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Abstract
AIM: To gain tumor endothelium associated antigen genes
from human liver cancer vascular endothelial cells (HLCVECs)
cDNA expression library, so as to find some new possible
targets for the diagnosis and therapy of liver tumor.

METHODS: HLCVECs were isolated and purified from a
fresh hepatocellular carcinoma tissue sample, and were
cultured and proliferated in vitro. A cDNA expression library
was constructed with the mRNA extracted from HLCVECs.
Anti-sera were prepared from immunized BALB/c mice
through subcutaneous injection with high dose of fixed
HLCVECs, and were then tested for their specificity against
HLCVECs and angiogenic effects in vitro, such as inhibiting
proliferation and inducing apoptosis of tumor endothelial
cells, using immunocytochemistry, immunofluorescence,
cell cycle analysis and MTT assays, etc. The identified
xenogeneic sera from immunized mice were employed to
screen the library of HLCVECs by modified serological
analyses of recombinant cDNA expression libraries (SEREX).
The positive clones were sequenced and analyzed by bio-
informatics.

RESULTS: The primary cDNA library consisted of 2×106

recombinants. Thirty-six positive clones were obtained from
6×105 independent clones by immunoscreening. Bio-informatics
analysis of cDNA sequences indicated that 36 positive clones
represented 18 different genes. Among them, 3 were new
genes previously unreported, 2 of which were hypothetical
genes. The other 15 were already known ones. Series analysis
of gene expression (SAGE) database showed that ERP70,
GRP58, GAPDH, SSB, S100A6, BMP-6, DVS27, HSP70 and
NAC alpha in these genes were associated with endothelium
and angiogenesis, but their effects on HLCVECs were still
unclear. GAPDH, S100A6, BMP-6 and hsp70 were identified
by SEREX in other tumor cDNA expression libraries.

CONCLUSION: By screening of HLCVECs cDNA expression
library using sera from immunized mice with HLCVECs,

the functional genes associated with tumor endothelium
or angiogenesis were identified. The modified SEREX,
xenogeneic functional serum screening, was demonstrated
to be effective for isolation and identification of antigen
genes of tumor endothelium, and also for other tumor cell
antigen genes. These antigen genes obtained in this study
could be a valuable resource for basic and clinical studies
of tumor angiogenesis, thus facilitating the development
of anti- angiogenesis targeting therapy of tumors.
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INTRODUCTION
Angiogenesis is a critical event in solid tumor growth, invasion,
and metastasis. Recently, more attractive targets are thought
to be vasculature of tumor compared with tumor cells themselves
in the therapy of solid tumor[1]. Tumor endothelium is a key
mediator during the complex process of tumor angiogenesis.
There will not form new blood vessels in tumor if tumor vascular
endothelia are lacking of the functions of proliferation,
activation, adhering, migration and vessel formation. To date,
the morphology, phenotype, functional aspects and gene
expression observed in tumor-derived endothelial cells (TEC)
were proven to be different from normal-derived endothelial
cells (NEC)[2,3]. Virtually, the therapeutic strategy of solid tumors
targeting for tumor vasculature makes use of these differences.
Various methods have been developed to identify the differences
between TEC and NEC, such as serial analysis of gene expression
(SAGE)[4], suppression subtractive hybridization (SSH)[5],
antibody target[6], immunohistochemical analysis of known
endothelial adhesion molecules[7] phage display peptide library[8],
and cDNA microarray[9], etc. Due to the difficulty of isolating
highly purified TEC, most studies now selected activated
endothelial cells as a substitute, however, the activated endothelial
cells cannot completely represent TEC.
     SEREX has recently emerged as a powerful method for
serological identification of tumor associated antigens (TAAs)
and/or tumor rejection antigens (TRAs). Up to date, more than
1 000 candidate tumor antigens in various cancers have been
identified[10,11]. Tumor antigens identified by SEREX could
provide valuable targets for cancer diagnosis, therapy and the
study of cancer vaccines. Similarly, the proliferation-associated
antigens on tumor endothelial cells may be more useful
candidates for antiangiogenic therapy/vascular targeting
therapy of tumor. However, up to the present, no data are
available that associated antigen genes have been isolated
from TEC.
     The goal of this study was to define tumor endothelium
associated antigen genes by the method of modified SEREX.



Therefore, we constructed and screened the HLCVECs cDNA
expression library with murine immunosera of anti-HLCVECs,
and identified 18 HLCVECs associated antigen genes. These
genes may not only provide a valuable tool for study on the
roles of endothelial cells in tumor angiogenesis, but also some
potent candidate targets for antiangiogenic therapy of cancer.
Our results in this report also indicated that the approach of
screening cDNA expression library with functional xenogeneic
sera, a modified SEREX, could be an effective strategy for
isolation and identification of tumor endothelium associated
antigen genes.

