Publishable summary: Molecular and Structural analysis of A20 in the modulation of apoptosis: anti-inflammatory potential in vasculitis.
The activated neutrophils play a deleterious role in vasculitis lesions as suggested by their presence in perivascular infiltrates and especially in kidney glomeruli and in the lung. Because NF-kB activation in response to TNF-alpha has been described as a main pathway in neutrophil survival, it can be foreseen that A20, a powerful inhibitor of NF-kB, will play a role in the regulation of neutrophil apoptosis and thus in the regulation of the inflammation. 

Summary description of the project objectives

We proposed to analyse the respective role of A20, a 90kDa zinc finger protein that serves an essential role in the termination of TNF-alpha and LPS-mediated NF-kB pathway, in both endothelial cells and neutrophils, two cardinal cell players in inflammation associated vasculitis. 
Preliminary data obtained in the laboratory have clearly shown that A20 protein can be detected in inflammatory neutrophils. However, the precise role of A20 is not known. Because A20 can have either an anti-or a pro-apoptotic role, investigation on the effect of A20 expression on neutrophil apoptosis is a key issue and had to be carried out.

Description of the work performed 

During this first year, we focused our effort on the investigation of A20 activity in neutrophils. In contrast to endothelial cells, neutrophils have never been investigated for their capacities to express A20 and whether A20, if expressed could modulate their apoptosis. 
Main results achieved so far

1. A20 is part of the physiologic response of neutrophils to injury 

We hypothesised that A20, an anti-apoptotic and anti-inflammatory protein in other cell types, is part of the regulatory response of neutophile to injury.

To address this hypothesis, in Collaboration with Dr. Marco Cassatella (University of Verona), we activated a promyelocytic NB4 cell line differentiable into mature neutrophils  with 100U/ml of TNF and extracted RNA before , and 1, 3, 6 and 20 hours after addition of TNF. RT-PCR analysis of the samples showed a constitutive A20 mRNA in NB4 treated or not with ATRA. A20 mRNA was induced 1 hr following addition of TNF and remained detectable up to 6 hours (Fig.1). The induction of A20 by TNF was confirmed at the protein level by means of western-blot using a rabbit anti-human monoclonal antibody developed in the Soizic Daniel previous laboratory at Harvard. A20 protein expression was detected in the immature NB4 cells and upregulated in the immature and mature neutrophil-like NB4 cells 1hour following stimulation with TNF (Fig.2).
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Fig 1. mRNA A20 analysis by RT-PCR

A20 was induced, with a peak mRNA levels at 3h, following
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stimulation with TNF alpha (100U/ml) of a promyelocytic 

NB4 cell line and in neutrophile-like NB4 cells.

Fig 2. Western-blot analysis of A20
These data demonstrate that A20 can be induced in NB4 cell line treated or not with ATRA in response to pro-inflammatory stimuli
This result demonstrates for the first time that upregulation of A20 in immature and neutrophil-like NB4 cells is a regulatory response to injury. A20 mRNA is induced at the mRNA (RT-PCR) and at the protein levels (western-blot) in NB4 and NB4 cells differentiated with ATRA in response to TNF alpha.
2. A20 is anti-apoptique in neutrophil-like NB4 cells

To evaluate the function of A20 in neutrophils, we used our stable transfectant expressing A20 (A20-NB4) or a control PcDNA. Non-transfected cells  and cells infected with A20 or pcDNA were then differentiated into neutrophil-like with ATRA and then were treated with various pro-apoptotic agent such as gliotoxin (0,5g/ml) and arsenic trioxide (1M), overnight. Apoptosis was measured by Facs analysis of DNA content (Fig.3). 

Fig 3. A20 inhibits apoptosis induced by 
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Fig 4. A20 inhibits apoptosis induced by AS2O3
Our results indicate that overexpression of A20 in neutrophil-like NB4 cells protects from gliotoxin or arsenic trioxide mediated apoptosis. The percentage of apoptotic cells reached   25 % and 31 % in neutrophil-like PCDNA and NB4 non transfected cells and treated with gliotoxin, whereas only 1 % of the neutrophil-like A20-NB4 transfected cells underwent apoptosis (Fig 3). When the neutrophil-like NB4 cells were treated with arsenic trioxide, 44% of these cells underwent apoptosis versus 11% when the cells overexpressed A20 (Fig.4)

This result establishes for the first time an anti-apoptotic function for A20 in neutrophil- like NB4 cells.

