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Vascular endothelial growth factor/vascular permeability factor (VEGF/VPF) promotes the repair of injured
vessels by stimulating angiogenesis. VEGF/VPF reportedly has cytoprotective activity but no study has shown
the protective effect of VEGF/VPF on glomerular endothelial cells. We examined whether recombinant VEGF/
VPF121 and VEGF/VPF165 isoforms could prevent injury of glomerular endothelial cells. Mild glomerular injury
was induced in rats by an intravenous-injection of a limited dose of anti-Thy-1.1 antibody to obtain lesions
similar to those found in the human disease. Recombinant VEGF/VPF165, VEGF/VPF121 or BSA was
administered 4h before the injection of the antibody, and once daily for 3 days. In the BSA-injected rats,
mesangial cell lysis and endothelial cell injury in dilated capillary tufts were evident without endothelial cell
apoptosis on days 1–4. Thereafter, cell proliferation and repair began and remodeling of the glomeruli was
completed by day 28. Macrophages but not polymorphonuclear leukocytes accumulated significantly in the
glomeruli on days 1–4. Treatment with VEGF/VPF isoform protected endothelial cells but not mesangial cells
from destruction on day 1, and accelerated the repair of both types of cells, which was completed by day 18, 10
days earlier than that of the control animals. The results indicate that VEGF/VPF121 or VEGF/VPF165 can
protect glomerular endothelial cells against injury, independent of apoptosis-inhibition activity, thereby
promoting reconstruction of glomeruli. The protective effect of VEGF/VPF on endothelial cells suggests that it
could provide therapeutic benefit for certain kidney diseases.
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Vascular endothelial growth factor/vascular perme-
ability factor (VEGF/VPF) mediates angiogenesis
and vasculogenesis, and regulates vascular perme-
ability.1 There are six VEGF isoforms in human
beings, VEGF/VPF121, 145, 165, 183, 189 and 206,1

and at least three isoforms in mice, VEGF/VPF120,
164 and 188.2 The isoforms have different affinities
for VEGF/VPF receptors,3,4 heparan sulfate5 and
coreceptor, neuropilin-1,6 and they are expressed
at different levels in different tissues in both

embryos and adults.2 In human glioma cells, there
was a difference in angiogenesis induced by over-
expression of each isoform.7 Glioma cells show
increased vascular density in intracranial space by
overexpressing either VEGF/VPF165 or VEGF/
VPF189 but not VEGF/VPF121. Mice expressing
only VEGF/VPF120 showed impaired cardiac8 and
renal angiogenesis.9 Thus, it is likely that VEGF/VPF
isoforms have distinct activities.

In the kidney, glomerular endothelial cells are
continuously exposed to high blood pressure for
blood filtration, and are continuously destroyed and
regenerated physiologically.10 When the endothelial
cells are severely injured, defective repair leads
to glomerular sclerosis.11 Under such conditions,
endothelial cells rely on various protective mechan-
isms to survive. One well-known strategy involves
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VEGF/VPF signaling.12–16 Although the angiogenic
effect of VEGF/VPF165 has been studied during the
repair of glomerular injury,17,18 glomerulonephritis
models used in these studies show excessive
glomerular destruction, which differs greatly from
the changes observed in human disease. It was
reported recently that VEGF/VPF plays a so-called
nonangiogenic role19 to protect endothelial cells,20,21

neural cells22 and the liver23 against injury. It is
important to study the VEGF/VPF effect on glome-
rular endothelial cells and the mechanism in a
biologically relevant model.

Therefore, we induced relatively mild glomerular
injury by injecting a limited dose of Thy-1.1
antibody into rats to obtain endothelial cell changes
similar to those seen in human mesangial prolif-
erative glomerulonephritis. We then examined the
protective effect of recombinant VEGF/VPF165 and
VEGF/VPF121 on the glomerular changes.

Materials and methods

Animals

Approval for animal studies was obtained from
the Ethics Committee for animal experiments in
Kumamoto University. Male 6-week-old Wistar rats,
weighing about 160 g, were used for these studies.