MATERIALS AND METHODS
Tumor tissue samples and cells
Human tumor tissue was obtained from therapeutic surgical
resection of one patient with hepatocellular carcinoma (HCC)
at the Cancer Hospital of Peking Union Medical College. After
surgical removal, the tissue sample was immediately transferred
to the laboratory in cold culture medium (DMEM, GIBCO) with
penicillin (400 U/mL) and EDTA (1 g/L) and was isolated for 2 h.
Human umbilical vein endothelial cells (HUVECs) were isolated
as described[12]. HUVECs were stimulated to generate activated
HUVECs with endothelium growth medium (Clontech) containing
EC growth factors and tumor tissues homogenate prepared in
our laboratory.

Isolation, purification and culturing of HLCVECs
Isolation, purification and culturing of HLCVECs were performed
by previously described method[13,14] with some modifications.
Briefly, the liver cancer tissue from patient with HCC was finely
minced with curved scissors into approximately 2 mm ×2 mm×2 mm
pieces, then was re-suspended in 20 mL of 1 g/L  trypsin (type
II, Sigma) in DMEM containing 1 g/L EDTA and incubated for
10 min at 37 . After digestion, the whole suspension was
filtered through a 200 µm melt mesh sieve and the filtrate was
washed twice in DMEM by centrifugation at 450 r/min for 5 min
at room temperature. The pellet was re-suspended in 5 mL of
DMEM + 100 g/L FCS (Hyclon) added to 25 mL of 200 g/L
percoll (Pharmacia Biotech) in DMEM and centrifuged at 1500 g
for 15 min at 4 . Again, the cell pellet was washed twice. The
isolated cells were resuspended in complete culture medium
(DMEM containing 200 mL/L FCS, 2 mmol/L L-glutamin
(GIBCO), 100 µg/mL antibiotic (penicillin /streptomycin), 100 µg/mL
endothelial cell growth supplement and 40 U/mL heparin). The
cells were seeded into a 20 g/L gelatin-coated 6-well plate
(FALCON), and cultured at 37  in 50 mL/L CO2 incubator and
the medium was changed every 3 d, the purification could be
carried out by the way of sub-cell colonies after 1 wk. The cells
were cultured and proliferated in gelatin-coated T75 plastic
tissue culture flasks (Falcon), and passaged by 1 g/L typsin
(1 g/L EDTA). The purified endothelial cells were identified by
immunocytochemistry for von Willebrand factor (vWF), CD31
and uptake of Ac-LDL. Fenestration was demonstrated by
transmission electron microscopy.

Preparation of the anti-HLCVECs immunosera
Female BALB/c mice (6-8 wk) were purchased from Experimental
Animal Center of Peking Union Medical College. Six mice were
immunized with HLCVECs (immunized), and 4 mice were treated
with PBS alone (non-immunized). All studies on mice were
approved by the institute’s Animal Care and Use Committee.
      Sera were obtained as described[15]. For the generation of
immunosera, mice were immunized subcutaneously with 1-6×106

HLCVECs fixed with 30 g/L paraformaldehyde in PBS or PBS
alone once weekly for 8 continuous weeks. Serum was obtained
from each mouse of immunized and non-immunized on d 21, 28,
35, 42, 49 and 56 after the first immunization. Serum from each

mouse of immunized and non-immunized groups was serially
diluted, and the reactivity against HLCVECs was examined by
immunocytochemistry.

Immunofluorescence
To determine the reactivity of sera from immunized and non-
immunized mice reacting to different endothelium, HLCVECs,
HUVECs and activated HUVECs were seeded onto glass
coverslips in 6-cm plates, then fixed in cold acetone and
incubated with serially diluted sera isolated from immunized or
non-immunized mice at 37  for 1 h, fluorescein-conjugated
goat-anti-mouse IgG (H+L) (Sigma) was subsequently applied
to them and incubated for another 1h, then to be restained by
0.1 g/L Evens Blue and washed 3 times by PBS. The results
were observed under fluorescence microscope (Nicon)[16].

MTT assay
Approximately 8×103 cells in 200 µL DMEM were seeded in
triplicate into each well of the 96-well tissue culture plates, and
immunized or non-immunized sera diluted at 1:30, 1:90, 1:270,
1:810, 1:2 430, 1:7 290 and 1: 21 870 were added to corresponding
wells. After 72 h of incubation , 10 µL  MTT (100 mg/mL) reagent
was added to each well (5 g/L), and incubated for 4 h at 37 ,
50 mL/L CO2. Subsequently, 180 µL medium was pipetted out
from each well and 50 µL DMSO was added to it. The absorbency
A570, which correlates to the number of cells, was measured
with micro-plate reader (Model 450, Bio-Rad)[17].

