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Abstract Vascular endothelial growth factors recep-
tor 2 (VEGFR-2) has been implicated in playing an
important role in the formation of new blood vessels in
tumors and other diseases. A high affinity human/
mouse cross-reactive anti-VEGFR-2 monoclonal anti-
body (mAb) named A8H1 was established by hybrid-
oma technology. Several immunological methods
were used to characterize the A8H1, including ELISA,
affinity and kinetics assay, MALDI-TOF MS, WB, IP,
IF, FASC and IHC. The results suggested that ASH1
could bind with linear and conformational epitopes of
the VEGFR-2 antigen. The mAb had good specific
reactivity with three forms of VEGFR-2 in HUVEC,
and two forms in NIH-3T3 mouse fibroblast cells,
which are regarded as non-expressive for VEGFR-2.
The A8HI mAb associated with intracellular and
plasma membranes in HUVEC and with the nuclei in
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NIH-3T3 cells. This mAb also effectively identified
VEGFR-2 over-expressing cells in a number of
archived human cancer tissues.
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Abbreviations
VEGFR-2 Vascular endothelial growth
factor receptor 2

mAb Monoclonal antibody

HUVECs Human umbilical vein
endothelial cells
NIH3T3 NIH-3T3 mouse fibroblast cells

MALDI-TOF MS Matrix-assisted laser desorption/

ionization—mass spectrometry

Introduction

Vascular angiogenesis, a microvascular process of
formation of new blood vessels out of pre-existing
capillaries, has been shown to play a key role in many
diseases, such as retinopathies, arthritis, endometri-
osis and malignant tumors (Benedetta Donati and
Gozdzikiewicz 2008). Blockade of angiogenesis is an
attractive approach for the treatment of these diseases.
The idea that tumor growth can be accompanied by
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increased vascular proliferation was introduced over a
hundred years ago (Ferrara 2002). Thus, angiogenesis
not only provides a method for estimating metastatic
potential of different tumors, but it also offers a
possibility for testing chemotherapeutic agents and
their therapeutic potential (Benedetta Donati and
Gozdzikiewicz 2008).

Vascular endothelial growth factor (VEGF) and its
receptors: VEGFR-1, VEGFR-2, VEGFR-3, espe-
cially VEGFR-2, play a particularly important role in
angiogenesis under both physiological and patholog-
ical conditions (Ferrara 2005; Shibuya 2001).VEG-
FR-2 seems to be the major transducer of VEGF
signals in endothelial cells that lead to cell prolifer-
ation, migration, differentiation, tube formation,
increase of vascular permeability, and maintenance
of vascular integrity (Ferrara 2005; Shibuya 2001;
Dvorak 2002). VEGF and VEGFR-2 are frequently
up-regulated in a number of clinically important
human diseases, including cancer and age-related
macular degeneration (AMD) (Ferrara 2005; Shibuya
2001). It has been shown that blockade of the
angiogenic pathways by antibody therapy is poten-
tially an effective therapeutic strategy for inhibiting
tumor growth and metastasis (Ferrara 2002, 2005;
Shibuya 2001; Dvorak 2002; Nakamura et al. 2007)
and the inhibition of VEGF or its receptor signaling
system is an attractive target for therapeutic inter-
vention (Schenone et al. 2007). Currently, the VEGF/
VEGFR pathway is considered to be one of the most
important regulators of angiogenesis and a key target
in anticancer treatment (Wang et al. 2009; Kiselyov
et al. 2007).

Monoclonal antibodies (mAbs) are well-estab-
lished tools for investigating the proteome and have
widespread applicability in biomedical science (Chi-
arella and Fazio 2008). Inhibition of angiogenesis
with anti-VEGFR-2 mAbs has shown some thera-
peutic efficacy in animal tumor models (Zhu et al.
2003; Paz and Zhu 2005; Roth et al. 2007). One of
these mAbs has entered phase I or I/II clinical trials
with human leukemia (Zhu et al. 2003). No report has
emerged that anti-VEGFR-2 antibody had been used
in clinical treatment (Deckert 2009; Calogiuri et al.
2008). These mAbs, which lack human/mouse cross-
reactive with VEGFR-2, could not bind to denatured
VEGFR-2 antigen. Therefore, they could not be used
to detect VEGFR-2 in several kinds of human solid
tumor tissues (Witte et al. 1998; Zhu et al. 1999;
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Stewart et al. 2003; Li et al. 2004). However, two
mAbs with human/mouse cross-reactive anti-VEG-
FR-2 were produced from an immune b9 allotype
rabbit antibody library (Popkov et al. 2004). The
importance of VEGFR-2 in tumors has encouraged
extensive efforts to establish new anti-VEGFR-2
mAbs for cancer in human or mouse models. Until
now, no anti-VEGFR-2 mAbs have been developed
using hybridoma technology, which have human/
mouse cross-reactivity and bind with linear and
conformational epitopes of antigen. The present
investigation makes up for these short-falls with the
development of a mAb for diagnosis and clinical
research.