Induction of Mesangial Proliferative
Glomerulonephritis

Glomerulonephritis was induced in rats by injecting
a mouse monoclonal antibody to Thy-1.1, as a
purified IgG (MCA47G, Serotec Ltd, Oxford, Eng-
land), into jugular veins through indwelling cathe-
ters (day 0). The amounts of the antibody varied
from 0.06 to 0.25mg per animal and the induction
of glomerular changes initiated by mesangiolysis
was assessed. The severity of glomerular changes
depended on the dose of injected anti-Thy-1.1
antibody, which was between 0.06 and 0.25mg.
Glomerulonephritis induced by injecting 0.20mg of
the antibody caused severe mesangiolysis and
capillary rupture (ballooning) in the glomerulus,
which may be too severe to simulate histological
changes in human mesangial proliferative glomer-
ulonephritis. On the other hand, 0.12mg of the
antibody induced milder but significant glomerular
changes, and we selected this dose to induce
glomerulonephritis in this study.

Treatment Protocol

Since the administered anti-Thy-1.1 antibody re-
mains detectable in glomeruli for 3 days,24 recombi-
nant VEGF/VPF165 was administered for three
consecutive days after the initial anti-Thy-1.1 injec-
tion to counteract the nephritogenic activity of the
antibody. An amount of 10 mg of recombinant VEGF/

VPF165 (Pepro Tech EC Ltd, London, England) or
8mg of recombinant VEGF/VPF121 (TOAGOSEI CO
Ltd, Tsukuba, Japan) was dissolved in 0.1ml of
saline and administered into the jugular vein of the
animal through the catheter 4 h before injecting the
anti-Thy-1.1 antibody. For experiments with VEGF/
VPF165, 10 mg of the protein per dose was addition-
ally administered 1 (day 1), 2 (day 2) and 3 days (day
3) after injecting the antibody. As a control, the same
amount of BSA on a molar concentration (Sigma
Chemical Co., St Louis, MO, USA) was administered
instead of VEGF/VPF. Kidneys were harvested
under anesthesia on days 1, 4, 18 and 28, and
submitted for histological examination. The same
animal was used to harvest one kidney on day 4 and
the other on day 18. For experiments with VEGF/
VPF121, there were no additional injections and
the kidneys were harvested on day 1. Experiments
were repeated three times independently for VEGF/
VPF165 and VEGF/VPF121.

Histological Assessment

Routine histological observation and
immunohistochemistry
Renal tissues were embedded in the OCT compound
and rapidly frozen in liquid nitrogen, or were fixed
in 4% paraformaldehyde in phosphate buffer and
embedded in paraffin. Paraffin sections of 4mm
thickness were stained with either hematoxylin
and eosin (HE), periodic acid-Schiff (PAS) or
Azan–Mallory. Immunohistochemistry for vWF and
proliferating cell nuclear antigen (PCNA) was
performed on frozen sections, and staining with
RM-4,25 that specifically recognizes rat macrophage/
dendritic cells, was performed on paraffin sections.
Frozen sections of 8mm thickness were fixed with
4% paraformaldehyde and 0.05% glutaraldehyde in
0.1M phosphate buffer at room temperature for
10min, followed by incubation with 0.001% pepsin
in 0.01N HCl at 371C for 5min for antigen unmask-
ing or retrieval. Paraffin sections of 6 mm thickness
were preincubated with 0.1% trypsin (Sigma) in
50mM Tris-HCl buffer (pH 7.6) at 371C for 15min to
unmask antigen. Intrinsic peroxidase activity was
blocked by treating tissues with 1% H2O2/methanol
at room temperature for 20min. Sections were
incubated overnight at 41C with mouse monoclonal
anti-PCNA antibody, rabbit anti-human vWF poly-
clonal antibody, or mouse monoclonal antibody
RM-4, followed by DAKO Envisiont PO or AP sys-
tem. Bound antibody was visualized by peroxidase
reaction in a 3,30-diaminobenzoic tetrahydrochlo-
ride (DAB) (brown) and H2O2 solution, or by alkaline
phosphatase reaction for Fuchsin (DAKO Corp.,
Carpinteria, CA, USA) (red).

