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Pregnancy Hypertension/Preeclampsia

Effect of Recombinant Placental Growth Factor 2 on
Hypertension Induced by Full-Length Mouse Soluble fms-Like
Tyrosine Kinase 1 Adenoviral Vector in Pregnant Mice

Hirotada Suzuki, Akiliide Ohkuchi, Shigeki Matsubara, Yuji Takei, Masato Murakami,
Masabumi Shibuya, Mitsuaki Suzuki, Yasufumi Sato

Abstract—The first aim of our study was to develop a pregnant mouse model for preeclampsia using adenoviral vector
containing mouse full-length soluble fms-like tyrosine kinase 1 (sFlt-1) but not truncated sFlt-1. The second aim was to
evaluate effects of recombinant mouse (rm) vascular endothelial growth factor (VEGF) and rm placental growth factor (PIGF)
on a preeclampsia model induced by adenoviral vector containing mouse full-length sFlt-1. We injected adenoviral vector
containing mouse full-length sFit-1 on day 8.5 or 9.5 of gestation into pregnant Institute of Cancer Research mice. resulting
in hypertension, proteinuria, and similar glomerular histological changes as those seen in human preeclamptic women with
glomerular endotheliosis on day 16.5 or 17.5 of gestation. The preeclampsia models were treated with 100 pg/kg of
rmVEGF164 (n=5), 100 ug/kg of rmPIGF-2 (n=5), or vehicle (n=7) twice a day [or 2 days IP. The rmVEGF164 treatment
significantly decreased the mean blood pressure on day 16.5 or 17.5 of gestation compared with the vehicle treatment (854
versus 97+2 mm Hg; P=0.018). The rmPIGF-2 treatment also significantly decreased the mean blood pressure on day 16.5
or 17.5 of gestation compared with the vehicle treatment (863 versus 972 mm Hg; P=0.018). However, proteinuria was
not affected by either aVEGF 164 or rmPIGF-2. In conclusion, we, for the first time, created a mouse preeclampsia model using
mouse full-length sFli-1. VEGF and PIGF may be promising for ameliorating hypertension in women with preeclampsia.
Additional study of PIGF as a potential drug for preeclampsia is warranted. (Hypertension. 2009;54:1129-1135.)

Key Words: adenoviral vector m soluble fms-like tyrosine kinase 1 m vascular endothelial growth factor
m placental growth factor m preeclampsia m animal models m therapy

SFit-1, a human natural soluble form of the VEGF receptor
(VEGFR) 1, is produced in conditioned culture medium of
human umbilical vein endothelial cells® and in the tropho-

Preeclampsia is associated with maternal and infantile
_ morbidity and mortality.’> It has been shown that the
concentration of soluble fms-like tyrosine kinase 1 (sFlt-1), a

circulating antiangiogenic protein, is increased in women
with preeclampsia# and increased levels of sFit-1 and
reduced levels of free placental growth factor (PIGF) are
potentially useful for predicting the subsequent development
of preeclampsia®* SFlt-1 acts by adhering to the receptor-
binding domains of vascular endothelial growth factor
(VEGF)-A and PIGF, preventing their interaction with endo-
thelial receptors on the cell surface. Recent studies have
indicated that patients with cancer receiving anti-VEGF anti-
body therapy may have an increased incidence of proteinuria
and hypertension because of a decrease in their circulating
VEGF levels.® Nonpregnant and pregnant rodents administered
anti-VEGF antibodies or sFlt-1 manifested proteinuria and
hypertension.*”* These results strongly indicate that increases in
sFit-1 and decreases in VEGF/PIGF in the maternal circulation
may cause the occurrence of preeclampsia.

blasts.'o-1t SFlt-1 is encoded by the flt-1 gene and is truncated
between N-terminal immunoglobulin-like domains 6 and 7.12
Because the N-terminal first and second domains of Flt-1 are
necessary and sufficient for the binding of VEGF-A with
near-native affinity,'>'* truncated sFlt-1'-3 containing the
first to third domains, but not full-length sFit-1, has been used
for the studies evaluating the effect of sFlt-1 on hypertension
and proteinuria in mouse or rat models.’7t5-1 However,
there are 2 differences between the full-length sFlt-1 and
truncated sFit-11-3: first, the full-length sFit-1 has a 31-amino
acid carboxyl lesion derived from an intron, which is signif-
icantly homologous to that in mammals,'' and, second, the
truncated sFlt-11-3 lacks the immunoglobulin-like loop 4,
which is essential to stabilize receptor dimerization of the
extracellular domains of Flt-1, in addition to VEGF.'**
Therefore, the effect of sFlt-1 on the occurrence of hyperten-
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sion or proteinuria may be different between truncated sFlt-1
and natural full-length sFlt-1,