VEGF-2 overexpressing human umbilical vein-
derived endothelial cells (HUVECs) and VEGFR-2-
positive of NIH-3T3 mouse fibroblast cells (NIH3T3)
(Boldicke et al. 2005; Takahashi and Shibuya 1997;
Benzinger et al. 2000) were used in preliminary
studies and in the present study. A new high-affinity
human/mouse cross-reactive monoclonal antibody
named A8HI, specific to both VEGFR-2 linear and
conformational epitopes, was established by hybrid-
oma technology, confirmed by matrix-assisted laser
desorption/ionization—mass spectrometry (MALDI-
MS), protein database searching and other immune
techniques. Notably, three-bands of VEGFR-2 pro-
tein in HUVECs, including a mature form of
230 kDa, an immature incomplete glycosylated form
of 200 kDa, and an immature form of 150 kDa, were
all seen clearly with ASH1 by immunoprecipitation
(IP). Some unexpected and interesting phenomena
appeared in the NIH-3T3 cells, which had not been
previously reported, and these may be taken as
evidence of the expression of VEGFR-2 in NIH-3T3.
In addition, the A8H1 could also be used for the
immohistochemical detection of VEGFR-2 in several
human solid tumor tissues.

It is well known that mAbs have a short survival
time in the human body, and a human anti-mouse
antibody (HAMA) response may reduce the thera-
peutic effect, when used in clinical therapy. Though
the murine A8H1 could serve as anti-VEGFR-2 for
basic and clinical studies, its use was limited to
targeted therapy in clinics. The problem of reducing
the HAMA response will be summarized in our next
study together with further studies about chimeric
murine-human fragments from A8H1 for targeted
therapy research.
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Materials and methods
Cell lines

HUVECs and NIH-3T3 were purchased from the cell
bank of the Chinese Academy of Science in Shang-
hai, China. SP2/0 myeloma cells were stored in our
laboratory. They were cultured in DMEM medium
(Gibco, Invitrogen, USA) containing 10% fetal calf
serum (FCS) at 37 °C, 5% CO,.

Preparation of antigen

Total RNA from HUVECs was extracted with Trizol
reagent (Invitrogen, USA) according to the manu-
facturer’s instruction. cDNA fragment (GeneBank
accession No. NMO002253, nucleotides 975-1283)
sequence of VEGFR-2 was obtained from the total
RNA by reverse transcriptase-polymerase chain
reaction (RT-PCR) using the following primers: 5-
cgggatccgatgtggttctgagteegtetcatgg-3 and  S-cggaatt
ctcatttttcatgaactctaacaaaggtg-3. The resulting prod-
uct were cloned into the expression vector pET28a
and pGEX-4T-2, and then cut with restriction
enzymes BamHI and Xhol with T4 DNA polymerase
separately. The generated plasmids named pET28a-
His-VEGFR-2 and pGEX-4T-2-GST-VEGFR-2
were transformed into E. coli strain DHSa separately
and the positive clones were confirmed by DNA
sequencing. The E. coli strain BL21 was trans-
formed with the two generated plasmids, respec-
tively. The successfully-transformed E. coli was
picked up from a single colony and was grown
overnight at 37 °C in Luria-Bertani (LB) medium,
supplemented with ampicillin. His-tagged VEGFR-2
(His-VEGFR-2) protein and glutathione S-transfer-
ase-fusion VEGFR-2 (GST-VEGFR-2) protein in the
bacilli ultrasonic supernatant were purified by His-
tag and GST-trap affinity chromatography (GE,
USA) using the GE purification system. Purified
His-VEGFR-2 protein and GST-VEGFR-2 protein
were subjected to 10% sodium dodecyl sulfatepoly-
acrylamide gel electrophoresis (SDS-PAGE). Then
the two proteins were measured with a BioPhotom-
eter Plus (Eppendorf, Germany) and stored at
—20° C for further use as immunogen and detective
antigen.

