The changes of matrix metalloproteinase -9 in the new-born rabbit ventilator-induced lung injury with different mechanical ventilation strategies
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summary
BACKGROUND: Matrix metalloproteinases (MMPs) are a family endoproteinases that act in degradation of extracellular matrix and basement membranes and determines lung injury repaired. The development of bronchopulmonary dysplasia (BPD) is characterized by early pulmonary inflammation, increased microvascular permeability, subsequently by disordered repair. Matrix metalloproteinase-9 (MMP-9) plays a crucial role in lung injury repair. Inappropriate repair of lung injury eventually lead BPD. The aim of our study is to investigate the changes of matrix metalloproteinase-9 (MMP-9) in the new-born rabbits with different conditions ventilator-induced acute lung injury and to research the molecular mechanism of the lung injury.

Methods: 108 Newborn New Zealand white rabbits were arranged randomly to two groups using 2×3×3 factorial design. Fraction of inspired oxygen (FiO2): Hyperoxia group (FiO2=100%) and hypoxia group (FiO2=45%). Peak inspiratory pressures (PIP): High Peak inspiratory pressures (HPIP=25cmH2O), Moderate Peak inspiratory pressures (MPIP=18cmH2O) and Low Peak inspiratory pressures (LPIP=10cmH2O); respiratory time (RT): 1h, 3h and 6h.  These experimental groups were compared with unventiliated air control group (n=6). Transmission electron microscope, lung wet-to-dry ratio (W/D), lung histopathology scores and cells in BALF were measured. The changes of MMP-9 were studied by immunohistochemistry and ELISA.
Results: ①Compared with 45% oxygen ventilation groups, the concentration of MMP-9 in the 100% ventilation groups decreased （F=15.660,P=0.000）. But the changes of MMP-9 in different PIP ventilation groups were not significant. ②Compared with the control group, the expression of MMP-9 down-regulated in HPIP ventilation group, however, approached normal in MPIP and LPIP ventilation group. With mechanical ventilation going, the changes of MMP-9 up-regulated and reached the maximum at 6h, but the ANOVA results showed that there was non-significant difference. ③The changes of MMP-9 were positive correlations with the number of total white blood cells, the number of alveolar macrophages in BALF and lung wet-to-dry weight ratio.
Conclusions: Within mechanical ventilation 6h in newborn rabbits, hyperoxia ventilation can down-regulate the expression of MMP-9, but different mechanical stretch has no effect on the expression of MMP-9. At the same time, the expression of MMP-9 has the potential to contribute to the lung injury caused by mechanical ventilation. 

Introduction
Extracellular matrix (ECM) is an important inner environment for the cell survival, which includes not only the collagen glycoprotein, protein polysaccharide and so on, but also a lot of protease, cytokines and adhesion molecules. Matrix Metalloproteinases (MMPs) are important enzymes to regulate the metabolism of basement membrane. MMPs are a family of structurally and functionally related but genetically distinct proteinases that act in the remodeling and destruction of extracellular matrix and basement membranes. Its involves in a wide range of biological activities and organizes a complex cellular signal transduction network with cytokines and growth factors. In this network, MMPs play a central role in the regulation of multiple cellular functions such as cell proliferation, adhesion, migration, differentiation, angiogenesis, and apoptosis. The majority of the MMPs are secreted to the extracellular space and some of them are expressed as cell-surface enzymes. MMP-9 can degrade the complex components structure of the lungs and airway (such as ECM and the basement membrane) to participate in the lungs and airway reconstruction [1].There is strong evidence that MMPs play an important role in the development of acute lung injury. It is obviously different about the expression of MMP-9 in different animal models and different periods of the diseases according to many experiment research outcomes of the lung injury [2].The lung may suffer different kinds of injury when mechanical ventilation is going on. How to determine exactly the effects of various injury factors on the expression of MMP-9 and how to take measures to promoting the expression of MMP-9 or inhibiting the over-expression of MMP-9 in order to make it to bring into full play normal physiological functions. This study may provide a new idea for the prevention and treatment of the BPD. In order that the ventilation condition in experiment was similar to the clinical ventilation condition, the newborn rabbits were suffered different PIP and different oxygen concentration, then different respiratory time were selected to study the effects of the expression of MMP-9 in newborn rabbits with different condition ventilation–induced acute lung injury .
Methods
Animals and Experimental Protocol 