Cell cycle analysis by flow cytometry
HLCVECs were serum starved for 24 h and then treated with
immunized and non-immunized sera  diluted at 1:100 for 6 h.
Cells were trypsinized, washed twice in PBS. Totally 1×106 cells
were resuspended in 500 µL PBS and stained with 500 µL
propidium iodide (10 µg/mL, Sigma) for 30 min. Flow Cytometry
(Becton) was performed to determine DNA content and
apoptosis[18].

Construction of cDNA expression library
The mRNA was directly extracted from HLCVECs with mRNA
extraction kit (mRNA Poly(A) Tract System 1 000, Promega,
Madison, WI), Oligo (dT)-primed double-stranded cDNA was
synthesized from 6 ug purified mRNA and ligated into the ZAP
phage expression vector DNA according to the user’s manual
(including THERMO ScripitTM RT-PCR System Kit, ZAP-cDNA
systhesis kit, ZAP-cDNA Gigapack III Gold Mrna Cloning kit,
Stratagene).

Screening the HLCVECs cDNA expression library with immunosera
Immunoscreening of the HLCVECs cDNA expression library
was performed as described previously[19] with the following
modifications. Sera from immunized mice were diluted 1:10 and
preabsorbed with lysate from Escherichia coli (E.coli) strain
XL-1 coupled to Sepharose 4B to remove antibodies reacting
with E.coli components. X-L1 infected with recombinant phage
vectors containing HLCVECs cDNA were plated onto NZY-
tetracycline-agar plates. After induction of protein synthesis
in E.coli, we transferred the expressed polypeptides onto
nitrocellulose membranes (Gelman) and incubated them with
1:500 diluted pre-absorbed sera overnight at 4  in the first
screening. After being washed, the filters were incubated with
a 1:10 000 dilution of alkaline phosphatase-conjugated goat-
anti-mouse IgG (H+L) (Secondary Ab, Sigma) for 1-2 h at room
temperature. Reactive clones were visualized with 5-bromo-4-
chloro-3-indolyl-phosphate/nitro blue tetrazolium tablets (BCIP/
NBT, Sigma). Only clones that appeared blue were considered
serum positive. The positive clones were picked out and plated
on NZY-tetracycline agar plates for secondary screening with
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1:5 000 dilluted pre-absorbed immunosera. Subsequently,
positive clones were subcloned 2 times to obtain monoclonality.

Sequence analyses of the reactive clones
Identified and subcloned positive clones were converted to
pBluescript phagemide forms by in vitro excision, plasmid was
purified and subjected to EcoR I and Xhol I restriction enzyme
digestion. Clones representing different cDNA inserts were
sequenced with T3 primers by the dideoxy chain termination
method using the Big Dye Terminator Cycle Sequencing Kit
(PE Applied Biosystems, Foster city, CA) and an ABI PRISM
automated DNA sequencer (Perkin-Elmer, Norwalk, CT). DNA
and predicted amino acid sequences were compared with
sequences in the GenBank and other public databases by using
the BLAST program.

RESULTS

Identification of HLCVECs
The heterogeneity of human TEC is detectable at different levels
and differentiates the behavior between different tumor tissues.
HLCVECs here belong to micro-vascular ECs, and they grow in
a monolayer and exhibit contact inhibition properties. Using
electron microscopy, surface fenestrations and Weibel-Palade
(W-P) bodies were observed in HLCVECs. Immunofluorescence
staining showed that these cells expressed vWF, CD31 and
took up large amounts of Ac-LDL (Figure 1). These results
demonstrated that isolated and purified HLCVECs expressing
specific markers of endothelial cells, especially fenestration, a
tumor endothelium-specific structure, were also found in
HLCVECs.

Detection of antibodies against endothelial cells in immunosera
The antibody titer in sera from immunized mice with HLCVECs
are shown in Table 1. Titer of antibody reached 1:1 000 at 21 d
after the first immunization, 1:9 000 at 42 d and 1:27 000 at 49 d
as well as at 56 d. In contrast, the sera from non-immunized

mice were negative for anti-HLCVECs response. A similar
antibody response, with a minimal variation in titer, was seen in
all six immunized mice.
      To determine whether differences existed in reactivity of
sera from mice immunized with HLCVECs with human TEC
versus NEC, immunofluorescence was applied to detect the
reaction of anti-HLCVECs sera with HLCVECs, HUVECs and
activated HUVECs. The results indicated that 1:500 dilution of
the immunized serum showed the same degree fluorescence
staining in HLCVECs and activated HUVECs, but the staining
in HUVECs was distinctly weaker than that of the other 2 kinds
of cells. The 1:5 000 dilutions of immunoserum showed markedly
stronger staining with HLCVECs than with activated HUVECs
(Figures 2A and 2B), whereas the staining of HUVECs was
completely negative in this dilution (Figure 2C). By comparison,
the staining of all the 3 kinds of cells was negative when reacting
with sera from non-immunized mice. Simultaneously, the
fluorescence staining was observed in the membrane of positive
endothelial cells. These data indicated that the murine anti-
HLCVECs sera contained the specific antibodies with a high
titer against TECs.