Construction of hybridoma cell lines

Anti-VEGFR-2 mAbs were produced by immuniza-
tion of Balb/c mice (National Rodent Laboratory
Animal Resources, Shanghai Branch) with the anti-
gen (His-VEGFR-2 protein) prepared earlier. The
mice were immunized intraperitoneally with 100 pg
His-VEGFR-2 protein as an immunogen in complete
Freund’s adjuvant (Sigma—Aldrich, USA), followed
by five boosts with the same amount of antigen with
incomplete Freund’s adjuvant (Sigma—Aldrich, USA)
at 2-week intervals. Blood samples from the immu-
nized mice were detected by enzyme linked immu-
nosorbent assay (ELISA) described below with GST-
VEGFR-2 protein as a detective antigen. The mouse
was given the final injection of 200 pg immunogen
via intraperitoneal injection 3 days before cell fusion.
The spleen was removed and splenocytes were fused
with SP2/0 myeloma cells according to previously
reported hybridoma technology (Kohler and Milstein
1975). Aliquots of the culture supernatant with
growing hybridomas were screened for the presence
of antigen-specific antibodies by ELISA with the
GST-VEGFR-2 protein. Positive hybrids were imme-
diately subcloned by limiting dilution and further
propagated in more flasks and used for the production
of ascites fluid in Balb/c mice with pristine (Sigma—
Aldrich). Another Balb/c mouse was injected with a
non-producing clone as a control, and the ascites fluid
was used for SP2/0 blank antibody. These ascites
fluid samples were collected and purified with affinity
chromatography using protein G (GE, USA) using the
manufacturer’s purification system, then measured
with a BioPhotometer Plus and stored at —70° C for
further use.

Detection of the monoclonal antibody reactivity
with recombinant human VEGFR-2/Fc

ELISA plates were coated, respectively with the
GST-VEGFR-2 protein (10 pg/ml) or recombinant
human VEGFR-2/Fc Chimera (2 pg/ml, R & D,
USA) and refrigerated at 4 °C overnight and washed
with PBST (phosphate-buffered saline with 0.5%
Tween) using an ELx405 microplate washer (Bio
Tek, USA), and then blocked with 0.5% skim milk
and washed with PBST. Blood samples from the
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immunized mice, culture supernatants from hybrid-
oma cells which contained antibodies were added to
the plates with GST-VEGFR-2 protein. Purified
ascites fluid containing antibodies was added (con-
centration range: 31.25-1,000 ng/ml) to the plates
with recombinant human VEGFR-2/Fc chimera.
After incubation, the plates were washed, horseradish
peroxidase (HRP)-conjugated goat anti-human anti-
body at 1:2000 dilution (Santa Cruz) was added to
each well, followed 1 h later by addition of perox-
idase substrate (Thermo Scientific, USA) to the
washed plates. The reaction was stopped with 2 M
H,SO, and the absorbance was measured on a
Multiskan Spectrum (Thermo Labsystems, USA) at
450 nm with a turbidity reference of 630 nm. In all
ELISA assays, the SP2/0 blank antibody was used as
the negative control antibody.

Affinity and kinetics assay of monoclonal
antibody

Antibody affinity and kinetics assays were analyzed
using the Biacore T100 System (GE, USA). Recom-
binant human VEGFR-2/Fc Chimera (R & D, USA)
was diluted to 5 pg/ml with acetate buffer (10 mM
NaAc, pH 5.5, GE, USA) and immobilized on the
surface of a CMS5 sensor chip (GE, USA) to capture
purified mAbs. Purified ascites fluid containing mAbs
was diluted in HBS-EP buffer (GE, USA) to
concentrations ranging from 31.25 to 1,000 nmol/L
and the capture was performed at a constant flow rate
of 30 pl/min for 3 min at 25 °C. The association time
was 180 s and the dissociation time was 600 s,
followed by regeneration with 10 mM Glycine-HCI
(GE, USA). The sensorgrams were evaluated using
the Biacore T100 evaluation software.

Immunoglobulin isotyping of monoclonal
antibodies

The mouse mAb isotyping reagents kit (ISO-2KT,
Sigma, USA) was used for the determination of the
immunoglobulin class of the hybridoma antibodies
from purified mouse ascitic fluids. Goat anti-mouse
IgM, IgGl1, 1gG2a, IgG3, IgA and IgG, with perox-
idase labeled rabbit anti-goat IgG were used in the
ELISA according to the manufacturer’s instructions.
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Matrix-assisted laser desorption/ionization—mass
spectrometry and protein database searching

To collect total cellular protein as native antigen from
HUVECs and NIH3T3, 1 x 107 cells maintained in
culture flasks were washed with phosphate-buffered
saline (PBS) and lysed with 500 pl RIPA Lysis Buffer
(Santa Cruz Biotechnology Inc) on ice for 20 min.
The cell lysates were then centrifuged for 10 min at
12,000 rpm. The total cellular protein in each super-
natant was collected, measured with a BioPhotometer
Plus and store at —20° C for further use.