114 Newborn New Zealand white rabbits (44.836±4.058g) were employed. Procedures were performed according to the Helsinki Declaration and approved by institutional Review Board (Institutional Review Board of the General Military Hospital of Beijing PLA). Rabbits were randomized prior to delivery to an unventilated air control group (n=6), or to 1 of 2×3×3 ventilation strategies using a factorial design (FiO2: FiO2=100% and FiO2=45%; PIP: HPIP=25 cmH2O, MPIP=18 cmH2O and LPIP=10 cmH2O; RT: 1h, 3h and 6h). Each group had 6 rabbits, and 108 rabbits were in total for ventilated groups. 

Mechanical ventilation     
Rabbits were anesthetized by oral peroral administration of 10% Chloral Hydrate (0.03 ml/10g).A tracheostomy was performed near thyroid eminence, and an endotracheal tube (1.3mm×25mm intravenous catheter needles) inserted via tracheostomy(the depth was 1.5-2cm). The endotracheal tube  should be regulated based on symmetry of thorax fluctuate after ventilation to avoid atelectasis. Rabbits were ventilated (SIMMENS 900C, Germany). Pressure control ventiliation (PCV) mode: fixed positive end-expiratory pressure (PEEP) at 2cmH2O; respiratory rate (RR) 50 minute-1 and inspiratory time 0.33 sec. with different FiO2 and PIP for different RT according to a factorial design. Body-temperature was maintained at 37°C by a heating pad.  There was no additional fluid support in any conducted experiment. At the end of the experiment on RT 1h, 3h and 6h, the rabbits from each experiment group were killed with blooding. 
Measurements 
The left lung was removed after the experiment, weighted (wet weight) immediately. Bronchial alveolar lavage (BAL) was performed by instillation of 1 ml of sterilized saline, and fluid was collected by gentle suction. The BAL fluid (BALF) was centrifuged at 2000 r/min at 40C for 10min, and the supernatant was aliquoted and frozen at -800C until used. The cells were counted by haemocytometry and then prepared for cytocentrifuge by plating on to poly-l-lysine coated slides with a cytospin. Cell smears were stained with standard May Grunwald Giemsa stain, and differential cell counts were determined based on 300 cells and the percentages of each cell were recorded. The left lung after lavage dried in a 700C oven until weight was constant (dry weight). To evaluate the severity of pulmonary oedema, the lung wet-to-dry weight ratio was determined as an index of pulmonary edema formation. 
Lung Histopathology

The lower lobe of the right lung was instilled with 4% paraformaldehyde and embedded in paraffin then 5-μm slices were obtained for Haematoxylin-eosin (HE) staining and analyzed by a pathologist who was blinded for group identity. To score lung injury, we used a modified VILI histopathology scoring system as previously described [3,4] . VILI was scored according to the following four items: alveolar congestion; haemorrhage; infiltration or aggregation of neutrophils in airspace or vessel wall and thickness of the alveolar wall/hyaline membrane formation. A score of 0 represented normal lungs; 1 represented mild, less than 25% lung involvement; 2 represented moderate, 25 to 50% lung involvement; 3 represented severe, 50 to 75% lung involvement; and 4 represented very severe, more than 75% lung involvement. An overall score of VILI was obtained based on the summation of all the scores from air control or ventilated lungs (n = 6 per group).
Electron Microscopy
Electron microscopy was performed to investigate the morphologic changes in different ventilation groups. Lung tissues were fixed with 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4, for 18 hours. Lung tissues were postfixed for 1.5 hours in 1% OsO4, dissolved in 0.1 M phosphate buffer (pH 7.4), dehydrated in ascending acetone concentrations, embedded in epon, cut (70 nm), stained with uranyl-acetate and lead nitrate, and examined under an H-7500 transmission electron microscope (HITACHI, Japan).
Elastase activity
At each RT point, the middle lobe of the right lung were harvested and weighted 0.12g pulmonary tissue samples and frozen at -700C until use. The concentrations of MMP-9 in all samples of homogenated lung tissue were assayed using a commerically available kit according to the manufacture's protocol (ELISA kit, Rapidbio, Biological Technology, Ltd, the United States). A standard curve was constructed using the concentration of standards .The OD values at 450nm were measured on the BIO-RAD Mode 1550 ELIASA then the concentration of MMP-9 was calculated after background subtraction according to the OD value from the standard curve. Elastase activity in BALF was expressed ng. mL-1.
Immunohistochemistry:

The SABC kits were purchased from Boster Biological Technology, Ltd, Wuhan. The 5 μm tissue sections were deparaffinized and then rehydrated, and endogenous peroxidase were blocked by preincubation with 3% H2O2 in indoor temperature for 15 minutes. Antigen retrieval was performed with 10 mmol.L-1 citrate buffer, pH 6.0, for 5 minutes in microwave. Tissue sections were digested with pepsin at 37°C for 15 minutes. Tissue sections were diluted 1:100 in PBS for 5 minutes 3 times. The sections were incubated with 50 mg.ml-1 of BSA at 37°C for 15 minutes,then incubated with primary antibodies – Biotin anti rabbit MMP-9 at 4°C overnight. A secondary biotinylated goat anti rabbit diluted 1:150, and avidin biotin peroxidase complex were applied sequentially for 30 minutes followed by 3, 3-diaminobenzidine in PBS containing 0.045% H2O2 for 5 minutes. The sections were counterstained with hematoxylin. PBS was used to dilute the antibodies and to rinse sections between steps. The primary antibody was replaced by PBS for negative control slides. The known-positive slice was used as the positive control slides. The sections were assessed and counted scores by two independent observers who had no knowledge of the different mechanical ventilation according to the score standards of previous literatures [5] in the light microscope which magnified 400 times. Five campus visualis were selected randomly in each slice. The results were definited on the basis of the cell stained yellow intensity and area. Findings were graded on a four-point scale: the positive stained yellow intensity (0=no stain; 1=stramineous; 2=Buffy; 3=brown) and the positive yellow stained area (0=0; 1=0-1/3;2=1/3-2/3;3=2/3-1). The total scores of the two parts represented the expression of MMP-9.
Statistical Analysis: 
The software package SPSS (http://SPSS.com,Chicago, USA) for Windows 16.0 was used to perform statistical analysis. All data in the results are expressed as mean ± standard deviation. The differences between groups were compared using one-way ANOVA. For equal variances assumed data, LSD test was used for comparisons between groups, and Tambane’s test was used for equal variances non-assumed data. Pearson correlation was used for determining the correlation of MMP-9 with leukocyte counts of BALF, lung wet-to-dry weight ratios. A level of p < 0.05 was considered statistically significant.
Results
W/D in Different Ventilation Groups

There were no significance in different FiO2 (F=0.156,p=0.694) or PIP (F=0.380,p=0.685) groups, as for the main effect of W/D (Table 1). However, There were great significance in different RT groups (F=4.380,p=0.015) ( R squared=0.197, Adjusted R squared=0.045), and W/D were significantly higher in RT6 group as compared with RT1 group (p = 0.012). Furthermore, there were interaction effect between FiO2 and PIP (F=3.637,p=0.030), so the simple effect of FiO2 or PIP was analyzed. When FiO2 was 100%, W/D in HPIP, MPIP and LPIP were 5.731±0.240, 5.659±0.299 and 5.533±0.181, respectively, and there were significance among these groups (p=0.045), W/D in HPIP were higher than LPIP (p=0.020). When FiO2 was 45%, W/D in HPIP, MPIP and LPIP were 5.623±0.227, 5.631±0.257 and 5.723±0.248, respectively, but there were no significance among these groups (p=0.401). As for PIP, there was significance in different FiO2 groups when PIP was fixed at 10 cmH2O (p=0.013), whilst, there was no significance in different FiO2 groups when PIP was fixed at 18 cmH2O (p=0.765) or 25 cmH2O (p=0.178). 
WBC in BALF

