(1/ 2)

NSC92-2314-B-002-222-
92 08 01 93 07 31

93 5 12



I I R B

NSC9 2
92

2314

93

B

93

002

(1/2)

222



15 50

(VEGF) (Flt-1)

PIGF

PIGF
PIGF

20

PIGF Flt-1 (ligand)
PIGF

promoter

PIGF



Keywords: Bronchopulmonary dysplasia, vascular endothelial growth factor, angiopoietin, placenta
growth factor

After the widespread use of antenatal steroid, exogenous surfactant therapy, and improvements
in neonatal care, the survival rate of very low birth weight infants has increased, but
bronchopulmonary dysplasia (BPD) persists as one of the major complications in premature infants

who need prolonged ventilator support. The incidence of BPD ranges between 15 and 50%.

The etiology of BPD included the immaturity, prolonged oxygen therapy, barotrauma, and
infection. The pathological finding in the premature infants with BPD include alveolar hypoplasia,

vascular arrest and adaptive dysmorphic changes, and variable interstitial proliferation.

During the period of alveolarization, the lung also undergoes marked vascular growth as
reflected by the 20-fold increase in alveolar and capillary surface areas from birth to adulthood.
Mechanisms that increase vascular surface area during late gestation and the early postnatal period
are poorly understood, but it is clear that coordination of distal air space and vascular growth is

essential for normal lung development.

Vascular endothelial growth factor (VEGF) family has been found to play an important role in
vascuogenesis and angiogenesis. It has been well established that disrupted pulmonary vasculature
and decreased VEGF and Flt-1, but no changes in Flk-1, in human infants dying with BPD.
However, the role of PIGF, another ligand of Flt-1, in lung development is unknown. In our
previous study, we found that overexpression of PIGF, using CMV promotor, seems disrupt
pulmonary alveolarization. It give us a hint that PIGF may play an important role in lung

development.

In this year, we have used lung-specific promotor, SP-C (a gift from Dr. Whitsett, University of
Cincinnati), to successfully generated four different SP-C-PIGF transgenic lines with different
mRNA expression levels, confirmed by real time RT-PCR. In addition, we also demonstrated that
exogenous recombinant PIGF promoted type II pneumocytes cell death and inhibited cell
proliferation in vitro. In the next year, we will try to demonstrate the phenotype of this transgenic

mouse and setup the animal model for chronic lung disease.
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Bronchopulmonary dysplasiaisa major complication in premature infants

Bronchopulmonary dysplasia was originally described by Northway as chronic lung changes in
a group of 32 premature neonates who survived mechanical ventilation for treatment of respiratory
distress syndrome (RDS) (1). This definition included clinical, radiological, and pathological
criteria. Despite the widespread use of antenatal corticosteroids, exogenous surfactant therapy, and
better clinical management of immature neonates has resulted in increased survival rates of infants
who are born prematurely at less than 28 weeks gestation, with birth weights less than 1000 g,
bronchopulmonary dysplasia (BPD) persists as one of the major complications in premature infants
who required mechanical ventilation (2-4). Moreover, the increasing survival of very immature
infants has produced an increase in the number of infants with BPD. In Taiwan, we had compared
the outcome of 73 neonates born with their birth weight of 500-999 gm in National Taiwan
University Hospital (NTUH) during the period between January 1, 1993 and December 31, 1996
(Period II), with the outcome of 21 such neonates born between April 1, 1988 and October 31, 1992
(Period I). The incidences of the extremely low birth weight infants increased from 23/10,173
(0.23%) in Period I to 81/13,835 (0.59%) in Periods II. The total survival rate was significantly
increased in Period II (60% versus 48%), but the incidence of BPD was not decreased significantly
(48% versus 58%) (5).

Impaired alveolarization in bronchopulmonary dysplasia

Bronchopulmonary dysplasia is now a disease that is seen primarily in preterm newborns who
weight less than 1000 g and are born at 24-26 weeks gestation. The lung at this period is still in the
canalicular stage of development and is just beginning to enter the sacular stage. The gas-exchange
region of the architecturally immature lung is composed of large structures, referred to as saccules.
The smaller, more numerous structures that compose the gas-exchange region of the architecturally
mature lung are designated alveoli (10). At autopsy, lung histology of infants with BPD is
predominantly characterized by arrested lung development, including impaired alveolar and
vascular growth (11-13). Similar structural abnormalities have been demonstrated in animal models
of BPD (14,15). Thus, decrease alveolariztion and abnormal vascular growth are the central
hallmarks of the “new BPD”, but mechanisms that inhibit lung growth in premature infants with
severe BPD remain poorly understood. Therefore, to understand the mechanism of alveolarization
can help us to realize the pathogenesis of BPD.