Fifty micrograms of total cellular protein from
HUVECs and NIH3T3 were used for IP and SDS-
PAGE as described below without western blot
procedure, while SP2/0 blank antibody was used as
the negative control. The SDS-PAGE gel was stained
with coomassie brilliant blue and stored in 20% (v/v)
ethanol/H,O. The light band in the gel was cut out,
washed and digested with trypsin (Promega, USA)
for matrix-assisted laser desorption/ionization-time of
flight mass spectrometry (MALDI-TOF MS, Bruker
Inc, Billerica, USA). The mass analysis was carried
out using the SWISS-PROT database of the National
Center for Biotechnology Information (NCBI) and
the non-redundant database using MASCOT search
program (Matrix Science, Oxford, UK) (www.matrix
science.com) to identify the mAb specificity of anti-
VEGFR-2.

Western blot

One hundred micrograms of the two kinds of total
cellular protein from HUVECs and NIH3T3 men-
tioned above were subjected to 10% SDS-PAGE and
transferred to a polyvinylidene fluoride (PVDF)
membrane. The membrane was probed with purified
anti-VEGFR-2 mAb at 10 pg/ml and f-actin (Santa
Cruz, Biotechnology, USA) at 1:1000 dilution, fol-
lowed by a secondary HRP-conjugated goat anti-
human antibody (Dako, USA). The reaction was
detected by ECL Western Blot Substrate (Pierce,
USA) per the manufacturer’s instruction.

Immunoprecipitation
Twenty micro liters of resuspended volume of Protein

A/G Plus-Agarose (Santa Cruz Biotechnology) with
5 pg anti-VEGFR-2 mAb were added into Eppendorf
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tubes and incubated at 4° C on a rotating device for
3 h. Precipitates were collected by centrifugation at
12,000 rpm for 30 s and washed three times with
PBS. Then 30, 70, and 100 pg total cellular proteins
of HUVECs and 100 pg total cellular protein of
NIH3T3 cells were transferred to these tubes and
incubated at 4° C on a rotating device overnight. The
precipitate was then washed 5 times with PBS, and
agarose beads were added with 40 pl 2x electropho-
resis sample loading buffer and boiled to release
immunocomplexes. After an additional centrifuga-
tion, proteins in the supernatant were resolved on a
10% SDS-PAGE. The SDS-PAGE gel band was
used in a western blot as described previously, using
another positive clone of purified ascites fluid as
primary antibody without f-actin.

Immunofluorescence assay

HUVECs and NIH3T3 were cultured on Lab-Tek®
chamber slide (Electron Microscopy Sciences, USA)
and fixed in 1% (v/v) formaldehyde/PBS. After being
washed with PBS, the two kinds of cells were added
with the purified ascites fluid of anti-VEGFR-2 mAb
at 20 pg/ml at 4 °C overnight with SP2/0 blank
antibody as the negative control, and incubated with
0.01% Rhodamine-conjugated antibodies against
mouse IgG (Sigma—Aldrich) for 2 h at room temper-
ature. The cell nuclei were stained with 1 mg/ml
DAPI (Dojindo, Japan) for 20 min at 37 °C. After
washing, the samples were analyzed by fluorescence
microscopy (ZEISS Axioskop 40, Germany). As
mentioned above, the immunofluorescence experi-
ment were done using cells from different passage
numbers and repeated at least three times.

Fluorescence-activated cell sorter analysis

Approximately 1 x 10° cells of HUVEC and
1 x 10° NIH3T3 were treated with 150 pl purified
ascites fluid of anti-VEGFR-2 mAb, 20 pg/ml, and
incubated in Eppendorf tubes at 4 °C for 12 h. After
being washed with PBS, these cells were allowed to
react with 100 pl of 0.01% Rhodamine-conjugated
antibodies against mouse IgG for 30 min at 37 °C.
These cells were centrifuged and washed, then
analyzed on the BD FACS Calibur using the Cell
Quest program. Background staining was obtained by
SP2/0 blank antibody at the same volume.