The number of WBC in BALF was similar in the two FiO2 groups (F=0.122,p=0.728), whereas the number of WBC in HPIP group was significantly higher than those in the MPIP (p=0.000) and LPIP groups (p=0.000), and the number of WBC in RT6 group was significantly higher than those in RT1 group (p=0.004). The data meant that high PIP or long RT was associated high WBC levels, which contributed to severe inflammatory reaction. What’s more, there were interaction effect between FiO2 and RT (F=6.206,p=0.003), or PIP and RT (F=3.466,p=0.011)( R squared=0.693, Adjusted R squared=0.636) .( Table 1)
The acyivity of MMP-9 in lung tissue bomogenate: 

Compared with the 45% oxygen ventilation groups, the concentration of MMP-9 in the 100% oxygen ventilation groups decreased and the difference was significant (F=15.660,p=0.000).The expression of MMP-9 in different PIP ventilation groups were not significant (F=1.815, p>0.05).Compared with the control group(72.69+7.31ng/ml),although the concentration of MMP-9 in 100% oxygen ventilation groups was lower , the concentration in 45% oxygen groups and ventilation for 6 h groups were higher, the difference was not significant (p> 0.05). Within ventilation for 6 h, the general trend of the expression of MMP-9 was the expression first down-regulation, but with the ventilation going, the expression increased gradually (Table.1). The mean concentration of MMP-9(65.74±13.0) in lung tissue bomogenate was decreased in the 100% oxygen inspiration ventilation , compared with 75.82±13.5 in the 45% oxygen inspiration ventilation group and 72.69±7.37 in the control group ( F=8.410,p <0.05),but there are no significant difference among different PIP ventilation groups or different ventilation time groups by ANOVA(F=0.213,1.149). Within ventilation 6 hour, the tendency of MMP-9 expression is firstly down- regulation then up-regulate gradually along with the ventilation going (Table 2).
Lung Injury Histopathology Scores

There were 10 rabbits were induced with pulmonary atelectasis (Table 3), and there were significance in different PIP (χ2=6.834, p<0.05) or RT (χ2=8.154, p<0.05) groups, but not in different FiO2 (χ2=0.441, p>0.05) groups. For main effect of lung injury histopathology scores, there were great significance in different FiO2 (F=5.278,p=0.024) or PIP (F=39.210,p=0.000) groups. However, no significant differences were found in different RT groups (F=0.860,p=0.427) (Table 4, R squared=0.520, Adjusted R squared=0.429). What’s more, there were interaction effect between FiO2 and PIP (p=0.015), so the simple effect of FiO2 or PIP was also analyzed. When FiO2 was 45%, the histopathology scores in HPIP, MPIP and LPIP were 7.667±1.572, 4.889±1.278 and 6.222±1.629, respectively, and there were significance among these groups (p=0.000), scores in HPIP were higher than those in MPIP (p=0.000) or LPIP (p=0.006), and scores in MPIP were lower than those in HPIP (p=0.000) or LPIP (p=0.01). When FiO2 was 100%, the histopathology scores in HPIP, MPIP and LPIP were 8.056±1.552, 4.667±1.495 and 8.111±1.410, respectively, there were significance among these groups (p=0.000), and scores in HPIP were higher than those in MPIP (p=0.000), and scores in MPIP were much lower than those in HPIP(0.000) or LPIP (p=0.000).  As for PIP, there was significance in different FiO2 groups when PIP was fixed at 10 cmH2O (p=0.001), whilst, there was no significance in different FiO2 groups when PIP was fixed at 18 cmH2O (p=0.635) or 25 cmH2O (p=0.46). These data indicated that pulmonary injury caused by 45% hypoxia was much less than that of 100% hyperoxia, and MPIP than HPIP or LPIP.