For morphometrical studies, more than 30 cross-
sections of glomeruli were examined sequentially in
each kidney sample.
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Confocal Microscopy

For detailed observation of PCNA-positive endothe-
lial cells in glomeruli, confocal microscopic analysis
was also performed. Frozen sections of 8mm thick-
ness were fixed with 4% paraformaldehyde and
0.05% glutaraldehyde in 0.1M phosphate buffer at
room temperature for 10min, followed by an
incubation with 0.001% pepsin in 0.01 N HCl at
371C for 5min, for unmasking or antigen retrieval.
Sections were incubated overnight at 41C with anti-
PCNA mouse monoclonal antibody and anti-human
vWF rabbit polyclonal antibody at a final dilution of
1:100 and 1:10 000, respectively. Next, tissue sec-
tions were incubated with goat anti-rabbit-Alexa488
antibody (Molecular Probes, Eugene, OR, USA) and
goat anti-mouse-Alexa546 antibody (Molecular
Probes) at a final dilution of 1:100. The images were
collected on a microscope (model IX70; Olympus)
attached to a confocal laser scanning device (model
Fluoview FV500; Olympus, Tokyo, Japan). The
laser lines were 488nm (Alexa488) and 543nm
(Alexa546).

Counts of nuclei and tufts
The number of nuclei was regarded as the number of
cells. The degree of mesangiolysis was determined
by the decrease in glomerular cell numbers. The
number of nuclei on day 1 was counted in 25
glomeruli at their equatorial sections on HE-stained
slides from six kidney samples. Each value was
divided by its corresponding glomerular area to
compute a relative number of nuclei per glomerulus.
The number of tufts on day 1 was also counted in 25
glomeruli from six kidney samples at their equator-
ial sections on Azan–Mallory-stained slides and a
relative number of tufts per glomerulus was simi-
larly determined. Countings were performed by
three observers independently and the average
values were used as data.

VEGF/VPF Measurement

Serum samples were stored at �801C until use and
submitted to colorimetric enzyme immunoassay to
quantitate VEGF/VPF.

Mesangial proliferation
On PAS-stained sections, 24 glomeruli from three
kidney samples were observed at their equatorial
sections at each time point by three observers. The
degree of mesangial proliferation was scored as
follows: expanded mesangial areas in r25, 26–50,
51–75 and 76–100% of the total glomerular area
were scored as 0, 1, 2 and 3, respectively.

Endothelial cells
Tissues were made to reacted with anti-human vWF
polyclonal antibody (DAKO Corp.), at a final
dilution of 1:20 000, followed by DAKO Envisiont

PO system, to identify endothelial cells immuno-
histochemically. The percentage of vWF-positive
brown-colored area in glomerulus at its equatorial
section was calculated by computer-assisted image
analysis using the Mac Scope software (Mitani
Corp., Fukui, Japan) in 15 glomeruli from each of
three kidney samples per time point.

Proliferating cells
Proliferating cells in the tissue were stained im-
munohistochemically using an antibody to prolifer-
ating cell nuclear antigen (PCNA) (DAKO Corp.) at
a final dilution of 1:200, followed by the DAKO
Envisiont AP system. The number of PCNA-
positive cells was counted in 30 glomeruli at their
equatorial sections in three kidney samples per time
point by three observers independently. Each value
was expressed as a relative number of proliferating
cells per glomerulus. Double staining for vWF and
PCNA was also performed.

Polymorphonuclear leukocytes (PMN) and
macrophages
PMN were identified morphologically and counted
in 15 HE-stained glomeruli at their equatorial
sections in three kidney tissues from three indepen-
dent experiments at each time point by three
observers independently. Macrophage/dendritic
cells were stained immunohistochemically using a
monoclonal antibody RM-4, at a final concentration
of 10 mg/ml, followed by the DAKO Envisiont PO
system. RM-4-positive cells were counted in 18
glomeruli at their equatorial sections in the three
kidney samples from three independent experi-
ments per time point by three observers indepen-
dently. Each value was expressed as a relative
number of the cells per glomerulus.

