133, CD34, and VEGFR2. Real-time PCR
analysis showed the levels of mRNA for stem cell mark-
ers CD133 and CD34 were around 5 and 3 times higher,
respectively, than in tumor free tissues (Figure 2C). These
results may be due to the fact that CD34 is expressed
in both mature and immature cells, while CDD133 is lim-
ited to immature cells (Figure 3B). EPCs’ tropism for
malignant tissues can also be observed in other cancer
models, in which ICAM-1 is considered the main endo-
thelial surface receptor responsible for recruitment of
EPCs"™!. VEGF is believed to be the most important and
essential mobilization factor in the induction of matrix
metalloproteinase-9 (MMP-9) expression in bone mar-
row cells (BMCs). MMP-9, in turn, cleaves and activates
the VEGF receptor of BMCs, permitting the transfer of
BMCs and mobilizing EPCs into circulation. In our
HCC model, besides up-regulated VEGF, the levels of
VEGF and ICAM1 in tumor tissue also increased signifi-
cantly. This is consistent with our previously published
clinical results"”. From this, we can reasonably infer that,
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during tumor growth, HCC tissue releases mobilization
factors, such as VEGEF, into circulation. As the matrix de-
grades, BM-derived EPCs migrate into the liver through
the bloodstream. Under the chemoattractive influence of
locally high VEGF content VEGF and cellular adhesive
molecules, the EPCs become come to rest in the hepatic
tumor area.

Until now, the contribution of EPCs to blood vessel
formation has been proved in only a few types of cancer,
including malignant glioma” and Ewing’s sarcoma*",
We have identified and confirmed the clinical significance
of mobilized EPCs in HCC"". Here, we directly prove
that EPCs contribute to the formation of new HCC ves-
sels not only in hepatic sinusoids (Figure 3A) but also in
the veins of the liver (Figure 3C). Moreover, immunohis-
tochemical image data has directly shown that cells co-
expressing CD133 and VEGFR2 incorporate into live
vessels (Figure 3D). This indicates that BM-derived EPCs
stimulate tumor growth by promoting neovascularization.
In addition, the incorporation rate of EPCs on day 21
was found to be much higher than on day 7. In this sense,
the role of EPCs in neovascularization seem to become
more important as HCC growth progresses (Figure 4C).
Mature ECs have relatively limited proliferative capac-
ity. In the current body of literature, the proportion of
EPCs to VECs has been found to vary widely, from zero
to more than 90%'""'?. Other studies have concluded that
EPCs do not contribute to the vascular endothelium and
are not needed for tumor growth™. The fact that these
studies used different tumor models may be the source
of these different results.

Ever since 1971, anti-angiogenesis and anti-vascular
treatments have emerged as a clinically promising anti-
cancer strategy in HCC therapy. However, though anti-
angiogenic therapies to HCC have been used clinically for
a long time, the actual effect is not as satisfying as would
be expected. Damaging tumor vasculature or blood em-
bolization does lead to local metabolic disturbance, aci-
dosis, hypoxia, and eventually to necrosis. This causes the
release of soluble factor into the bloodstream by tumors
directly and by the responding system indirectly. These
soluble factors mobilize more EPCs into the blood and
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promote the formation of new blood vessels to compen-
sate for the lost blood supply. In fact, it has been found
that tumor necrosis, hypoxia, and ischemia can all cause
dramatic increases in serum levels of VEGF and in the
number of EPCs in circulation EPCs™ ™. These cells
home to the vasculature of treated tumors and promote
tumor neovascularization. In such cases, even if tumor
vasculature is damaged and local angiogenesis is inhib-
ited, BM-derived EPCs independently form the blood
vessels necessary for tumor regrowth. The existence of
compensatory cellular and molecular mechanisms inhibits
the efficacy current targeted anti-angiogenic therapies. We
suggest inhibiting the recruitment of circulating EPCs
in concert with anti-vascular treatment. We have demon-
strated previously that the number of circulating EPCs
rises dramatically in patients with HCC. Now we further
display that, during the course of HCC, large numbers of
EPCs are mobilized and recruited to tumor areas, where
they promote HCC angiogenesis by integrating directly
into the tumor vessels directly. As HCC develops, the
proportion of EPCs in vessels seems to rise gradually.

In view of current data, we have reason to believe that
the BM is the important source of cells for neovasculat-
ization in HCC. We infer that blockage of EPC mobiliza-
tion or recruitment to tumors may slow down hepatic
cancer growth and improve the efficacy of therapies.

COMMENTS

Background

Neovascularization is the key process for tumor development, invasiveness
and metastasis. It has been accepted that tumor-neovascularization raised in
two ways, one is endothelial sprouting, another is bone marrow derived cells
differentiating into mature vascular endothelial cells. Hepatocellular carcinoma
(HCC) is one of the most vascular solid tumors, in which neovascularization
plays an important role. The status of neovascularization in HCC correlates with
the disease progression and patient’s prognosis.

Research frontiers

At present, the significance of circulating endothelial progenitor cells (EPCs)
and contribution of EPCs to tumor vessels have been confirmed only in a few
solid malignancies, such as malignant glioma, lung caner and mammal tumor,
however, the extent to which EPCs contribute to the generation of the tumor
vessels is highly variable in different studies, from substantial to zero. So the
role of EPCs on neovascularization has been argued a lot. Till now, there is no
any data to evaluate the role of bone marrow cells (BMCs) in HCC neovascu-
larization yet.

Innovations and breakthroughs

Ever since Professor Folkman put forward the dependence of tumor growth
on angiogenesis in 1971, anti-angiogenesis or anti-vascular treatment has
emerged as a clinically promising anti-cancer strategy in HCC therapies. How-
ever, though anti-angiogenic therapies to HCC such as chemotherapy and
embolization have been in clinical application for a long time, the actual effect
is not as satisfying as expected yet. It is well known HCC is a highly vascular-
ized solid tumor. The authors have demonstrated that circulation BMCs/bone
marrow-derived stem cells rise dramatically in patients with HCC previously in
clinical cancer research, now the authors further display during the course of
HCC, large number of BMCs was mobilized and recruited to tumor area, then
promote HCC angiogenesis by integrating into tumor vessels directly.
Applications

The study results suggest that the BMCs play a prominent role in HCC neovas-
cularization, and inhibiting EPC mobilization or recruitment to tumor tissue may
be an efficient strategy for treating HCC.

Terminology

EPCs: Endothelial progenitor cells can differentiate into mature vascular endo-
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thelial cells for formation of new vessels (vasculogenesis).

Peer review

This is a good descriptive study to investigate the role of bone marrow-derived
EPC in the angiogenesis of HCC. The results are interesting and suggest that
mobilized EPCs were found to participate in tumor vasculogenesis of HCC and
inhibiting EPC mobilization or recruitment to tumor tissue may be an efficient
strategy for treating HCC.
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