Immunohistochemistry

Human tissues, including liver cancer, prostate can-
cer, colon cancer and stomach cancer, were obtained
from the Department of Pathology, Affiliated Hospi-
tal of Nantong University, Jiangsu, China. All tissues
were formalin fixed and paraffin embedded. Sections
were cut at 4 um, deparaffinized and peroxidase was
quenched with methanol and H,O, 3% for 15 min.
Microwaving for antigen retrieval was used for
3 x 5 min. The anti-VEGFR-2 mAb was used as
primary antibody applied at 4 °C overnight. Follow-
ing washing with PBS, sections were incubated with
HRP-conjugated goat anti-human antibody (Dako-
cytomation, USA) for 15 min and washed. The color
was developed by 15 min incubation with DAB
solution (Kem-En-Tec Diagnostics, Denmark) and
sections were weakly counterstained with haematox-
ylin. The mAb against rabies virus (isotype Ig2a, self-
made in our laboratory) was used as the appropriate
negative control.

Results

Expression of two recombinant VEGFR-2
proteins

Two recombinant E. coli strain BL21 were con-
structed successfully. Sufficient quantities of His-
VEGFR-2 protein and GST-VEGFR-2 protein were
produced from those two recombinant E. coli strains,
and these were purified by His-tag and GST-trap
affinity chromatography, respectively using the puri-
fication system. The two types of VEGFR-2 purified
recombinant proteins were 11 kDa and 37 kDa,
determined individually by SDS-PAGE (Fig. 1).
The concentrations of purified proteins were deter-
mined as 2 mg/ml. Both the His-VEGFR-2 and GST-
VEGFR-2 proteins were stored at —20 °C for
subsequent use as immune antigen with mice and
detective antigen in ELISAs.

Production of the anti-VEGFR-2 mAbs
Balb/c mice were immunized with His-VEGFR-2
protein as immunogen and the presence of anti-

VEGFR-2 was checked by ELISA with GST-VEG-
FR-2 protein. Two stable hybridoma clones, named
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Fig. 1 SDS-PAGE: Purified recombinant VEGFR-2 proteins
of 11 kDa and 37 kDa. M marker, / His-VEGFR-2 protein, 2
GST-VEGFR-2 protein

as 8H1 and 8H2, were found that had good affinity
and specificity for VEGFR-2. MAbs from the two
clones, named as A8H1 and A8H2 in order, were
found to be IgG2a by immunoglobulin isotyping.
They were purified by protein G chromatography and
analyzed by SDS-PAGE (results not shown). The
concentrations of purified mAbs were measured
approximately 3 mg/ml and stored at 4 °C for further
use. A8H1 antibody, from the most stable hybridoma
clone of 8HI1, was used for further study.

ELISA
4.5
4 ~ —e— j8H1 |
- \ —&—SP2/0 blark antibody]
& 3 ~
2.5
O \
o 2
:2 1.5
| \\
0.5
o LA A e .:.M. -
2 1.5 1 0.75 0.5 0.380.250.19 0.130.94 0.63

ABH1 concentration (ng/ml)
Fig. 2 ELISA: The reactivity of A8H1 with recombinant

human VEGFR-2/Fc chimera at 2 pg/ml. The A8HI1 could
detect up to a level of 0.25 ng/ml
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The A8HI reactivity, affinity and kinetics assay
with recombinant human VEGFR-2/Fc chimera

The mAb reactivity was assessed by ELISA with
recombinant human VEGFR-2/Fc chimera at 2 pg/
ml. Results indicated that the purified A8H1 could
detect a level of 0.25 ng/ml (Fig. 2). Antibody
affinity and kinetics assay using the BiacoreT100
System with evaluation software showed that the
equilibrium dissociation constant (KD) of ASH1 was
6.952 x 1072 M with recombinant human VEGFR-
2/Fc chimera at 5 pg/ml.

Cross-reactivity with human and mouse
VEGFR-2 linear epitope

WB and IP were used to examine the binding ability
of A8HI to denatured native antigen proteins from
total cellular protein. The WB showed that there were
two bands at approximately 230 kDa for mature
VEGFR-2 and a 43 kDa f-actin band in HUVECs,
while only the 43 kDa f-actin band was clearly
visible in NIH3T3 cells with a short exposure time.
With sufficient exposure time, a 230 kDa VEGFR-2
band appeared in NIH3T3 cell samples and a
200 kDa band of the glycosylated intermediate form
of VEGFR-2 appeared in the HUVEC samples
(Fig. 3).