Pathological findings: 
Though the histopathological changes in these ventilation groups were greatly different compared to normal groups, they shared the common structural changes among these ventilation group: heterogeneous change in lung structure with patchy areas of parenchymal thickening and small airspaces interspersed with areas of enlarged airspaces, with inflammatory cell infiltrated. pathological features from the exudative phase to the early proliferative phase of diffuse alveolar damage such as :epithelial destruction, capillary congestion, interstitial oedema, intra-alveolar oedema, haemorrhage, mononuclear infiltration, polymorphonuclear infiltration, interlobular septal thickening, hyaline membrane formation, uneven alveolar ventilation, microatelectasis, type II pneumocyte hyperplasia, fibroblast proliferation, and interstitial collagenous deposition were observed in the present experimental groups. The severity of hemorrhage in the hyperxia ventilator group was more serious than that in the hypoxic ventilation group. Uneven alveolar sizes, microatelectasis, significant hyaline membrane formation, interlobular septal thickening and interlobular septal destruction were obviously observed in LPIP ventilator groups. Pulmonary hemorrhage, significant pulmonary bullae formation and the hemorrhage were obviously observed not only within the interlobular septal and alveolar spaces but also within bronch-walls in HPIP ventilator groups, but the atelectasis were less observed. Compared with the HPIP ventilator groups and LPIP ventilator groups, the pathological changes in the MPIP groups were better: alveolar distention even; pulmonary hemorrhage, intra-alveolar oedema, atelectasis, the hyaline membrane formation and pulmonary bullae were decreased significantly. Transmission electron microscope changes in lungs after experiment: the lung of the rabbits without ventilator had the continuous vascular endothelial cells and the integrity basement membrane. But with the ventilation going, the normal structure of the alveolar were destructed, infiltration of neutrophils into alveolar spaces, no continuous endothelial cell membranes, disappeared and collapse cell conjunction, air-blood barrier destruction. (Fig1 and Fig 2) 
Immunohistochemical detection the express of matrix metalloproteinase (MMP) -9 in lung tissue. (Fig-3).
Positivion MMP-9-expression was observed in alveolar macrophages, alveolar lining epithelium, alveolar septal interstitium, and interstitial cells in unventilated rabbits (A). Weak or no expression of MMP-9 was detected in Ventiliation with hyperxia moderate Peak Inspiratory Pressure rabbits (B). In newborn rabbits Ventilation for 3 h with hyperxia and high Peak Inspiratory Pressure, Weak expression of MMP-9 was detected in alveolar lining epithelium and inflammatory cells(C).After 6 h ventilation with hypoxia and low Peak Inspiratory Pressure newborn rabbits, MMP-9 was strongly expressed in alveolar macrophages, neutrophils, and alveolar lining epithelium(D). in ventilation for 6 h with hyperxia and high Peak Inspiratory Pressure, approximation normal control newborn rabbit lung tissue expression of MMP-9 was detected(E) . However, in ventilation for 1 h with hypoxia and high Peak Inspiratory Pressure, it was Obviously increase of MMP-9-expression in alveolar lining epithelium and inflammatory cells. Injury and defluxion airway epithelium mucosae was observed (F).

Relationship between proteinases-9 and factors of acute lung injury

The gelatinolytic activities in lung tissue were correlated with various factors associated with acute lung injury, and MMP-9 activity showed a significant positive correlation with the number of total cells in BALF (Pearson correlation coefficient, r=0.522, p<0.05) and significantly correlated with the lung wet-to-dry weight ratio (r=0.420,p<0.05) as well as a positive correlation with the number of alveolar macrophage in BALF(r=0.35,p<0.05). In contrast, MMP-9 activity was not significantly correlation with the number of segmented cell and the number of leukomonocyte in BALF (r=-0.122,p=0.309；r=-0.189,p=0.112，respectively).

DISCUSSION:

In this study, we have demonstrated that only the oxygen concentration alters the normal expression of MMP -9 among the three factors of oxygen concentration, peak inspiration pressure and ventilation time in 6 hours of mechanical ventilation. Furthermore, the 100% oxygen concentration with ventilation can inhibit the expression of MMP-9. The gelatinolytic MMP-9 expression in lung tissue are positive correlated with the number of alveolar macrophages in BALF, but there is no correlation with the count of segmented cell and leukomonocytes. Our data suggest that alveolar macrophages are one of the major sources of MMP-9 and matrix metalloproteinase-9 may derive from macrophages. Our study results are similar to many other reported previously[6,7], as well BALF alveolar macrophages count of 100% ventilation groups are significantly lower than that of 45% ventilation groups(F = 3.524, P <0.05). Maybe this is one of the reasons for 100% oxygen ventilation down-regulation the expression of MMP-9. MMPs are a group of proteases that exist as pro-enzymes and are cleaved by other MMP to active forms that have several specialized functions, including extracellular matrix turnover. Some of their functions regulate processes associated with development, such as branching morphogenesis, angiogenesis, inflammatory processes and wound healing.MMP-9 is secreted in the formation of pro- proenzyme form intracellular space to extracellular space and must be activated by proteolytic ferment hydrolysis. In vitro, MMP-9 has activation through the reaction of organic mercury praeparatum[8]. However, in vivo, it can be activated by a series of proteinases cascade connection action [4]. At the same time, the newborn lungs may have not started a repair response, as evidenced by the pro-form increasing itszymographic activity, or mounted a greater inflammatory response microenvironment with the longer exposure to oxygen [9]. Additionally, oxidative stress reaction can not be quickly established by the reason of the immaturity immunity defence mechanism of the neogenesis animal, the expression of cytokines and inflammatory mediator production are delayed. It leads to the inhibited process of MMP-9 transcription, MMP-9 zymogen activation, MMP-9 synthesis and secretion procedure, and the cells suffer from a transient “suppression” condition before the inflammatory attack. All induce the expression of MMP-9 delay. A large number of reactive oxygen species and cytokine at hyperoxia exposure acute stage can down-regulate the expression of MMP-9[10] or enhance the expression of TIMP-1 which is the MMP-9 specific inhibitor and can inhibit the expression of MMP-9. Hyperoxia exposure (>95% O2) from d 4 to 14 in newborn rat pups lead to arrest of alveolarization and mimics newborn chronic lung disease. Hosford, etc[11] find that hyperoxia significantly decrease levels of MMP-9 mRNA and pro-MMP-9 protein , diminished overall MMP-9 pro-enzyme activity, TIMP-1 mRNA is not elevated by hyperoxia until d 14, but protein levels are significantly  elevated by hyperoxia from d 9 to 14(p < 0.001),then they conclude that hyperoxia decreases MMP-9 mRNA, protein, activity and elevates TIMP-1 protein, these changes have the potential to contribute to the arrest of normal lung development. Our experimental study indicate that with the ventilation going, besides the epithelial cells, the neutrophil cells and fibroblasts cells also start to express the MMP-9, meanwhile the activity of MMP-9 , the expression of MMP-9 increase. Three-day-old rat pups are subjected to hyperoxia (> or = 95% O2) or room air for 7 and 14 days. Radomski, etc[10] have shown that exposure of newborn rats to hyperoxia for 14 days, but not 7 days, resulted in the activity of MMP-9 significantly increase. Gushima etc[7] produce the acute lung injury model by exposing twenty-three pigs in sealed cages to 80% oxygen (for 24–120 h) or room air and find that exposure of pigs to hyperoxia for 72 hours and 96 hours, but not 48 hours, resulted in the activity of MMP-9 significantly increase, but the activity of MMP-9 decrease finally after 120 hours. 
Prajapati, etc[12] think that physiological mechanical loading of fibroblasts in three dimensional collagen lattices elicit complex and substantial changes in matrix modifying proteases. These changes suggest that cells switch between expressions of comparable protease activities mainly influencing cell-matrix interactions associated with migration or more generalized extracellular matrix remodelling. Dingyu Zhang,etc[13] think that high tidal volume ventilation up-regulate the expression of MMP-9 mRNA, but no obviously changes for the expression of TIMP-1, the activity of MMP-9 no-change in without mechanical ventilation control rats and low tidal volume ventiliation rats. Our results suggest that the activity of MMP-9 has a negative correlation with peak inspiratory pressure, but their activities do not differ statistically among groups .Only mechanical stretch does not induce dramatic changes in gene expression of MMP-9. All of these indicate that the cyclic mechanical stress deformation on these cells not affects the release and activation of MMP-9. Cyclic mechanical stress deformation is not a mediate factor for the expression of MMP-9 as the mechanical ventilation going. In the lung, MMP-9 is synthesized by normal resident structural and inflammatory cells such as bronchial epithelial cells [14] ,alveolar epithelial cells [15, 16], and alveolar macrophages [17] .All of these cell types can greatly increase their MMP-9 secretion after stimulation [14, 15, 16, 