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In vitro studies on peritoneal macrophage activity and PGE2 production in the absence of gelatinaseB/Metalloproteinase 9 (MMP-9)
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A b s t r a c t

We have shown previously elevated levels of PGE2 of cyclooxygenase-1 origin produced by peritoneal macrophages during acute zymosan-induced peritonitis in gelatinase B (MMP-9)-knockout mice. This was postulated that this might constitute a mechanism compensating for the lack of MMP-9. The aim of the resent study was to evaluate if other properties of peritoneal macrophages are also changed. For this purpose the cells were isolated from peritoneum of MMP-9-/- mice and some of their activity was tested in vitro upon stimulation with zymosan. It turned out that also in such conditions peritoneal macrophages produce higher amounts of PGE2, however, neither activity of their dehydrogenases nor ability to adhere to plastic surfaces are changed. In conclusion, the current study confirms that general properties of peritoneal macrophages are not impaired by genetic blockage of MMP-9 production and thus support a notion that COX-augmented pathway might constitute a compensatory mechanism in MMP-9-/- mice.  
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Introduction

Two main events are critical for inflammatory onset: increased permeability of local blood vessels and leukocyte migration into an inflammatory focus. The processes involving vascular fluid and cell extravasation require enzymatic break down of vascular basement membrane and degradation of extracellular matrix macromolecules. Among the proteolytic enzymes, Zn2+-endopeptidases of the matrix metalloproteinase family (MMP) were shown to trigger breakdown of the above components (Van den Steen et al., 2002). One of the subgroups among MMPs, gelatinases, are known to process substrates that are components of the basement membranes and ECM located outside the vasculature (Parks et al., 2004). Of the two gelatinases, MMP-2 (65-75 kDa; gelatinase A) and MMP-9 (>85-kDa; gelatinase B), the former is expressed constitutively and the latter can be induced, usually during inflammation and cancer (Opdenakker et al., 2001;Opdenakker et al., 2001). 


We have shown previously that MMP-9 is important for neutrophil infiltration into peritoneal cavity during zymosan peritonitis as this process was significantly impaired in mice deficient in MMP-9 as well as in genetically-unmodified inbred mice treated with inhibitor of gelatinases (Kolaczkowska et al., 2006). The studies aimed to verify a role of MMP-9 in early vascular permeability performed on the same experimental model involving MMP-9-/- mice revealed existence of a compensatory mechanism - augmented production of prostaglandin E2 (PGE2) of cyclooxygenase 1 (COX-1) origin by peritoneal macrophages (Kolaczkowska et al., 2006). Thus the aim of the current studies was to evaluate some other properties of peritoneal macrophages retrieved from MMP-9-/- male mice stimulated by zymosan in vitro, in the absence of other peritoneal environment components, including other cell types.
Experimental Materials and Methods

Mice Gelatinase B (MMP-9)-knockout male mice (KO) were generated by a replacement knockout strategy of the gene for gelatinase B as described by Dubois (Dubois et al., 1999). The KO mice (both five and ten times backcrossed to C57Bl/6 with no differences between the groups) and their respective control counterparts of the pure C57Bl/6 background genotype (WT) (8-9 weeks old, 25-29 g body weight) were bred at the Animal Unit of the Laboratory of Molecular Immunology, German Cancer Research Center, Heidelberg, Germany. During the experiments the animals were held at the Animal Unit of the Department of Evolutionary Immunobiology (Krakow, Poland). Mice were kept at a room temperature of 20 ( 2(C, and a 12h:12h light/dark cycle. The mice were fed on a commercially pelleted diet and tap water was available ad libitum. The animals were housed 4-5 mice per cage in polycarbonate cages on beddings containing dust-free, microbiologically clean, soft wood granules.


Peritoneal macrophages Untreated mice were killed by decapitation. The peritoneal cavity was lavaged with 1 ml of serum-free RPMI medium supplemented with L-glutamine (Sigma) and after 30 sec gentle manual massage exudate was retrieved. Cells present in exudate were counted with a hemocytometer following staining with Turk’s solution (0.01% crystal violet in 3% acetic acid) as described previously (Kolaczkowska et al., 2001). Subsequently, the peritoneal leukocytes were placed in a 96-well plate at the concentration of 105/well and incubated overnight in medium supplemented with serum and antibiotics. On the following day they were stimulated with zymosan (2mg/ml) for 30 minutes, 6 and 24 hours; some cells were incubated in medium alone. Thereafter supernatants were collected and they were used for PGE2 testing while MTT and CV tests were performed on the cells.