The IP results displayed a total cellular protein
concentration- and exposure time-dependent pattern
(Fig. 4). With increasing HUVEC total cellular
protein and increasing exposure time, 230 and
200 kDa glycosylated intermediate forms, and a
150 kDa nonglycosylated form of VEGFR-2 were
evident, and A8HI heavy and light chain (50 and
25 kDa) antibodies appeared. With an even longer
exposure time and sufficient NIH3T3 total cellular
protein two VEGFR-2 bands of 230 and 200 kDa
could be seen, while the other three bands (150 kDa,
heavy and light chain of A8HI) were not seen. As
shown in Fig. 5, the coomassie brilliant blue staining
results indicated that the AS8H1 were reactive with
total cellular protein antigen from the above men-
tioned cell lines by SDS-PAGE. The one band
clearly showed at 230 kDa in HUVECs was cut out
and assessed by MALDI-TOF MS using protein
database searching. The results confirmed the anti-
body’s specificity toward VEGFR-2 (Fig. 6).
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A 1 2
230kDa
43kDa

Fig. 3 Western blot: a With 2 min exposure time, there were
two bands of mature VEGFR-2 (230 kDa) and f-actin
(43 kDa) visible in HUVEC, and only the f-actin was visible
in NIH3T3 total protein samples. b With 10 min exposure

1 2 3 4
.

Fig. 4 Immunoprecipitation: With increasing the total cellular
protein of HUVECsS (line 2: 30 pg, line 2: 70 ng and line 3:
100 pg) and increasing exposure time (a, 1 min; b, 3 min; c,
6 min), mature form (230 kDa), glycosylated intermediate
form (200 kDa) and nonglycosylated form (150 kDa) of
VEGFR-2, and the heavy and light chain (50 and 25 kDa) of
A8HI1 appeared. With even 6 min of exposure time and

Cross-reactivity with human and mouse
VEGFR-2 conformational epitope

An immunofluorescence technique was used with the
A8HI1 to visualize the VEGFR-2 antigen—antibody
interaction in HUVECs and NIH3T3 cells. The
results showed that in HUVECs A8HI identified
antigen (red) in the intracellular and plasma mem-
branes, and as expected A8H1 labeling was less in the

1 2 3

B 1 2
230kDa 230kDa
200kDa
43kDa

time, the mature VEGFR-2 bands appeared in NIH3T3 and a
glycosylated intermediate VEGFR-2 band (200 kDa) appeared
in the HUVEC sample. M marker, / NIH3T3, 2 HUVECs

1

30kDa

00kDa

50kDa

50kDa

sufficient amounts of total cellular protein (100 pg) from
NIH3T3 (line 1), two bands (mature and glycosylated
intermediate) also could be seen, while the other three bands
(nonglycosylated form of VEGFR-2, heavy and light chain of
A8HI1) could not be seen. M marker, / 100 pg cell total protein
of NIH3T3, 2-4 30, 70 and 100 pg cell total protein of
HUVECs

NIH3T3 cells, and was seen unexpectedly in the
nuclei of these cells (Fig. 7). Cell nuclei were stained
blue with DAPL

FACS analysis showed that different concentrations
of A8H1 bound differently with HUVECs and NIH3T3
cells (Fig. 8). At the same concentration of A8HI,
labeling of HUVECSs was much higher than labeling of
NIH3T3 cells. With decreasing AS8H1 concentrations,
there was a modest decrease in labeling.
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Fig. 5 Coomassie brilliant blue staining after immunoprecip-
itation: The A8H1 was reactive with antigen of total cellular
protein from HUVECs and NIH3T3. The one clearly mature
form band in HUVECs was cut off for MALDI-TOF MS.
M marker, 1 NIH3T3, 2 HUVECs
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Fig. 6 MALDI-TOF MS with protein database search:
Matched peptides are shown in bold red. Database: IPI_human
(71983 sequences; 30123581 residues). Top Score: 109 for
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Further analysis of the A8H1 in human cancer
tissues by immunohistochemistry

Several human cancer tissue samples, including liver
cancer, prostate cancer, colon cancer and stomach
cancer, were labeled immunohistochemically using
A8HI1 as the primary antibody. The experiments
showed that the overexpression of VEGFR-2 by
cancer tissues could clearly be detected by A8HI.
Part of these solid tumor cells of these tissues, which
were overexpressing VEGFR-2, were dyed dark
brown in the plasma membrane of tumor cells and
their nuclei did not react (Fig. 9).