17]. Furthermore, neutrophils recruited into alveoli during lung injury can also secrete large amounts of MMP-9 [18]. MMP-9 has beneficial roles, such as cell spreading and migration during repair of the respiratory epithelium [19] .Fibroblasts belonging to the matrix cells also play a major role in the source of MMP-9. The results of previous study indicate that gelatinases play an important mediator role in the development of mechanical ventilation lung injury in rats. High-volume ventilation leads to an increase in expression and release of gelatinases from epithelial and endothelial cells in the lung. The reason is most likely to the mechanical stress on these cells. There is increasing evidence that cyclic mechanical stress affects the release and activation of MMPs, and plays an important role in the regulation of extracellular matrix remodeling [20]. In our study, lung histology illustrates that ventiliation with high Peak Inspiratory Pressure can lead to serious barotrauma. Major terminal respiratory units rupture in HPIP ventilation lung tissue sections , disruptive alveoli pulmonis discontinuance the connection with the surrounding matrix cells , the signal pathway of the synthesis of MMP-9 is interrupted, so the expression of MMP-9 decrease. Ventilation with low peak inspiratory pressure can lead to serious atelectasis. This injury is thought to be related to opening and closing of lung units (hence the term atelectrauma). In an atelectatic lung, the air-liquid interface may be found relatively proximal in the terminal conducting airways, rather than in the alveoli. Opening of this airway would require relatively high forces and the shear stresses produced might cause epithelial disruption. Respiratory airway and alveolar can not maintain an open state .The matrix cells subjecte to cyclical stretch because of repetitive opening and closing of airways can lead cytokine and cell signal pathways activation , driving fibroblast from quiescent condition to reduplication/ externalization phenotype, collagenoblast activation leading to collagenoblast reduplication active, the secretion of cytokines increasing, MMP-9 synthesis increasing, so the expression of MMP-9 up-regulate and a large number of ECM are synthesized as well as protein-degrading enzyme are producted in ventilation with LPIP groups. In this study, keeping on 6 hour ventilation with LPIP and 45% oxygen inspired, several phenomenon are found the following:①The ANOVA results show that the activity of MMP-9 increase. ②Immunohistochemical techniques confirm the highest expression of MMP-9. ③Electron microscope observation show collagenous fibers hyperplasia. All of them show very high concordance among the three kinds of experiment method .These results show that tissue subject to injury meanwhile tissue remodel. The tissue remodeling principal display is collagen fibrils proliferation, matrix remodeling and the expression of MMP-9 up-regulation. But there are no significant difference among different peak inspiratory pressure ventilation groups, and the reason need further investigation by extending the ventilation time. MMPs are zinc-dependent endopeptidases with crucial roles in extracellular matrix remodeling during lung morphogenesis, growth, and repair after injury. They are involved in angiogenesis, cell migration, tissue inflammation, degradation, and wound healing [21]. MMPs play a central role in the degradation extracellular matrix and the major substrate for MMP-9 is type Ⅳcollagen. The up or down-regulation expression of MMP-9 indicates different physiologic or pathologic function. The expression of MMP-9 increase when lung is subjected to injury, the more severity lung injury, the more activity MMP-9 express. In our studies, gelatinase activity increase with the ventilation lasting and there is a significantly correlation between MMP-9 expression and lung wet-to-dry weight ratio assessed acute lung injury. This is consistent with the observation by Gushima et al [7]. 
In conclusion, our results suggest that only hyperoxia may be an important stimulus to down-regulate the expression of MMP-9 when newborns are subjected to mechanical ventilation with different concentration oxygen and different peak inspiratory pressure. With the ventilation going, the lung injury caused by mechanical ventilation become serious, the tendency of MMP-9 expression is firstly down- regulation then up-regulate gradually along with the ventilation going.
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Fig.1. Microscopic changes in Hematoxylin–eosin (H&E) staining lungs tissues after hyperoxic groups and hypoxia groups ventilate.
[image: image1.emf]No ventilation control group(Fig①.)Hyperxia LPIP ventilation for 1h(Fig②), Hyperxia LPIP ventilation for 6h (Fig③)and hypoxia LPIP ventilation for 1h (Fig⑧) , hypoxia LPIP ventilation for 6h (Fig⑨) show evidence of extensive lung injury with microatelectasis, hyaline membrane formation and interlobular septal thickening. 
Hyperxia MPIP ventilation for 1h(Fig④) ,hyperxia MPIP ventilation for 6h((Fig⑤)and hypoxia MPIP ventilation for 1h (Fig⑩),hypoxia MPIP ventilation for 6h (Fig⑾) illustrate the pathological changes in the moderate pressure groups are better:alveolar distention are even; 
After 1h,6h hyperxia HPIP(Fig⑥⑦) and hypoxia HPIP (Fig⑿⒀)ventilate, severe infiltration of inflammatory cells into the interstitium, hyaline membrane formation, severe haemorrhage, and pulmonary bullae are observed.
Fig. 2.Transmission electron microscope changes in lungs tissues after hyperoxic groups and hypoxia groups ventilate.