It has been reported that the effect of excess circulating
sFIt-1 can be ameliorated by the administration of recombi-
nant VEGF-A.7-"* However, in humans, a decrease in PIGF is
related to the later occurrence of preeclampsia.®-2? There-
fore, we also hypothesized that not only VEGF-A, but also
PIGF, may play a pivotal role in the occurrence of hyperten-
sion and proteinuria in both humans and rodents. To our
knowledge, the effect of the administration of PIGF into a
rodent model of preeclampsia via a mouse (m)-sFlt-1- adeno-
viral vector has not been examined.

First, we evaluated an adenovirus encoding the full-length
mouse-sFlt-1 gene (Ad m-sFlt-1) for the induction of hyper-
tension and proteinuria in pregnant mice. Second, we evalu-
ated the effects of recombinant mouse (rm) VEGF164 (rm-
VEGF164) and rmPIGF-2 on hypertension and proteinuria in
a mouse preeclampsia model induced by Ad m-sFit-1.

Methods

An expanded Materials and Methods section is available in the online
Data Supplement (available at http://hyper.ahajounals.org). Briefly, in
the first experiment, an Ad m-sFlt-1, which was created in our previous
study.® and an adenovirus encoding (-galactosidase gene (Ad LacZ)
were propagated in HEK293cells. The viral lysates were purified and
concentrated through 2 cycles of CsCl step gradients.>* Nine- to
12-week—old CDI (Institute of Cancer Research) mice were injected in
the tail vein with 3X10® plaque-forming unit (PFUs; low dose), 1x10°
PFUs (medium dose), or 2% 10” PFUs (high dose) of Ad m-sFlt-1 (n=9,
n=6, and n=6, respectively) and with 3 10® PFUs (low dose), 1 x 10’
PFUs (medium dose). or 2x10” PFUs (high dose) of Ad LacZ (n=7,
n=6, and n=7, respectively) on day 8.5 or 9.5 of gestation. The control
pregnancy mice were not injected with anything (n=7). The mean blood
pressures (MBPs) were measured by the tail-cuff method (Softron Ltd)
on 4 different days: (1) before mating, (2) just before the injection of
adenovirus, (3) on day 13.5 or 14.5 of gestation, and (4) on day 16.5 or
17.5 of gestation. The urine albumin:creatinine (AIb/Cre) ratios on day
16.5 or 17.5 of gestation were measured. In the second experiment,
pregnant mice were injected in their tail vein with 2x10” PFUs (high
dose) of Ad m-sFlt-1 on day 8.5 or 9.5 of gestation. rmVEGF164 (100
pg/kg diluted in 500 pL of PBS; n=5) was administered IP twice a day
for 2 days from the evening on day 4.5 or 15.5 of gestation. In other
mice, rmPIGF-2 (100 pg/kg diluted in 500 uL of PBS; n=3) and the
vehicle (500 pL. of PBS; n=7) were administered IP twice a day for 2
days. The MBP and Alb/Cre ratio were also measured. All of the animal
housing and experiments were approved by the institutional animal care
and research advisory committee of both the University of Tohoku and
Jichi Medical University. The pharmacokinetics of rmVEGF164 and
rPIGF-2 in nonpregnant mice and pregnant mice are shown in the
online Data Supplement (available at hitp://hyper.ahajournals.org, Fig-
ure S1A through S1D).

Results

Expression of Proteins by the Adenoviral Vector

In mice administered Ad LacZ, B-galactosidase activity was
observed in the liver but not in the placenta by 5-bromo-4-
chloro-3-indolyl B-p-galactoside staining, suggesting that Ad
m-sFlt-1 was expressed in the liver., The levels of mouse
sFit-1 (nanograms per milliliter) on day 16.5 or 17.5 of gestation
increased significantly in the medium and high doses of Ad
m-sFlt-1 compared with the medium and high doses of Ad LacZ,
respectively (85 [58 to 95] versus, 12 [12 to 29], P=0.002: 93
[82 to 130] versus 25 [21 to 33], P=0.001, respectively; Figure
1A). The levels of mouse sFit-1 on day 16.5 or 17.5 of gestation

were not different among the control and the mice administered
the low, medium, and high dose of Ad LacZ (P=0.76 by
Kruskal-Wallis test).

