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中英文摘要

（1） 計畫中文摘要

關鍵詞：早產兒慢性肺疾病，血管內皮細胞生長因子，血管新生蛋白，胎盤生長因子

      經過廣泛使用產前類固醇，肺部表面張力素治療，以及新生兒照顧技術的進步，極低體重早產兒的存活率已大大的提高，但是早產兒慢性肺疾病卻仍然是早產兒的主要併發症之一，其發生率約在百分之15到50之間。

      早產兒慢性肺疾病的原因包括早產、長期的氧氣治療、呼吸器傷害、和感染。病理變化包括肺泡發育不良、血管生長停滯、以及程度不等的纖維化。

從出生到成人階段，在肺泡的發育過程中，包括肺泡以及微血管表面積增加了約有20倍之多。目前對於肺泡微血管大量增加的機轉仍不清楚，只知道肺泡微血管大量增加和肺泡的形成有很大的關係。

在血管生成及血管新生的過程中，血管內皮細胞生長因子家族扮演著相當重要的角色。目前已知早產兒慢性肺疾病的病人其肺臟除了血管發育不全外，血管內皮細胞生長因子(VEGF)及其接受器(Flt-1)的表現量也明顯減少。至於，對於PlGF，另一個Flt-1的受體(ligand)，在肺泡微血管的形成上所伴演的角色，目前則仍未被報告過。而在我們之前完成的PlGF全身過度表現的基因轉殖鼠中，我們發現它們外觀雖然看不出異常，但是它們的肺泡明顯有發育不良的現象，足見PlGF確實在肺臟的發育中扮演一重要角色。

為釐清PlGF對肺臟發育的影響，本計劃已成功的利用肺臟獨特性的promoter，來讓PlGF只單純在肺臟過度表現。如此，不僅可讓我們瞭解PlGF直接對肺臟發育的影響，更可以利用此動物模式來探討肺泡發育的機轉，並進而找出治療早產兒慢性肺疾病的方法。
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（二）計畫英文摘要

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 PlGF, another ligand of Flt-1, in lung development is unknown. In our previous study, we found that overexpression of PlGF, using CMV promotor, seems disrupt pulmonary alveolarization. It give us a hint that PlGF may play an important role in lung development.

In this current project, we have used lung-specific promotor, SP-C (a gift from Dr. Whitsett, University of Cincinnati), to produce targeted expression of PlGF transgenic mice. Therefore, we will understand the directed role of PlGF 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.
II

報告內容
(一)、前言:

Bronchopulmonary dysplasia is a 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). 
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Regulation of angiogenesis in 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 (PlGF) 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 PlGF 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 PlGF in angiogenesis and plasma extravasation in pathological conditions (28). However, the role of PlGF, another ligand of Flt-1, in lung development is unknown. 

The role of PlGF in lung development

  Recently, we found that overexpression of PlGF, using PGK promotor, seems disrupt pulmonary alveolarization (29). This partially mimics the pathological finding of BPD. However, this is not a good animal model of BPD because PlGF were overexpressed at all tissues. To solve this problem, we will use lung-specific promotor, SP-C and CCSP (a gift from Dr. Whitsett at the University of Cincinnati), to produce targeted expression of PlGF transgenic mice. Therefore, we will understand the directed role of PlGF 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.
(二) 研究目的：

To realize the role of PlGF in lung development.

To setup an animal model that mimics BPD.

(三) 研究方法

(1). Gene Structure
The gene structure of PlGF will be determined by isolating the full length cDNA, which will be sequenced along with the corresponding genomic DNA region. The gene will be drived by SP-C and CCSP promoters, lung-specific promoters, to generate targeted overexpression transgenic mice, and examining the resulting expression patterns. The results of this experiment will begin to explain the role of the PlGF in lung development.   
We will get the PlGF cDNA fragment from the EST clone after computer-assisted search of NCBI databases. The original PCR amplifications from EST clone of PlGF was subsequently used for screening the mouse embryonic stem cell genomic DNA library12 to extend the cDNA clone. The clone which carries the full coding region since the sequences surrounding an in frame ATG near the 5' end very closely match the Kozak translation initiation consensus sequence will be used. We will determine if the cDNA is indeed complete by primer extension.
The SP-C promoter-mouse PlGF cDNA and CCSP promoter-mouse PlGF cDNA are constructed by standard cloning methods

(2). Production of Transgenic Mice

Superovulated 3-4 week old FVB/N females will be produced by i.p. injections of 5 units 
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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.

(3). 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 (30). 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 62ºC. 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 H2O. 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.
(4) 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 PlGF or β-actin; for PlGF: 5’-TGG-ATG-AAT-ACC-CTG-ATG-AGG-TGT (sense primer) and 5’-CGA-GAG-AGA-AAG-AAA-GAA-GCC-AG (antisense primer); for β-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 MgCl2, 60 mM Tris-HCl (pH 8.5), 12.5mM (NH4)2SO4, 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.
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(四) 結果與討論:
1. We have finished the SP-C-PlGF construct and defined its function in vitro (Fig 1). 
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Fig 1. a. The SP-C promoter-mouse PlGF cDNA had been constructed by standard cloning methods. b. The detail map of the construct including vector and SP-C promoter c. After treated with Nde I, the gel photo showed the two fragments were fully separated. 

2. Nine founders of lung-specific PlGF overexpression transgenic mice have been generated (Fig 2)
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Fig 2. The copy numbers of SP-C-PlGF in nine SP-C-PlGF transgenic founder mice were measured by PCR.
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3. Lung specificity of transgene expression was confirmed by PCR
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4. Lung specific PlGF overexpressed transgenic mice have been generated. Now, we will analyze the time course phenotype of this transgenic mouse.
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計畫成果自評
1. We completely finished this project to create lung specific PlGF overexpressed transgenic mice.
2. We will use this model to realize the role of PlGF in lung development. We except this could be used as the BPD or emphysema animal model and it will be published in the SCI journal.

3. If we can setup the BPD animal model, it will help us to understand the mechanism of alveolarization and let us have a chance to find a way to rescue the poor alveolarization of BPD.
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