Discussion
There are some reports in the literature of the

production of mAbs used against VEGFR-2. These
antibodies had been produced by such methods as the

Matched peptides shown in Bold Red

1 MQSKVLLAVA LWLCVETRAA SVGLPSVSLD LPFRLSIQEDI LTIRANTTLQ
51 ITCRGQRDLD WLWPNNQSGS EQRVEVIECS DEGLFCKTLTI PRVIGNDTGA
101 YRCFYRETDL ASVIYVYVOD YRSPFIASVS DQHGVVYITE NENEIVVIPC
151 LGSISNLNVS LCARYPEKRF VPDGHRISWD SRRGFTIPSY MISYAGMVEC
201 EAXINDESY(Q SIMYIVVVVG YRIYDVVLSP SHGIELSVGE ELVLNCTART
251 ELNVGIDFNW EYPSSKHQHE KLVNRDLETQ SGSEMREFLS TLTIDGVTRS
301 DQGLYTCAAS SGLMIKENST FVRVHEKPEV AFGSGMESLV EATVGERVRI
351 PARYLGYPPP EIFWYRNGIF LESNHTIKAG HVLTIMEVSE RDIGNYIVIL
401 THNPISKEKQS HVVSLVVYVP PQIGEKSLIS PVDSYQYGIT QILICIVYAI
451 PPPHHIHWYW QLEEECANEF SQAVSVINPY PCEEWRSVED FQGGNKIEVN
501 ENQFALIEGK NEKIVSILVIQ AANVSALYRC EAVNEVGRGE RVISFHVIRG
551 PEITLQPDMQ PTEQESVSLW CTADRSIFEN LIWYKLGPQP LPIHVGELPT
601 PVCENLDILW ELNATMFSNS TNDILIMELK NASLOQDOGDY VCLAQDRETE
651 KRHCVVRQLT VLERVAPTIT GNLENQTTSI GESIEVSCTA SGNPPPQIMW
701 FXDNETLVED SGIVLXDGNR NLTIRRVRKE DEGLYTCQAC SVLGCAHKVEA
751 FFIIEGAQEK INLEIIILVG TAVIAMFFWL LLVIILRIVK RANGGELKIG
801 YLSIVMDPDE LPLDEHCERL PYDASKWEFF RDRLELGKPL GRGAFGQVIE
851 ADAFGIDRTA TCRIVAVEML KEGATHSEHR ALMSELRILI HIGHHLNVVN
501 LLGACTEPGG PLMVIVEFCK FGNLSTYLRS KRNEFVPYKT KGARFRQGKD
951 YVGAIPVDLK RRLDSITSSQ SSASSGFVEE KSLSDVEEEE APEDLYKDFL

1001 TLEHLICYSF QVAKGMEFLA SRHCIHRDLA ARNILLSEXN VVKICDEFGLA
1051 RDIYEDPDYV REGDARLPLE WMAPETIFDR VYTIQSDVWS FGVLLWEIFS
1101 LGASPYPGVK IDEEFCRRLK EGTRMRAPDY TTPEMYQIML DCWHGEPSQR
1151 PTFSELVEHL GNLLQANAQQ DGHKDYIVLPI SETLSMEEDS GLSLPTSPVS
1201 CMEEEEVCDP KFHYDNTAGI SQYLQNSKRE SRPVSVETFE DIPLEEPEVEK
1251 VIPDDNQIDS GMVLASEELK TLEDRTKLSP SFGGMVPSKS RESVASEGSN
1301 QISGYQSGYH SDDIDITIVYS SEEAELLKLI EIGVQTGSTA QILQPDSGIT
1351 LSSPPV

1P100021396, Tax_Id = 9606. Gene_Symbol = KDR Vascu-
lar endothelial growth factor receptor 2 precursor
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b-1 b-2

b-3

Fig. 7 Immunofluorescence: A8H1 reactivity was higher in HUVECsS (red) in the plasma membrane than in NIH3T3 cells in which
nuclear labeling was apparent. Cell nuclei were stained with DAPI (blue). a: HUVECs, b: NIH3T3. I: A8H1, 2: DAPI, 3: white light
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Fig. 8 Fluorescence-activated cell sorter analysis: A8HI
binding differed with HUVECs and NIH3T3 cells and is
shown as a bold line. Background staining (shown as dashed
line) was obtained by SP2/0 blank antibody. Gated values were

hybridoma technique, phage display technique, gene
engineering technology and so on (Witte et al. 1998;
Zhu et al. 1999; Stewart et al. 2003; Li et al. 2004).
Because A8H1 was broadly successful in identifying
VEGFR-2, this mAb might be better than those other
mAbs used against VEGFR-2 for basic and clinical
studies.