Table 1  Titer of anti-HLCVECs antibody in immunized animals

        D21       D28       D35        D42        D49           D56

HLCVEC    1:1 000   1:3 000   1:9 000-   1:9 000    1:27 000   1:27 000+

1 : 9 000- indicates that the titer is lower than 1:9 000, 1:27 000+
indicates that the titer is 1:27 000 or higher.

Identification of the effect of immunosera on ECs growth
To investigate whether the immunosera have any effects on
the proliferation of HLCVECs, HLCVECs were treated with
variously diluted sera isolated from mice immunized or non-
immunized with HLCVECs. MTT assay demonstrated that the
growth and proliferation of HLCVECs were apparently inhibited
by the sera from immunized mice with HLCVECs, and there was

Figure 1  Cultured human liver cancer vascular endothelia. A: Morphology of cultured human liver cancer vascular endothelial
cells; B: Uptake of Ac-LDL; C: Electron microscope for fenestration.

Figure 2  Immunofluorescence analysis of endothelial cells stained with the sera diluted 1:5 000 isolated from the mice immunized
with HLCVECs . A: HLCVECs; B: Activated HUVECs; C: HUVECs.

A B C

A B C
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a dose dependent response from 1:30 to 1:2 430 dilution of the
murine immunosera, while no inhibitory effects were observed
in sera from non-immunized mice. Figure 3 shows the results of
serum from one of six immunized mice and one of 4 non-
immunized mice.
      Using MTT assay, we observed that human TEC growth
was inhibited when they were incubated with the immunosera,
however, the underlying mechanism was unknown. We therefore
studied further the effects of the sera on cell cycle of human
TEC with Flow Cytometry. The results showed that the amount
of apoptotic cells were increased in the group of immunoserum
compared with the group of non-immunoserum at 6 h after
treatment (Figure 4). Approximately 20.1% apoptotic cells were
seen in the group of immunized serum and only 4.9% apoptotic
cells were observed in the group of non-immunized serum. The
results further indicated that, in terms of specificity and the
effects on human TEC, the immunized sera were suitable to
screen the HLCVECs cDNA expression library to obtain
endothelium associated antigen genes.

Isolation of HLCVECs associated antigens genes by modified
SEREX
HLCVEC cDNA expression library with 2×106 primary clones
was established (Table 2). The 6×105 clones were immunoscreened
with pooled sera from six immunized BALB/c mice collected on
d 56 after inoculation of HLCVECs. Primary screening with 1:500
diluted pooled immunosera yielded 153 positive clones (named
EC1 to EC153). After secondary screening with 1:5 000
immunosera and subcloning, a total of 36 positive clones were
obtained (Figure 5). These 36 clones were then excised, to
phagemide forms and purified in vitro. The size of inserts of
these positive clones were determined by restriction enzyme
digestion with EcoR I and Xhol I, which yielded inserts sized
from 900 bp to 3 600 bp, with an average of about 1 500 bp (Figure 6).

Figure 3  Inhibition of the HLCVECs proliferation by HLCVECs
immunized murine serum from 1 of 6 immunized mice and 1
of 4 non-immunized mice. Points are the average of three wells.

Sequence analysis of the positive clones
Nucleotide sequences of cDNA inserts of 36 positive clones
were sequenced. Sequence alignments were analyzed with
DNASIS and BLAST software on EMBL and GeneBank. These
36 positive clones represented 18 different antigen genes (Table
3). EC36 was represented by 11 overlapping clones, EC42 by 6
overlapping clones, EC 62 by 4 overlapping clones and the
others by a single clone. Of these 18 clones, 3 clones were new
unknown genes, 2 of which may be functional genes encoding
hypothetical proteins. The other 15 genes were known. However,
all of them were first isolated and reported in the endothelial
cells of human HCC here. By SAGE database analysis, the 15
genes can be grouped into different classes: (1) 9 of these
genes are associated with endothelium and angiogenesis, such

Table 2  Construction of HLCVECs libraries in λ-ZAP expression vector and the number of SEREX-identified antigens

Patient Age Primary       Screening Clones Positive cDNA Known          Unknown
           (years)    size          serum            screened  clones            fragment   genes  gene

HCC   56   2×106     immunized  6×105     36     18     15       3

Table 3  Results of immunoscreening of HLCVECs cDNA expression library by immunized BALB/C sera screening

Clone Size (bp) Gene Localization Identity Accession number

EC19 2 100 HS.Protein disulfide       7q35     99%     NM 004911.2
isomerase related protein