Apoptotic endothelial cells
Apoptotic endothelial cells were detected by TU-
NEL method using an apoptosis detection kit
(ApopTag; Serologicals Corp., Norcross, GA, USA)
followed by immunostaining for RECA-1 (SANBIO
BV, Uden, Netherlands). Briefly, 4 mm paraffin-
embedded sections were deparaffinized, rehydrated,
and treated with proteinase K (20mg/ml) for 15min.
Intrinsic peroxidase activity was blocked with 3%
H2O2 in PBS for 5min at room temperature. Sections
were incubated in a terminal deoxynucleotidyl
transferase reaction mixture containing digoxigen-
in-dNTP for 1h at 371C, followed by treatment with
antidigoxigenin peroxidase conjugate for 30min at
room temperature. Apoptosis was visualized with
peroxidase reaction for DAB with NiCl2, CoCl2 and
H2O2 solution (black). The sections were then
incubated with anti-RECA-1 at a final dilution of
1:50, followed by detection using the Envisiont AP
system (DAKO Corp.). Immunoactivity was visua-
lized by alkaline phosphatase reaction for Fuchsin
(red) (DAKO Corp.).
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Electron Microscopy Studies

For electron microscopic observations, on day 1
small blocks of fresh kidney were fixed with 2.5%
glutaraldehyde for 1 h, washed with 0.1mol/l caco-
dylate buffer (pH 7.4), and fixed further with 1%
osmium tetroxide for 1h. Then the samples were
dehydrated through a graded series of ethanol, and
embedded in epoxy resin. Ultrathin sections were
examined by an electron microscope (Hitachi
H-7500, Tokyo, Japan), with counter staining by
uranyl acetate and lead citrate.

Assessment of renal function
Creatinine concentrations in serum or urine samples
were measured using an autoanalyzer, and urinary
protein was measured by a pyrogallol red method.
The degree of proteinuria was evaluated by the ratio
of urinary protein to urinary creatinine.

Western Blotting

Renal cortical tissues were homogenized by sonica-
tion in lysis buffer containing 0.5% Triton X-100,
0.15M NaCl, 10mM HEPES, 0.1mg/ml aprotinin,
0.1mg/ml leupeptin and 1mM phenylmethanesul-
fonyl fluoride. Homogenates were mixed by rotation
for 2 h at 41C to extract membrane proteins and were
centrifuged at 15 000 r.p.m. for 30min at 41C to get
supernatants. The supernatants containing the same
amount of proteins were electrophoresed on a 7.5%
sodium dodecyl sulfate polyacrylamide gel, and
blotted to a membrane. Flk-1 was immunologically

detected with a specific polyclonal antibody (SC-
504, Santa Cruz Biotechnology, Santa Cruz, CA,
USA).

Statistics

All data were reported as mean7standard deviation.
Data were analyzed by ANOVA.

Results

Effects of VEGF/VPF Treatment on the Course of
Glomerulonephritis

After injection of anti-Thy-1.1 antibody, mesangio-
lysis was observed and capillary tuft fusions
appeared on day 1 (Figure 1b) and these glomerular
injuries were more evident on day 4 (Figure 1c).
Thereafter, the repair process began and mesangial
cell proliferation with an increased matrix was
clearly evident on day 18 (Figure 1d). By day 28,
remodeling of injured glomeruli was completed and
glomerular cellularity, mesangial expansion and tuft
shapes were similar to those observed before anti-
Thy-1.1 antibody injection (Figure 1e). Ballooning
caused by severe capillary injury in glomeruli was
scarcely seen throughout the course of the disease.
On observation by electron microscopy, on day 1,
glomerular capillary tufts were expanded, ruptured
and fused to each other (Figure 2a): no apoptotic
endothelial cells were observed (Figure 2c). Admin-
istration of VEGF/VPF165 reduced the glomerular
capillary damage but mesangiolysis was still present