3. Overexpression of A20 in neutrophil-like NB4 cells protects them against gliotoxin–mediated apoptosis by inhibiting activation of caspases, inhibiting the Bid cleavage, preserving the mitochondrial potential and thus the release of cytochrome c from mitochondria

We have demonstrated that expression of A20 protects neutrophil-like NB4 cells from gliotoxin mediated apoptosis. Caspases are universal effectors of apoptotic cell death. We questioned wether stable A20 expression in neutrophil-like NB4 cells affects the activation of both initiator and effector caspases including caspases 3 and 8. Caspase activities were measured using the Biovision colorimetric kits following treatment of the cells with gliotoxin overnight.
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Fig 6. Caspase 8 activity





Our results indicate that expression of A20 blocks the activation of the caspases 3 and 8 induced by gliotoxin in neutrophils-like NB4 (Fig. 5 and 6)

The mitochondrion plays a seminal role in apoptosis triggered by several stimuli, integrating death signals through the opening of the mitochondrial transition pore (MPTP). Transient MPTP opening causes swelling and rupture of the outer membrane, releasing cytochrome c into the cytoplasm. Cytochrome c release activates the caspase cascade leading to cleavage of the pro-apoptotic Bcl family member Bid and inactivation by proteolysis of PARP, a key protein involved in the homeostatic maintenance of genomic integrity.

Fig 7. Mitochondria membrane potential analysis
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Stable transfectant expressing A20 or the control PcDNA, were treated with gliotoxin overnight. After treatment, the mitochondria-membrane potential of the cells were measured by Facs using the DiOC6 staining and cell extract were recovered and resolved on a 12.5% SDS-polyacrylamide gel. 

Results indicate that expression of A20 in neutrophils-like NB4 cells inhibits the mitochondria depolarisation (37% 
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mitochondria depolarized PcDNA–NB4 cells gliotoxin mediated versus 0,45% when the cells expressed A20) (Fig7), inhibits the release of cytochrome c in the cytoplasm (data not shown) and inhibits the cleavage of BID following treatment with gliotoxin (Fig.8)

Fig.8. BID cleavage analysis

Taken together, these results suggest that A20 inhibits gliotoxin or arsenic trioxide mediated neutrophil-like NB4 apoptosis by interrupting the apoptotic pathway at the level or upstream of caspase-8.

Based on our work, A20 would act as an inhibitor of neutrophil death and, therefore could constitute a suitable target to specifically trigger neutrophil apoptosis and to facilitate the resolution of inflammation. Interestingly, recent data have provided the proof of concept that induction of neutrophil apoptosis is a crucial event in the resolution of inflammation and can constitute a novel target for anti-inflammatory therapies (Rossi AG and al. Nat Med,2006)

4. Mutational analysis of A20 in neutrophil-like NB4 cells

We wish to establish an analysis of A20 in neutrophils with the aim of defining which domain(s) is (are) associated with the anti-apoptotic function of A20.

We have generated two A20 deletions mutants, one encoding the 7 zinc finger domain, and the other the N-terminus domain of A20 by means of RT-PCR using specific primers and tagged them with hemagglutinin A (HA). The function of these mutants was evaluated in stable transfectant NB4 cells differentiated by ATRA in response to gliotoxin. Expression of NT and 7zn A20 mutant was verified previously by western-blot analysis using an anti-HA antibody.

Our results demonstrate that the 7 Zn domain but not the N term domain of A20 is able to inhibit partially the apoptosis induced by gliotoxin in neutrophil-like NB4 cells (Fig.9  ) by blocking partially the caspases activation 3 (Fig.10  ) and 8 (data not shown)

Fig 9: 7Zn protects partially apoptosis induced by gliotoxin in neutrophil-like NB4 cells
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Fig 10. Caspase 3 activity

Interestingly, A20 is an E3 ligase and its ubiquitin-ligase domaine has been attributed to the 4th zinc finger at the C-terminus domain of A20 (I.E Wertz et al. 2004). Since its original discovery in 1990, the mechanism of A20 activity has remained enigmatic for many years. It was only in 2004 that dixit et al. found out that A20 interferes with TNF-induced NF-kB activation by acting as a dual ubiquitin –editing enzyme. However, besides RIP and TRAF6, no other targets for the E3 ligase activity of A20 has been yet identified. Taken together , our results strongly suggest a role for the E3 ligase activity of A20 in apoptosis. It is possible that  the E3 ligase activity of A20 will have specific target protein controlling neutrophils apoptosis. 

Conclusion
A20 is anti-apoptotic in neutrophil-like NB4 cells. It seems that A20 would promote neutrophil survival, that will not be beneficial in vasculitis by promoting inflammation. A strategy to interfere with A20 anti-apoptotic activity will have to be worked out in neutrophils, constituting yet a novel target to facilitate the resolution of inflammation.

To our knowledge, our data are the only information available on A20 in neutrophils.
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Fig 5. Caspase 3 activity
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