Based on the above observations, the A8HI
murine anti-VEGFR-2 mAb was produced and iso-
typed as IgG2a, and was confirmed by MALDI-TOF
MS with protein database searching. The high affinity
was verified with recombinant human VEGFR-2/Fc
chimera by ELISA and the Biacore T100 System.
After A8H1 was purified by affinity chromatography,
the mAb was characterized by several immunological
methods in this study.

The total cellular proteins from HUVECs and
NIH-3T3 cells were used and the denatured natural

o4

10 10! 102 102 10t 1@ 10! 102 10 10?

calculated as following, a 20 pg/ml A8HI1 with 35.55%
HUVECs, b 10 pg/ml A8H1 with 31.33% HUVECsS,
¢ 20 pg/ml A8H1 with 10.18% NIH3T3, d 10 pg/ml A8H1
with 10.12% NIH3T3

antigen produced to identify the immunological
function of A8HI1 using WB and IP. Fortunately, all
three VEGFR-2 protein bands were clearly seen in
samples from HUVECs when high concentrations of
antibody were used and the exposure time was
increased in the IP assay. These VEGFR-2 bands
were the mature form of 230 kDa, the immature
incomplete glycosylated form of 200 kDa, and the
immature form of 150 kDa (Takahashi and Shibuya
1997). The immature form of 150 kDa was not
detected in total protein samples from NIH-3T3 cells.
When WB was used only the mature form and
immature incompletely glycosylated VEGFR-2 form
obtained from HUVECs and a small amount of the
mature form of VEGFR-2 from NIH-3T3 cells could
be seen when the exposure time was long. These
observations, together with the human/mouse cross-
reactivity characterized the anti-VEGFR-2 A8HI
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Fig. 9 Immunohistochemistry: Overexpressed VEGFR-2 can-
cer tissues were dyed brown in tumor cells. Notice that these
nuclei did not react with A8H1. a human liver cancer tissue,

mAb and indicated which kinds of VEGFR-2 exist in
HUVECs and NIH-3T3 cells. Further studies using IF
and FACS showed that, as with the WB and IP
results, ASH1 binding and labeling of HUVECs were
much higher than for NIH-3T3 cells.

NIH-3T3, which was regarded as a cell line that
did not express VEGFR-2 in past studies (Takahashi
and Shibuya 1997; Benzinger et al. 2000), showed
some A8HI1 nuclear labeling in the immunofluores-
cence assay, which was a surprising observation.
Perhaps the prior studies that found that NIH-3T3
cells were non-expressive of VEGFR-2 used an
antibody with a lower affinity than A8H1 or used a
different experimental design to the one used here.
Only one report (Gitay-Goren et al. 1992) indicated
that VEGFR could be weakly detected in NIH3T3
cells. Though the purpose of the study was designed
to certify the role of A8H1 in basic studies, we were
able to verify the expression of VEGFR-2 in NIH-
3T3 cells by the above methods. This observation
provides a basis for future research of the relationship
between VEGFR-2 and NIH-3T3 cells, and certifies
that A8H1 has a high affinity for VEGFR-2.

@ Springer

b human prostate cancer tissue, ¢ human colon cancer tissue,
d human stomach cancer tissue

To identify the binding of A8H1 in human solid
tumor tissues by IHC, VEGFR-2 over-expressing
cancer cells of human solid tumor tissues from liver
cancer, prostate cancer and colorectal cancer showed
staining of the cell membrane and cytoplasm. Nuclear
proteins did not react with the mAb. The results
suggest that A8H1 could not only be used in IHC for
basic research, but the mAb might also be used for
detecting over-expressed VEGFR-2 tissues in clinical
research.

From these results it appears that A8H1 can
recognize not only linear epitope of VEGFR-2 antigen
measured by WB and IP, but can also recognize
conformational epitope of VEGFR-2 antigen tested by
IF and FACS. Together with the IHC results in human
solid tumors, the A8H1 mAb is unique when
compared to other anti-VEGFR-2 antibodies reported
to date.

In conclusion, this study produced and character-
ized a high affinity anti-VEGFR-2 mAb with human/
mouse cross-reactivity, and provides a useful tool not
only for the in-depth study of the molecular structure
and biological effects of VEGFR-2 protein, but also
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for testing VEGFR-2 distribution in various tissues
and organs, and its role in the physiological and
pathological changes in humans or mice. Further
studies on the mAb could be continued by gene
engineering techniques, additional animal models or
preclinical experiments.
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