Figure 1 Histological changes along the course of glomerulonephritis in the control (a–e) and the VEGF/VPF-treated (f–h) animals.
Representative glomeruli are shown before antibody injection (a), on day 1 (b, f), on day 4 (c, g), on day 18 (d, h) and on day 28 (e). A
representative tuft fusion is indicated by the arrow in (b). Many tuft fusions are evident in (c). (a, c, d, e, g, h) PAS staining. (b, f) Azan–
Mallory staining (magnification � 200).
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on day 1 (Figure 1f). On day 4, mesangial cell
proliferation was already evident (Figure 1g). There-
after, mesangial proliferation was attenuated and on
day 18 the glomerular structure was similar to that

before anti-Thy-1.1 antibody injection (Figure 1h).
On observation by electron microscopy, on day 1,
capillary tufts were protected from rupture by
VEGF/VPF121 treatment (Figure 2b). Similar

Figure 2 Ultrastructure (a, b) and TUNEL staining (c) of glomeruli on day 1 of glomerulonephritis. (a) A representative glomerulus of the
control animal. Mesangiolysis and fusion of tufts (*) by rupture of endothelial cells (En) are shown. The arrowhead shows an apoptotic
cell. (b) A representative glomerulus of the VEGF/VPF-treated animals. Although mesangiolysis (M) is evident, endothelial cells (En) are
not ruptured. Bars represent 2 mm. (c) Double staining of the tissue of control glomerulonephritis. Endothelial cells are stained by anti-
RECA-1 antibody (red) and an apoptotic cell, shown by the arrow, is stained by TUNEL (black). No apoptotic endothelial cells are found
in the glomeruli (magnification �100).
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ultrastructural changes were observed with VEGF/
VPF165 treatment (data not shown). Accumulation
of PMN in the glomeruli was negligible through the
course of glomerulonephritis (Figure 3a). In control
and VEGF/VPF165-treated glomerulonephritis, RM-
4(þ ) macrophage accumulation in the glomeruli
was evident on days 1 and 4 (Figure 3b). On day 1,
more macrophages had accumulated in the glomer-
uli of the VEGF/VPF-treated animals than in the
untreated controls.

Effect of VEGF/VPF Treatment on Glomerular Changes
on Day 1

Mesangiolysis
On day 1, the number of cells per glomerulus was
decreased and neither VEGF/VPF165 nor VEGF/

VPF121 treatment was significantly protective (Fig-
ure 4a, b). Subtracting the sum of PMN and macro-
phage counts from the total nuclear counts did not
alter this result.

Capillary injury
Since capillary tufts are supported by the mesan-
gium, mesangiolysis results in dilation or fusion of
capillary tufts and a decrease of the tuft number in
the glomerulus. In the control group, the tuft
number decreased (Figure 4c). In the VEGF/
VPF165-treated animals, the decrease in tuft number
was less than that observed in the control group.
Essentially, the same result was obtained when
VEGF/VPF121 was used instead of VEGF/VPF165
(Figure 4d).

Effect of VEGF/VPF on Glomerular Repair and
Cellular Proliferation

Mesangial proliferation
The score of mesangial proliferation was defined
as 1.0 before the anti-Thy-1.1 antibody injection
(Figure 5a). In the control group, the mesangial
proliferation score remained at a low level on day
4, but it increased 2.6-fold on day 18 (Figure 5a).
With VEGF/VPF165 treatment, the score increased
already 2.1-fold higher than that of the controls on
day 4, and decreased to the initial level by day 18
(Figure 5a).

Endothelial cell proliferation
In the control animals (Figures 5b and 6d, j), the area
composed of endothelial cells had increased by 1.6-
fold on day 4 and remained at the same level
through day 18. With VEGF/VPF165 treatment
(Figures 5b and 6g,m), the endothelial area in-
creased by about 2.3-fold on day 4 but returned to
almost the initial level on day 18. The endothelial
area of VEGF/VPF-treated animals was larger than
that of the control animals on day 4, but smaller on
day 18.