EC24    700 HS.Glucose regulated protein     15q15     98%     NM 0O5313.3
EC26 1 000 HS.Chemokine ligand 1       4q12-q13     99%     BC 011976
EC29 1 600 HS.Inner membrane protein       2p11.2     99%     NM 006839.1
EC30 1 800 HS.Hypothetical protein Loc283241     11q12.3     99%     XM 208579.1
EC31 1 700 HS.genomic DNA, clone     11q     98%     AP 002340.3
EC35    700 HS.BMP-6     15q13-q15     98%     NM 013372.1
EC36 2 200 HS.Glyceral dehyde-3-     12p13.31     98%     BC 004109

phosphate dehydrogenase
EC38 1 900 HS.Replication factor C5     12q24.2     99%     NM 007370.2
EC39 2 100 HS.BAC, CloneRP11-1591120     99%     AC 010974.9
EC40    800 HS.Sjogren syndrome  antigen B       2q31.1     98%     BC 020818
EC42 2 400 HS.X-ray repair complementing     12q23     99%     AY 034001.1

defective repair in Chinese
EC51    400 HS.S100 calcium-binding protein A6       1q21   100%     BC 009017
EC52 1 500 HS.Protein kinase C     19p1.1     98%     NM 002743.1
EC53 1 700 HS.Heat shock 70 ku protein4       5q31.3     99%     XM 114482.2
EC59 1 900 HS.DVS27 related protein       9p24.1     99%     BC 04785.1
EC62 1 500 HS.NAC alpha mRNA     12q2     99%     AY 034001.1
EC63 1 500 HS.Hypothetical protein DJ1042k10.2     2 213.1   100%     HS1042k10
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as EC26, EC52, EC59, etc, (2) 4 of these genes have been reported
previously as tumor antigen genes, such as NAPDH, S100A6,
BMP-6 and hsp70, (3) The other genes are involved in genes
transcription, protein translation and cell mitosis, such as inner
membrane protein gene (IMMT).

Figure 4  Cell cycle analysis of HLCVECs after treatment with
immune sera or non-immune sera. A: HLCVECs treated with
immune sera for 6 h; B: HLCVECs treated with non-immune
sera for 6 h.

Figure 5  Positive dots of phage clone of screening by immune
sera. A: The first cycle of screening by immune sera; B: The
second cycle of screening by immune sera.

Figure 6  Electrophoresis analysis of enzymatic digestion of
SEREX positive clones. M, λHind III marker, from above to
below: 20 130, 9 416, 6 557, 4 316, 2 322, 2 027, 564 bp; Lanes 1-8,
positive clones digested with EcoR I and Xhol I.