Alveolar capillary formation in the developing lung

During the period of alveolarization, the lung also undergoes marked vascular growth as
reflected by the 20-fold increase in alveolar and capillary surface areas from birth to adulthood (16).
Mechanisms that increase vascular surface area during late gestation and the early postnatal period
are poorly understood, but it is clear that coordination of distal air space and vascular growth is
essential for normal lung development. Previous studies have shown that many stimuli such as
hypoxia, hyperoxia, or glucocorticoid treatment during the critical period of postnatal lung growth
in the rat can disrupt alveolarization and cause lung hypoplasia. These models of lung hypoplasia
are also associated with abnormalities of the pulmonary circulation (16-23). Recently, Jakkula M, et
al. demonstrated that angiogenesis is necessary for normal alveolarization during a critical period of
lung development in the rat (24).



Regulation of angiogenesisin developing lung

Blood vessels are constructed by two process: vasculogenesis, whereby a primitive vascular
network is established during embryogenesis from multipotential mesenchymal proginators, and
angiogenesis, in which preexisting vessels send out capillary sprouts to produce new vessels
(22-25). Vascular endothelial growth factor (VEGF), the first characterized vascular specific growth
factor, has been positioned as the most critical driver of vascular formation (26). Flk-1/KDR
(VEGFR-2) and Flt-1 (VEGFR-1) are the endothelial specific tyrosine kinase receptors of VEGF
(24,25). Bhatt AJ, et al. had demonstrated that disrupted pulmonary vasculature and decreased
VEGF and Flt-1, but no changes in Flk-1, in human infants dying with BPD (26). Placenta growth
factor (PIGF) belongs to the family of VEGF. It binds to the flt-1 VEGF receptor but not to the
KDR/flk-1 receptor, which is thought to mediate most of the angiogenic and proliferative effects of
VEGF. The PIGF mRNA was presented in most normal tissue, especially in placenta, thyroid, and
lung (27). Recently, Carmeliet P, et al had demonstrated the synergism between VEGF and PIGF in
angiogenesis and plasma extravasation in pathological conditions (28). However, the role of PIGF,
another ligand of Flt-1, in lung development is unknown.

Therole of PIGF in lung development

Recently, we found that overexpression of PIGF, using PGK promotor, seems disrupt pulmonary
alveolarization. This partially mimics the pathological finding of BPD. However, this is not a good
animal model of BPD because PIGF were overexpressed at all tissues. To solve this problem, we
will use lung-specific promotor, SP-C (a gift from Dr. Whitsett at the University of Cincinnati), to
produce targeted expression of PIGF transgenic mice. Therefore, we will understand the directed
role of PIGF in lung development. In addition, we can use this model to study the mechanism of
alveolarization and try to find a way to rescue the poor alveolarization of BPD. In the previous
project (NSC91-2314-B002-187), we have finished the SP-C-PIGF construct and defined its
function in vitro. The lung-specific PIGF overexpression transgenic mice will be generated in this
year (2003).
In addition, RT-PCR revealed expression of VEGF, Flt-1, and PIGF in murine pulmonary type II
epithelial cells (MLE-15) (data not showed). These data resemble that PIGF may play an autocrine
or paracrine regulatory role in pneumocytes growth or differentiation during lung development.
Further study should be performed to declare this hypothesis.

()
Genotping for SP-C-PIGF transgenic mice and the role of PIGF on type ||

pneumocytesin vitro

()
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(2). Production of Transgenic Mice

Superovulated 3-4 week old FVB/N females will be produced by i.p. injections of 5 units
pregnant mare serum followed 46 hours later by 5 units of human chorion gonadotropin. Females
will then be mated with FVB/N males. At the time of detection of vaginal plug (assumed to be 0.5
days), the pregnant females will be sacrificed and the zygotes flushed put from the oviduct. After
injection of the DNA into male pronucleus, the injected zygotes will be transferred to the oviducts
of pseudopregnant females. DNA samples from the offspring will be isolated from about 50 mg of
the tail to test for transgenics.
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(2). Identifying Transgenics

The 10-30% of mice born which are identified as transgenic mice by removing about 50 mg
from the tip of the tail and purifying DNA by modification of the procedure described by Hannahan
(29). In order to disrupt tissue, digest protein and liberate the DNA, the tail tip is incubated
overnight in an EDTA, SDS, and proteinase K solution at 62°C. We then extract the solution with
phenol, phenol-chloroform and then chloroform. The DNA is then spooled out with a glass rod,
rinsed with ethanol, air-dried and dissolved in 200 ul H20. This DNA now can be digested with
most restriction enzymes. We typically digest with an enzyme that cuts at least once per unit in the
molecular injected, to insure that possible large concatemers will be cut into predictable DNA
segment sizes. The DNAs are electrophoresed, alkaline Southern blotted and hybridized to a
random-primer radiolabeled probe. Transgenic animals are then detected by autoradiography.