Proliferating cells
In the control group (Figures 5c and 6e, k), PCNA-
positive cells increased by about two-fold on day 4,
and returned to almost the initial level on day 18.
With VEGF/VPF165 treatment (Figures 5c and
6h, n), the number of PCNA-positive cells increased
about three-fold on day 4, but it had decreased to a
level much lower than the initial level on day 18.

VEGF/VPF Concentration in the Blood

Serum VEGF/VPF concentration was under detec-
tion limit (o30pg/ml) throughout the course of
glomerulonephritis both in control and VEGF-
treated animals.

Figure 3 PMN (a) and macrophage (b) accumulations in the
glomeruli of animals with BSA or VEGF/VPF165 treatment.
*Po0.05, **Po0.01.
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Assessment of renal function
Serum creatinine concentration did not change
throughout the course of glomerulonephritis. In control
animals, the ratio of urinary protein to urinary
creatinine was 0.6970.16 before the anti-Thy-1.1 anti-
body injection, and 3.7771.83 on day 4. In VEGF/
VPF165-treated animals, the ratio was 1.1170.30
before the antibody injection and 1.5870.65 on day
4. Thus, urinary protein excretion on day 4 was
suppressed to less than half by VEGF/VPF treatment.

Expression of Flk-1 in the renal cortex
On day 1, Flk-1 expression level in renal cortical
tissue was suppressed by the anti-Thy-1.1 antibody
injection, and further suppressed by VEGF/VPF165
(Figure 7a) or VEGF/VPF121 treatment (Figure 7b).

Discussion

In glomerulonephritis, induced in rats by injecting
the monoclonal antibody to Thy-1.1, the degree of

glomerular injury is dependent on the amount
of injected antibody. By injecting a typical dose
of antibody, severe mesangiolysis and ballooning of
tufts were induced, changes rarely observed in
human mesangial proliferative glomerulonephritis.
To produce histological changes more compatible to
those in human disease, we injected much less
antibody and obtained glomerulonephritis lesions
with relatively mild structural changes (Figure 1b–e)
and without significant renal dysfunction. The
changes were similar to glomerular changes seen
in human disease.

VEGF/VPF165 or VEGF/VPF121 reduced the loss
of capillary tufts but not of mesangial cells on day 1
after antibody injection (Figure 4), which indicates
that either isoform prevents tuft dilation or rupture
without preventing mesangiolysis (Figure 1f). This
capillary protection may not be explained by angio-
genic activity to maintain the microvasculature.15

Since glomerular endothelial apoptosis was not
observed on day 1 under the present experimental
condition, this protective effect cannot be explained

Figure 4 Protective effect of VEGF/VPF165 and VEGF/VPF121 on mesangial cell and endothelial cell injury during glomerulonephritis.
Recombinant VEGF/VPF165 (a, c) or VEGF/VPF121 (b, d) was administered before injecting the anti-Thy-1.1 antibody, and number of
nuclei (a, b) and number of tufts (c, d) per glomerular area on day 1 are shown. As a control, BSAwas injected instead of VEGF/VPF. The
number of nuclei and the number of tufts in glomeruli before the anti-Thy-1.1 antibody injection were used for normalization. Each
experiment was repeated three times independently. **Po0.01.
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by the antiapoptosis activity of VEGF/VPF.14,17,26