DISCUSSION
Tumor angiogenesis is dependent on biochemical processes
mediating the formation and development of the blood capillary
network that supplies the tumor. In recent years, increasing
evidence has indicated that targeting tumor vasculature is a
very promising strategy for the therapy of solid tumor. Identifying
molecular markers, target genes and antigen on endothelial
cells of tumor vessels, in turn, is critical for the antiangiogenic
therapeutical strategy of tumor. A number of researchers have
gained some endothelia associated genes from activated
HUVECs with cell growth factors and supernatant of cultured
tumor cells. But it is difficult to determine tumor specific
endothelial genes by these ways, because activated endothelium
cannot completely represent tumor endothelium. In 2000,
Croix[4] first reported in Science that they successful isolated
tumor endothelium from human colorectal cancer and gained
tumor endothelium associated genes by the method of SAGE.
In the present study, to obtain specific endothelium genes of
human liver cancer vascular endothelial cells, we isolated and
purified endothelial cells from liver tumor tissue of the patients
with HCC. These endothelial cells were confirmed to have
characteristics of endothelial cells with expressing vWF, CD31,
W-P bodies and taking up high level of Ac-LDL, etc, and also
have the structure of fenestrations found only in tumor endothelial
cells. From cDNA expression library constructed with above
purified HLCVECs, we isolated 18 endothelia associated genes.
Some of them were related to human TEC. Up to date, there
have been no reports about the successful isolation of human
liver cancer vascular endothelial cells and their specific genes.
      Over the past years, efforts have been made to isolate and
identify the proliferating TEC genes, including the methods of
phage display peptide libraries, SSH and SAGE analysis, etc.
However, the genes identified using these methods, in terms of
their specificity and functions were rarely known. Therefore, in
this study, to isolate and identify functional TEC associated
antigen genes, we modified traditional SEREX and used it to
screen cDNA expression library of HLCVECs. SEREX has
recently emerged as a powerful method for identification of
human tumor-associated antigen. The identification of tumor
antigens with SEREX was based on the existence of autoantibodies
in sera of patients[10]. It is not unexpected that the method
is applicable to only a limited number of patients because
autoantibodies against most antigens can only be detected in
10-30% patients who bear tumors expressing the corresponding
antigens. Therefore, a number of modifications have been made
since the introduction of SEREX methodology to expand the
range of antigens identified. These modifications include using
established cell lines instead of tumor specimen to construct
the cDNA library, and using allogeneic sera or xenogeneic sera
instead of autologous sera as the antibody source. Hideho
et al., introduced the “cytokine-assisted SEREX (CAS)”, which
resulted in an enhanced capacity to identify glioma tumor
associated antigens (TAAs) with characteristics similar to TAAs
identified by traditional SEREX[19-21]. Despite extensive screening
of various tumor cDNA libraries with sera from tumor patients,
however, identification of human tumor endothelium associated
antigens by SEREX have not been reported up to date. To develop
a method to screen the endothelium associated functional genes,
we first immunized BALB/c mice by injection subcutaneously
with high dose purified HLCVECs. Sera from the immunized
mice were identified with several fixed methods for their
specificity against HLCVECs and the effects on endothelial
cells. For example, detection by immunocytochemistry and
immunofluorescence showed that the ability of immunosera to
bind HLCVECs were higher compared with activated HUVECs
when sera were diluted at 1:5 000, whereas the staining of
unactivated HUVECs were completely negative. These data
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indicated that the immunosera still contained specific antibodies
directed against HLCVECs in this dilution. By MTT assay and
cell cycles analysis, we have also demonstrated that the growth
and proliferation of HLCVECs were significantly inhibited when
treated with anti-HLCVECs immunosera in range of 1:30-1:2 430
dilution, while this inhibitory effect of sera from non-immunized
(only injected by PBS) mice was not observed. To identify the
possible mechanism about anti-HLCVECs proliferation activity
of immunosera, we employed Flow Cytometry to analyse cell
cycle of HLCVECs treated with the immunoserum. The results
showed that there was a 4-fold increase in the amount of
apoptotic cells compared with the group of non-immunoserum.
These findings suggested that the anti-sera obtained from mice
immunized with high dose of fixed HLCVECs presented some
functional immunoglobulin with potent antiangiogenic activity.
Similar results were also observed by Scappaticci et al.[18], who
recently demonstrated that vaccination of rabbits with murine
endothelial cells yielded immunized sera with antiangiogenic
effects in vitro and that the mechanism of antiangiogenic effect
was provn to be through induction of apopotosis of ECs by
polyclonal immunoglobulin in this serum. Furthermore, Wei
et al.[15] reported also that vaccination of mice with human ECs
could induce a specific antiangiogenic immune response with
broad anti-tumor activity. In our study, using xenogeneic
functional anti-sera from mice immunized with HLCVECs to
screen cDNA expression library of HLCVECs, a modified
xenogeneic SEREX, we first isolated endothelium associated
antigen genes from human liver cancer vascular endothelium.
      To isolate TEC associated functional antigens genes, we
immunoscreened HLCVECs cDNA expression library by a
modified xenogeneic SEREX. Thirty-six positive clones were
identified after screening of 6×105 clones. Sequencing analysis
for homology with the GeneBank and other public databases
indicated that these clones represented 18 different genes which
were first isolated and identified to be the endothelial genes
from human HCC tissues. Three of them were previously not
reported new genes, 2 of which may be functional gene encoding
hypothetical proteins. There other 15 genes were known. SAGE
analysis revealed that 9 of the 15 genes, have been reported as
endothelium associated genes and some of them were involved
in the proliferation, migration of endothelia cells and the process
of angiogenesis. For example, EC26 has 99% homology with
chemokine ligand 1(CXCL1), which was implicated having
effects on endothelial cells in angiogenesis[22]. EC35 has 99%
homology with bone morphogenetic protein-6 (BMP-6), which
stimulates angiogenesis and induces migration[23,24]. EC52 may
be one of the factors that up-regulate VEGF gene expression
during hypoxia[25-27]. The expression of EC59 gene was mostly
highly up-regulated in cerebral arteries[28]. Camby et al. found
that the level of EC51 expression differed markedly in the blood
vascular walls according to whether these vessels originated
from low- or high-grade astrocyte tumors[29,30]. EC53 had 99%
homology with heat shock 70 ku protein (HSP70) and is expressed
in human microvascular endothelial cells. The expression of
HSP70 is known to increase endothelial cells survival and
growth[31-33]. These data indicated that the genes identified in
this study using specific and functional antiserum from mice
immunized with human TEC, may be functional genes for human
endothelial cells and angiogenesis. Furthermore, this approach
through screening cDNA expression library with xenogeneic
serum containing specific antibodies may serve as an effective
strategy for isolation and identification of human TEC genes,
which will provide useful marker and targets for tumor anti-
angiogenesis therapy.
       In summary, the screening of HLCVECs cDNA expression
library by using murine immunosera of anti-tumor endothelium
yielded 18 functional antigen genes associated with tumor
endothelium. These antigen genes may be related to the

proliferation, migration and vessel formation of tumor vascular
endothelium. Further exploration of these genes and their
relationship with tumor angiogenesis would provide a valuable
resource for basic and clinical studies of anti- angiogenesis
targeting therapy of tumor.