Plasma Levels of Angiogenic Factors in Mice
Administered Ad m-sFlt-1

The plasma levels of mouse VEGF-A (picograms per milli-
liter) on day 16.5 or 17.5 of gestation in the mice adminis-
tered high-dose Ad m-sFlt-1 were significantly lower than in
the mice administered high dose Ad LacZ (47 [43 to 521
versus 95 [93 to 113]; P=0.001; Figure 1B). On the contrary,
the levels of mouse PIGF-2 (picograms per milliliter) on day
16.5 or 17.5 of gestation were almost the same among the
control mice, the high-dose Ad LacZ group, and the high-
dose Ad m-sFit-1 group (21 [14 to 261, 25 {21 to 35]. and 30
[23 to 38]. Figure 1C).

Blood Pressure and Proteinuria in Pregnant Mice
Administered Ad m-sFIt-1

In the control mice and the mice administered low, medium, and
high doses of Ad LacZ, MBP (millimeters of mercury) was
almost the same during the prepregnancy period and during
pregnancy (Figure 1D). In the mice administered high-dose Ad
m-sFit-1, MBP was significantly increased between day 8.5 or
9.5 and day 13.5 or 14.5 (76%2 versus 91*4; P=0.028) and
between day 13.5 or 14.5 and day 16.5 or 17.5 (914 versus
101£3; P=0.028), although such jncreases were not seen in the
mice administered low or medium doses of Ad m-sFlt-1 (Figure
1E). The MBP on day 16.5 or 17.5 of gestation in the high-dose Ad
m-sElt-1 group was significantly higher than that in the high-dose
Ad LacZ group (101%3 versus 81+ 11; P=0.010) and the control
group (83*4; P=0.005). The urine AIb/Cre ratios (milligrams
per gram) on day 16.5 or 17.5 of gestation in the mice
administered low, medium, and high doses of Ad m-sFlt-1 were
significantly increased compared with those in the mice admin-
istered low, medium, and high doses of Ad LacZ, respectively
(5.8 [4.5 to 14] versus 2.7 [2.4 10 2.9], P=0.030; 92 [43 to 148]
versus 10 [4.9 to 22], P=0.015; 58 [30 to 161] versus 5.2 [4.0 to
13], P=0.020, respectively), although the urine Alb/Cre ratio in
the low-dose Ad m-sFlt-1 group was not significantly different
from that in the control mice (8.3 [3.6 to I1]; Figure IF).

Histopathology in Mice Administered Ad m-sFlt-1
Glomerular histologies viewed by light microscopy in
mice administered high-dose Ad m-sFlt-1 (Figure S2D and
S2E) and those in the mice administered high-dose Ad
LacZ (Figure S2A and S2B), scanning electron microscopy
of glomerulus in mice administered high-dose Ad m-sFlt-1
and Ad Lac Z (Figure S2F and S2C), and the mean fetal
and placental weights among the control mice, the high-
dose Ad LacZ group, and the high-dose Ad m-sFlt-1 group
(Figure S2G and S2H) were shown in the online Data
Supplement. These results were written in the online Data
Supplement.

Relationship Among the Plasma Levels of Mouse sFlt-1,
Mouse VEGF-A, Blood Pressure, and Proteinuria

Among all of the data in control mice, mice administered Ad
LacZ, and mice administered Ad m-sFlt-1, there was an
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Figure 1. Data from pregnant mice administered nothing, Ad LacZ, and Ad m-sFit-1. A, Plasma levels of m-sFit-1 on day 16.5 or 17.5
of gestation. B, Plasma levels of m-VEGF-A (picograms per milliliter) on day 16.5 or 17.5 of gestation. C, Plasma levels of m-PIGF-2
{picograms per milliliter) on day 16.5 or 17.5 of gestation. D, MBP (millimeters of mercury) during the prepregnancy period, on day 8.5
or 9.5 of gestation, on day 13.5 or 14.5 of gestation, and on day 16.5 or 17.5 of gestation. ¢, [J, 4, and O represent the values in the
control pregnant mice and pregnant mice administered low-dose (3x10® PFU), medium-dose (1x10° PFU), and high-dose (2x10° PFU)
Ad LacZ, respectively. E, MBP (millimeters of mercury) during the prepregnancy period, on day 8.5 or 9.5 of gestation, on day 13.5 or
14.5 of gestation, and on day 16.5 or 17.5 of gestation. O, I, A, and ® represent the values in pregnant mice administered high-dose
Ad LacZ and mice administered low-dose, medium-dose, and high-dose Ad m-sFlt-1, respectively. F, Urine Alb/Cre ratios (milligrams

per gram) on day 16.5 or 17.5 of gestation. *P<0.05; *’P<0.01.