(3) RT-PCR:

Total RNA is isolated using Trozol as per manufacturer’s instructions from lung homogenates.
RNA (0.5 ug per sample) is converted to complementary DNA (cDNA) by the oligo dT-primed
reverse transcriptase (RT) reaction according to the manufacturer’s protocol. Reverse-transcribed
cDNA products is amplified by the polymerase chain reaction (PCR) with primers specific for PIGF
or f-actin; for PIGF: 5’-TGG-ATG-AAT-ACC-CTG-ATG-AGG-TGT (sense primer) and
5’-CGA-GAG-AGA-AAG-AAA-GAA-GCC-AG (antisense primer); for B-actin:
5’-ATG-TAC-GTA-GCC-ATC-CAG-GC (sense primer) and
5’-AAG-GAA-GGC-TGG-AAA-AGA-GC.

PCR reactions consist of 10 pmol of each primer, 0.25 mM of each deoxynucleotide
triphosphate, 2.5 mM MgCI2, 60 mM Tris-HC1 (pH 8.5), 12.5mM (NH4),SO4, and 0.1U Taq
polymerase in a total reaction volume of 25 ul. PCR is performed in an thermocycler under the
following conditions: 94  for 2 min, then 30 cycles of 94  for 30 s, 58  for 1 min and 72
for 1 min. The amplification products are separated by agarose gel electrophoresis and visualized by
staining with ethidium bromide.

(4). Effectsof PIGF on typell pneumocytesin vitro.

Mouse lung epithelial cell line (MLE-15) was a gift from Dr. Jeff Whitsett (University of
Cincinnati).(30) The MLE-15 cell line maintains many of the morphological characteristics and
gene expression patterns consistent with that seen in type II pneumocytes.(30,31) Cells are
maintained in DMEM medium with 10% FBS. MLE-15 cells were seeded at 10°/well in a 6-well
plate and incubated at 37°C in a 5% CO, atmosphere overnight. Different concentrations of rmPIGF
or rmVEGF (up to 100 ng/ml) were added. Apoptosis of cells was measured by use of PI staining as
described previously. Briefly, the cells were harvested 24 hours after cytokine treatment and washed
with FACScan buffer (0.1% FBS in PBS) by centrifugation at 1,500 rpm for 10 min. The cells were
then resuspended and fixed in 1.5 ml 70% ethanol solution at 4°C for a minimum of 30 min and
washed twice with FACScan buffer. Then, 50 pg/ml PI was added and incubated at room
temperature for 20 min. Cells were washed and resuspended in 200 pl FACScan buffer and
analyzed on a FACSCalibur flow cytometer (BD Biosciences, California, USA). The percentage of
apoptotic cells was determined by positive PI staining.

For cell proliferation assay, an enzyme immunoassay by quantification of BrdU incorporation
into DNA was performed by use of cell proliferation ELISA, BrdU (Roche Diagnostics GmbH,
Mannheim, Germany), according to the manufacturer's instruction. Briefly, 10* cells were cultured
in a 96-well microplate at 37  for 8 hours and then treated with or without various cytokines with
serum starvated for 1 to 3 days. Subsequently, BrdU was added to the cells, and the cells were
reincubated for 4 hours. During this labeling period, the pyrimidine analogue BrdU was
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incorporated in place of thymidine into the DNA of proliferating cells. After removal of the culture
medium, the cells were fixed and the DNA is denatured in one step by addition of FixDenat. The
anti-BrdU-POD binds to the BrdU incorporated in newly synthesized cellular DNA. The immune
complexes were detected by the subsequent substrate reaction. The reaction product was quantified
by measurement of the absorbance at wavelengths of 370 nm-492 nm on a scanning multiwell
spectrophotometer (ELISA reader). The developed color and thereby the absorbance values are
directly correlated with the amount of DNA synthesis and thereby with the number of proliferating

cells in the respective microcultures.

() :
1. We have successfully generated and kept four different SP-C-PIGF transgenic lines with
different mMRNA expression levels, confirmed by real time RT-PCR.
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Figure 1. A. The map of SP-C promoter-mouse PIGF ¢cDNA. B. Lung specificity of transgene
expression was confirmed by PCR. C. Four different PIGF expression levels transgenic lines were

confirmed by real time RT-PCR as compared with wild type mouse (Tg-1: 3.8-fold; Tg-2: 14-fold;
Tg-3: 52-fold; Tg-4: 258-fold PIGF expression levels of wild type)
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2. Exogenous PIGF promoted type Il pneumocytes death and inhibited its proliferation in

vitro.
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Figure 2. a, RT-PCR revealed expression of VEGF, Flt-1 and PIGF in murine pulmonary type II
epithelial cell line (MLE-15). b, recombinant PIGF, but not recombinant VEGF, significantly
enhanced cell death of MLE-15 cells. ¢, PIGF inhibited proliferation of MLE-15 cells in a
dose-dependent fashion. Note that VEGF had no effects on MEL-15 cells.

3.

Now, we will analyze the time cour se phenotype of this transgenic mouse, and no phenotype

was noted when these transgenic mice were 2 months old.
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