REFERENCES
1 Folkman J. Angiogenesis inhibitors generated by tumors. Mol

Med 1995; 1: 120-122
2 Hashizume H, Baluk P, Morikawa S, Mclean JW, Thurston G,

Roberge S , Jain RK, McDonald DM. Openings between defec-
tive endothelial cells explain tumor vessel leakiness. Am J Pathol
2000; 156: 1363-1380

3 Alessandri G, Chirivi RG, Fiorentini S, Dossi R, Bonardelli S,
Giulini SM, Zanetta G, Landoni F, Graziotti PP, Turano A,
Caruso A, Zardi L, Giavazzi R, Bani MR. Phenotypic and func-
tional characteristics of tumour-derived microvascular endot-
helial cells. Clin Exp Metastasis 1999; 17: 655-662

4 St Croix B, Rago C, Velculescu V, Traverso G, Romans KE,
Montgomery E, Lal A, Riggins GJ, Lengauer C, Vogelstein B,
Kinzler KW. Genes expressed in human tumor endothelium.
Science 2000; 289: 1197-1203

5 Liu C, Zhang L, Shao ZM, Beatty P, Sartippour M, Lane TF,
Barsky SH, Livingston E, Nguyen M. Identification of a novel
endothelial-derived gene EG-1. Biochem Biophys Res Commun
2002; 290: 602-612

6 Huang X, Molema G, King S, Wakins L, Edgington TS, Thorpe
PE. Tumor infarction in mice by antibody-directed targeting of
tissue factor to tumor vasculature. Science 1997; 275: 547-550

7 Nguyen M, Corless CL, Kraling BM, Tran C, Atha T, Bischoff
J, Barsky SH. Vascular expression of E-selectin is increased in
estrogen-receptor-negative breast cancer: a role for tumor-cell-
secreted interleukin-1 alpha. Am J Pathol 1997; 150: 1307-1310

8 Koivunen E, Arap W, Valtanen H, Rainisalo A, Medina OP,
Heikkila P, Kantor C, Gahmberg CG, Salo T, Konttinen YT,
Sorsa T, Ruoslahti E, Pasqualini R. Tumor targeting with a
selective gelatinase inhibitor. Nat Biotechnol 1999; 17: 768-774

9 Lee MJ, Van Brocklyn JR, Thangada S, Liu CH, Hand AR,
Menzeleev R, Spiegel S, Hla T. Sphingosine-1-phosphate as a
ligand for the G protein-coupled receptor EDG-1. Science 1998;
279: 1552-1555

10 Chen YT. Cancer vaccine: identification of human tumor anti-
gens by SEREX. Cancer J 2000; 6(Suppl 3): S208-S217

11 Wang Y, Han KJ, Pang XW, Vaughan HA, Qu W, Dong XY,
Peng JR, Zhao HT, Rui JA, Leng XS, Cebon J, Burgess AW,
Chen WF. Large scale identification of human hepatocellular
carcinoma-associated antigens by autoantibodies. J Immunol
2002; 169: 1102-1109

12 Martinez J, Rich E, Barsigian C. Transglutaminase-mediated
cross-linking of fibrinogen by human umbilical vein endothelial
cells. J Biol Chem 1989; 264: 20502-20508

13 Rupnick MA, Carey A, Williams SK. Phenotypic diversity in
cultured cerebral microvascular endothelial cells. In Vitro Cell
Dev Biol 1988; 24: 435-444

14 Lou J, Buhler L, Deng S, Mentha G, Montesano R, Grau GE,
Morel P. Inhibition of leukocyte adherence and transendothelial
migration in cultured human liver  vascular endothelial cells by
prostaglandin E1. Hepatology 1998; 27: 823-828

15 Wei YQ, Wang QR, Zhao X, Yang L, Tian L, Lu Y, Kang B, Lu
CJ, Huang MJ, Lou YY, Xiao F, He QM, Shu JM, Xie XJ, Mao
YQ, Lei S, Luo F, Zhou LQ, Liu CE, Zhou H, Jiang Y, Peng F,
Yuan LP, Li Q, Wu Y, Liu JY. Immunotherapy of tumors with
xenogeneic endothelial cells as a vaccine. Nat Med 2000; 6:
1160-1166

16 Lou JN, Mili N, Decrind C, Donati Y, Kossodo S, Spiliopoulos
A, Ricou B, Suter PM, Morel DR, Morel P, Grau GE. An im-
proved method for isolation of microvascular endothelial cells
from normal and inflamed human lung. In Vitro Cell Dev Biol
Anim 1998; 34: 529-536

17 Xin L, Xu R, Zhang Q, Li TP, Gan RB. Kringle 1 of human
hepatocyte growth factor inhibits bovine aortic endothelial cell
proliferation stimulated by basic fibroblast growth factor and
causes cell apoptosis. Biochem Biophys Res Commun 2000; 277:

Zhong X et al. Screening of the endothelium associated antigen genes         1407



186-190
18 Scappaticci FA, Contreras A, Boswell CA, Lewis JS, Nolan G.