inverse relationship between the plasma levels of log10sFlt-1
and loglOVEGF-A (r=—0.29, P=0.042; Figure 2A); posi-
tive relationships between the plasma levels of log10sFit-1
and MBP (r=0.24; P=0.098; Figure 2B) and between the
plasma levels of loglOsFlt-1 and urine loglO(AIb/Cre;
r=0.44; P=0.002; Figure 2C); and inverse relationships
between the plasma levels of loglOVEGF-A and MBP
(r==0.33; P=0.023; Figure 2D) and between the plasma

levels of loglOVEGF-A and urine logl O(AIb/Cre; r=—0.44;
P=0.002; Figure 2E). Thus, the circulating levels of sFit-1
are significantly positively related to the degree of protein-
uria, whereas the circulating levels of VEGF-A are signifi-
cantly inversely related to both blood pressure and protein-
uria, Our results indicate that decreased levels of circulating
VEGF-A cause the increases in blood pressure seen in the
mice administered Ad m-sFlt-1.
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Figure 2. Scattergrams showing the relationship between the plasma levels of log10sFit-1 and log10VEGF-A (A; r=-0.29; P=0.042),
between the plasma levels of log10sFit-1 and MBP (B; r=0.24; P=0.098), between the plasma levels of log10sFit-1 and urine
log10(AIb/Cre) (C; r=0.44; P=0.002), between the plasma levels of log10VEGF-A and MBP (D; r=0.33: P=0.023), and between the
plasma levels of log10VEGF-A and urine log10(Alb/Cre) (E; r=—0.44; P=0.002). The large open circles represent combined data from
the control mice and mice administered low, medium, and high doses of Ad LacZ. The small, medium, and large closed circles repre-
sent data from mice administered low, medium, and high doses of Ad m-sFit-1, respectively.

Effects of rmVEGF164 and rmPIGF-2 in Mice
Administered High-Dose Ad m-sFlt-1

In pregnant mice administered high-dose Ad m-sFlt-1 com-
pared with mice administered vehicle, the levels of mouse
VEGF-A (pg/ml) 3 to 4 hours after the last administration of
rmVEGF164 were significantly increased (356 {121 to 793]
versus 59 {56 to 68]; P=0.010: Figure 3A), and the level of
mouse PIGF-2 (pg/ml) 3 to 4 hours after the last administra-
tion of rmPIGF-2 was also significantly increased (244 [133
to 244] versus 60 [52 to 74]; P=0.010; Figure 3B).

The rmVEGF164 treatment significantly decreased the MBP
(mm Hg) on day 16.5 or 17.5 of gestation compared with the
vehicle treatment (85+4 versus 97x2; P=0.018; Figure 3C).
The rmPIGF-2 treatment also significantly decreased the MBP
on day 16.5 or 17.5 of gestation compared with the vehicle
treatment (8623 versus 97x2; P=0.018). However, the urine
Alb/Cre levels were not affected by treatment with either
rmVEGF164 or rmPIGF-2 (Figure 3D). The rmVEGF164 treat-
ment and rmPIGF-2 treatment did not ameliorate glomerular
histology viewed by light microscopy in pregnant mice admin-
istered high-dose Ad m-sFlt-1 compared with those adminis-
tered vehicle.

Discussion
In this study, we created a pregnant mouse model of pre-
eclampsia, showing hypertension, proteinuria, and glomerular
change, like endotheliosis, by transfecting a high dose

(2x10° PFUs) of adenovirus encoding full-length m-sFit-1.
In addition, we revealed that rmVEGFI164 and rmPIGF-2
ameliorate the hypertension induced by the administration of
a high dose of Ad m-sFlt-1 in pregnant mice.