MTT reduction assay The procedure was described in detail previously (Mosmann 1983;Hansen et al., 1989;Plytycz and Seljelid 1993) as is based on the reduction of MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide) to a blue formazan by dehydrogenases reflecting on cell activity. Briefly, 10 (l of MTT solution (5 mg/ml; Sigma) was added per well and, after 1 hour incubation (37(C, 0.5% CO2), the reaction was stopped by addition of 100 (l of acidic isopropanol (3% HCl in 95% isopropanol). The optical density was determined by a Microplate Reader Expert Plus (ASYS Hitech) after 1 hour shaking at 570 nm.


Cristal violet After overnight incubation the nonadherent cells were removed by washing. The cells that adhered to the bottom of the plate were fixed with 2% paraformaldehyde and mass/numbers of adhering cells were estimated by cristal violet staining/extraction method as described previously (Plytycz et al., 1992). Briefly, 50 (l of 0.5% cristal violet (CV; Sigma) prepared in 20% methanol was added per well for 5 minutes. The cells were then washed vigorously with tap water. After drying, the dye was extracted from the cells with 100 (l of 100% methanol and the optical density was determined by a Microplate Reader Expert Plus (ASYS Hitech) after 1 hour shaking at 570 nm.


PGE2 ELISA In the supernatants collected after incubation with zymosan or medium a content of PGE2 was measured by EIA kit (Cayman Chemical). The assay was carried out as indicated by the manufacturers (Kolaczkowska et al., 2006).

Statistics All values are reported as means ( SEM. Differences between WT and KO animals were analyzed by Student’s t-test. Differences were considered statistically significant at p ≤  0.05.
Results and Discussion

Our previous studies showed an increase of vasopermeability in mice genetically deprived of MMP-9 due to significantly augmented production of PGE2 of COX-1 origin (Kolaczkowska et al., 2006). Furthermore, as depletion of peritoneal macrophages, but not mast cells, decreased vasopermeability in MMP-9-/- (KO) mice we concluded that the increase of vasopermeability observed on KO mice is due to the increased production of COX-1-derived PGE2 by peritoneal macrophages (Kolaczkowska et al., 2006). 

The current studies show that also in in vitro condition isolated peritoneal KO macrophages stimulated with zymosan produce high amounts of PGE2 that are significantly elevated in comparison to those detected in macrophages of WT mice, independently of the time of incubation with zymosan (Fig. 1). 


Fig. 1. PGE2 production by peritoneal macrophages stimulated in vitro with zymosan collected from MMP-9-/--deficient mice (KO) and their control counterparts (WT). 
Peritoneal macrophages were collected from peritoneum of healthy unstimulated mice and incubated for 30 minutes, 6 hrs or 24 hrs with zymosan (2 mg/ml). Subsequently, supernatants were collected and used for evaluation of PGE2 content by ELISA. All results are shown as means ( SEM in groups of 4 mice. Differences between KO vs. WT groups are statistically significant at p ( 0.05 (*).
However, the general properties of KO peritoneal macrophages are not changed as neither their dehydrogenase activity (redox potential of cells) is altered (Fig. 2 A) nor their ability to adhere to plastic surfaces (frustrated phagocytosis) is changed (Kruskal and Maxfield 1987) (Fig. 2 B). We should stress that zymosan treatment did not modify either cell activity or adherence. Altogether the results reveal that basic activities of peritoneal macrophages of KO mice are unchanged. In this light the phenomenon of increased PGE2 production by KO peritoneal macrophages does not seem to be a random side effect of genetic deficiency. And it rather further confirms that this effect might be intended to compensate for lack of MMP-9. Further studies on relation between MMP-9 and COX-1-product(s) crosspathways are needed to fully understand this mechanism. Till now only a relation of MMP-9 with COX-2 was investigated and it was shown that selective COX-2 inhibitors reduce, at least partially, MMP-9 expression/release and the two enzymes are common NF-(B-regulated gene products (Kim et al., 2006).

Fig. 2. Activity of peritoneal macrophages from MMP-9-/--deficient mice (KO) and their control counterparts (WT) stimulated in vitro with zymosan.
Peritoneal macrophages were collected from peritoneum of healthy unstimulated mice and incubated for 30 minutes, 6 hrs or 24 hrs with zymosan (2 mg/ml). Subsequently, the cells were used for evaluation of their activity by measurement of dehydrogenase activity (MTT test; A) and their capacity to adhere to plastic surfaces (B). All results are shown as means ( SEM in groups of 4 mice.
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