Polyclonal antibodies to xenogeneic endothelial cells induce
apoptosis and block support of tumor growth in mice. Vaccine
2003; 21: 2667-2677

19   Okada H, Attanucci J, Giezeman-Smits KM, Brissette-Storkus
C, Fellows WK, Gambotto A, Pollack LF, Pogue-Geile K, Lotze
MT, Bozik ME, Chambers WH. Immunization with an antigen
identified by cytokine tumor vaccine-assisted SEREX (CAS)
suppressed growth of the rat 9L glioma in vivo. Cancer Res
2001; 61: 2625-2631

20 Chen YT, Gure AO, Tsang S, Stockert E, Jager E, Knuth A, Old
LJ. Identification of multiple cancer/testis antigens by alloge-
neic antibody screening of a melanoma cell line library. Proc
Natl Acad Sci U S A 1998; 95: 6919-6923

21   Ono T, Sato S, Kimura N, Tanaka M, Shibuya A, Old LJ,
Nakayama E. Serological analysis of BALB/C methylcholan-
threne sarcoma Meth A by SEREX: identification of a cancer/
testis antigen. Int J Cancer 2000; 88: 845-851

22 Dhawan P, Richmond A. Role of CXCL1 in tumorigenesis of
melanoma. Leukoc Biol 2002; 72: 9-18

23 Valdimarsdottir G, Goumans MJ, Rosendahl A, Brugman M,
Itoh S, Lebrin F, Sideras P, ten Dijke P. Stimulation of Id1
expression by bone morphogenetic protein is sufficient and
necessary for bone morphogenetic protein-induced activation
of endothelial cells. Circulation 2002; 106: 2263-2270

24 Deckers MM, van Bezooijen RL, van der Horst G, Hoogendam
J, van Der Bent C, Papapoulos SE, Lowik CW. Bone morpho-
genetic proteins stimulate angiogenesis through osteoblast-
derived vascular endothelial growth factor A. Endocrinology
2002; 143: 1545-1553

25 Zhou Z, Yang XM, Xie YZ, Yin ZY. Vascular endothelial growth
factor gene expression regulated by protein kinase C pathway

in endothelial cells during hypoxia. Space Med Med Eng 2002;
15: 322-326

26 Siflinger-Birnboim A, Johnson A. Protein kinase C modu-
lates pulmonary endothelial permeability: a paradigm for acute
lung injury. Am J Physiol Lung Cell Mol Physiol 2003; 284: L435-
451

27 Feener EP, King GL. Endothelial dysfunction in diabetes
mellitus: role in cardiovascular disease. Heart Fail Monit 2001;
1: 74-82

28 Onda H, Kasuya H, Takakura K, Hori T, Imaizumi T, Takeuchi
T, Inoue I, Takeda J. Identification of genes differentially ex-
pressed in canine vasospastic cerebral arteries after subarach-
noid hemorrhage. J Cereb Blood Flow Metab 1999; 19: 1279-1288

29 Ilg EC, Schafer BW, Heizmann CW. Expression pattern of
S100 calcium-binding proteins in human tumors. Int J Cancer
1996; 68: 325-332

30 Camby I, Lefranc F, Titeca G, Neuci S, Fastrez M, Dedecken L,
Schafer BW, Brotchi J, Heizmann CW, Pochet R, Salmon I, Kiss
R, Decaestecker C. Differential expression of S100 calcium-
binding proteins characterizes distinct clinical entities in both
WHO grade II and III astrocytic tumours. Neuropathol Appl
Neurobiol 2000; 26: 76-90

31 Oehler R, Schmierer B, Zellner M, Prohaska R, Roth E. Endot-
helial cells downregulate expression of the 70 kDa heat shock
protein during hypoxia. Biochem Biophys Res Commun 2000;
274: 542-547

32 Piura B, Rabinovich A, Yavelsky V, Wolfson M. Heat shock
proteins and malignancies of the female genital tract. Harefuah
2002; 141: 969-972

33 Gain P, Thuret G, Chiquet C, Dumollard JM, Mosnier JF, Cam-
pos L. In situ immunohistochemical study of Bcl-2 and heat
shock proteins in human corneal endothelial cells during cor-
neal storage. Br J Ophthalmol 2001; 85: 996-1000

                                          Edited by Zhu LH and Xu FM

1408             ISSN 1007-9327      CN 14-1219/ R          World J Gastroenterol    May 15, 2004   Volume 10   Number 10