[image: image2.emf]The lung of the rabbits without ventilator had the continuous vascular endothelial cells and the integrity basement membrane. But with the ventilation going, the normal structure of the alveolar were destructed, continuous endothelial cell membranes disappeared and collapse cell conjunction, air-blood barrier destruction(Fig①hypoxia and LPIP ventilation for 1h, magnification×10000); infiltration of neutrophils into alveolar spaces(Fig②, hyperxia and HPIP ventilation for 6h, magnification×3000); atelectasis alveolar space,alveolar collapse(Fig③hypoxia and LPIP ventilation for 1h, magnification×15000) ;collagenous deposition were observed (arrowheads)in the present experimental groups(Fig④hypoxia and LPIP ventilation for 6h, magnification×25000).
Figure3. Immunohistochemical localization of gelatinase B(MMP-9) in lung tissue sections. Immunoreactive gelatinase B was revealed by peroxidase reaction. Sections were lightly counterstained with hematoxylin. 
[image: image3.emf]
A: Normal lung (magnification, 200). B: Weak or no expression of MMP-9 in Ventiliation with hyperxia and MPIP rabbits. C: Weak expression of MMP-9 in alveolar lining epithelium and inflammatory cells in Ventilation for 3 h with hyperxia and HPIP.

D: After 6 h ventilation with hypoxia and LPIP, MMP-9 was strongly expressed in alveolar macrophages, neutrophils, and alveolar lining epithelium.

E: approximation normal control newborn rabbit lung tissue expression of MMP-9 in ventilation for 6 h with hyperxia and HPIP.

F: Obvious increase of MMP-9-expression in alveolar lining epithelium and inflammatory cells in ventilation for 1 h with hypoxia and HPIP. Injury and defluxion airway epithelium mucosae was observed.
Table 1.The Elastase 9 activity (ng. mL-1), Lung wet to dry weight ratio ,BALF WBC count

and Immunohistochemistry score in different groups. (
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Table 2.The mean concentration of MMP-9 in lung tissue bomogenate under the different ventilation condition compared with control group ,(
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Table 3. Pulmonary atelectasis in different ventilation groups (n/group).
	
	Atelectasis
	Normal
	Total

	Different PIP Groups
	
	
	

	HPIP
	1
	35
	36

	MPIP
	2
	34
	36

	LPIP
	7
	29
	36

	Total 
	10
	98
	108

	Different RT Groups
	
	
	

	1h
	0
	36
	36

	3h
	3
	33
	36

	6h
	7
	29
	36

	Total
	10
	98
	108

	Different FiO2 Groups
	
	
	

	100% FiO2
	4
	50
	54

	45% FiO2
	6
	48
	54

	Total
	10
	98
	108


Table 4. Lung injury histopathology scores in different ventilation groups.
	RT
	100% FiO2
	45% FiO2
	Air 

Control

	
	HPIP
	MPIP
	LPIP
	HPIP
	MPIP
	LPIP
	

	1h
	7.67±1.21
	4.50±1.38
	8.33±1.03
	7.50±1.52
	4.67±1.21
	5.67±1.03
	

	3h
	8.17±1.47
	4.83±1.33
	8.00±2.00
	7.67±1.75
	4.83±1.33
	5.83±1.60
	

	6h
	8.33±2.07
	4.67±1.97
	8.47±1.26
	7.88±1.72
	5.17±1.47
	7.17±1.94
	4.17±0.98
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