The VEGF/VPF activity to stimulate endothelial
cells, reorganizing their cytoskeleton,27 may make

them more resistant to the stretching stress caused
by loss of mesangial cells. The fact that the
proliferation of endothelial cells was observed on
day 4, when mesangial proliferation had not yet
been present (Figure 5a, b), indicates that endothe-
lial cell proliferation precedes mesangial prolifera-
tion. Since capillary structure can be a scaffold for
the glomerular remodeling, this order of events may
be essential for efficient repairing of injured glomer-
uli. The origin of mesangial cells committed to
repair the lesion of mesangiolysis has not yet been
identified. Mesangial cells might migrate to the
lesion along the capillary from a vascular pole of the
injured glomerulus or bone marrow-derived cells
might migrate and differentiate in the lesion as
reported recently.28 Whatever the origin is, pre-
served vessel structure is mandatory as an access for
the cells to the lesion. The protection of endothelial
cells by VEGF/VPF treatment caused an early onset
of endothelial and mesangial cell proliferation, and
resulted in early completion of repair as compared
with the nontreated animals (Figure 1). This may
explain the degree of proteinuria suppression
caused by VEGF/VPF165 treatment. It is likely that
the rate of glomerular cell repair inversely correlates
to the degree of the initial endothelial injury.11

Besides proliferation,VEGF/VPF stimulates en-
dothelial cells to secrete cytokines including platelet-
derived growth factor (PDGF),29 hepatocyte growth
factor (HGF),23 nitric oxide (NO),30 and prostacy-
clin.31 PDGF stimulates mesangial cells to prolifer-
ate32 and, in turn, activated mesangial cells secrete
VEGF/VPF. HGF induces VEGF/VPF expression.33

NO and prostacyclin provide vascular protection.19

Thus, VEGF/VPF may protect glomerular endothe-
lial cells in an indirect way, whereby positive-
feedback mechanisms may operate.

VEGF/VPF isoforms administered intravenously
stimulate the receptor Flk-1, located in the luminal
side of the endothelial cells.34 The different binding
affinities of isoforms to the matrix5 are not involved
in this route of administration. The isoforms
injected into the animals in the present study
should result in plasma VEGF/VPF concentrations
higher than 10nM. This is at concentrations in
which binding of the isoforms to recombinant Flk-1
is saturated. Therefore, the endothelial cell mito-
genic activity is similar between VEGF/VPF165 and
VEGF/VPF121 in our experimental condition;
although the VEGF/VPF165 is more effective than

Figure 5 Effect of recombinant VEGF/VPF165 on the proliferation
of the cells in the glomerulus during the course of glomerulo-
nephritis. Recombinant VEGF/VPF165 or BSA was administered
on the first 4 days of the experiment as described in the text.
Mesangial proliferation score (a), vWF-positive area per glome-
rulus (b) and relative number of PCNA-positive cells per
glomerulus (c) on day 0 (before the anti-Thy-1.1 antibody
injection), day 4 and day 18 are shown. Each experiment was
independently repeated three times. **Po0.01.
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Figure 6 Changes of endothelial cells and proliferating cells during the course of glomerulonephritis. Immunofluorescent staining with
vWF (green, left lane) and PCNA (red, middle lane), and merge of both the images (right lane) of a representative glomerulus before anti-
Thy-1.1 antibody injection (a–c), and representative glomeruli in control (day 4 (d–f) and day 18 (j–l)) and VEGF/VPF-treated animals
(day 4 (g–i) and day 18 (m–o)) are shown (magnification � 140).
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the smaller isoform at lower concentrations. As
intrinsic VEGF/VPF isoform concentrations in the
blood are less than 30pg/ml and administered
VEGF/VPF concentration is initially higher than
1mg/ml, the Flk-1 at the luminal side of endothelial
cells is presumably occupied by the administered
VEGF/VPF isoforms. The Flk-1 expression level in
the renal cortex was equally suppressed by VEGF/
VPF165 and VEGF/VPF121. Therefore, it may be
relevant that VEGF/VPF165 and VEGF/VPF121
intravenous administrations equally protected glo-
merular endothelial cells (Figure 4). To compare the
protective activities of the two isoforms more
precisely, further studies using lower concentrations
of the isoforms would be necessary.

Conclusion

This is the first study to show that VEGF/VPF121
and VEGF/VPF165 equally protect glomerular en-
dothelial cells against injury by an apoptosis-
independent mechanism. This protection might be
applicable as a therapeutic strategy in renal dis-
eases.
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