Development of a Pregnant Mouse Model of
Preeclampsia Using Ad m-sFit-1 and the Relationships
Between the Serum Levels of m-sFit-1/m-VEGF-A/m-
PIGF-2 and Hypertension/Proteinuria
We, for the first time, created a mouse preeclampsia model using
full-length m-sFlt-1 instead of truncated m-sFlt-1, which has
been used in previous mouse preeclampsia models. 371519 In the
previous rat models using truncated m-sFlt-1, both hypertension
and proteinuria emerged after low-dose (1 X 10%-PFU) adminis-
tration of Ad m-sFlt-1.% On the contrary, we needed a higher
dose of Ad m-sFit-1 to generate both hypertension and
proteinuria. In our study, increases in the plasma levels of
sFlt-1 were related to the occurrence of proteinuria, and
decreases in the plasma levels of VEGF-A were related to the
occurrence of both hypertension and proteinuria. Therefore,
the circulating levels of sFit-1 and VEGF-A may be impor-
tant for the occurrence of hypertension and proteinuria. It is
possible that the in vivo expression of sFit-1 in the liver per
administered dose of adenovirus or the circulating levels of
sFlt-1 or VEGF-A were different between the 2 studies.

It is well known that the administration of sFlt-1 into
rodents results in the occurrence of proteinuria.®?-'0.25 Kamba
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cle (n=7), rmVEGF164 (n=5), or rmPIGF-2 (n=>5), respectively. D, Urine Alb/Cre ratios on day 16.5 or 17.5 of gestation in pregnant mice
administered a high dose of Ad m-sFlt-1 with vehicle, rmVEGF164, or rmPIGF-2. *P<0.05.

et al*® reported that proteinuria, but not hypertension,
emerged in nonpregnant mice administered adenovirus-
truncated m-sFlt-1. Sugimoto et al” reported that IV admin-
istration of an sFlt-1/F¢ chimera protein into nonpregnant
mice resulted in proteinuria 3 hours after the administration.
Maynard et al® reported that IV administration of adenovirus-
truncated m-sFit-1 into nonpregnant and pregnant rats re-
sulted in severe proteinuria. In addition, the effect of
adenovirus-truncated m-sFlt-1 in pregnant rats on the occur-
rence of proteinuria was more severe than that of adenovirus-
soluble endoglin, both of which can cause both hypertension
and proteinuria in pregnant mice.'® However, the proteinuria
presented in this mouse model is fairly modest compared with
what is presented in the rats where the Alb/Cre ratio is
frequently >1000 mg/g.* One possibility is that the dose
using the full-length sFlt] is not enough, because it tends to
have a poor bioavailability in contrast to truncated sFitl.
Another possibility is that proteinuria may depend on the
background of the mouse strains used.

In our experiment, the decrease in the circulating levels of
VEGF-A, but not PIGF-2, was related to the increase in MBP.
The effect of VEGF-A on blood pressure has been reported in
humans.?2-2% The blocking of signal transduction of VEGF-A
by anti-VEGF monoclonal antibody?6-27 and tyrosine kinase
inhibitors, such as soraferib® and sumitinib,> induces hyper-

tension. On the contrary, the administration of rmVEGF-A
results in a decrease of MBP in rats.*®3 Thus, an appropriate
circulating VEGF-A level appears to be important for the
maintenance of normal blood pressure. Although the detailed
mechanism by which a decreased level of VEGF-A affects
the occurrence of hypertension has not been elucidated, the
modulation of the production of NO by VEGF-A via endo-
thelial NO synthase activity in endothelial cells may be
related to the change in blood pressure.?233

The mouse PIGF-2 was not altered in this mouse model of
preeclampsia. The circulating levels of PIGF-1 are low in
preeclamptic women,*519-2! because the human ELISA as-
say measured free PIGF but not total PIGF. We could not
know whether the assay of the mouse PIGF-2 in our study
measured a free or total PIGF-2 assay. We speculate that the
assay of the mouse VEGF-A measured a free VEGF-A and
that the assay of the mouse PIGF-2 measured a total PIGF-2,
because the levels of VEGF-A were decreased but the levels
of PIGF-2 were not decreased by the administration of
high-dose Ad m-sFlt-1.

Effect of rmVEGF164 and rmPIGF-2 on Blood
Pressure and Proteinuria in a Pregnant Mouse
Preeclampsia Model

We revealed that rmVEGF164 ameliorates the hypertension
induced by the administration of a high dose of Ad m-sFlt-1
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in pregnant mice. Li et al'¥ reported the therapeutic effect of
VEGF-A in preeclamptic rat models induced by the IV
administration of truncated Ad m-sFlt-1 on 8 days of gesta-
tion; the SC administration of 800 pg/kg per day of recom-
binant human VEGF121 for 6 days during day 11 to day 16
of gestation resulted in the amelioration of systolic blood
pressure. In our study, the administered doses of rmVEGF164
were lower, and the treatment duration of rmVEGF164 was
shorter compared with the study of Li et al'?; however, the
MBP after the administration of rmVEGF164 decreased.
Therefore, the administration of recombinant VEGF-A to
women with preeclampsia may be an effective treatment for
this condition, especially for women with early onset pre-
eclampsia, in whom the delay of birth by weeks may
contribute to the reduction of neonatal complications and
neonatal stay in the newborn intensive care unit.™

We, for the first time, revealed that rmPIGF-2 ameliorates
the hypertension induced by high doses of Ad m-sFlt-1 in
pregnant mice. To the best of our knowledge, this is the first
experiment that showed the antihypertensive effect of rm-
PIGF on the hypertension induced by Ad m-sFlt-1 in pregnant
mice. Hypotension induced by VEGF-A is mainly mediated
by VEGFR2.% Because PIGF binds only to VEGFR1 and has
little or no direct mitogenic or permeability-enhancing activ-
ity,*-¢ we supposed that the hypotensive effect of PIGF is
very weak. However, surprisingly, the antihypertensive effect
of PIGF was as strong as the antihypertensive effect of
VEGF-A in our preeclampsia mouse model. Recently, Osol et
al*7 reported that PIGF had a vasodilatory effect on numerous
arteries and veins in rats; pregnancy significantly enhanced
sensitivity to PIGF in rat uterine arteries; the vasodilatory
effect of PIGF during pregnancy was mainly attributed to the
activation of VEGFR1 but not VEGFR2; VEGFRI was
upregulated in the uterine artery wall during gestation; and
PIGF dilation was principally mediated by the release of NO
in rat uterine arteries. In addition, Osol et al37 also showed
that both rat mesenteric and human SC arteries dilated in
response to PIGF in an NO-independent manner. These
observations clearly suggest that PIGF has the ability to dilate
vessels during pregnancy; that is, PIGF has a potentially
antihypertensive effect during pregnancy.

Possible Mechanism by Which Hypertension and
Proteinuria Emerge in a Pregnant Mouse
Administered Recombinant sFIt-1

Recently, Bridges et al® reported that placental and vascular
superoxide productions were increased and plasma VEGF-A
concentrations were decreased in pregnant rats administered
recombinant sFit-1 chronically during days 13 to 18 of
gestation. Vasorelaxations to both acetylcholine and sodium
nitroprusside were decreased in pregnant rats administered
recombinant sFlt-1, and the decrease of vasorelaxation to
acetylcholine was attenuated by the addition of the superox-
ide scavenger Tiron, indicating elevated maternal sFlt-1, via
the decrease of VEGF, results in increased oxidative stress
that contributes to vascular dysfunction during pregnancy.®
VEGF contributes to the maintenance of an appropriate
balance of pro-oxidant and antioxidant factors via manganese
superoxide dismutase® and NADPH oxidase,? and regulates

NO production.’>** We also observed that the plasma VEGF
levels were decreased in pregnant mice administered high
doses of Ad m-sFit-1 and the treatment of VEGF ameliorated
hypertension induced by Ad m-sFlt-1. Therefore, increased
oxidative stress and vascular dysfunction might be factors in
hypertension in the present model, although we did not
measure the oxidative stress. Taken together, VEGF antago-
nism may induce endothelial cell oxidative stress and con-
tribute to renal dysfunction and hypertension.

Conclusions

We, for the first time. created @ mouse preeclampsia model
using full-length m-sFlt-1 instead of truncated m-sFlt-1,
which has been used in previous mouse preeclampsia mod-
els.*715-19 Not only rmVEGF164, but alse PIGF-2, amelio-
rated hypertension in the mouse preeclampsia model induce
by full-length m-sFlt-1. Additional study of PIGF as a
potential drug for preeclampsia is warranted.

Perspectives

Our study suggested a possible new therapy using PIGF for
preeclamptic women. However, there are several unsolved
issues. How many doses of PIGF-2 are sufficient for the
amelioration of hypertension and proteinuria in the pregnant
mouse model of preeclampsia using Ad m-sFlt-17 When
should the administration of PIGF be started to restrict the
occurrence of hypertension and proteinuria? What kinds of
angiogenetic factors show the best therapeutic effects? In
addition, if possible, we should make a mouse/rat model
using adenoviral human sFlt-1, because the effect of m-sFlt-1
on mouse VEGF-A/PIGF might be different from that of
human sFlit-1 on human VEGF-A/PIGF. If the human PIGF-
1/PIGF-2 is used for the prevention/therapy of preeclampsia,
we should caretully monitor the occurrence of possible
adverse effects, such as lung edema, the development of new
blood vessels in nontargeted tissues.
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